
I J
SP

T
INTERNATIONAL JOURNAL OF  
SPORTS PHYSICAL THERAPY

An Official  
Publication of

A North American Sports Medicine Institute  
Publication



NOW

c. 1994

the original. the best. |  visit us at woodway.com

BOOST is a positive air-pressure off-weighting treadmill 

built on a WOODWAY slat-belt base. Learn more by visiting 

the link below. 

off-weighting has evolved, 
so have we. 



BIO-16  1/20

RETURN-TO-PLAY 
 DECISIONS ARE TOUGH.

WE MADE IT SIMPLE.

sales@biodex.com  •  1-800-224-6339
BIO-362 11/2021

Experience the NEW 

Advantage BX™ Software 

for the System 4.

Visit: www.biodex.com/s4bx

NEW ACL-R Return to Play 

Report  for the System 4 

Dynamometer

• Simplifies the RTP decision with 
clear pass/fail results 
  

• Grounded in the latest research; 
supported by field experts 

• Aids communication with patients, 
doctors and third-party payers 

• Puts confidence behind the RTP 
decision



Founding Sponsors 
Arthrex 
Biodex 

Digitsole 
DJO Global 
Exertools 

Foot Levelers 
Hydroworx 
Hyperice 
PT Genie 

Rotex 
Trazer 

Woodway  
Gold Sponsors 

Bakbo-n 
Hawkgrips 
Run DNA 

Squid 
Structure + Function Education 

Winback 
 
 
 
 
 
 

IJSPT is an official journal of the International 
Federation of Sports Physical Therapy (IFSPT). 
Countries with access to IJSPT as a  
member benefit: 

Argentina 
Australia 
Austria 
Belgium 
Bulgaria 
Brazil 
Canada 
Chile 
Cyprus 
Denmark 
Finland 
France 
Germany  

Reach us at www.ifspt.org. 

IJSPT international JOURNAL OF  

SPORTS PHYSICAL THERAPY

Board of Directors / Business Advisory Board 
Turner A Blackburn, APTA Life Member, AT-Ret,  

AOSSM-Ret  President 
Mary Wilkinson  Director of Operations and Marketing 

Michael Voight  Executive Editor and Publisher 
Joe Black, PT, DPT, SCS, ATC 

Eric Fernandez 
Jay Greenstein, DC 

Skip Hunter, PT, ATC-Ret 
Sean MacNeal 

Russ Paine, PT, DPT 
Mike Reinold, PT, DPT, SCS, ATC, CSCS, C-PS 
Danny Smith, PT, DPT, DHSc, OCS, SCS, ATC 

Paul Timko 
Tim Tyler, PT, ATC 

 
Sports Legacy Advisory Board 

Turner A. Blackburn, PT, ATC 
George Davies, PT, DPT, MEd, SCS, ATC, LAT, CSCS,  

PES, FAPTA 
Terry Malone, PT, PhD 

Bob Mangine, PT 
Barb Sanders, PT, PhD 

Tim Tyler, PT, ATC 
Kevin Wilk, PT, DPT, FAPTA 

 
Staff  

Executive Editor/Publisher 
Michael L. Voight, PT, DHSc, OCS, SCS, ATC, CSCS 

Director of Operations and Marketing 
Mary Wilkinson  
Editor in Chief 

Barbara Hoogenboom, PT, EdD, SCS, ATC  
Managing Editor 

Ashley Campbell, PT, DPT, SCS, CSCS  
Manuscript Coordinator 
Casey Lewis, PTA, ATC 

 
N O R T H  A M E R I C A N  S P O R T S  

M E D I C I N E  I N S T I T U T E   
Publisher   

Contact Information 
International Journal of Sports Physical Therapy 

6011 Hillsboro Pike 
Nashville, TN 37215, US,  

http://www.ijspt.org 
 

IJSPT is a bimonthly publication, with release dates in 
February, April, June, August, October and December.  
 
ISSN 2159-2896

Greece 
Hong Kong 
Indonesia 
Ireland 
Italy 
Japan 
Luxembourg 
The Netherlands 
New Zealand  
Nigeria 
Norway 
Portugal 
Saudi Arabia 

South Africa 
South Korea 
Spain 
Sweden 
Switzerland 
Thailand 
Turkey 
United Kingdom 
Zambia

IJSPT is an official journal of the ICCUS 
Society for Sports Rehabilitation. 
www.iccus.org



ANNOUNCING THE IJSPT & HYPERICE  
CLINICAL EXCELLENCE PROGRAM 

 
The International Journal of Sports Physical Therapy and one of its Founding Sponsors, Hyperice, are pleased 
to announce the development of our Clinical Excellence Program, created to share clinical superiority as it 
relates to the utilization of technology in patient care. This program will enhance patient care through open-
source knowledge sharing. 
 
Providers are encouraged to submit clinical experiences celebrating breakthroughs, unique techniques and 
success stories on a monthly basis.   
 
Our first Clinical Excellence winner is featured at https://ijspt.org/clinical-excellence-october-2021/ 
 
Submission information can be found online at https://ijspt.org/clinical-excellence-program/ 
 
What can you share with your colleagues? Submit today! 
 
BONUS! Submit and you could win a Hyperice Recovery Bundle! You will be automatically entered!





FOOT LEVELERS

FootLevelers.com | 

B E ST  ORTHOTICS 
B E ST  SERVICE

Foot Levelers is here for you.

The Best Guarantee
When you do business with us, you risk nothing.
Our 100% Satisfaction Guarantee ensures your
happiness. If you’re not happy, we’re not happy. 

888.966.0970

• Better Outcomes. Better Income - Clinically 
proven stabilization drives improved patient 
satisfaction and higher clinical revenue.

• Best Turnaround Time – 48 hours. Guaranteed. 

• Best Customer Service – Real people. Real 
answers. 

• Most Peer-Reviewed Research - More research 
papers, white papers, and case studies than any 
other orthotic company.

• FREE Custom Marketing – You dream it, we     
design it. For FREE. 

• Best Custom Orthotics. Period. – Patients are  
always satisfied. It’s our 100% guarantee. 



26-27 AUGUST 2022 
NYBORG DENMARK 
 
REGISTRATION NOW OPEN! 
 
WCSPT.ORG 
 
#WCSPT2022





The ROTEXMotion products are used by athletes on the PGA 
TOUR, in the NFL, MLB, NHL and by numerous other profes-
sionals and amateurs alike. Click to visit our Sports Page> 
 
We designed our Training Page to be as user friendly as possible 
so that you can get the most out of your ROTEXMotion products. 
Click to visit our Training Page> 
 
The ROTEXMotion products help prevent and recover from a 
wide range of medical issues from sports related injuries to in-
continence. Click to visit our Medical Page> 
 
• Long lasting gains in ankle, hip, thoracic and shoulder  
   mobility  
• Full adjunct protocols for most common joint and  
   myofascial issues  
 

 
 
 

• The program employs reciprocal inhibition and post  
   isometric relaxation techniques 
 
• Exercises activate phasic myofascial groups while  
   inhibiting the opposite tonic hard and soft tissue 
 
•  A free full-program app, free measurement app, free  
   full-program website, three US Patents  
 
"Just for labor intensity alone for the clinician, it makes per-
fect sense to perform a few ROTEXMotion exercises prior to a 
session with a patient. It prepares the tissue for movement, 
manipulation, and corrective exercise which results in less 
trauma to the patient."   
   - Dr. Andrea Boon - Mayo Clinic (professor in the  
      Department of Physical Medicine and Rehabilitation  
     and Department of Neurology; practicing physiatrist).  
 
“This is a great weight bearing functional workout adjunct – 
also works well for lower extremity facilitatory exercises. And 
– pelvic floor practitioners, engage those external rotators 
that feed into the pelvic floor. Lots of application - limited only 
by our imaginations."  

    - Dr. Jen Allen, Bodycentral Physical Therapy 
 
 
 
Contact 

RECLAIM YOUR BODY IN MINUTES A DAY!



Executive Editor/Publisher 
Michael L. Voight, PT, DHSc, OCS, SCS, ATC, CSCS 
Belmont University 
Nashville, Tennessee – USA  
Editor in Chief 
Barbara Hoogenboom, PT, EdD, SCS, ATC 
Grand Valley State University 
Grand Rapids, Michigan - USA  
Managing Editor 
Ashley Campbell, PT, DPT, SCS, CSCS 
Nashville Sports Medicine and Orthopaedic Center 
Nashville, Tennessee – USA  
Manuscript Coordinator 
Casey Lewis, PTA, ATC 
Nashville Sports Medicine and Orthopaedic Center 
Nashville, Tennessee – USA 
 
Editors 
Robert Manske PT, DPT, Med, SCS, ATC, CSCS 
University of Wichita 
Wichita, KS, USA  
Terry Grindstaff, PT, PhD, ATC, SCS, CSCS 
Creighton University 
Omaha, NE, USA  
Phil Page PT, PhD, ATC, CSCS 
Franciscan University DPT Program 
Baton Rouge, LA, USA  
Kevin Wilk PT, DPT, FAPTA 
Clinical Viewpoint Editor 
Champion Sports Medicine 
Birmingham, AL, USA 
 
International Editors 
Kristian Thorborg PT, PhD, RISPT 
Copenhagen University, Amager-Hvidovre Hospital 
Hvidovre, Denmark  
Colin Paterson PT, MSc PGCert(Ed), MCSP, RISPT, 
SFHEA 
University of Brighton 
Brighton, England, UK  
Luciana De Michelis Mendonça, PT, PhD 
UFVJM 
Diamantina, Brazil  
Chris Napier, PT, PhD 
Clinical Assistant Professor 
University of British Coumbia, Vancouver, BC, Canada 
 
Associate Editors 
Eva Ageberg, PT, PhD 
Professor, Lund University 
Lund, Sweden  
Lindsay Becker, PT, DPT, SCS, USAW 
Buckeye Performance Golf 
Dublin, Ohio, USA 

Keelan Enseki, PT, MS, OCS, SCS, ATC 
University of Pittsburgh 
Pittsburgh, PA, USA  
John Heick, PT, PhD, DPT, OCS, NCS, SCS 
Northern Arizona University 
Flagstaff, AZ, USA  
Julie Sandell Jacobsen, MHSc, PhD 
VIA University 
Aarhus, Denmark  
RobRoy L. Martin, PhD, PT, CSCS 
Duquesne University 
Pittsburgh, PA, USA  
Andrea Mosler, PhD, FACP, FASMF 
La Trobe Sport and Exercise Medicine Research Centre, 
School of Allied Health, Human Services and Sport, La 
Trobe University 
Melbourne, Victoria, Australia  
Brandon Schmitt, DPT, ATC 
PRO Sports Physical Therapy 
Scarsdale, NY, USA 
 
Barry Shafer, PT, DPT 
Elite Motion Physical Therapy 
Arcadia, CA, USA  
Laurie Stickler, PT, DHSc, OCS 
Grand Valley State University 
Grand Rapids, MI, USA 
 
Editorial Board 
James Andrews, MD 
Andrews Institute & Sports Medicine Center 
Gulf Breeze, AL, USA  
Amelia (Amy) Arundale, PT, PhD, DPT, SCS 
Red Bull/Ichan School of Medicine 
Salzburg, Austria/New York, NY, USA  
Gary Austin, PT PhD 
Belmont University 
Nashville, TN, USA  
Roald Bahr, MD 
Oslo Sports Trauma Research Center 
Oslo, Norway  
Lane Bailey, PT, PhD 
Memorial Hermann IRONMAN Sports Medicine 
Institute 
Houston, Texas, USA  
Gül Baltaci, PT,Ph.D. Professor, CKTI, FACSM 
Private Guven Hospital 
Ankara, Turkey  
Asheesh Bedi, MD 
University of Michigan 
Ann Arbor, MI, USA  
David Behm, PhD 
Memorial University of Newfoundland 
St. John's, Newfoundland, Canada  

IJSPT INTERNATIONAL JOURNAL OF  

SPORTS PHYSICAL THERAPY



Barton N. Bishop, PT, DPT, SCS, CSCS 
Kaizo Clinical Research Institute 
Rockville, Maryland, USA  
Mario Bizzini, PhD, PT 
Schulthess Clinic Human Performance Lab 
Zürich, Switzerland  
Joe Black, PT, DPT, SCS, ATC 
Total Rehabilitation 
Maryville, Tennesse, USA  
Turner A. "Tab" Blackburn, APTA Life Member,  
ATC-Ret, AOSSM-Ret 
NASMI 
Lanett, AL, USA  
Lori Bolgla, PT, PhD, MAcc, ATC 
Augusta University 
Augusta, Georgia, USA  
Matthew Briggs 
The Ohio State University 
Columbus, OH, USA  
Tony Brosky, PT, PhD 
Bellarmine University 
Louisville, KY, USA  
Brian Busconi, MD 
UMass Memorial Hospital 
Boston, MA, USA  
Robert J. Butler, PT, PhD 
St. Louis Cardinals 
St. Louis, MO, USA  
Duane Button, PhD 
Memorial University 
St. Johns, Newfoundland, Canada  
J. W. Thomas Byrd, MD 
Nashville Sports Medicine and Orthopaedic Center 
Nashville, TN, USA  
Lyle Cain, MD 
Andrews Institute & Sports Medicine Center 
Birmingham, AL, USA  
Gary Calabrese, PT, DPT 
Cleveland Clinic 
Cleveland, Ohio, USA  
Meredith Chaput, PT, DPT, SCS 
Ohio University 
Athens, OH, USA  
Rita Chorba, PT, DPT, MAT, SCS, ATC, CSCS 
United States Army Special Operations Command 
Fort Campbell, KY, USA  
John Christoferreti, MD 
Texas Health 
Dallas, TX, USA 
 
Richard Clark, PT, PhD 
Tennessee State University 
Nashville, TN, USA  
Juan Colado, PT, PhD 
University of Valencia 
Valencia, Spain 

Brian Cole, MD 
Midwest Orthopaedics at Rush 
Chicago, IL, USA  
Ann Cools, PT, PhD 
Ghent University 
Ghent, Belgium  
Andrew Contreras, DPT, SCS 
Washington, DC, USA  
George Davies, PT, DPT, MEd, SCS, ATC, LAT, CSCS, 
PES, FAPTA 
Georgia Southern University 
Savannah, Georgia, USA  
Pete Draovich, PT 
Jacksonville Jaguars Footbal 
Jacksonvile, FL, USA  
Jeffrey Dugas, MD 
Andrews Institute & Sports Medicine Center 
Birmingham, AL, USA  
Jiri Dvorak, MD 
Schulthess Clinic 
Zurich, Switzerland  
Todd Ellenbecker 
Rehab Plus 
Phoenix, AZ, USA  
Carolyn Emery, PT, PhD 
University of Calgary 
Calgary, Alberta, Canada  
Ernest Esteve Caupena, PT, PhD 
University of Girona 
Girona, Spain  
Sue Falsone, PT, MS, SCS, ATC, CSCS, COMT 
Structure and Function Education and 
A.T. Still University 
Phoenix, Arizona, USA  
J. Craig Garrison, PhD, PT, ATC, SCS 
Texas Health Sports Medicine 
Fort Worth, Texas, USA  
Maggie Gebhardt, PT, DPT, OCS, FAAOMPT 
Fit Core Physical Therapy/Myopain Seminars 
Atlanta, GA and Bethesda, MD, USA  
Lance Gill, ATC 
LG Performance-TPI 
Oceanside, CA, USA  
Phil Glasgow, PhD, MTh, MRes, MCSP 
Sports Institute of Northern Ireland 
Belfast, Northern Ireland, UK  
Robert S. Gray, MS, AT 
Cleveland Clinic Sports Health 
Cleveland, Ohio, USA  
Jay Greenstein, DC 
Kaizo Health 
Baltimore, MD, USA  
Martin Hagglund, PT PhD 
Linkoping University 
Linkoping, Sweden 

EDITORIAL BOARD



EDITORIAL BOARD

Allen Hardin, PT, SCS, ATC, CSCS 
University of Texas 
Austin, TX, USA  
Richard Hawkins, MD 
Professor of surgery, University of South Carolina 
Adjunct Professor, Clemson University 
Principal, Steadman Hawkins, Greenville and Denver 
(CU)  
John D.Heick, PT, PhD, DPT, OCS, NCS, SCS 
Northern Arizona University 
Flagstaff, AZ, USA 
 
Tim Hewett, PhD 
Hewett Consulting 
Minneapolis, Minnesota, USA  
Per Hølmich, MD 
Copenhagen University Hospital 
Copenhagen, Denmark  
Kara Mae Hughes, PT, DPT, CSCS 
Wolfe PT 
Nashville, TN, USA  
Lasse Ishøi, PT, MSc 
Sports Orthopedic Research Center 
Copenhagen University Hospital 
Hvidovre, Denmark  
Jon Karlsson, MD 
Sahlgrenska University 
Goteborg, Sweden  
Brian Kelly, MD 
Hospital for Special Surgery 
New York, NY, USA  
Benjamin R. Kivlan, PhD, PT, OCS, SCS 
Duquesne University 
Pittsburgh, PA, USA  
Dave Kohlrieser, PT, DPT, SCS, OCS, CSCS 
Ortho One 
Columbus, OH, USA  
Andre Labbe PT, MOPT 
Tulane Institute of Sports Medicine 
New Orleans, LA  USA  
Henning Langberg, PT, PhD 
University of Copenhagen 
Copenhagen, Denmark  
Robert LaPrade, MD 
Twin Cities Orthopedics 
Edina, MN, USA  
Lace Luedke, PT, DPT 
University of Wisconsin Oshkosh 
Oshkosh, WI, USA  
Lenny Macrina, PT, SCS, CSCS, C-PS 
Champion Physical Therapy and Performance 
Boston, MA, USA  
Phillip Malloy, PT, PhD 
Arcadia University/Rush University Medical Center 
Glenside, PA and Chicago, IL, USA  

Terry Malone, PT, EdD, ATC, FAPTA 
University of Kentucky 
Lexington, KY, USA  
Robert Mangine, PT 
University of Cincinnati 
Cincinnati, OH, USA  
Eric McCarty, MD 
University of Colorado 
Boulder, CO, USA  
Ryan P. McGovern, PhD, LAT, ATC 
Texas Health Sports Medicine Specialists 
Dallas/Fort Worth, Texas, USA  
Mal McHugh, PhD 
NISMAT 
New York, NY, USA  
Joseph Miller, PT, DSc, OCS, SCS, CSCS 
Pikes Peak Community College 
Colorado Springs, CO, USA  
Havard Moksnes, PT PhD 
Oslo Sports Trauma Research Center 
Oslo, Norway  
Michael J. Mullaney, PT, SCS 
NISMAT 
Mullaney & Associates Physical Therapy 
New York, NY and Matawan, NJ, USA  
Andrew Murray, MD, PhD 
European PGA Tour 
Edinburgh, Scotland, UK  
Andrew Naylor, PT, DPT, SCS 
Bellin Health 
Green Bay, WI, USA  
Stephen Nicholas, MD 
NISMAT New York 
New York, NY, USA 
 
John O'Donnel, MD 
Royal Melbourne Hospital 
Melbourne, Australia  
Russ Paine, PT 
McGovern Medical School 
Houston, TX, USA  
Snehal Patel, PT, MSPT, SCD 
HSS Sports Rehabilitation Institute 
New York, NY, USA  
Marc Philippon, MD 
Steadman-Hawkins Clinic 
Vail, CO, USA  
Nicola Phillips, OBE, PT, PhD, FCSP 
Professor School of Healthcare Sciences 
Cardiff University, Cardiff, Wales, UK  
Kevin Plancher, MD, MPH, FAAOS 
Plancher Orthopedics and Sports Medicine 
New York, NY  USA  



EDITORIAL BOARD

Marisa Pontillo, PT, PhD, DPT, SCS 
University of Pennsylvania Health System 
Philadelphia, PA, USA  
Matthew Provencher, MD 
Steadman Hawkins Clinic 
Vail, CO, USA  
Charles E. Rainey, PT, DSc, DPT, MS, OCS, SCS, 
CSCS, FAAOMPT 
United States Public Health Service 
Springfield, MO, USA  
Alexandre Rambaud, PT PhD 
Saint-Etienne, France  
Carlo Ramponi, PT 
Physiotherapist, Kinè Rehabilitation and Orthopaedic  
Center 
Treviso, Italy  
Michael Reiman, PT, PhD 
Duke University 
Durham, NC, USA  
Mark F. Reinking, PT, PhD, SCS, ATC 
Regis University 
Denver, CO, USA  
Mike Reinold, PT, DPT, SCS, ATC, CSCS, C-PS 
Champion Physical Therapy and Performance 
Boston, MA, USA  
Mark Ryan, ATC 
Steadman-Hawkins Clinic 
Vail, CO, USA  
David Sachse, PT, DPT, OCS, SCS 
USAF 
San Antonio, TX, USA  
Marc Safran, MD 
Stanford University 
Palo Alto, CA, USA  
Alanna Salituro, PT, DPT, SCS, CSCS 
New York Mets 
Port Saint Lucie, FL, USA  
Mina Samukawa, PT, PhD, AT (JSPO) 
Hokkaido University 
Sapporo, Japan  
Barbara Sanders, PT, PhD, FAPTA, Board Certified  
Sports Physical Therapy Emeritus 
Professor and Chair, Department of Physical Therapy 
Texas State University 
Round Rock, TX, USA  
Felix “Buddy” Savoie,  MD, FAAOS 
Tulane Institute of Sport Medicine 
New Orleans, LA, USA  
Teresa Schuemann, PT, DPT, ATC, CSCS, Board 
Certified Specialist in Sports Physical Therapy  
Evidence in Motion 
Fort Collins, CO, USA  
Timothy Sell, PhD, PT, FACSM 
Atrium Health Musculoskeletal Institute 
Charlotte, NC, USA  

Andreas Serner, PT PhD 
Aspetar Orthopedic and Sports Medicine Hospital 
Doha, Qatar  
Ellen Shanley, PT, PhD 
ATI 
Spartanburg, SC, USA  
Karin Silbernagel, PT, PhD 
University of Delaware 
Newark, DE, USA  
Holly Silvers, PT, PhD 
Velocity Physical Therapy 
Los Angeles, CA, USA  
Lynn Snyder-Mackler, PT, ScD, FAPTA 
STAR University of Delaware 
Newark, DE, USA  
Alston Stubbs, MD 
Wake Forest University 
Winston-Salem, NC, USA  
Amir Takla, B.Phys, Mast.Physio (Manip), A/Prof 
Australian Sports Physiotherapy 
The University of Melbourne 
Melbourne, Australia  
Charles Thigpen, PhD, PT, ATC 
ATI 
Spartanburg, SC, USA  
Steven Tippett, PT, PhD, ATC, SCS 
Bradley University 
Peoria, IL, USA  
Tim Tyler, PT, ATC 
NISMAT 
New York, NY, USA  
Timothy Uhl, PT, PhD, ATC 
University of Kentucky 
Lexington, KY, USA  
Bakare Ummukulthoum, PT 
University of the Witswatersrand 
Johannesburg, Gauteng, South Africa  
Yuling Leo Wang, PT, PhD 
Sun Yat-sen University 
Guangzhou, China  
Mark D. Weber, PT, PhD, SCS, ATC 
Texas Women’s University 
Dallas, TX, USA  
Richard B. Westrick, PT, DPT, DSc, OCS, SCS 
US Army Research Institute 
Boston, MA, USA  
Chris Wolfe, PT, DPT 
Belmont University 
Nashville, TN, USA  
Tobias Wörner, PT, MSc 
Lund University 
Stockholm, Sweden



PAGE TITLE 

EDITORIAL 
To Do or Not to Do? The Value of the Pre-season Assessment in Sport Injury Prevention. 
Mendonça LDM  

INTERNATIONAL PERSPECTIVE 
114 Addressing Psychological Factors in Sports Injury Rehabilitation – What is a Physical Therapist to do? 

Cederström N, Granér S, Ageberg E  
CLINICAL VIEWPOINT 
117 Current Views of Scapular Dyskinesis and its Possible Clinical Relevance. 

Sciascia A, Kibler WB.   
SYSTEMATIC RESEARCH 
131 Effective Interventions for Improving Functional Movement Screen Scores Among “High-Risk”  

Athletes: A Systematic Review. 
Clark SC, Rowe ND, Adnan M, Brown SM, Mulcahey MK.   

ORIGINAL RESEARCH 
139 Utility of 2D Video Analysis for Assessing Frontal Plane Trunk and Pelvis Motion during Stepping,  

Landing, and Change in Direction Tasks: A Validity Study. 
Straub RK, Powers CM.  

148 Concurrent Validity and Reliability of Two-dimensional Frontal Plane Knee Measurements during  
Multi-directional Cutting Maneuvers. 
Irawan DS, Huoth C, Sinsurin K, Kiratisin P, Vachalathiti R, Richards J.  

156 Performance on a Motor Control Test in an Asymptomatic Adolescent Population. 
Lindegren K, Bastian K, Kovacs C, McHugh R, Quatman-Yates C, Paterno M.  

164 Limb Dominance Does Not Affect Y-Balance Test Performance in Non-Athlete Adolescents.  
Stoddard CA,Wang-Price S, Lam SE.  

174 Patellofemoral Joint Loading During the Performance of the Forward and Side Lunge with Step  
Height Variations. 
Escamilla R, Zheng N, MacLeod TD, et al.  

185 Do Individuals with History of Patellofemoral Pain Walk and Squat Similarly to Healthy Controls?  
A 3D Kinematic Analysis During Pain Remission Phase. 
Martins D, de Castro MP, Ruschel C, Pierri CAA, de Brito Fontana H, Moraes Santos G.  

193 Correlation Between Y-Balance Test and Balance, Functional Performance, and Outcome Measures in  
Patients Following ACL Reconstruction. 
Kim JS, Hwang UJ, Choi MY, et al.  

201 Modified Biering-Sorenson Protocol Changes Joint Contributions to Total Support in Individuals with  
a History of Anterior Cruciate Ligament Reconstruction During Drop Vertical Jump Landings. 
Werner DM, Mostaed MF, Price SK, Barrios JA.  

210 Prevalence of Risk Factors of the Female Athlete Triad among Young Elite Athletes of Pakistan. 
Syed J, Jamil A, Namroz N, et al.  

218 Analysis of Calcaneal Bone Mineral Density (cBMD) in Healthy College Students. 
Bennett JE, Austin TM, Hayes AM, Reinking MF.  

228 Comparison of Concurrent and Same-Day Balance Measurement Approaches in a Large Sample of  
Uninjured Collegiate Athletes. 
Saalfield J, Piersol KL, Monaco R, et al.  

237 Musculoskeletal Imaging for Low Back Pain in Direct Access Physical Therapy Compared to Primary  
Care: An Observational Study. 
Crowell MS, Mason JS, McGinniss JH.  

247 Effectiveness of a Shoulder Exercise Program in Division I Collegiate Baseball Players During the Fall  
Season. 
Plummer HA, Plosser SM, Diaz PR, Lobb NJ, Michener LA.  

259 Normalized Isometric Shoulder Strength as a Predictor of Ball Velocity in Youth Baseball Players. 
Arnold AJ, Thigpen CA, Beattie PF, et al. 

TABLE OF CONTENTS 

VOLUME 17, NUMBER 2



PAGE TITLE 
 
270 Electromyographic Characteristics of a Single Motion Shoulder Exercise: A Pilot Study Investigating  

a Novel Shoulder Exercise. 
Henehan MJ, Brand-Perez T, Peng JC, Tsuruike M.  

276 Adjacent Joint Restriction Differentially Influences Intra- and Inter-rater Reliability and Agreement  
of Goniometric Measurements. 
Pinto BL, Stankovic T, Frost DM, Beach TAC.  

286 Test-Retest Reliability of the Isometric Soleus Strength Test in Elite Male Academy Footballers. 
Rhodes D, Jeffery J, Brook-Sutton D, Alexander J.  

293 Injury and Injury Prevention in United States Para Swimming: A Mixed-Methods Approach. 
Salerno J, Tow S, Regan E, Bendziewicz S, McMillan M, Harrington S.   

CLINICAL COMMENTARY 
307 Considerations for the Medical Management of the Circus Performance Artist and Acrobat. 

Faltus J, Richard V.  
INVITED CLINICAL COMMENTARY 
317 Optimizing Performance in Return to Play After Sport-Related Concussion in Elite Ice Hockey  
       Players: A Sports Physical Therapy and Athletic Trainer Perspective. 

Bizzini M. 

TABLE OF CONTENTS (continued) 

VOLUME 17, NUMBER 2



In 2011, World Physiotherapy  
published the Standards of 
Physical Therapy practice 
(https://world.physio/ 
sites/default/files/2020-06/G-
2011-Standards-practice.pdf), 
which indicates that “the physical 
therapist performs an initial 
examination/assessment and 
evaluation to establish a  
diagnosis and prognosis/plan of 
care prior to intervention/treat-
ment.” Since assessment is con-
sidered mandatory for a clinical 
decision-making process in 
Physical Therapy,1,2 it is expected 
to find sports physical therapists 
performing pre-season assessment with their ath-
letes. A Pre-season Assessment (PA) is a battery of 
tests chosen to identify and characterize the health 
status of athletes (screening) to prevent injuries and 
improve performance.3 In addition, the PA might 
identify athletes with increased likelihood of being 
injured and guide the initial phase of the preventive 
program planned by sport physical therapists.3 
 
Screening athletes is mandatory in other  
professions. For example, the American College of 
Sports Medicine proposes a preparticipation health 
screening on athletes to access exercise-related  
cardiovascular events.4 The argument commonly 
used that “general prevention programs work, so 
why the concern on assessing and building tailored 
programs?” is not enough to abandon the standards 
of our profession. Athletes’ health and safety should 
be our main concerns and our interventions should 
be specific for each health condition, each sport 
injury, each athlete. Therefore, we should deliver 
our efforts to targeting the best health and safety sta-
tus. The purpose of this editorial is to discuss the 

execution of preseason assess-
ment (PA) and planning  
preventive programs based on the 
PA results. 
 
To understand injury occurrence, 
we should know about the sport 
action and most common move-
ments, collect athlete’s injury his-
tory and sport practice, and iden-
tify and measure athletes’ needs 
(physical, psychological, sport 
performance, etc) to facilitate the 
outcome measurement (dysfunc-
tions linked to the injury).1 If 
injury is an established problem 
in sport practice, how can we pre-

vent it without knowing/understanding it? An 
important process that sports physical therapists 
should do to understand athletic injury is to assess, 
quantify, define the diagnosis, implement interven-
tions, follow-up and re-assess. Mehl et al5 indicated 
that screening, identification, and correction of 
endangering movement patterns like the dynamic 
valgus are the first crucial steps in order to prevent 
knee injuries in athletes. Interestingly, Mendonça et 
al1 developed an international survey and the 
authors reported a frequency of 75% sports PT per-
forming PA in their athletes.1 The fact that about 
one third of these sports physical therapists use the 
results of the PA to build the prevention program 
was surprisingly negative.1  
 
PA would be recognized as mandatory and properly 
implemented (and even disseminated) if it is vali-
dated. To accomplish this, it is necessary to apply 
the PA results in sport injury prevention program 
implementation and follow-up injury occurrences to 
actually validate the prevention program and also 
the PA itself. Bittencourt et al6 recently published a 
cohort study which identified that a tailored preven-
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tive program reduced the incidence of patellar 
tendinopathy in elite youth jumping athletes. The 
necessity of performing this preseason screening 
has been questioned, mainly based on the state-
ment of lack of strong evidence.7 
 
Considering that the pre-competition season  
usually involves athletes being exposed to frequent 
training sessions and friendly matches before a 
break-time. Even a global non-specific prevention 
program, such as FIFA 11+, could benefit the ath-
lete. However, we might not do all in our power to 
help our athletes throughout the whole season. For 
example, Slauterbeck et al8 did not find a reduction 
in lower extremity injury in schools using the FIFA 
11+ program compared with schools using their 
usual pre-practice warm-up program. In elite ath-
letes, although some studies indicate that FIFA 11+ 
reduces injury incidence in soccer, Ekstrand et al9 
found that hamstring injuries have increased 4% 
annually, during 13 years follow-up, in elite male 
soccer teams.  
 
So maybe the problem is not about the PA itself, but 
how to perform the PA. Which tests to choose? How 
to apply it? How to do analyze the data? Relative 
limitations in performing the PA might be the time 
needed to organize and execute, high-cost equip-
ment and lack of methodological rigor.1 However, 
those limitations could be easily addressed with 
strategies such as substituting tests using expensive 
equipment for clinical tests, keeping the scientific 
rigor (i.e. LESS),10 and possibly involving university 
students to make the process easier to execute.  
The purpose of the PA is not to predict injury, but it 
to screen our athletes, identify risk profiles, and set 
specific parameters to improve their capacity to 
deal with sport demands.6 We should use PA results 
to build a tailored preventive program to help our 
athletes achieve the strength and skill to perform.6 
Considering that PA procedures could be performed 
on the field using low-cost equipment, these regi-
mens should be promoted and facilitated in sports 
organizations world-wide, by means of shared con-
sensus amongst the organization’s medical and 
technical staffs.  
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PSYCHOLOGY IN REHABILITATION 

Best practice guidelines for musculoskeletal injury reha-
bilitation include recommendations to address psychologi-
cal factors.1 A recent return to sport consensus statement 
has emphasized a biopsychosocial perspective in regards to 
preparing injured athletes for return to play, in which as-
pects including satisfaction and confidence in performance 
are taken into account.2 However, physical therapists’ 
knowledge of practical application is lacking,3 and athletes 
still experience negative psychological outcomes upon 
completing rehabilitation.4 Interventions directly assessing 
this tend to focus on psychology as something separate and 
“other,” creating a gap which physical therapists are unable 
to effectively fill. The important question to ask is, there-
fore, whether this can be addressed by physical therapists in 
the clinic? 

SIMPLE AND EFFECTIVE PSYCHOLOGICAL 
SKILLS TRAINING 

Injured athletes often refer to lack of fun and desire for 
more activity-specific rehabilitation,5 and express lower 
physical activity motivation and sport self-confidence.4 The 
most appropriate tools to address these are simpler than 
one might think. Effective goal setting and shared decision-
making according to Self-Determination Theory6 can be an 
easily implemented method of addressing psychological 
factors. The patient knows their sport and pre-injury skills. 
Therefore, involving the patient in whether and how they 
will return, and basing strategies on individual skills and 
desires, such as sport-specific jumping and cutting, for ex-
ample, can create a sense of meaning and ‘ownership’ in re-
habilitation. Person-centered discussions about strategies 
can boost motivation and self-confidence by addressing pa-
tients’ lack of rehabilitation knowledge and highlight 
progress in reference to smaller process goals. It also pro-
vides a ‘friend’ in rehabilitation, as the physical therapist 
shows that they care about the individual, and not only the 
knee. 

Communication and goal-setting can emphasize individ-
ually meaningful tasks, making it easier to focus externally 
on real-world connections, such as understanding how an 
exercise is related to jumping up for a ball. From a psy-
chological standpoint, external focus does not only mean 
an external stimulus; it should include re-creating situa-
tions from an individually-relevant context. Typically, ex-
ternal focus may include watching oneself in a mirror or 
reaching towards a point on the wall to establish ‘desirable’ 
movement patterns. However, letting athletes simulate part 
or all of a sport-specific and meaningful situation may help 
connect them to their own reality, leading to motivated 
and natural movement patterns. Physical therapists can and 
should monitor for safety, but allowing the patient to solve 
their own puzzles is an effective tool in motor learning. The 
OPTIMAL theory of motor learning states that self-deter-
mined, challenging, and successfully executed meaningful 
movements can aid in developing more automatic and real-
istic movement patterns.7 

PSYCHOLOGICAL SKILLS TRAINING IN 
REHABILITATION 

Common Psychological Skills Training interventions in-
clude goal-setting, arousal regulation, and imagery (Figure 
1). Dynamic motor imagery is done by creating mental im-
ages of relevant and meaningful situations based on pre-
vious experiences, while simultaneously physically simu-
lating the movement. We have reported that exercises 
commonly used in rehabilitation training with integrated 
dynamic motor imagery, known as Motor Imagery to Fa-
cilitate Sensorimotor Re-Learning (MOTIFS), may improve 
enjoyment and feelings of control in uninjured athletes, 
without sacrificing movement quality.8 It takes longer to 
implement, but positive psychological reactions may be 
worth the time investment. The MOTIFS training model is 
currently being evaluated with knee-injured people.9 

Integrating externally focused sport-specific dynamic 
motor imagery in the clinic is distinctive due to reality- and 
experience-based re-creation of individually relevant and 
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Figure 1. Psychological skills training can be used with injured or non-injured people to prepare for activity 

meaningful situations. This does not simply mean push-
ing them off balance, reaching towards an external object, 
or putting a ball in their hands; it means striving for total 
immersion. Upon receiving instructions, a basketball player 
may interpret a toe- or shoulder-raise movement as a lay-
up, for example. Realism is achieved by imaging sport-spe-
cific physical execution, environments (sights, sounds, 
smells), timing, speed, and relevant emotional experiences. 
Practically, this includes other players, time left in the 
game, and where to pass the ball. This translates into real-
istic physical execution which simulates sport experience. 
The situation-specific rehabilitation exercise may then be 
applied by taking an approach step with a basketball in 
their hands, performing the exercise, and following through 
with a shot. This training can create self-determined (i.e. 
based on autonomy, competence, and relatedness), mean-
ingful and enjoyable external focus, and relates directly to 
patient and physical therapist goals, ensuring physical and 
psychological relevance to returning to activity. 

Application of psychology in rehabilitation has received 
increasing attention in the literature.2 Physical therapists 
can implement psychological training using self-reflection 
and discussion with colleagues by asking questions such as: 
How involved is the patient in rehabilitation goals and ex-
ercise design? Are prescribed exercises in line with patient 
goals? Is the main goal to rehabilitate the knee, or to pre-
pare for return to sport? How can I implement sport-specific 
equipment, timing, environment, and/or meaningful obsta-
cles into exercises to increase realism? Awareness and ac-
tive incorporation of these aspects stimulates psychological 
training which clinicians can implement in the clinical en-
vironment. 
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Scapular dyskinesis is a condition that is frequently observed clinically but not often 
understood. Too often it is viewed as a diagnosis which is not accurate because it is a 
physical impairment. This misclassification of dyskinesis has resulted in literature that 
simultaneously supports and refutes scapular dyskinesis as a relevant clinical entity as it 
relates to arm function. These conflicting views have not provided clear recommendations 
for optimal evaluation and treatment methods. 
The authors’ experience and scholarship related to scapular function and dysfunction 
support that scapular dyskinesis is an impairment that has causative factors, that a 
pathoanatomical approach should not be the primary focus but should be considered as 
part of a comprehensive examination, that a qualitative examination for determining the 
presence or absence of a scapular contribution to shoulder dysfunction is currently the 
best option widely available to clinicians, and that rehabilitation approaches should be 
reconsidered where enhancing motor control becomes the primary focus rather than 
increasing strength. 

INTRODUCTION 

The scapula has been identified as a key component of ef-
fective shoulder and arm function, due to its roles in scapu-
lohumeral rhythm and its association with a wide variety 
of clinical shoulder injuries. A series of investigations, con-
sensus groups, and clinical commentaries have established: 
the definition of scapular dyskinesis,1,2 the relationship of 
dyskinesis to shoulder pain and injury,3–6 guidelines for op-
erative and non-operative treatment,6–8 and an algorithm 
for the clinical evaluation process.9 However, the existence 
of disparate reports on how scapular function can both pos-
itively and negatively influence shoulder function has not 
provided clinicians with clear understanding of the clinical 
importance the scapula. This is likely due to 3 key charac-
teristics related to scapular function. First, the multitude of 
muscles that attach to the scapula allow for simultaneous 
and synchronous muscle activation and stabilization to oc-
cur during arm movement. This allows for numerous de-
grees of freedom to exist which results in variations be-
tween individuals performing the same task.10 Second, the 
thorax has an ellipsoid design which does not allow for sin-
gle planar movement to occur exclusively. The lack of single 
planar movement is due not only to the shape of the tho-
rax but also due to the varied fiber orientation of the mus-
cles acting upon the scapula. Scapular motion is comprised 

of complex rotations and translations which are necessary 
to allow the scapula to function as part of scapulohumeral 
rhythm, the integrated coupled motion of the moving arm 
and scapula that is the basis for effective upper extremity 
use. The scapular rotations (anterior/posterior tilt, upward/
downward rotation, and internal/external rotation) are de-
scribed as accessory arthrokinematic motions while the 
scapular translations (elevation/depression and medial/lat-
eral translation) can be characterized as physiologic mo-
tions such as the voluntary gross actions of humeral flexion, 
abduction, or rotation.11–16 Medial translation (dynamic 
movement of the scapula around the thorax posteriorly to-
wards the vertebral column) and lateral translation (dy-
namic movement of the scapula around the thorax anteri-
orly towards the chest) should be used to describe active 
motion while retraction and protraction should be used to 
described the end position of the scapula after the move-
ment has ceased.15 

Scapular roles involve almost every aspect of shoulder 
and arm function. It is the “G” of dynamic glenohumeral 
concavity/compression, the “A” of stable acromioclavicular 
joint articulation, and “S” of scapulohumeral rhythm.6 Fi-
nally, the scapula is a link within the kinetic chain (the co-
ordinated, integrated proximal to distal muscle activity se-
quencing that allows arm tasks to occur).17 The scapula has 
a number of crucial roles but most importantly, it serves as 
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the link that transfers energy from the large muscles of the 
trunk, lower extremity, and core to the smaller muscles of 
the arm during arm movements.17 

SCAPULAR DYSKINESIS 

When scapular motion becomes altered, the appropriate 
term to use would be scapular dyskinesis. “Dys” (alteration 
of) “kinesis” (motion) is a general term that reflects loss of 
control of normal scapular physiology, mechanics, and mo-
tion. Scapular “winging” has been used as a term synony-
mous with dyskinesis; however, “winging” is best reserved 
for altered scapular motion driven by neurological compro-
mise.18 Neurologically based winging is clinically observed 
when any portion of the scapula excessively departs from its 
contact with the thorax immediately upon the initiation of 
arm motion and remains disconnected throughout the as-
cent and descent phases of the arm movement. Conversely, 
altered scapular positioning can be observed in the resting 
position of the arm but is more often seen dynamically in 
the descent phase of arm motion. During the dynamic arm 
movement, scapular dyskinesis can be clinically character-
ized by medial or inferior medial border prominence, early 
scapular elevation or shrugging upon arm elevation, and/or 
rapid downward rotation upon arm lowering.2 The leading 
theory is that arm function suffers when scapular dyskine-
sis is present due to an alteration in the coupled glenoid 
and humerus relationship.2 However, a cause versus effect 
relationship between scapular motion and shoulder injury 
has not been concretely established.6 Considering the lit-
erature has consistently noted that scapular dyskinesis, in 
isolation, is not an injury or a musculoskeletal diagnosis but 
rather a physical impairment,6 scapular dyskinesis should 
be viewed as an impairment with a causative origin. 

RECONSIDERING THE CLINICAL EXAMINATION 

Eighty-three percent of patients with shoulder pain report 
that the reason for seeking treatment was an inability to 
achieve their desired function in important activities – they 
perceived a dysfunction that they wish to be addressed.19 

Function can be modelled as anatomy acted upon by physi-
ology to produce mechanics that facilitate accomplishment 
of a specific task. In this model, dysfunction results from 
various combinations of pathoanatomy, pathophysiology, 
and pathomechanics that create ineffective or inefficient 
decompensations or possible injury that are manifested as 
symptoms.9,20 This model can be a useful framework to or-
ganize the clinical evaluation process. 

Systematic reviews have attempted to compile and cri-
tique the value of examination maneuvers and have con-
cluded that there are deficiencies in clinical utility, stark 
contrasts in methodologies between studies, and less than 
optimal levels of critical appraisal results.21,22 Interest-
ingly, the focus of clinical utility conflicts with scapular 
dyskinesis as an entity because clinical utility is rooted in 
diagnostic accuracy. Considering scapular dyskinesis is not 
a diagnosis but is instead an impairment, clinical utility 
is not attainable. The difficulty in establishing diagnostic 
accuracy for an impairment is that there is no consistent 

acceptable gold standard to compare to. Although several 
attempts have been made to utilize biomechanical assess-
ments (i.e. 3-dimensional analysis) as a gold standard,23–35 

the establishment of where anatomical landmarks reside in 
space in relation to the equipment based on surface markers 
are in essence surrogates for actual location. Bone pin stud-
ies that insert sterile pins directly into the bone are likely 
best characterized as a gold standard but their invasive na-
ture and difficulty in utilization prevent them from being 
routine clinical tools.12–14,16 As such, qualitative assess-
ments of scapular position and motion currently serve as 
the best clinical tools for identify alterations although there 
are inherent concerns with the subjective nature of the as-
sessments. 

The aforementioned algorithm consists of 3 stages of 
this qualitative assessment (Figure 1). The first is the estab-
lishment of the presence or absence of dyskinesis, using the 
scapular dyskinesis test.36,37 The second is establishing the 
relationship between the observed dyskinesis and the clini-
cal symptoms using the corrective maneuvers, the Scapular 
Assistance Test and the Scapular Retraction Test.1,2,6 The 
third is the evaluation of the possible causative factors, us-
ing a step wise evaluation process and standard testing (Fig-
ure 2).18 

The establishment of the presence or absence of scapular 
dyskinesis is best accomplished with the scapular dyskinesis 
test.6,36,37 The exam is conducted by having the patient 
raise the arms in forward flexion to maximum elevation, 
and then lower them 3-5 times (Figure 3). If the clinician 
is not sure if an alteration of motion is present, the patient 
can be asked to repeat the scapular dyskinesis test with a 
3-5 pound weights in each hand and/or by performing up to 
10 repetitions of arm elevation. The added weight and addi-
tional repetitions may help accentuate any altered motion. 
As noted earlier, scapular dyskinesis is more easily observed 
in the descent phase of arm motion. Prominence of any as-
pect of the medial scapular border on the symptomatic side 
is recorded as “yes” (prominence detected) or “no” (promi-
nence not detected). 

Three muscle tests: manual resistance of the arm at 130° 
of flexion (targets the serratus anterior),38,39 manual re-
sistance of the arm at 130-150° of abduction (targets the 
lower and middle trapezius),38 and extension of the arm 
at the side (targets the rhomboids)40 should be performed. 
The distinction between these testing maneuvers and other 
muscle tests for the shoulder is that the clinician attempts 
to “break” the patient’s arm position and observe if the 
scapula is visibly moving out of position. The combination 
of both the break in position and scapular movement are 
suggestive of scapular muscle weakness. 

Finally, the corrective maneuvers designed to “correct” 
scapular motion and/or scapular positioning should be em-
ployed.6 The scapular assistance test helps evaluate scapu-
lar contributions to shoulder pain based on motion alter-
ations, the scapular retraction test evaluates scapular 
contributions to rotator cuff strength, and the low row eval-
uates contributions to arm strength. The scapular assis-
tance test is performed when the examiner applies pressure 
to the medial aspect of the inferior angle of the scapula to 
assist scapular upward rotation and posterior tilt as the pa-
tient elevates the arm (Figure 4). A positive result occurs 
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Figure 1. Scapular Contribution Algorithm 

Figure 2. Evaluation Approach 

when the painful arc during arm motion is relieved and the 
arc of motion is increased. The scapular retraction test is 
performed when the examiner first grades the strength in 
forward flexion using standard manual muscle testing pro-
cedures with the patient in their normal posture (Figure 
5A). The examiner then places and manually stabilizes the 
medial border of the scapula in a retracted position while 

retesting the arm strength (Figure 5B). A positive test oc-
curs when the demonstrated strength increases while the 
scapula is in the retracted position and stabilized by the 
clinician. In the low row test, the patient is asked to place 
his or her arm in slight humeral extension and then in-
structed to resist movement of the arm into forward flexion 
(Figure 6). The examiner (positioned posterior to the pa-
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tient) then instructs the patient to contract the gluteal 
muscles while applying the same anterior force on the arm. 
If strength increases with the gluteal contraction, this is 
an indication that scapular and shoulder muscle activation 
may be facilitated by involving hip and core strength, which 
suggests lower extremity/core strengthening should be in-
cluded in the treatment plan for the shoulder. A positive 
corrective maneuver informs the clinician that the rehabili-
tation should primarily focus on scapular mobility, scapular 
strength, or core strength rather than take a rotator cuff ac-
tivation or strengthening focus. 

This qualitative approach aligns well with recent propos-
als on applying a classification system in the clinical set-
ting that is based on movement-impairments rather than 
pathoanatomy.9,20 The system begins broad but can be sub-
classified based on the examination findings. The focus of 
the system is to help identify causes of dysfunction in order 
for the examination to better guide the treatment. For ex-
ample, if altered scapular motion is identified via the scapu-
lar dyskinesis test, the clinician should initially identify the 
specific observable components (i.e. medial border 
promienance, scapular body positioning, etc) and simulta-
neously consider what is the likely cause of the alteration 
(i.e. deficiencies in mobility, strength, and/or motor con-
trol, or overt anatomical injury). The additional examina-
tion components of the corrective maneuvers, mobility 
testing, strength testing, and kinetic chain testing would 
help the clinician better identify the contributing cause. 

All these efforts have been directed towards establishing 
the clinical diagnosis of dyskinesis and identifying the 
anatomical (pathoanatomy) and physiological (pathophys-
iology) factors underlying the observed alterations of po-
sition and motion as a basis for developing treatment pro-
tocols. An unpublished survey from our institution of 462 
consecutive patients with shoulder pain who met the al-
gorithm stage 1 and stage 2 criteria were examined for all 
causative factors, using the step wise testing protocols. This 
survey revealed that 34.7% of the patients had a 
pathoanatomical basis for their dyskinesis (clavicle frac-
tures, acromioclavicular joint disorders, glenohumeral joint 
internal derangements, neurological injury, periscapular 
muscle injury), while 65.3 % had a pathophysiological basis 
(muscle imbalance, inhibition, tightness/inflexibility, ser-
ratus anterior/lower trapezius insufficiency). In addition, 
some of those with a pathoanatomical basis also had pri-
mary or secondary pathophysiology as well. 

These findings suggest a 2-part evaluation process for 
patients with observed scapular dyskinesis that can be 
linked to the clinical symptoms. One part should identify 
those patients whose dyskinesis is secondary to identified 
pathoanatomy. Treatment may include rehabilitation but 
frequently will require surgical means of restoration of the 
anatomy. Those whose dyskinesis is secondary to patho-
physiology will need aa comprehensive evaluation process 
to understand the muscular alterations that will serve as the 
basis for treatment. 

In summary, scapular dyskinesis associated with clinical 
symptoms results from pathoanatomy in roughly 1/3 of the 
cases. The absence of demonstrable pathoanatomy is com-
mon and should direct the evaluation process to a com-
prehensive evaluation of the many possible alterations of 

Figure 3. Scapular Dyskinesis Test. The patient 
elevates the arms overhead 3-5 times while the 
examiner visually observes the scapular movement. 

Figure 4. Scapular Assistance Test. The scapula is 
stabilized with one hand and the other hand 
‘assists’ the scapula through its correct motion 
plane. 

physiology. 
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RECONSIDERING TREATMENT APPROACHES 

As an impairment, scapular dyskinesis has been posited 
to be primarily the result of soft-tissue deficiencies, thus 
the treatment focus has centered on mobility and strength 
enhancement.5–8,17,41–52 However, various reports have 
noted that interventions directed at correcting these defi-
ciencies, mostly manual therapy and therapeutic exercise, 
have little influence on the scapular motion itself.48,49,52,53 

There are several possible reasons for these findings. 
First, mobility alterations are rarely acute in the scapula 

and/or shoulder. Although overhead athletes often experi-
ence an acute decrease in glenohumeral rotation following 
a throwing episode/exposure, the decrease in motion can 
resolve within 24-96 hours on average both with and with-
out intervention.54–59 The chronicity of mobility deficits 
tends to be lengthy resulting in bony adaptations, capsular 
thickening, and various tendon responses.60 Although im-
mediate gains in motion have been reported following the 
application of manual therapy interventions, they have not 
been shown to be long lasting.61–69 These interventions 
have positively impacted pain and self-reported function 
which is more likely rooted in the neurophysiological ef-
fects related to endogenous pain control.66 In other words, 
the immediate clinical but unsustainable result of increased 
motion after the application of manual therapy is not re-
lated to tissue correction but rather pain modulation that 
results in immediate demonstrable motion increases. 

Second, therapeutic exercises designed to target specific 
shoulder and scapular muscles have been described but 
these were primarily identified with electromyographic 
methodologies.70–76 Although electromyography has 
helped identify which positions and maneuvers bias specific 
muscles, the oft mistaken interpretation of the results is 
that the muscle activity is an occurrence specific to individ-
ual muscles. This thought process conflicts with the known 
summation of activation phenomenon that has been con-
sistently reported in the literature.77–85 Furthermore, the 
foundational work was performed on asymptomatic individ-
uals.70–75 It is quite possible that differences exist between 
individuals with shoulder pathology or impairments such 
as scapular dyskinesis compared to those who are asymp-
tomatic. Finally, the identified maneuvers were often per-
formed in an isolated manner with the body in vertical or 
horizontal (prone or supine) stationary positions. These po-
sitions could lead to a less than optimal rehabilitation out-
come likely due to the encouragement of inefficient or im-
proper motor patterns.6,34,86–89 Taken together, these 
results suggests that a focus on increasing strength may not 
be the ideal intervention. 

Finally, if strength shouldn’t be the focus, then it is pos-
sible scapular dysfunction is more likely rooted in issues re-
lated to motor control. One of the primary principles of mo-
tor control is based on the type and amount of feedback a 
person receives during task performance.89–92 In most up-
per extremity tasks, visual feedback is utilized for joint po-
sitioning and error correction. However, the scapula cannot 
be visualized due to its posterior location on the thorax. It 
is possible that the lack of visual feedback leads to the al-
terations in motion that manifests as scapular dyskinesis. 
Previous reports have shown that intentional attempts at 

Figure 5. Scapular Retraction Test. The examiner 
first performs a traditional flexion manual strength 
test (a). The examiner stabilizes the medial border 
of the scapula and repeats the test (b). 

Figure 6. Low Row Test. The examiner manually 
resists arm extension without followed by with 
gluteal muscle activation. 

repositioning the scapula prior to elevating and/or rotating 
the humerus, called conscious correction, increases scapu-
lar muscle activity and enhances scapular kinemat-
ics.34,86,89 Additionally, visual feedback,93–97 auditory 
feedback,93,94 and kinesthetic feedback93,94 have been 
shown to positively influence scapular muscle activity and 
positioning. Considering the scapula as a ‘link’ within the 
kinetic chain, the feedback approach may be better suited 
for re-establishing scapular control as it relates to the se-
quential activation within the kinetic chain. The isolated 
strengthening approach may not re-establish scapular mo-
bility and control as they are single-planar by design and 
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do not allow for the patient to intently focus on the scapula 
directly. Using motor control as the focus, previous reports 
have suggested employing an integrated approach where 
the patient is required to perform exercises from a sitting 
or standing position to perform (and learn) the necessary 
motor patterns that require integrated use of the majority 
of the kinetic chain segments (i.e., using the legs and trunk 
to facilitate scapular and shoulder movement and muscle 
activation).41,47,98–101 However, although these works have 
verified increased shoulder and scapular muscle activation 
when trunk and/or leg movements are integrated into the 
exercise maneuvers, there are no empirical reports or ran-
domized control trials that have compared a motor control/
kinetic chain focused program against a program that does 
not utilize this approach. 

To date, clinical recommendations supporting motor 
control/kinetic chain-based rehabilitation approaches have 
been made via expert opinion/consensus pa-
pers.2,6–8,102,103 An example of such a program has been 
provided with the clinical highlights being: 

An example of short lever exercise application would be 
to begin with exercies that require the arms to be in an ad-
ducted position (i.e. the arms position against the thorax) 
rather than positions that require the arms to be elevated or 
abducted for exercise performance (Figure 7A-B and Figure 
8). These early interventions attempt to establish proper 
scapular positioning early in the rehabilitation and begin 
to utilize the major of kinetic chain segments to create 
the integrated muscle activation and sequencing. Although 
they could be classified as short lever exercises, maneuvers 
such as scapular shrugging or elevation should be avoided 
in the first 4-6 weeks of rehabilitation. This is intentional 
to not overly bias the upper trapezius which could delay 
the restoration of balance amongst scapular muscle acti-
vation. Progression into more dynamic motions that would 
still be considered short lever maneuvers (Figures 9 and 10) 
may be added to the treatment progression once the pa-
tient has demonstrated that the initial exercises can be per-
formed without exacerbating the previous symptoms. Pro-
gression into dynamic motions that begin to include limited 
amounts of arm elevation or abduction (approximately 
30-45°) (Figures 11 and 12), and then culminating with tra-
ditional long lever exercises (90° of arm elevation or abduc-
tion) in the later or last stages of rehabilitation can be in-
corporated into the treatment program in the later phases 
of rehabilitation, but only when the previous maneuvers 
have been mastered by the patient and have demonstrated 
little to no symptom exacerbation. Dosage recommenda-
tions include beginning with 1-2 sets of 5-10 repetitions 
with no external resistance. Additional sets and repetitions 
can be added based on symptoms and exercise tolerance, 

with a goal of 5-6 sets of 10 repetitions being able to be 
performed without an increase in symptoms before adding 
resistance. Resistance may be added next beginning with 
light free weights (2-3 pounds maximum) and then pro-
gressing to elastic resistance. The stability of free weights 
allows those devices to be utilized prior to elastic resistance 
because elastic resistance, although effective at increasing 
scapular muscle activity,100 has high variability when used 
by patients, especially when arm position is progressed 
throughout a treatment program.104 If elastic resistance 
were to be utilized, it can be adequately monitored and pro-
gressed using perceived exertion scales.105 Feedback may 
be incorporated throughout the treatment program but 
there is not an exclusive type to recommend considering 
various forms of feedback have been shown to have positive 
clinical influence.93–97 However, it should be noted that too 
much feedback can be detrimental to learning as the patient 
becomes reliant on the knowledge of performance.90 

CONCLUSIONS 

Scapular dyskinesis is an impairment that has causative fac-
tors, and those factors should be discerned from a compre-
hensive physical examination. The examination should not 
exclude assessments related to identifying pathoanatomical 
causes but the pathoanatomical approach should not be the 
primary focus of the examination. Using clinician experi-
ence and the best available evidence, a qualitative examina-
tion for determining the presence or absence of a scapular 
contribution to shoulder dysfunction is currently the best 
option widely available to clinicians. Future investigations 
should attempt to standardize methodological approaches 
to perform better comparisons between studies and gener-
ate higher quality results. Finally, rehabilitation approaches 
should be reconsidered where enhancing motor control be-
comes the primary focus rather than increasing strength. 

1. Short lever progression 
2. Sitting and standing preferred over prone or supine 

exercises 
3. Target impairments in the order of mobility, motor 

control, strength (if necessary) and endurance 
4. Utilize longer lever maneuvers later in the rehabilita-

tion program 
5. Advance to plyometric based maneuvers just prior to 

discharge 
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Figure 7. Conscious correction of scapula begins with the patient standing (a) and being instructed to actively 
“squeeze your shoulder blades together” (b). Utilization of mirrors or mobile devices can assist patients with 
visualizing correct scapular positioning. 

Figure 8. The Low Row begins in the starting position of standing and knees slightly bent (a). The patient 
performs extension of the hips and trunk to facilitate scapular retraction (b). 
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Figure 9. Lawnmower with arm close to body begins with the patient standing and the arm close to the body 
as if supported by a sling (a). The patient is instructed to extend the hips and trunk followed by rotation of the 
trunk to facilitate scapular medial translation and retraction (b). 

Figure 10. The Robbery maneuver requires instructions to the patient to “place the elbows in the back 
pockets” moving from a trunk and hip slightly flexed position (a) and moving to an extended position (b). 
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Figure 11. Lawnmower with arm away from body is the advancement of the previous lawnmower exercise with 
the arm in a slightly flexed position to begin (a) but the same hip extension and trunk rotation components 
(b). 

Figure 12. The Fencing exercise begins with the arm elevated to 90° in the frontal plane (a) and performed by 
side stepping and simultaneously retracting the scapula and adducting the arm (b). 

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License 

(CCBY-NC-4.0). View this license’s legal deed at https://creativecommons.org/licenses/by-nc/4.0 and legal code at https://cre-

ativecommons.org/licenses/by-nc/4.0/legalcode for more information. 

Current Views of Scapular Dyskinesis and its Possible Clinical Relevance

International Journal of Sports Physical Therapy

https://ijspt.scholasticahq.com/article/31727-current-views-of-scapular-dyskinesis-and-its-possible-clinical-relevance/attachment/80406.png?auth_token=w2DfR5M32_H1t0alCQiF
https://ijspt.scholasticahq.com/article/31727-current-views-of-scapular-dyskinesis-and-its-possible-clinical-relevance/attachment/80407.png?auth_token=w2DfR5M32_H1t0alCQiF


REFERENCES 

1. Kibler WB. The role of the scapula in athletic 
function. Am J Sports Med. 1998;26:325-337. doi:10.11
77/03635465980260022801 

2. Kibler WB, Ludewig PM, McClure PW, Uhl TL, 
Sciascia AD. Scapula Summit 2009. J Orthop Sports 
Phys Ther. 2009;39(11):A1-A13. doi:10.2519/jospt.200
9.030 

3. Kibler WB, McMullen J. Scapular dyskinesis and its 
relation to shoulder pain. J Am Acad Orthop Surg. 
2003;11:142-151. doi:10.5435/00124635-200303000-0
0008 

4. Kibler WB, Sciascia AD. Current concepts: Scapular 
dyskinesis. Br J Sports Med. 2010;44(5):300-305. doi:1
0.1136/bjsm.2009.058834 

5. Kibler WB, Sciascia A, Wilkes T. Scapular dyskinesis 
and its relation to shoulder injury. J Am Acad Orthop 
Surg. 2012;20(6):364-372. doi:10.5435/JAAOS-20-0
6-364 

6. Kibler WB, Ludewig PM, McClure PW, Michener LA, 
Bak K, Sciascia AD. Clinical implications of scapular 
dyskinesis in shoulder injury: The 2013 consensus 
statement from the “scapula summit.” Br J Sports 
Med. 2013;47:877-885. doi:10.1136/bjsports-2013-09
2425 

7. McMullen J, Uhl TL. A kinetic chain approach for 
shoulder rehabilitation. J Ath Train. 
2000;35(3):329-337. 

8. Sciascia A, Cromwell R. Kinetic chain 
rehabilitation: A theoretical framework. Rehabil Res 
Pract. 2012;2012:1-9. doi:10.1155/2012/853037 

9. Sciascia AD, Kibler WB. Principles of Physical 
Examination. In: Kibler WB, Sciascia AD, eds. 
Mechanics, Pathomechanics and Injury in the Overhead 
Athlete: A Case-Based Approach to Evaluation, 
Diagnosis, and Management. Springer; 2019:63-74. 

10. Sporns O, Edelman GM. Solving Bernstein’s 
problem: A proposal for the development of 
coordinated movement by selection. Child 
Development. 1993;64:960-981. 

11. Ludewig PM, Cook TM, Nawoczenski DA. 
3-Dimensional scapular orientation and muscle 
activity at selected positions of humeral elevation. J 
Orthop Sports Phys Ther. 1996;24:57-65. 

12. Ludewig PM, Phadke V, Braman JP, Hassett DR, 
Cieminski CJ, LaPrade RF. Motion of the shoulder 
complex during multiplanar humeral elevation. J Bone 
Joint Surg Am. 2009;91A(2):378-389. doi:10.2106/JBJ
S.G.01483 

13. Lawrence RL, Braman JP, LaPrade RF, Ludewig 
PM. Comparison of 3-Dimensional Shoulder Complex 
Kinematics in Individuals With and Without Shoulder 
Pain, Part 1: Sternoclavicular, Acromioclavicular, and 
Scapulothoracic Joints. J Orthop Sports Phys Ther. 
2014;44:636-645. doi:10.2519/jospt.2014.5339 

14. Lawrence RL, Braman JP, Staker JL, LaPrade RF, 
Ludewig PM. Comparison of 3-Dimensional Shoulder 
Complex Kinematics in Individuals With and Without 
Shoulder Pain, Part 2: Glenohumeral Joint. J Orthop 
Sports Phys Ther. 2014;44:646-655. doi:10.2519/josp
t.2014.5556 

15. Ludewig PM, Lawrence RL. Mechanics of the 
Scapula in Shoulder Function and Dysfunction. In: 
Kibler WB, Sciascia AD, eds. Disorders of the Scapula 
and Their Role in Shoulder Injury: A Clinical Guide to 
Evaluation and Management. Springer; 2017:7-24. 

16. McClure PW, Michener LA, Sennett BJ, Karduna 
AR. Direct 3-dimensional measurement of scapular 
kinematics during dynamic movements in vivo. J 
Shoulder Elbow Surg. 2001;10:269-277. 

17. Sciascia AD, Thigpen CA, Namdari S, Baldwin K. 
Kinetic chain abnormalities in the athletic shoulder. 
Sports Med Arthrosc Rev. 2012;20(1):16-21. doi:10.109
7/JSA.0b013e31823a021f 

18. Disorders of the Scapula and Their Role in Shoulder 
Injury – A Clinical Guide to Evaluation and 
Management. Springer; 2017. 

19. Smith-Forbes EV, Moore-Reed SD, Westgate PM, 
Kibler WB, Uhl TL. Descriptive Analysis of Common 
Functional Limitations Identified by Patients With 
Shoulder Pain. J Sport Rehabil. 2015;24:179-188. 

20. Ludewig PM, Kamonseki DH, Staker JL, Lawrence 
RL, Camargo PR, Braman JP. Changing Our Diagnostic 
Paradigm: Movement System Diagnostic 
Classification. Int J Sports Phys Ther. 
2017;12:884-893. 

21. Larsen CM, Juul-Kristensen B, Lund H, Søgaard K. 
Measurement properties of existing clinical 
assessment methods evaluating scapular positioning 
and function. A systematic review. Physiother Theory 
Pract. 2014;30:453-482. 

Current Views of Scapular Dyskinesis and its Possible Clinical Relevance

International Journal of Sports Physical Therapy

https://doi.org/10.1177/03635465980260022801
https://doi.org/10.1177/03635465980260022801
https://doi.org/10.2519/jospt.2009.030
https://doi.org/10.2519/jospt.2009.030
https://doi.org/10.5435/00124635-200303000-00008
https://doi.org/10.5435/00124635-200303000-00008
https://doi.org/10.1136/bjsm.2009.058834
https://doi.org/10.1136/bjsm.2009.058834
https://doi.org/10.5435/JAAOS-20-06-364
https://doi.org/10.5435/JAAOS-20-06-364
https://doi.org/10.1136/bjsports-2013-092425
https://doi.org/10.1136/bjsports-2013-092425
https://doi.org/10.1155/2012/853037
https://doi.org/10.2106/JBJS.G.01483
https://doi.org/10.2106/JBJS.G.01483
https://doi.org/10.2519/jospt.2014.5339
https://doi.org/10.2519/jospt.2014.5556
https://doi.org/10.2519/jospt.2014.5556
https://doi.org/10.1097/JSA.0b013e31823a021f
https://doi.org/10.1097/JSA.0b013e31823a021f


22. D’hondt NE, Kiers H, Pool JJM, Hacquebord ST, 
Terwee CB, Veeger DHEJ. Reliability of Performance-
Based Clinical Measurements to Assess Shoulder 
Girdle Kinematics and Positioning: Systematic 
Review. Phys Ther. 2017;97:124-144. 

23. Ludewig PM, Cook TM. Alterations in shoulder 
kinematics and associated muscle activity in people 
with symptoms of shoulder impingement. Phys Ther. 
2000;80(3):276-291. 

24. Karduna AR, McClure PW, Michener LA, Sennett 
B. Dynamic measurements of three-dimensional 
scapular kinematics: a validation study. J Biomech 
Eng. 2001;123(2):184-190. doi:10.1115/1.1351892 

25. McClure PW, Bialker J, Neff N, Williams GN, 
Karduna A. Shoulder function and 3-dimensional 
kinematics in people with shoulder impingement 
syndrome before and after a 6-week exercise program. 
Physical Therapy. 2004;84(9):832-848. 

26. Ogston JB, Ludewig PM. Differences in 
3-dimensional shoulder kinematics between persons 
with multidirectional instability and asymptomatic 
controls. Am J Sports Med. 2007;35:1361-1370. doi:1
0.1177/0363546507300820 

27. Meyer KE, Saether EE, Soiney EK, Shebeck MS, 
Paddock KL, Ludewig PM. Three-Dimensional 
Scapular Kinematics During the Throwing Motion. J 
Appl Biomech. 2008;24:24-34. 

28. Oyama S, Myers JB, Wassinger CA, Lephart SM. 
Three-dimensional scapular and clavicular 
kinematics and scapular muscle activity during 
retraction exercises. Journal of Orthopaedic and Sports 
Physical Therapy. 2010;40(3):169-179. 

29. Morrow MM, Kaufman KR, An KN. Scapular 
kinematics and associated impingement risk in 
manual wheelchair users during propulsion and a 
weight relief lift. Clinical Biomechanics. 
2011;26(4):352-357. 

30. Timmons MK, Thigpen CA, Seitz AL, Karduna AR, 
Michener LA. Scapular Kinematics and Subacromial 
Impingement Syndrome: A Meta-Analysis. J Sport 
Rehabil. 2012;21(4):354-370. 

31. Park JY, Hwang JT, Kim KM, Makkar D, Moon SG, 
Han KJ. How to assess scapular dyskinesis precisely: 
3-dimensional wing computer tomography--a new 
diagnostic modality. J Shoulder Elbow Surg. 
2013;22(8):1084-1091. doi:10.1016/j.jse.2012.10.046 

32. Yamauchi T, Hasegawa S, Matsumura A, 
Nakamura M, Ibuki S, Ichihashi N. The effect of trunk 
rotation during shoulder exercises on the activity of 
the scapular muscle and scapular kinematics. J 
Shoulder Elbow Surg. 2015;24:955-964. 

33. Warner MB, Chappell PH, Stokes MJ. 
Measurement of dynamic scapular kinematics using 
an acromion marker cluster to minimize skin 
movement artifact. J Vis Exp. 2015;(96):e51717. doi:1
0.3791/51717 

34. Ou HL, Huang TS, Chen YT, et al. Alterations of 
scapular kinematics and associated muscle activation 
specific to symptomatic dyskinesis type after 
conscious control. Man Ther. 2016;26:97-103. doi:1
0.1016/j.math.2016.07.013 

35. Park JY, Kim J, Seo BH, et al. Three-Dimensional 
Analysis of Scapular Kinematics During Arm 
Elevation in Baseball Players With Scapular 
Dyskinesis: Comparison of Dominant and 
Nondominant Arms. J Sport Rehabil. Published online 
2019:1-9. doi:10.1123/jsr.2017-0216 

36. McClure PW, Tate AR, Kareha S, Irwin D, Zlupko 
E. A clinical method for identifying scapular 
dyskinesis: Part 1: Reliability. J Athl Train. 
2009;44(2):160-164. doi:10.4085/1062-6050-44.2.160 

37. Tate AR, McClure PW, Kareha S, Irwin D, Barbe 
MF. A clinical method for identifying scapular 
dyskinesis: Part 2: Validity. J Athl Train. 
2009;44(2):165-173. doi:10.4085/1062-6050-44.2.165 

38. Michener LA, Boardman Iii ND, Pidcoe PE, Frith 
AM. Scapular muscle tests in subjects with shoulder 
pain and functional loss: Reliability and construct 
validity. Physical Therapy. 2005;85:1128-1138. 

39. Ekstrom RA, Soderberg GL, Donatelli RA. 
Normalization procedures using maximum voluntary 
isometric contractions for the serratus anterior and 
trapezius muscles during surface EMG analysis. 
Journal of Electromyography & Kinesiology. 
2005;15:418-428. 

40. Ginn KA, Halaki M, Cathers I. Revision of the 
Shoulder Normalization Tests Is Required to Include 
Rhomboid Major and Teres Major. J Orthop Res. 
2011;29:1846-1849. 

41. Kibler WB, Sciascia AD, Uhl TL, Tambay N, 
Cunningham T. Electromyographic analysis of 
specific exercises for scapular control in early phases 
of shoulder rehabilitation. Am J Sports Med. 
2008;36(9):1789-1798. doi:10.1177/036354650831628
1 

42. Michener LA, Walsworth MK, Burnet EN. 
Effectiveness of rehabilitation for patients with 
subacromial impingement syndrome. J Hand Ther. 
2004;17:152-164. 

Current Views of Scapular Dyskinesis and its Possible Clinical Relevance

International Journal of Sports Physical Therapy

https://doi.org/10.1115/1.1351892
https://doi.org/10.1177/0363546507300820
https://doi.org/10.1177/0363546507300820
https://doi.org/10.1016/j.jse.2012.10.046
https://doi.org/10.3791/51717
https://doi.org/10.3791/51717
https://doi.org/10.1016/j.math.2016.07.013
https://doi.org/10.1016/j.math.2016.07.013
https://doi.org/10.1123/jsr.2017-0216
https://doi.org/10.4085/1062-6050-44.2.160
https://doi.org/10.4085/1062-6050-44.2.165
https://doi.org/10.1177/0363546508316281
https://doi.org/10.1177/0363546508316281


43. Tate AR, McClure PW, Young IA, Salvatori R, 
Michener LA. Comprehensive impairment-based 
exercise and manual therapy intervention for patients 
with subacromial impingement syndrome: a case 
series. Journal of Orthopedic and Sports Physical 
Therapy. 2010;40(8):474-493. doi:10.2519/jospt.201
0.3223 

44. Ellenbecker TS, Cools A. Rehabilitation of 
shoulder impingement syndrome and rotator cuff 
injuries: An evidence-based review. Br J Sports Med. 
2010;44:319-327. doi:10.1136/bjsm.2009.058875 

45. Cools A, Johansson FR, Cagnie B, Cambier D, 
Witvrouw EE. Stretching the posterior shoulder 
structures in subjects with internal rotation deficit: 
Comparison of two stretching techniques. Shoulder 
and Elbow. 2012;4(1):56-63. 

46. De May K, Danneels L, Cagnie B, Cools AM. 
Scapular muscle rehabilitation exercises in overhead 
athletes with impingement symptoms: effect of a 
6-week training program on muscle recruitment and 
functional outcome. American Journal of Sports 
Medicine. 2012;40(8):1906-1915. doi:10.1177/0363546
512453297 

47. De May K, Daneels L, Cagnie B, Van den Bosch L, 
Flier J, Cools AM. Kinetic chain influences on upper 
and lower trapezius muscle activation during eight 
variations of a scapular retraction exercise in 
overhead athletes. J Sci Med Sport. 2013;16:65-70. 

48. Camargo PR, Alburquerque-Sendín F, Avila MA, 
Haik MN, Vieira A, Salvini TF. Effects of Stretching 
and Strengthening Exercises, With and Without 
Manual Therapy, on Scapular Kinematics, Function, 
and Pain in Individuals With Shoulder Impingement: 
A Randomized Controlled Trial. J Orthop Sports Phys 
Ther. 2015;45:984-997. doi:10.2519/jospt.2015.5939 

49. Haik MN, Alburquerque-Sendín F, Silva CZ, 
Siqueira Jr AL, Ribeiro IL, Camargo PR. Scapular 
Kinematics Pre- and Post-Thoracic Thrust 
Manipulation in Individuals With and Without 
Shoulder Impingement Symptoms: A Randomized 
Controlled Study. J Orthop Sports Phys Ther. 
2014;44:475-487. doi:10.2519/jospt.2014.4760 

50. Borstad JD, Ludewig PM. The effect of long versus 
short pectoralis minor resting length on scapular 
kinematics in healthy individuals. J Orthop Sports 
Phys Ther. 2005;35(4):227-238. doi:10.2519/jospt.200
5.35.4.227 

51. Borstad JD, Ludewig PM. Comparison of three 
stretches for the pectoralis minor muscle. J Shoulder 
Elbow Surg. 2006;15(3):324-330. 

52. Rosa DP, Borstad JD, Pogetti LS, Camargo PR. 
Effects of a stretching protocol for the pectoralis 
minor on muscle length, function, and scapular 
kinematics in individuals with and without shoulder 
pain. J Hand Ther. 2017;30:20-29. doi:10.1016/j.jht.20
16.06.006 

53. Kardouni JR, Pidcoe PE, Shaffer SW, et al. 
Thoracic Spine Manipulation in Individuals With 
Subacromial Impingement Syndrome Does Not 
Immediately Alter Thoracic Spine Kinematics, 
Thoracic Excursion, or Scapular Kinematics: A 
Randomized Controlled Trial. J Orthop Sports Phys 
Ther. 2015;45:527-538. doi:10.2519/jospt.2015.5647 

54. Reinold MM, Wilk KE, Macrina LC, et al. Changes 
in shoulder and elbow passive range of motion after 
pitching in professional baseball players. Am J Sports 
Med. 2008;36(3):523-527. doi:10.1177/0363546507308
935 

55. Kibler WB, Sciascia AD, Moore SD. An acute 
throwing episode decreases shoulder internal 
rotation. Clin Orthop Rel Res. 2012;470:1545-1551. do
i:10.1007/s11999-011-2217-z 

56. Proske U, Morgan DL, Gregory JE. Thixotropy in 
skeletal muscle and in muscle spindles: A review. 
Progress in Neurobiology. 1993;41:705-721. 

57. Proske U, Morgan DL. Do cross-bridges contribute 
to the tension during stretch of passive muscle? 
Journal of Muscle Research and Cell Motility. 
1999;20:433-442. 

58. Proske U, Morgan DL. Muscle damage from 
eccentric exercise: Mechanism, mechanical signs, 
adaptation and clinical applications. J Physiol. 
2001;537(2):333-345. 

59. Reisman S, Walsh LD, Proske U. Warm up 
stretches reduce sensations of stiffness and soreness 
after eccentric exercise. Med Sci Sport Exerc. 
2005;37:929-936. 

60. Manske R, Wilk KE, Davies G, Ellenbecker T, 
Reinold M. Glenohumeral Motion Deficits: Friend Or 
Foe? Int J Sports Phys Ther. 2013;8:537-553. 

61. Manske RC, Meschke M, Porter A, Smith B, 
Reiman MA. A randomized controlled single-blinded 
comparison of stretching versus stretching and joint 
mobilization for posterior shoulder tightness 
measured by internal rotation motion loss. Sports 
Health. 2010;2(2):94-100. 

62. Brudvig TJ, Kulkarni H, Shah S. The effect of 
therapeutic exercise and mobilization on patients 
with shoulder dysfunction: A systematic review with 
meta-analysis. J Orthop Sports Phys Ther. 
2011;41(10):734-748. 

Current Views of Scapular Dyskinesis and its Possible Clinical Relevance

International Journal of Sports Physical Therapy

https://doi.org/10.2519/jospt.2010.3223
https://doi.org/10.2519/jospt.2010.3223
https://doi.org/10.1136/bjsm.2009.058875
https://doi.org/10.1177/0363546512453297
https://doi.org/10.1177/0363546512453297
https://doi.org/10.2519/jospt.2015.5939
https://doi.org/10.2519/jospt.2014.4760
https://doi.org/10.2519/jospt.2005.35.4.227
https://doi.org/10.2519/jospt.2005.35.4.227
https://doi.org/10.1016/j.jht.2016.06.006
https://doi.org/10.1016/j.jht.2016.06.006
https://doi.org/10.2519/jospt.2015.5647
https://doi.org/10.1177/0363546507308935
https://doi.org/10.1177/0363546507308935
https://doi.org/10.1007/s11999-011-2217-z
https://doi.org/10.1007/s11999-011-2217-z


63. Harshbarger ND, Eppelheimer BL, Valovich 
McLeod TC, Welch McCarty C. The effectiveness of 
shoulder stretching and joint mobilizations on 
posterior shoulder tightness. J Sport Rehabil. 
2013;22(4):313-319. 

64. Moon GD, Lim JY, Kim DY, Kim TH. Comparison of 
Maitland and Kaltenborn mobilization techniques for 
improving shoulder pain and range of motion in 
frozen shoulders. J Phys Ther Sci. 2015;27:1391-1395. 

65. Ho CYC, Sole G, Munn J. The effectiveness of 
manual therapy in the management of 
musculoskeletal disorders of the shoulder: A 
systematic review. Man Ther. 2009;14:463-474. 

66. Bialosky JE, Bishop MD, Price DD, Robinson ME, 
George SZ. The Mechanisms of Manual Therapy in 
the Treatment of Musculoskeletal Pain: A 
Comprehensive Model. Man Ther. 2009;14:531-538. 

67. Bronfort G, Haas M, Evans R, Leininger B, Triano J. 
Effectiveness of manual therapies: the UK evidence 
report. Chiro Osteo. 2010;18:3. 

68. Gebremariam L, Hay EM, van der Sande R, Rinkel 
WD, Koes BW, Huisstede BMA. Subacromial 
impingement syndrome—effectiveness of 
physiotherapy and manual therapy. Br J Sports Med. 
2014;48:1202-1208. 

69. Desjardins-Charbonneau A, Roy JS, Dionne CE, 
Fremont P, MacDermid JC, Desmeules F. The Efficacy 
of Manual Therapy for Rotator Cuff Tendinopathy: A 
Systematic Review and Meta-analysis. J Orthop Sports 
Phys Ther. 2015;45:330-350. 

70. Townsend H, Jobe FW, Pink M, Perry J. 
Electromyographic analysis of the glenohumeral 
muscles during a baseball rehabilitation program. Am 
J Sports Med. 1991;19:264-272. 

71. Blackburn TA, McLeod WD, White B, Wofford L. 
EMG analysis of posterior rotator cuff exercises. Ath 
Train. 1990;25(1):40;42-45. 

72. Moseley JB, Jobe FW, Pink MM, Perry J, Tibone JE. 
EMG analysis of the scapular muscles during a 
shoulder rehabilitation program. Am J Sports Med. 
1992;20(2):128-134. 

73. Hintermeister RA, Lange GW, Schultheis JM, Bey 
MJ, Hawkins R. Electromyographic activity and 
applied load during shoulder rehabilitation exercises 
using elastic resistance. Am J Sports Med. 
1998;26(2):210-220. 

74. Decker MJ, Hintermeister RA, Faber KJ, Hawkins 
RJ. Serratus anterior muscle activity during selected 
rehabilitation exercises. Am J Sports Med. 
1999;27(6):784-791. 

75. Reinold MM, Wilk KE, Fleisig GS, et al. 
Electromyographic analysis of the rotator cuff and 
deltoid musculature during common shoulder 
external rotation exercises. J Orthop Sports Phys Ther. 
2004;34:385-394. 

76. Reinold MM, Escamilla R, Wilk KE. Current 
Concepts in the Scientific and Clinical Rationale 
Behind Exercises for Glenohumeral and 
Scapulothoracic Musculature. J Orthop Sports Phys 
Ther. 2009;39:105-117. doi:10.2519/jospt.2009.2835 

77. Toyoshima S, Hoshikawa T, Miyashita M. 
Contributions of body parts to throwing performance. 
In: Nelson RC, Morehouse CA, eds. Biomechanics IV. 
University Park Press; 1974:169-174. 

78. Hirashima M, Kadota H, Sakurai S, Kudo K, 
Ohtsuki T. Sequential muscle activity and its 
functional role in the upper extremity and trunk 
during overarm throwing. J Sport Sci. 
2002;20:301-310. doi:10.1080/026404102753576071 

79. Hirashima M, Kudo K, Watarai K, Ohtsuki T. 
Control of 3D Limb Dynamics in Unconstrained 
Overarm Throws of Different Speeds Performed by 
Skilled Baseball Players. J Neurophysiol. 
2007;97(1):680-691. doi:10.1152/jn.00348.2006 

80. Hirashima M, Yamane K, Nakamura Y, Ohtsuki T. 
Kinetic chain of overarm throwing in terms of joint 
rotations revealed by induced acceleration analysis. J 
Biomech. 2008;41:2874-2883. doi:10.1016/j.jbiomec
h.2008.06.014 

81. Putnam CA. Sequential motions of body segments 
in striking and throwing skills: Description and 
explanations. J Biomech. 1993;26:125-135. 

82. Davids K, Glazier PS, Araujo D, Bartlett R. 
Movement systems as dynamical systems: The 
functional role of variability and its implications for 
sports medicine. Sports Medicine. 2003;33(4):245-260. 

83. Glazier PS, Davids K. Constraints on the complete 
optimization of human motion. Sports Medicine. 
2009;39(1):16-28. 

84. Bouisset S, Zattara M. A sequence of postural 
movements precedes voluntary movement. Neurosci 
Let. 1981;22:263-270. 

85. Zattara M, Bouisset S. Posturo-kinetic 
organisation during the early phase of voluntary 
upper limb movement. 1 Normal subjects. Journal of 
Neurology, Neurosurgery, and Psychiatry. 
1988;51:956-965. 

Current Views of Scapular Dyskinesis and its Possible Clinical Relevance

International Journal of Sports Physical Therapy

https://doi.org/10.2519/jospt.2009.2835
https://doi.org/10.1080/026404102753576071
https://doi.org/10.1152/jn.00348.2006
https://doi.org/10.1016/j.jbiomech.2008.06.014
https://doi.org/10.1016/j.jbiomech.2008.06.014


86. De May K, Danneels L, Cagnie B, Huyghe L, Seyns 
E, Cools AM. Conscious Correction of Scapular 
Orientation in Overhead Athletes Performing 
Selected Shoulder Rehabilitation Exercises: The 
Effect on Trapezius Muscle Activation Measured by 
Surface Electromyography. J Orthop Sports Phys Ther. 
2013;43(1):3-10. doi:10.2519/jospt.2013.4283 

87. Willmore EG, Smith MJ. Scapular dyskinesia: 
evolution towards a systems-based approach. 
Shoulder Elbow. 2016;8:61-70. doi:10.1177/175857321
5618857 

88. Pires ED, Camargo PR. Analysis of the kinetic 
chain in asymptomatic individuals with and without 
scapular dyskinesis. Clin Biomech. 2018;54:8-15. doi:1
0.1016/j.clinbiomech.2018.02.017 

89. Huang TS, Du WY, Wang TG, et al. Progressive 
conscious control of scapular orientation with video 
feedback has improvement in muscle balance ratio in 
patients with scapular dyskinesis: a randomized 
controlled trial. J Shoulder Elbow Surg. 
2018;27:1407-1414. doi:10.1016/j.jse.2018.04.006 

90. Sanchez FJN, Gonzalez JG. Influence of three 
accuracy levels of knowledge of results on motor skill 
acquisition. J Hum Sport Exerc. 2010;5(3):476-484. 

91. Sidaway B, Bates J, Occhiogrosso B, 
Schlagenhaufer J, Wilkes D. Interaction of Feedback 
Frequency and Task Difficulty in Children’s Motor 
Skill Learning. Phys Ther. 2012;92:948-957. 

92. Ramachandran VS, Altschuler EL. The use of 
visual feedback, in particular mirror visual feedback, 
in restoring brain function. Brain. 
2009;132:1693-1710. 

93. Mottram SL, Woledge RC, Morrissey D. Motion 
analysis study of a scapular orientation exercise and 
subjects’ ability to learn the exercise. Manual 
Therapy. 2009;14:13-18. 

94. Worsley P, Warner M, Mottram S, et al. Motor 
control retraining exercises for shoulder 
impingement: effects on function, muscle activation, 
and biomechanics in young adults. Journal of Shoulder 
and Elbow Surgery. Published online 2012. doi:10.101
6/j.jse.2012.06.010 

95. Du WY, Huang TS, Chiu YC, et al. Single-Session 
Video and Electromyography Feedback in Overhead 
Athletes With Scapular Dyskinesis and Impingement 
Syndrome. J Ath Train. 2020;55:265-273. doi:10.4085/
1062-6050-490-18 

96. Antunes A, Carnide F, Matias R. Real-time 
kinematic biofeedback improves scapulothoracic 
control and performance during scapular-focused 
exercises: A single-blind randomized controlled 
laboratory study. Hum Move Sci. 2016;48:44-53. doi:1
0.1016/j.humov.2016.04.004 

97. Weon JH, Kwon OY, Cynn HS, Lee WH, Kim TH, Yi 
CH. Real-time visual feedback can be used to activate 
scapular upward rotators in people with scapular 
winging: an experimental study. J Physiother. 
2011;57:101-107. 

98. Oliver GD, Plummer HA, Gascon SS. 
Electromyographic Analysis Of Traditional And 
Kinetic Chain Exercises For Dynamic Shoulder 
Movements. J Strength Cond Res. 2016;30:3146-3154. 

99. Oliver GD, Washington JK, Barfield JW, Gascon SS, 
Gilmer G. Quantitative Analysis Of Proximal And 
Distal Kinetic Chain Musculature During Dynamic 
Exercises. J Strength Cond Res. 2018;32:1545-1553. 

100. Wasserberger KW, Downs JL, Barfield JW, 
Williams TK, Oliver GD. Lumbopelvic-Hip Complex 
And Scapular Stabilizing Muscle Activations During 
Fullbody Exercises With And Without Resistance 
Bands. J Strength Cond Res. 2020;34:2840-2848. 

101. De May K, Danneels L, Cagnie B, Cools A. Are 
kinetic chain rowing exercises relevant in shoulder 
and trunk injury prevention training? Br J Sports Med. 
2011;45(4):320. 

102. Kibler WB, Kuhn JE, Wilk KE, et al. The disabled 
throwing shoulder - Spectrum of pathology: 10 year 
update. Arthroscopy. 2013;29(1):141-161. doi:10.101
6/j.arthro.2012.10.009 

103. Sciascia A. Managing Scapular Dyskinesis. Ath 
Train Sports Healthcare. 2020;12:102-107. doi:10.392
8/19425864-20191113-01 

104. Tsuruike M, Ellenbecker TS, Kagaya Y, Lemings 
L. Analysis of Scapular Muscle EMG Activity During 
Elastic Resistance Oscillation Exercises From the 
Perspective of Different Arm Positions. Sports Health. 
2020;12:395-400. doi:10.1177/1941738120929305 

105. Colado JC, Garcia-Masso X, Triplett TN, Flandez 
J, Borreani S, Tella V. Concurrent Validation Of The 
Omniresistance Exercise Scale Of Perceived Exertion 
With Thera-Band Resistance Bands. J Strength Cond 
Res. 2012;26:3018-3024. 

Current Views of Scapular Dyskinesis and its Possible Clinical Relevance

International Journal of Sports Physical Therapy

https://doi.org/10.2519/jospt.2013.4283
https://doi.org/10.1177/1758573215618857
https://doi.org/10.1177/1758573215618857
https://doi.org/10.1016/j.clinbiomech.2018.02.017
https://doi.org/10.1016/j.clinbiomech.2018.02.017
https://doi.org/10.1016/j.jse.2018.04.006
https://doi.org/10.1016/j.jse.2012.06.010
https://doi.org/10.1016/j.jse.2012.06.010
https://doi.org/10.4085/1062-6050-490-18
https://doi.org/10.4085/1062-6050-490-18
https://doi.org/10.1016/j.humov.2016.04.004
https://doi.org/10.1016/j.humov.2016.04.004
https://doi.org/10.1016/j.arthro.2012.10.009
https://doi.org/10.1016/j.arthro.2012.10.009
https://doi.org/10.3928/19425864-20191113-01
https://doi.org/10.3928/19425864-20191113-01
https://doi.org/10.1177/1941738120929305


Systematic Review/Meta-Analysis 

Effective Interventions for Improving Functional Movement Screen 
Scores Among “High-Risk” Athletes: A Systematic Review 
Sean C. Clark, MS 1  a , Nicholas D. Rowe, BA 1 , Mohamed Adnan, BA 1 , Symone M. Brown, MPH 2 , Mary K. Mulcahey, MD 

2 

1 Tulane University School of Medicine, 2 Department of Orthopaedic Surgery, Tulane University School of Medicine 

Keywords: intervention program, injury prevention, injury risk reduction, functional movement screen, movement system 

https://doi.org/10.26603/001c.31001 

International Journal of Sports Physical Therapy 
Vol. 17, Issue 2, 2022 

Background 
The Functional Movement ScreenTM (FMSTM) is a tool designed to screen a series of 
movements that aids in the identification of compensatory fundamental movement 
patterns, functional limitations, and asymmetrical movement patterns. A previous 
systematic review and meta-analysis has shown that athletes with an FMSTM score <13-14 
are considered “high-risk” and are more likely to be injured. There are discrepancies 
regarding the efficacy of physical intervention programs in improving FMSTM scores. 

Purpose 
The aim of this systematic review was to assess the role of physical intervention programs 
in increasing functional movement in “high-risk” athletes as measured by the FMSTM. 

Study Design 
Systematic Review 

Methods 
A computerized search was performed in 2019 according to PRISMA guidelines searching 
Embase, Science Direct, Ovid, and PubMed. The studies were assessed for quality and risk 
of bias using the Modified Downs and Black checklist. Participant demographics, 
intervention routines, and FMSTM scores were extracted from the included studies. 

Results 
Six studies met the inclusion criteria and demonstrated a fair methodological quality. 
Comparisons across all studies revealed significant improvement in FMSTM scores 
following implementation of a variety of physical intervention programs. These programs 
included those that utilized functional training, foot muscle strengthening, Pilates, core 
stability training, and resistance movements. Despite variations in the corrective 
exercises performed, the number of training sessions, and the length of the intervention 
program, all studies demonstrated an increase in the total FMSTM score following 
program implementation. 

Conclusion 
The included intervention programs significantly improved total FMSTM scores in 
“high-risk” athletes. Despite variations in the corrective exercises (interventions) 
performed, the number of training sessions, and the length of the program, all studies 
demonstrated a significant increase in the total FMSTM score following program 
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implementation. 

INTRODUCTION 

The Functional Movement ScreenTM (FMSTM) is a tool de-
signed to screen a series of movements that aids in the 
identification of compensatory fundamental movement 
patterns, functional limitations, and asymmetrical move-
ment patterns.1,2 The FMSTM includes seven screening 
tests: active straight leg raise, deep squat, hurdle step, in-
line lunge, rotary stability, shoulder mobility, and trunk sta-
bility push-up. With a maximum total FMSTM score of 21 
points, each test is rated on a three-point scale ranging 
from zero (pain during the action) to three (correctly per-
formed action). 

Athletic injuries hamper the ability of athletes to com-
pete at all levels. Sheu et al. estimates that 8.6 million 
sports and recreation related injuries occur each year in the 
United States, translating into 34.1 injuries per 1000 peo-
ple.3 The development and execution of preventative exer-
cise programs could reduce the severity and occurrence of 
athletic injuries.4 

The FMSTM has become a popular tool to identify ath-
letes with a higher likelihood of developing a sports related 
injury.5 Kiesel et al., noted that athletes with total FMSTM 

scores ≤14 had an 11 times increased risk of serious injury 
and a 51% probability of sustaining a serious injury over 
the course of one competitive season.6 Since the FMSTM has 
been proposed to identify muscular imbalance, interven-
tional prophylactic strengthening programs targeting mus-
cular imbalances can be implemented.5 Identifying “high-
risk” athletes in pre-season screening with a low cost, time 
efficient, and low physical risk screening tool could de-
crease medical costs, the number of serious injuries, and 
time lost to injury.7 The FMSTM may provide coaches, ath-
letic trainers, physical therapists, and other healthcare 
providers with valuable information needed for early detec-
tion of injury-prone athletes who may benefit from inter-
vention. After determining that an athlete could be at risk 
for injury (FMSTM score ≤14), a six-to-eight-week long in-
tervention program consisting of corrective exercises aimed 
at improving functional movements could be imple-
mented.5,8,9 Recently, authors have demonstrated that in-
corporating an intervention program can improve symme-
try,8 core strength,10 flexibility,11 and general strength,11 

all of which help reduce the risk of injury. A systematic re-
view and meta-analysis by Bunn et al. demonstrated that 
those defined as having a “high-risk” FMSTM score (<13-14) 
were 51% more likely to be injured than individuals with 
FMSTM scores >14.12 The aim of this systematic review was 
to assess the role of physical intervention programs in in-
creasing functional movement in “high-risk” athletes as 
measured by the FMSTM. 

METHODS 

This study was performed according to the Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines and was prospectively registered with 
PROSPERO (121423).13 

INFORMATION SOURCES, ELIGIBILITY CRITERIA, AND 
STUDY SELECTION 

Articles were identified by searching Embase, Science Di-
rect, Ovid, and PubMed using the following terms: “Func-
tional Movement Screen” AND “Intervention” AND “Func-
tional Movement Screen” AND “Training.” In addition to 
searching these databases, the reference lists of identified 
studies were evaluated to find other articles that met the 
inclusion criteria. After duplicates were removed, the titles 
and abstracts for all remaining studies were then screened 
by two authors (S.C.C & N.D.R) and consensus was 
achieved. Full-text articles were obtained for further as-
sessment of inclusion and exclusion criteria by two authors 
(S.C.C & N.D.R). Studies were included if they met the fol-
lowing criteria: (1) written in English; (2) observational 
prospective cohort design; (3) reported original and peer-
reviewed data; (4) composite FMSTM score was used to de-
fine exposure and non-exposure groups; (5) an intervention 
program was implemented after FMSTM screening; (6) pop-
ulation included athletes. Exclusion criteria included: (1) 
data reported in conference abstracts, reviews, case reports, 
technique articles, theses or non-peer-reviewed literature; 
(2) studies employing cross-sectional or retrospective study 
designs; (3) intervention programs that were not standard-
ized and could not be replicated. 

DATA COLLECTION 

All of the included studies were critically appraised for re-
porting quality, external validity, internal validity bias, in-
ternal validity confounding and power using the Modified 
Downs and Black checklist.14 The level of evidence of each 
qualified study was assigned according to classifications 
specified by Wright et al. (Level 1 – Level 5).15 The following 
information was collected from the included studies: par-
ticipant demographics, intervention routines and FMSTM 

scores. This information was collected manually by one au-
thor and checked for reliability and errors by a second au-
thor. For continuous variables (e.g., age, intervention time, 
FMSTM scores), the mean and range were collected, if re-
ported. The included studies obtained informed consent 
and the rights of the subjects were protected. 

Given the heterogeneity of the sports studied and the in-
terventional and methodological variability present across 
studies, meta-analysis of pooled results was not performed. 
Rather, an objective analysis was performed to evaluate the 
potential effectiveness of proposed intervention programs. 

RESULTS 

The literature searches identified 361 potential studies. Af-
ter the removal of 118 duplicates and 172 studies that did 
not meet inclusion criteria, 71 articles were available for 
full-text review. Following thorough review of these articles 
and their references, a total of six studies were included in 
this study (Figure 1). 

Six studies with a total of 256 patients were analyzed. 
Three of the included studies (50%) were Level 2 evidence, 
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Table 1. Modified Downs and Black scores for included studies 

Study Reporting External Validity Bias Confounding Power Total 

Bagherian et al.16 9 1 4 2 1 17 

Bodden et al.17 9 1 5 1 1 17 

Kluseman et al.18 8 1 5 2 0 16 

Laws et al.19 9 1 5 2 1 18 

Sulowska et al.20 9 1 5 2 1 18 

Yildiz et al.21 8 1 5 1 1 16 

Figure 1. Flow diagram summarizing the literature search, screening, and review. 

while the remaining three were Level 3. The studies in-
cluded demonstrated a fair methodological quality, with a 
range of 16-18 (Table 1). The majority of patients were 
males (n = 184), although two studies included females (n 
= 32) and one study did not provide participant gender (n = 
40). Athletes played a variety of sports including basketball 
(n = 78), futsal (n = 40), mixed martial arts (n = 33), running 
(n = 65), tennis (n = 28) and volleyball (n = 12). The level 
of sport included 66 youth participants (25.8%), 65 recre-
ational level participants (25.4%), 100 collegiate athletes 
(39.1%) and 25 semi-professional athletes (9.8%) (Table 2). 

All six studies provided a mean pre-intervention FMSTM 

score, which ranged from 11.8 to 14.4 (Table 3). Length of 
intervention varied between studies, with a range of six to 
eight weeks. Post-intervention FMSTM scores were reported 
in all studies and significantly increased, with a range of 
14.8 to 19.3 (p-values 0.001 – 0.017). The mean improve-
ment in FMSTM scores following an intervention program 
across all studies was 3.28 points. FMSTM score improve-
ment ranged from 2.09 to 5.3 points following an interven-
tion program. 

Intervention programs included core stability training, 
clinical Pilates, resistance training, functional training, and 
foot muscle strengthening exercises (Table 4). Each pro-
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Table 2. Summary of included studied and patient demographics 

Study Year LOE n Age 
(Mean ± SD) 

Gender Sport Level 

Bagherian 
et al.16 

2018 3 100 18.1 ± 0.9 Male Basketball (n = 40), futsal 
(n = 40), volleyball (n = 12), 

mixed martial arts (n = 8) 

Collegiate 

Bodden 
et al.17 

2015 2 25 24.31 ± 4.46 Male Mixed martial arts Semi-
professional 

Kluseman 
et al.18 

2012 3 38 14.5 ± 1 Male 
(n = 17) 
Female 
(n = 21) 

Basketball Youth 

Laws et 
al.19 

2017 2 40 Not 
reported 

Not 
reported 

Runners Recreational 

Sulowska 
et al.20 

2016 2 25 28 ± 3.86 Male 
(n = 14) 
Female 
(n = 11) 

Runners Recreational 

Yildiz et 
al.21 

2019 3 28 9.6 ± 0.7 Male Tennis Youth 

LOE = Level of Evidence 

Table 3. FMSTM data 

Study Year n Length of 
Intervention 

(weeks) 

Baseline 
FMSTM 

(Mean ± SD 

Post-
intervention 

FMSTM 

(Mean ± SD 

p-value Average 
FMSTM 

Increase 

Bagherian 
et al.16 

2018 100 8 14.4 ± 2.02 17.8 ± 1.7 0.001 3.4 

Bodden 
et al.17 

2015 25 8 13.25 ± 0.87 15.17 ± 1.21 0.006 2.08 

Kluseman 
et al.18a 

2012 38 6 14 ± 1 16 ± 2 <0.05 2 

Laws et 
al.19 

2017 40 6 13.4 ± 2.4 17.0 ± 1.96 <0.01 3.6 

Sulowska 
et al.20b 

2016 25 6 13 ± 4.91 17 ± 1.96 0.002 4 

Yildiz et 
al.21c 

2019 28 8 14.0 ± 1.8 19.3 ± 0.8 0.017 5.3 

a)Klusemann, two intervention groups in study, data provided for supervised group 
b)Sulowska, two intervention groups in study, data provided for group 1 
c)Yildiz, two intervention groups in study, data provided for functional training group 

grams had their own unique set of exercises, some examples 
included the front plank, squats, and a medicine ball throw. 

DISCUSSION 

The main finding of this systematic review was that despite 
variations in the corrective exercises performed, the num-
ber of training sessions, and the length of the intervention 
program, all studies demonstrated a significant increase in 
the total FMSTM score following program implementation 

(Table 3). These programs included those that utilized func-
tional training, foot muscle strengthening, Pilates, core sta-
bility training, and resistance movements. 

Bagherian et al. evaluated FMSTM scores following an 
intervention program focused on improving core strength 
in 100 male collegiate athletes participating in various 
sports.16 This eight-week core stability training program in-
creased the total FMSTM scores among athletes by 3.4 ± 1.7 
points on average (p = 0.001). These authors also noted that 
there total FMSTM score improvement was dependent upon 

Effective Interventions for Improving Functional Movement Screen Scores Among “High-Risk” Athletes: A Systematic Review

International Journal of Sports Physical Therapy



Table 4. Comparison of included studies 

Study Intervention Corrective Movements Main Findings 

Bagherian 
et al.16 

Core stability 
training 

program, 3 
times per 

week for 8 
weeks 

Front plank, back bridge, side bridge, sit ups, 
back extensions, lateral step down, Y-balance 

test 

Increase in total FMSTM scores by 3.4 
points on average. The baseline FMSTM 

scores >14 increased by 2.4 points on 
average 

Bodden 
et al.17 

Resistance 
training 

movements, 4 
times per 

week for 8 
weeks 

Half-kneeling chops, kettlebell halos tall-
kneeling chops, half get-ups, deadlifts, single-

leg opposite-arm deadlifts, bottom-up 
kettlebell cleans, squats, overhead press 

Increase in total FMSTM scores by 2.08 
points on average. Limited difference 

between average FMSTM scores at week 4 
(1.92) and week 8 (2.08) 

Kluseman 
et al.18 

Resistance 
training 

movements, 2 
times per 

week for 6 
weeks 

Speed (20m sprint), vertical jump, line drill 
test, aerobic capacity countermovement, jump 

height, overhead squat, hurdle step, in-line 
lunge, shoulder mobility, straight leg raises, 

push up 

Increase in total FMSTM scores by 2 points 
on average. The supervised group is the 

only group to experience a deviation from 
baseline in FMSTM score calculations. 

Laws et 
al.19 

Clinical 
Pilates 

regimen, 1 
time per 

week for 6 
weeks 

Hip twists, single leg stretches, double leg 
stretches, clams, shoulders bridges, scissors, 

arm openings, breast strokes 

Increase in total FMSTM scores by 3.5 
points on average 

Sulowska 
et al.20 

Foot muscle 
strengthening 

exercises, 7 
times per 

week for 6 
weeks 

Vele’s forward lean exercise and reverse 
tandem gait (group 1). Short-foot exercise 

(group 2). 

Increase in total FMSTM score by 4 points 
on average in group 2. Group 2’s results 

were not statistically significant. 

Yildiz et 
al.21 

Functional 
training, 3 
times per 

week for 8 
weeks 

Squat, dead bug, climbing man, plank, bridge, 
chop, lift, push up, pull up, medicine ball throw 

Increase in total FMSTM scores by 5.3 
points on average. Participants in the 

traditional training group experienced a 
decrease in FMSTM scores by an average 

of 1.6 points. 

the participant’s baseline FMSTM score. Those with a base-
line FMSTM total score <14 improved by 4.4 ± 2.3 points on 
average, while those with a baseline FMSTM total score >14 
only improved by 2.4 ± 1.8 points on average.16 This may 
have been due to a ceiling effect as there is less potential for 
improvement for those with a baseline FMSTM total score 
>14. Core stability and neuromuscular control are impor-
tant intrinsic factors that can impact an athlete’s risk of in-
jury.22,23 

Bodden et al. evaluated FMSTM scores following an in-
tervention program that focused on resistance training in 
semiprofessional mixed martial arts (MMA) athletes.17 

Their eight-week program increased the total FMSTM scores 
among athletes by 2.08 ± 1.21 points on average (p = 0.006). 
In addition to calculating an FMSTM score at the completion 
of the intervention program, the authors calculated a score 
mid-way through the program. There was an increase in 
FMSTM scores of 1.92 points between week zero and week 
four (p = 0.00); however, between weeks four and eight, the 
scores only increased by 0.16 points (p = 1.00). This may in-
dicate that the duration of intervention programs could be 
examined, and shortening a program to four weeks be con-
sidered. 

Laws et al. evaluated FMSTM scores following an inter-
vention program that focused on Clinical Pilates, specif-
ically the Australian Physiotherapy & Pilates Institute 
(APPI) Clinical Pilates method, in recreational runners.19 

The underlying concept of Pilates is that compensatory 
movements, muscle imbalance, and poor habitual patterns 
of movement are the leading causes of injury and could be 
avoided through core strengthening.24 Clinical Pilates fo-
cuses on developing the core proximal stability muscles, 
which contribute to normal movement control.24,25 This 
six-week Clinical Pilates program increased total FMS 
scores by 3.5 ± 1.7 points on average (p < 0.01). These find-
ings support the concept that improving functional move-
ment control through core strengthening can potentially 
reduce the risk of injury.19 

Klusemann et al. evaluated FMSTM scores following an 
intervention program that focused on resistance training 
movements in youth basketball players.18 In this study, par-
ticipants were placed into two intervention groups that per-
formed the same regimen; a fully supervised group and an 
online instructional video-based group. The six-week su-
pervised resistance training program raised total FMSTM 

scores by 2 ± 2 points on average (p < 0.05). The online in-
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structional video-based group did not demonstrate an in-
crease in total FMSTM scores despite performing the same 
routine as the supervised group. Participant lack of com-
pliance with the prescribed regimen or improper execution 
may be responsible for this variation. Supervised training 
appears to be the more effective method of program deliv-
ery.18 

Sulowska et al. evaluated FMSTM scores following an in-
tervention program focused on improving foot muscle 
strength in long distance runners.20 In this study, partici-
pants were placed into two intervention groups with Group 
1 performing Vele’s forward lean exercise (feet separated at 
shoulder distance and flat on ground while leaning upper 
body forward) and reverse tandem gait (walking heel-to-
toe backwards), while Group 2 performed short-foot exer-
cise (pulling the head of first metatarsal toward the calca-
neus without curling the toes). Group 1 had an increase in 
total FMSTM score of 4 ± 1.96 points on average (p = 0.002). 
Group 2 had an increase in total FMSTM score of 2 ± 2.4 
points on average, but the results were not statistically sig-
nificant (p = 0.063). Some studies have examined the rela-
tionship between increased risk of acute injury or repetitive 
strain injury and excessive foot pronation.26,27 It has been 
reported that individuals with flat-arched feet have more 
prominent pronation in stance than high-arched individu-
als.28 The authors assessed foot posture using the Foot Pos-
ture Index (FPI-6) and noticed a change towards the neutral 
foot.20 Specifically, Group 1 had a significant improvement 
in talar head palpation, while Group 2 had a significant 
improvement in inversion/eversion of the calcaneus. The 
higher total score in the FMSTM test indicates that the ap-
plied exercises may improve the quality of overall move-
ment patterns.20 

Yildiz et al. evaluated FMSTM scores following an inter-
vention program in youth tennis players that focused ei-
ther on functional training (consisting of movements that 
improved mobility and utilized the kinetic chain), or tra-
ditional training, which involved single-joint movements 
and a focus on local muscle groups.21 This eight-week func-
tional training intervention program increased total Group 
1 FMSTM scores by 5.3 points on average (p < 0.01) while 

traditional training decreased total Group 2 FMSTM scores 
by an average of 1.6 points (p < 0.01). Functional training is 
a form of training whereby a target movement is performed 
rather than focusing on a specific muscle. This approach has 
commonly been used in elderly, stroke, and postoperative 
patients.21 The results of Yildiz et al. suggest that inter-
ventions should focus on enhancing basic functional mobil-
ity rather than on isolated muscle strengthening in order to 
improve FMSTM scores. 

There were several limitations to this study. First, many 
of the studies did not include control groups, making the in-
terpretation of the intervention group results difficult. Sec-
ond, there was a large disparity in the age ranges of the 
participants. It is possible that age influences the degree 
of improvement in FMSTM scores following an intervention 
program. Third, this review included a wide variety of 
sports. It is possible that an intervention that was success-
ful for athletes participating in one particular sport may not 
have the same results for athletes in another sport. Future 
studies should seek to determine what may constitute clin-
ically significant improvements in FMSTM scores. 

CONCLUSION 

The results of this systematic review indicate that interven-
tion programs can improve total FMSTM scores in “high-
risk” athletes. Despite variations in the corrective exercises 
performed, the number of training sessions, and the length 
of the intervention program, all studies demonstrated an 
increase in the total FMSTM scores following program im-
plementation in the athletes that participated. 
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Background 
Excessive frontal plane motion of the trunk and/or pelvis has been implicated in 
numerous clinical conditions. To date, it is unclear whether 2D video is an appropriate 
surrogate for assessing frontal plane trunk and pelvis motion as a comprehensive validity 
study across a wide range of movements using a consistent methodology has not been 
performed. 

Hypothesis/Purpose 
The purpose of the current study was to assess the concurrent validity and agreement of 
frontal plane pelvis and trunk motion obtained with 2D video against the respective 3D 
angles during stepping, landing, and change in direction tasks. 

Design 
Crossover Study Design. 

Methods 
3D kinematics and 2D frontal plane video were obtained from 39 healthy participants (15 
males and 24 females) during five athletic tasks (step down, lateral shuffle, deceleration, 
triple hop, side-step-cut). Data were extracted at peak knee flexion. Pearson’s correlation 
analysis was used to assess the association between the 2D and 3D frontal plane angles at 
the trunk and pelvis. Bland Altman plots were used to assess the level of agreement 
between the 2D and 3D frontal plane angles at the trunk and pelvis. 

Results 
2D and 3D frontal plane angles for all tasks were correlated in a positive direction at the 
pelvis (r = 0.54 to 0.73, all p < 0.001) and trunk (r = 0.81 to 0.92, all p < 0.001). Absolute 
agreement in the frontal plane for all tasks and angles was below 5°. However, the 95% 
limits of agreement across tasks ranged from -12.8° to 21.3° for the pelvis and -11.8° to 
9.4° for the trunk. 

Conclusions 
The use of 2D video to assess frontal plane trunk and pelvis motion is appropriate during 
stepping, landing, and change of direction tasks, however caution is advised when high 
levels of agreement or accuracy is required. 
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Table 1. Characteristics of Study Participants, Mean (SD) 

Males (n = 15) Females (n = 24) 

Age (yrs) 23.8 (7.3) 17.3 (6.3) 

Height (m) 1.8 (0.1) 1.7 (0.1) 

Mass (kg) 78.9 (16.2) 56.1 (11.3) 

BMI (kg/m2) 23.6 (4.2) 20.2 (2.9) 

INTRODUCTION 

Excessive frontal plane motion of the trunk and/or pelvis 
has been implicated in numerous clinical conditions.1–4 

With respect to anterior cruciate ligament (ACL) injury, in-
creased lateral trunk motion (with increased medial knee 
collapse) during landing2 and increased pelvis hike (i.e., 
frontal plane pelvis rise of the non-stance limb) during a 
standing knee lift have been shown to predict ACL injury (or 
non-contact knee injury of any type).3 Regarding low back 
pain, increased contralateral pelvis drop (i.e., frontal plane 
pelvis drop of the non-stance limb) and/or hip adduction 
during single-leg landing has been shown to predict the 
occurrence of symptoms in youth floorball and basketball 
players.1 Based on cross-sectional studies, greater degrees 
of contralateral pelvis drop and/or ipsilateral trunk lean 
during weight-bearing activities have been reported in per-
sons with patellofemoral pain (PFP)5,6 and groin pain4 com-
pared to healthy persons. Furthermore, diminished pelvis 
and trunk control can contribute to increased knee valgus 
moments during landing,7 a known risk factor for the devel-
opment of PFP8 and ACL injury.9 

Due to the importance of frontal plane trunk and pelvis 
kinematics in contributing to various musculoskeletal con-
ditions, two-dimensional (2D) video analysis has been pro-
posed as a clinical method to identify abnormal trunk and/
or pelvis motion during dynamic tasks. To date, four studies 
have attempted to validate angular measures of frontal 
plane pelvis and/or trunk motion obtained with 2D video 
compared with three-dimensional (3D) motion with varied 
results.10–13 Although 2D measures of pelvic drop have 
been shown to correlate with 3D measures during run-
ning,13 this finding has not been consistent across stud-
ies.12 Similarly, studies that have examined the validity of 
2D measures of frontal plane trunk motion have reported 
inconsistent findings.10,11 While measures of 2D trunk mo-
tion have been shown to be correlated with 3D measures 
during a single limb hop,11 this finding has not been repli-
cated across tasks such as the single limb squat10,11 and 
drop jump.11 

Apart from the diversity in the tasks analyzed, compari-
son of results across studies is difficult owing to the various 
methods employed for defining the trunk and pelvis seg-
ments and differences in the kinematic variables analyzed 
(i.e., displacement vs. position at specific time points). In 
addition, previous studies in this area have not evaluated 
the validity of 2D measures of pelvis and trunk motion dur-
ing tasks that involve a change in direction. This is im-
portant as high demand change of direction tasks, such as 

cutting and deceleration, have been implicated in ACL in-
jury14,15 and have been reported to be influenced by insuf-
ficient control at the pelvis and trunk.2,3,16 

To date, it is unclear whether 2D video is an appropriate 
surrogate for assessing frontal plane trunk and pelvis mo-
tion as a comprehensive validity study across a wide range 
of movements using a consistent methodology has not been 
performed. As such, the purpose of the current study was to 
assess the concurrent validity and agreement of 2D pelvis 
and trunk motion in the frontal plane against the respective 
3D angles during stepping, landing, and change in direction 
tasks. Information gained from this study will aid in the 
development and/or improvement of clinical movement 
analysis to identify movement impairments associated with 
lower-extremity injury. 

METHODS 
PARTICIPANTS 

Thirty-nine healthy athletes between the ages of 13 and 40 
years partook in this study (15 males and 24 females; Table 
1). Potential participants were recruited using email invita-
tions to local sport teams and schools. All were currently 
partaking in a sport with high levels of jumping, cutting, 
or lateral movements (such as soccer, basketball, volleyball, 
lacrosse, football, netball, or tennis). Individuals were ex-
cluded if they had current lower-extremity pain, any history 
of ACL reconstruction, lower-extremity injuries/surgeries in 
the prior six months, or indicated any medical condition 
that would impair their ability to perform the athletic tasks. 

INSTRUMENTATION 

Three‐dimensional and 2D kinematic data were collected 
at 120 Hz using a video-based 8-camera motion analysis 
system (Simi Reality Motion Systems GmbH, Unterschleis-
sheim, Germany). One of the eight cameras was positioned 
80 cm off the ground (perpendicular to the force plate) and 
was used to collect the required frontal plane images for the 
2D analysis. 

PROCEDURES 

Prior to data collection, participants were informed about 
the nature of the study and written consent was obtained 
as approved by the Institutional Review Board of the Health 
Sciences Campus at the University of Southern California. 
Parental consent was obtained from participants younger 
than 18 years. Once informed consent was obtained, partic-
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Table 2. Description of the Tasks Evaluated 

Tasks Description 

Step Down Participants were instructed to lower themselves from a 0.22 m step, tap the opposite heel to the floor, then 
return to the starting position. This motion was repeated five times without stopping. 

Lateral 
Shuffle 

Participants were instructed to shuffle to the side as quickly as possible (4.6 m runway), plant only the tested limb 
on the force plate, then switch directions and shuffle back to the start. This motion was repeated two times 
without stopping. 

Deceleration Participants were instructed to run forward as quickly as possible (4.6 m runway), plant only the tested limb on the 
force plate, then backpedal to the starting position. This motion was repeated two times without stopping. 

Triple Hop Participants were instructed to perform three consecutive maximal forward hops on the tested limb and stick the 
landing on the force plate. The starting distance was 90% of the maximal hop length, measured from the center of 
the force plate. Maximal hop length was established prior to biomechanical testing. 

Side-Step-
Cut 

Participants were instructed to run forward as quickly as possible (4.6 m runway), plant only the tested limb on the 
force plate, then turn 90°. 

ipants warmed up on a stationary bike for 5-10 minutes. 
Participants were instrumented with 21 reflective mark-

ers (10 mm diameter) on the right lower extremity. Semi-
rigid plastic plates with mounted markers were used for the 
thigh, tibia, and heel clusters. In addition, markers were 
placed on the following bony landmarks: distal aspect of 
the 2nd toe, 1st and 5th metatarsal heads, medial and lat-
eral malleoli, medial and lateral femoral epicondyles, bilat-
eral greater trochanters (most prominent point), bilateral 
iliac crests (most superior aspect), and bilateral anterior su-
perior iliac spines. For the torso, markers were placed on 
the L5-S1 junction, C7, sternal notch, and acromioclavicu-
lar joints (bilateral). A standing static calibration trial was 
obtained to determine the local segment coordinate sys-
tem and joint axes. Ankle and knee joint centers were de-
fined as the points 50% between the malleoi and femoral 
epicondyle markers, respectively. The hip joint centers were 
defined as the points located 25% of the distance between 
the greater trochanter markers.17 The ankle markers (me-
dial and lateral malleolus), knee markers (medial and lateral 
epicondyles), toe markers (distal aspect of the 2nd toe, 1st 
and 5th metatarsal heads), greater trochanters, and anterior 
superior iliac spines (ASIS) were removed prior to the dy-
namic trials. 

Two-dimensional video and 3D motion analysis were 
collected during the following tasks in the following order: 
1) Step Down, 2) Lateral Shuffle, 3) Deceleration, 4) Triple 
Hop, and 5) Side-Step-Cut. Details regarding the instruc-
tions provided to participants for each of the tasks can 
found in Table 2. These tasks were selected based on current 
knowledge of movements thought to be associated with 
various sport injuries. Participants were permitted to prac-
tice until comfortable with the performance of each task 
and could rest between trials as needed. One to two trials 
were obtained for each of the tasks above. As only a single 
repetition within a trial was needed for statistical analysis, 
two trials were obtained from some tasks to ensure that suf-
ficient data were available in the case of technical errors 
(i.e., marker occlusion, etc.). 

DATA ANALYSIS 

The first successful trial was selected for each task and used 
for data analysis. A trial was successful if the participant 
performed the task as instructed with no marker occlusion. 
Marker position data were labeled in Simi Motion and then 
exported to Visual3D software (C-Motion, Inc, German-
town, MD, USA). Marker trajectory data were low-pass fil-
tered at 12 Hz, using a fourth-order Butterworth filter. Joint 
angles were calculated using a X-Y-Z (sagittal-frontal-
transverse) Cardan sequence. The trunk was modeled as a 
single rigid segment, defined proximally by two iliac crest 
markers and distally by two acromion markers. The 3D kine-
matic variables of interest were the frontal plane trunk and 
pelvis angles at peak knee flexion, which were calculated 
relative to the global reference frame. 

For the 2D video analysis, the frame at peak knee flexion 
was visually identified. For the step down, the frame at 
which the contralateral heel touched the ground was used 
for analysis. Images were uploaded into ImageJ software 
(Version 1.50i, National Institute of Health, USA) for 2D an-
gle assessments. Pelvis tilt was measured as the angle be-
tween the line connecting the ASIS’s and a horizontal line 
starting at the ASIS of the stance limb. A positive value 
represented contralateral pelvis drop and a negative repre-
sented contralateral pelvis rise (Figure 1). Trunk lean was 
measured was measured as the angle between a vertical line 
starting at the umbilicus and a line through the umbili-
cus and sternum. A positive value represented an ipsilat-
eral lean (towards stance limb) and a negative value repre-
sented a contralateral lean (away from stance limb) (Figure 
1). All 2D measurements were obtained by a single inves-
tigator who demonstrated acceptable intra-rater reliability 
for all pelvis (ICCs ranging from 0.74 to 0.99) and trunk an-
gles (ICCs ranging from 0.77 to 0.98). 

STATISTICAL ANALYSIS 

Data were assessed for normality using the Shapiro-Wilk’s 
test. Out of the 20 variables, 15 satisfied normality. Given 
that the majority of the data met normality and that Pear-
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Table 3. Frontal Plane Angles for Pelvis and Trunk using 2D Video and 3D Motion Analysis, Mean (SD) 

Step Down Lateral Shuffle Deceleration Triple Hop Side-Step-Cut 

2D Trunk Lean (deg) 3.4 (6.1) -6.8 (9.0) 1.6 (5.3) 9.2 (8.6) -4.7 (10.0) 

3D Trunk Lean (deg) 3.5 (4.8) -3.8 (7.0) -1.4 (5.1) 6.6 (6.4) -8.6 (9.9) 

2D Pelvis Tilt (deg) 6.5 (4.4) 4.4 (5.2) 2.0 (4.8) -3.3 (4.7) 10.3 (8.7) 

3D Pelvis Tilt (deg) 1.9 (4.6) 7.7 (6.2) 3.0 (5.1) -2.9 (5.3) 14.5 (10.5) 

Positive values for trunk lean indicate ipsilateral lean. Positive values for pelvis tilt indicate pelvic drop. 

son’s correlations are robust to extreme violations of nor-
mality,18 all correlations were conducted using parametric 
testing. Pearson’s correlation analysis was used to assess 
the association between the 2D and 3D frontal plane angles 
at the trunk and pelvis. Correlation coefficients were inter-
preted as very strong (>= 0.9), strong (0.7-0.9), moderate 
(0.5-0.7), weak (0.3-0.5), and negligible (0.0-0.3).19 Corre-
lation analysis was performed separately for each task and 
segment. Prior to analysis, all variables were checked for 
outliers using Z scores. Variables with absolute Z scores > 
3.0 were deemed outliers and removed. 

Bland Altman plots were used to assess the level of 
agreement between the 2D and 3D frontal plane angles at 
the trunk and pelvis.20,21 Agreement was assessed sepa-
rately for each task and segment. Limits of agreement (LOA) 
were used to represent the range in which an individual’s 
difference score fell 95% of the time, while the bias (mean 
difference, MD) was used to represent the average differ-
ence between the 3D and 2D angles (positive values indi-
cated 3D overestimated). Prior to analysis, the MD between 
2D and 3D angles was screened for outliers using Z scores. 
Variables with absolute Z scores > 3.0 were deemed outliers 
and removed. All statistical analyses were performed using 
SPSS (Chicago, Illinois, USA) and a custom MATLAB script 
(The MathWorks, Inc., Natick, MA) with alpha set at 0.05. 

RESULTS 
DESCRIPTIVE DATA 

Descriptive statistics for the 2D and 3D frontal plane trunk 
and pelvis angles are presented in Table 3. 

CORRELATION AND AGREEMENT BETWEEN 2D AND 3D 
FRONTAL PLANE PELVIS ANGLES 

The initial correlation analysis contained 1 outlier (decel-
eration), which was removed. Pearson’s correlation analysis 
indicated that all 2D and 3D frontal plane pelvis angles were 
significantly correlated in a positive direction (r = 0.54 to 
0.73, all p < 0.001) (Figure 2). 

The initial Bland Altman plot analysis contained two 
outliers (deceleration and triple hop), which were removed. 
The mean difference (MD) between the 3D and 2D pelvis an-
gles ranged from -4.6° (step down) to 4.2° (side-step-cut). 
The 95% LOA ranged from MD ± 7.2° (step down) to MD ± 
17.1° (side-step-cut). The 95% LOA ranged from -12.8° to 

Figure 1. Measurement of 2D trunk and pelvis 
motion 

Positive values for trunk lean indicate ipsilateral lean. Positive values for pelvis 
tilt indicate pelvis drop. 

21.3° across tasks (Figure 3). In all tasks, the 95% LOA in-
cluded 0. 

CORRELATION AND AGREEMENT BETWEEN 2D AND 3D 
FRONTAL PLANE TRUNK ANGLES 

The initial correlation analysis contained one outlier (triple 
hop), which was removed. Pearson’s correlation analysis in-
dicated that all 2D and 3D frontal plane trunk angles were 
significantly correlated in a positive direction (r = 0.81 to 
0.92, all p < 0.001) (Figure 4). 

The initial Bland Altman plot analysis contained two 
outliers (shuffle and triple hop), which were removed. The 
mean difference (MD) between the 3D and 2D pelvis angles 
ranged from -4° (side-step-cut) to 2.6° (shuffle). The 95% 
LOA ranged from MD ± 5.5° (step down) to MD ± 7.8° (side-
step-cut). The 95% LOA ranged from -11.8° to 9.4° across 
tasks (Figure 5). In all tasks, the 95% LOA included 0. 
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Figure 2. Correlation models for the 2D and 3D frontal plane pelvis angles for each task 

Figure 3. Bland Altman plots comparing 2D vs. 3D frontal plane pelvis angles for each task 
Upper and lower dotted lines represent 95% limits of agreement. Solid line represents bias or mean difference. Positive mean values indicate pelvis drop; negative mean values 
indicate pelvis rise. Abbreviations. MD: mean difference. 

DISCUSSION 

The purpose of the current study was to assess the concur-
rent validity and agreement of 2D frontal plane angles for 
the pelvis and trunk with the respective 3D angles across a 
wide range of tasks. The current findings revealed that 2D 

frontal plane angles were correlated with the correspond-
ing 3D angles for both the trunk (strong to very strong) 
and pelvis (moderate to strong). In addition, the Bland Alt-
man plots indicated no systematic bias, high agreement, 
but wide 95% LOA. These results suggest that the use of 2D 
video to assess trunk and pelvis angles is appropriate, how-
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Figure 4. Correlation models for the 2D and 3D frontal plane trunk angles for each task 

Figure 5. Bland Altman plots comparing 2D vs. 3D frontal plane trunk angles for each task 
Upper and lower dotted lines represent 95% limits of agreement. Solid line represents bias or mean difference. Positive mean values indicate ipsilateral lean; negative mean 
values indicate contralateral lean. Abbreviations. MD: mean difference. 

ever caution is advised when high levels of agreement or ac-
curacy is required. 

In terms of the Pearson correlation coefficients related to 
the validation of 2D trunk motion, all were strong to very 
strong. In addition, absolute agreement for all tasks was be-
low 5° and there was no systematic bias (as 0 was within the 

95% LOA) (Figure 5). However, inspection of the LOA indi-
cated that the 95% confidence interval around the bias was 
generally large. The tightest 95% LOA occurred during the 
step down (-5.3°, 5.6°), while the widest 95% LOA occurred 
during cutting (-11.8° to 3.9°). The spread in data during 
cutting may have been the result of the body rotation that 
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naturally occurs during this task. Out of plane motion dur-
ing tasks that involve a change in direction would be ex-
pected to affect the accuracy of the 2D measures of trunk 
motion. 

The validity results for 2D trunk motion are consistent, 
in part, with previous literature in this area.10,11 The cur-
rent findings for the triple hop (r = 0.92) (Figure 4) are 
in general agreement with Kingston et al. who reported a 
moderate absolute correlation coefficient (r = 0.65) during 
a similar task.11 However, our results for the step down (r 
= 0.90) (Figure 4) conflict with the results of Kingston et 
al.11 and Schurr et al.10 who reported no significant corre-
lations between 2D and 3D measures of trunk motion dur-
ing single limb squatting. It should be noted however that 
Kingston et al.11 reported a weak absolute correlation coef-
ficient (r = 0.42) with borderline significance (p = 0.087). In 
addition, Schurr et al.10 examined trunk motion displace-
ment while the current study examined trunk position at a 
singular time point (i.e., peak knee flexion). As such, cau-
tion should be taken in making direct comparison among 
studies. 

The Pearson correlation coefficients related to the vali-
dation of 2D pelvis motion ranged from moderate to strong, 
with the smallest values being observed during deceleration 
and largest for the triple hop (Figure 2). In addition, ab-
solute agreement for all tasks was below 5° and there was 
no systematic bias (as 0 was within the 95% LOA) (Figure 
3). As found with the trunk however, the 95% confidence in-
terval around the bias was generally large. The tightest 95% 
LOA occurred during the triple hop (-6.3°, 6.4°), while the 
widest 95% LOA occurred during cutting (-12.8° to 21.3°). 
As noted above for the trunk, the lower correlation coeffi-
cients and/or wider 95% LOA may be explained by trunk ro-
tation that naturally occurs during change of direction tasks 
such as cutting and deceleration. 

To date, previous validation studies for kinematic mea-
sures related to pelvis motion have only evaluated run-
ning,12,13 so direct comparisons of the current study find-
ings to existing literature is limited. The current positive 
associations between 2D and 3D frontal pelvis motion for 
all tasks evaluated coincide with the findings of Dingenen 
et al. who reported that 2D and 3D pelvis drop were corre-
lated during the stance phase during running.13 However, 
these findings conflict with Maykut et al., who reported that 
2D and 3D pelvis motion during running were not corre-
lated.12 Maykut et al. suggest that the differing frame rates 
for the 2D and 3D motion capture (60 Hz and 240 Hz, re-
spectively) may have been responsible for their finding of a 
lack of agreement. 

The findings of the current study have clinical implica-
tions. First, 2D measures of trunk and pelvis motion pro-
vide reasonable estimates of 3D motion across a wide range 
of functional tasks. Importantly, the current results indicate 
that 2D video methods may be appropriate for tasks that in-
volve a change in direction. However, when high agreement 

or accuracy is required with 3D angles, 2D measures of the 
pelvis and trunk should be used with caution, particularly 
when there is body rotation. Nonetheless, 2D video may be 
useful for screening of persons who may be at risk for lower 
extremity injury. Future research is needed to determine if 
2D measures of pelvis and trunk motion during high de-
mand tasks has predictive value with respect to lower ex-
tremity injury. 

There are several limitations of the current study that 
should be acknowledged. First, only healthy participants 
were evaluated. As such, the current findings cannot be 
generalized to various patient populations. Second, only 2D 
associations with 3D kinematic variables were assessed, us-
ing univariate analysis. It is possible that a multivariate re-
gression approach with the addition of other 2D measure-
ments (such as trunk or pelvis rotation) may have resulted 
in higher predictability. Third, this was a cross-sectional 
study, so the results do not make any assumptions of what 
2D angles constitute increased injury risk. Fourth, although 
all reported correlations were statistically significant with 
moderate to very strong effect sizes, the clinical relevance 
of the current findings remain unknown and should be the 
focus of future investigations in this area. Fifth, despite the 
fact that measurement reliability was established for our 2D 
pelvis and trunk measures, the reliability of the correspond-
ing 3D measures was not evaluated in the current study. 
This could have led to diminished agreement between the 
2D and 3D measures for some tasks. Lastly, pelvis or trunk 
displacement was not evaluated. As such, the current find-
ings are only applicable to singular measurements at peak 
knee flexion. 

CONCLUSION 

The results of the current study revealed that 2D frontal 
plane measures at the trunk and pelvis were moderately to 
strongly correlated with their respective 3D angle across a 
wide range of tasks. These findings suggest that 2D video 
analysis can be used as an alternative to 3D motion analysis 
to assess frontal plane motion of the trunk and pelvis. How-
ever, the ability of 2D trunk and pelvis angles to measure 
the corresponding 3D angles with high degrees of accuracy 
is limited, suggesting that 2D measurements should be used 
cautiously when high levels of agreement or accuracy are 
required. 

CONFLICT OF INTEREST 

The authors have no conflicts of interest to disclose 

Submitted: August 15, 2021 CST, Accepted: November 19, 2021 

CST 

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License 

(CCBY-NC-4.0). View this license’s legal deed at https://creativecommons.org/licenses/by-nc/4.0 and legal code at https://cre-

ativecommons.org/licenses/by-nc/4.0/legalcode for more information. 

Utility of 2D Video Analysis for Assessing Frontal Plane Trunk and Pelvis Motion during Stepping, Landing, and Change in...

International Journal of Sports Physical Therapy



REFERENCES 

1. Rossi MK, Pasanen K, Heinonen A, et al. 
Performance in dynamic movement tasks and 
occurrence of low back pain in youth floorball and 
basketball players. BMC Musculoskelet Disord. 
2020;21(1):350. doi:10.1186/s12891-020-03376-1 

2. Dingenen B, Malfait B, Nijs S, et al. Can two-
dimensional video analysis during single-leg drop 
vertical jumps help identify non-contact knee injury 
risk? A one-year prospective study. Clin Biomech. 
2015;30(8):781-787. doi:10.1016/j.clinbiomech.2015.0
6.013 

3. Leppanen M, Rossi MT, Parkkari J, et al. Altered hip 
control during a standing knee-lift test is associated 
with increased risk of knee injuries. Scand J Med Sci 
Sports. 2020;30(5):922-931. doi:10.1111/sms.13626 

4. Janse van Rensburg L, Dare M, Louw Q, et al. Pelvic 
and hip kinematics during single-leg drop-landing 
are altered in sports participants with long-standing 
groin pain: A cross-sectional study. Phys Ther Sport. 
2017;26:20-26. doi:10.1016/j.ptsp.2017.05.003 

5. Nakagawa TH, Moriya ET, Maciel CD, Serrao AF. 
Frontal plane biomechanics in males and females 
with and without patellofemoral pain. Med Sci Sports 
Exerc. 2012;44(9):1747-1755. doi:10.1249/MSS.0b013e
318256903a 

6. Willson JD, Davis IS. Lower extremity mechanics of 
females with and without patellofemoral pain across 
activities with progressively greater task demands. 
Clin Biomech. 2008;23(2):203-211. doi:10.1016/j.clinbi
omech.2007.08.025 

7. Chijimatsu M, Ishida T, Yamanaka M, et al. Landing 
instructions focused on pelvic and trunk lateral tilt 
decrease the knee abduction moment during a single-
leg drop vertical jump. Phys Ther Sport. 
2020;46:226-233. doi:10.1016/j.ptsp.2020.09.010 

8. Myer GD, Ford KR, Barber Foss KD, et al. The 
incidence and potential pathomechanics of 
patellofemoral pain in female athletes. Clin Biomech 
(Bristol, Avon). 2010;25(7):700-707. doi:10.1016/j.clin
biomech.2010.04.001 

9. Hewett TE, Myer GD, Ford KR, et al. Biomechanical 
measures of neuromuscular control and valgus 
loading of the knee predict anterior cruciate ligament 
injury risk in female athletes: a prospective study. Am 
J Sports Med. 2005;33(4):492-501. doi:10.1177/036354
6504269591 

10. Schurr SA, Marshall AN, Resch JE, Saliba SA. Two-
Dimensional Video Analysis Is Comparable to 3d 
Motion Capture in Lower Extremity Movement 
Assessment. Int J Sports Phys Ther. 
2017;12(2):163-172. https://pubmed.ncbi.nlm.nih.go
v/28515970/ 

11. Kingston B, Murray A, Norte GE, Glaviano NR. 
Validity and reliability of 2-dimensional trunk, hip, 
and knee frontal plane kinematics during single-leg 
squat, drop jump, and single-leg hop in females with 
patellofemoral pain. Phys Ther Sport. 
2020;45:181-187. doi:10.1016/j.ptsp.2020.07.006 

12. Maykut JN, Taylor-Haas JA, Paterno MV, DiCesare 
CA, Ford KR. Concurrent validity and reliability of 2d 
kinematic analysis of frontal plane motion during 
running. Int J Sports Phys Ther. 2015;10(2):136-146. h
ttps://www.ncbi.nlm.nih.gov/pmc/articles/PMC43877
21/ 

13. Dingenen B, Staes FF, Santermans L, et al. Are 
two-dimensional measured frontal plane angles 
related to three-dimensional measured kinematic 
profiles during running? Phys Ther Sport. 
2018;29:84-92. doi:10.1016/j.ptsp.2017.02.001 

14. Shimokochi Y, Shultz SJ. Mechanisms of 
noncontact anterior cruciate ligament injury. J Athl 
Train. 2008;43(4):396-408. doi:10.4085/1062-6050-4
3.4.396 

15. Hewett TE, Torg JS, Boden BP. Video analysis of 
trunk and knee motion during non-contact anterior 
cruciate ligament injury in female athletes: lateral 
trunk and knee abduction motion are combined 
components of the injury mechanism. Br J Sports Med. 
2009;43(6):417-422. doi:10.1136/bjsm.2009.059162 

16. Zazulak BT, Hewett TE, Reeves NP, Goldberg B, 
Cholewicki J. Deficits in neuromuscular control of the 
trunk predict knee injury risk: a prospective 
biomechanical-epidemiologic study. Am J Sports Med. 
2007;35(7):1123-1130. doi:10.1177/036354650730158
5 

17. Weinhandl JT, O’Connor KM. Assessment of a 
greater trochanter-based method of locating the hip 
joint center. J Biomech. 2010;43(13):2633-2636. doi:1
0.1016/j.jbiomech.2010.05.023 

18. Havlicek LL, Peterson NL. Robustness of the 
Pearson correlation against violations of 
assumptions. Percept Mot Skills. 
1976;43(3_suppl):1319-1334. doi:10.2466/pms.1976.4
3.3f.1319 

Utility of 2D Video Analysis for Assessing Frontal Plane Trunk and Pelvis Motion during Stepping, Landing, and Change in...

International Journal of Sports Physical Therapy

https://doi.org/10.1186/s12891-020-03376-1
https://doi.org/10.1016/j.clinbiomech.2015.06.013
https://doi.org/10.1016/j.clinbiomech.2015.06.013
https://doi.org/10.1111/sms.13626
https://doi.org/10.1016/j.ptsp.2017.05.003
https://doi.org/10.1249/MSS.0b013e318256903a
https://doi.org/10.1249/MSS.0b013e318256903a
https://doi.org/10.1016/j.clinbiomech.2007.08.025
https://doi.org/10.1016/j.clinbiomech.2007.08.025
https://doi.org/10.1016/j.ptsp.2020.09.010
https://doi.org/10.1016/j.clinbiomech.2010.04.001
https://doi.org/10.1016/j.clinbiomech.2010.04.001
https://doi.org/10.1177/0363546504269591
https://doi.org/10.1177/0363546504269591
https://pubmed.ncbi.nlm.nih.gov/28515970/
https://pubmed.ncbi.nlm.nih.gov/28515970/
https://doi.org/10.1016/j.ptsp.2020.07.006
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4387721/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4387721/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4387721/
https://doi.org/10.1016/j.ptsp.2017.02.001
https://doi.org/10.4085/1062-6050-43.4.396
https://doi.org/10.4085/1062-6050-43.4.396
https://doi.org/10.1136/bjsm.2009.059162
https://doi.org/10.1177/0363546507301585
https://doi.org/10.1177/0363546507301585
https://doi.org/10.1016/j.jbiomech.2010.05.023
https://doi.org/10.1016/j.jbiomech.2010.05.023
https://doi.org/10.2466/pms.1976.43.3f.1319
https://doi.org/10.2466/pms.1976.43.3f.1319


19. Mukaka MM. Statistics corner: A guide to 
appropriate use of correlation coefficient in medical 
research. Malawi Med J. 2012;24(3):69-71. https://ww
w.ncbi.nlm.nih.gov/pmc/articles/PMC3576830/ 

20. Hopkins WG. Measures of reliability in sports 
medicine and science. Sports Med. 2000;30(1):1-15. d
oi:10.2165/00007256-200030010-00001 

21. Bland JM, Altman DG. Statistical methods for 
assessing agreement between two methods of clinical 
measurement. Lancet. 1986;1(8476):307-310. http
s://pubmed.ncbi.nlm.nih.gov/2868172/ 

Utility of 2D Video Analysis for Assessing Frontal Plane Trunk and Pelvis Motion during Stepping, Landing, and Change in...

International Journal of Sports Physical Therapy

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3576830/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3576830/
https://doi.org/10.2165/00007256-200030010-00001
https://doi.org/10.2165/00007256-200030010-00001
https://pubmed.ncbi.nlm.nih.gov/2868172/
https://pubmed.ncbi.nlm.nih.gov/2868172/


Original Research 

Concurrent Validity and Reliability of Two-dimensional Frontal 
Plane Knee Measurements during Multi-directional Cutting 
Maneuvers 
Dimas Sondang Irawan 1 , Chantheng Huoth 1 , Komsak Sinsurin 1   a , Pongthanayos Kiratisin 1 , Roongtiwa Vachalathiti 2

, Jim Richards 3 

1 Biomechanics and Sports Research unit, Faculty of Physical Therapy, Mahidol University, 2 Musculoskeletal Physical Therapy Research unit, Faculty 
of Physical Therapy, Mahidol University, 3 Allied Health Research unit, University of Central Lancashire 

Keywords: side-step cutting, knee valgus, injury risk screening, sport clinical tool, acl injury 

https://doi.org/10.26603/001c.31651 

International Journal of Sports Physical Therapy 
Vol. 17, Issue 2, 2022 

Background 
Excessive knee valgus has been strongly suggested as a contributing key factor for 
anterior cruciate ligament (ACL) injuries. Three-dimensional (3D) motion analysis is 
considered the “gold standard” to assess joint kinematics, however, this is difficult for 
on-field assessments and for clinical setting. 

Purpose 
To investigate the concurrent validity of 2D measurements of knee valgus angle during 
cutting in different directions and to explore intra-rater and inter-rater reliability of the 
2D measurements. 

Study Design 
Descriptive laboratory study 

Method 
Seven recreational soccer players participated in this study. Participants performed three 
trials of cutting maneuvers in three different directions (30º, 60º, and 90º) with the 
dominant leg. Cutting maneuvers were recorded simultaneously with a video camera and 
a ViconTM motion capture system. Knee valgus angle from 2D and 3D measurements at 
initial contact and at peak vertical ground reaction force (vGRF) were extracted. The 
Pearson’s correlation was used to explore the relationship between the 2D and 3D 
measurements, and reliability of the 2D measurements were performed using intraclass 
correlation coefficients (ICC). 

Result 
Significant correlations between 2D and 3D knee valgus measurements were noted for 60º 
(r = 0.45) and 90º (r = 0.77) cutting maneuvers at initial contact. At peak vGRF, significant 
correlations between 2D and 3D knee valgus measurements were noted for 30º, 60º, and 
90º cutting maneuvers (r=0.45, r=0.74, r=0.78), respectively. Good-to-excellent intra-rater 
and inter-rater reliability of the 2D knee valgus measurements was observed during 
cutting in all directions (ICCs: 0.821-0.997). 

Conclusion 
Moderate-to-strong correlation between 2D and 3D knee valgus measurements during 
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60°-90° cutting maneuvers, and good-to-excellent intra-rater and excellent inter-rater 
reliability for the 2D measurements in the present study supports the use of 2D knee 
valgus measurements in the evaluation of targeted interventions, although the 
limitations of examining cutting maneuvers using 2D measurement in complex 
movement still need to be considered. 

Level of Evidence 
3 

INTRODUCTION 

ACL injury is a common and serious problem in sports and 
requires a long period of rehabilitation.1–3 A rate of 6.5 
ACL injuries per 100,000 athlete exposures throughout var-
ious athletic activities was reported in high school level. 
Approximately 76% of ACL injuries require surgery, which 
consumes time and money for recovery and may ultimately 
reduce the quality of life by increasing the risk of subse-
quent injuries or impairments, resulting in financial hard-
ship.2,4 After ACL reconstruction, 55% of injured athletes 
can reach return to competitive level.5 However, athletes 
with ACL deficiency have greater risk of early-onset os-
teoarthritis of the knee.6 Therefore, ACL injury prevention 
and risk screening are important. 

Excessive knee valgus has been strongly suggested as a 
contributing factor to anterior cruciate ligament (ACL) in-
juries.7–9 Seventy to eighty-four percent of ACL injuries oc-
cur during non-contact while decelerating or rapidly chang-
ing direction in sporting activities.10 In addition, the 
combination of knee valgus with poor trunk or hip control 
has been identified as a key predictor of ACL strain in-
cluding hip adduction, hip internal rotation, and ipsilateral 
trunk leaning.11,12 

Observation of the knee valgus angle is considered a crit-
ical component for injury risk assessment and often per-
formed during functional tasks such as single-leg squat and 
landing tasks which are typically carried out in clinical and 
sports settings.13–15 Three-dimensional (3D) motion cap-
ture is considered as the “gold standard” to determine the 
quality of human movement. Such a system is able to eval-
uate multi-planar kinematics across joints and has been 
shown to be reliable in the assessment of many functional 
tasks such as landing tasks and cutting maneuvers.16,17 

However, a 3D motion system is not practical within field 
and clinical settings due to cost, complexity, and time re-
quired to perform the analysis. 

Previous studies have developed alternative two-dimen-
sional (2D) methods and compared these with 3D methods 
for use in clinical settings.18–21 2D measurement using 
commercial cameras is one method which is relatively in-
expensive and easy to apply in field and clinical settings.22 

2D measurements have been used to examine dynamic knee 
valgus using the frontal plane projection angle (FPPA), 
which has shown good reliability in performance test such 
as running, drop jump, and single leg landing, which can 
provide biomechanical measurements to assess injury risk 
and progression through treatment.18–20,23 However, the 
use of 2D methods to assess cutting maneuvers in various 
directions has not been reported. 

Cutting maneuvers are frequently performed during 
sports training sessions. Previous studies have demon-

strated that different knee valgus angles were noted with 
different directions of cutting, which are important to con-
sider for injury risk in sporting settings.24–26 Therefore, the 
potential to apply 2D measurements to determine knee val-
gus angle during cutting maneuvers in various directions is 
worthy of investigation. 

To the best of authors’ knowledge, the use of 2D analysis 
to explore knee valgus angle during side-step cutting ma-
neuvers in multi-directions has yet to be reported. There-
fore, the purpose of the present study was to investigate the 
concurrent validity of 2D measurements of knee valgus an-
gle during cutting in different directions, and to explore in-
tra-rater and inter-rater reliability of the 2D measurements. 
The hypothesis of the study was that 2D frontal knee mea-
surement would have good validity and reliability in multi-
directional cutting maneuvers. 

METHODS 
PARTICIPANTS 

All participants were university students who volunteered 
to participate in the study. The inclusion criteria were: aged 
between 18- to 25-years, and regularly participated in 
sports involving cutting maneuvers. Participants were ex-
cluded from the study if they reported a history of lower 
extremity surgery or a history of serious injury of lower 
extremity within a year prior to testing. The research pro-
tocol was approved by the Mahidol University Central Insti-
tutional Review Board for Human Research (COA.No. 2020/
062.2704). Before testing, all participants signed an in-
formed consent form and the protocol was explained in de-
tail. 

SIDE-STEP CUTTING MANEUVERS 

Athletes performed side-step cutting maneuvers in the 
three different directions: 30º, 60º, and 90º (Figure 1). The 
participants were instructed to stand at the starting point, 
run forward five meters and perform a side-step cutting task 
with the dominant leg. The standardized verbal command 
for all participants was “keep looking forward and perform 
a side-step cutting at maximum speed”. 

The participants performed a five-minute warm up of 
lower limb dynamic stretching and practiced five trials of 
side-step cutting before actual testing in each direction. 
Three completed trials of each directional session were then 
measured and analyzed, and the knee valgus angles from 
the 2D and 3D measurements were extracted at initial con-
tact and at peak vertical ground reaction force (vGRF). 
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2D MEASUREMENTS 

A commercially available digital camera (Canon EOS 1200D, 
Canon USA Inc, Melville, USA) with a 18-55 mm lens, was 
positioned 2 m away from the force plate at a height of 
60 cm and recorded at 60 Hz. Digital video footage was 
recorded with no optical zoom to standardized the camera 
image between participants. Video footage was imported 
to Kinovea software (Version 0.9.3, Kinovea Open Source 
Project, www.kinovea.org) and 2D knee measurement was 
processed. The frontal plane projection angle (FPPA) was 
used to estimate the knee valgus angle by measuring the 
angle between the line from ASIS to the center of patella, 
and the line from the ASIS to the center of the ankle joints, 
which was then subtracted from 180º (Figure 2).18 Two 
raters assessed the FPPA in the study. They are physical 
therapists who have experience in 2D measurement and in 
ten years of orthopedic and sports physical therapy. Each 
rater measured knee valgus angle of a data set which the 
information regarding cutting directions was encrypted by 
code. In order to determine intra-rater reliability, the first 
rater measured the FPPA twice, two weeks apart. 

3D MEASUREMENTS 

A 10 camera ViconTM motion analysis system (Vicon nexus 
2.10, Oxford Metrics, Oxford, UK) was used to record three-
dimensional marker coordinates at 200 Hz. Force data was 
collected synchronously using an AMTI force platform at 
1,000 Hz (AMTI-OR67, Advance Mechanical Technologies 
Inc., Watertown, USA) which was used to identify stance 
phase during the cutting maneuvers. Twenty-six reflective 
markers were attached on the bony prominences of both 
sides, including anterior superior iliac spine (ASIS), pos-
terior superior iliac spine (PSIS), iliac crest, greater 
trochanter, medial and lateral femoral epicondyles, medial 
and lateral malleoli, distal head of the first metatarsals, dis-
tal head of the fifth metatarsals, proximal head of the fifth 
metatarsals, and heels. In addition, four rigid clusters of 
four markers were placed on the lateral thigh and lateral 
shank (Figure 3 and 4). 

Kinematic and kinetic data were imported into Visual 
3D software (C-Motion Inc, Germantown, USA), and dig-
itally filtered using a low pass, fourth-order Butterworth 
filter with cut-off frequencies of 6 Hz and 35 Hz, respec-
tively.27,28 Right-hand 3-dimensional Cartesian coordinate 
systems were used for global and segmental axes. The pelvis 
segment was measured relative to the global (laboratory) 
coordinate system, and the hip joint center was estimated 
using method reported by Bell et al.29 Knee and ankle joint 
centers were estimated as the midpoint between the medial 
and lateral femoral epicondyles and malleoli, respectively, 
and the knee joint angle was calculated between the shank 
relative to the thigh segment. Kinetics and kinematics data 
were extracted and normalized into 101 data points in order 
to represent 100% of the stance phase during side-step cut-
ting maneuver. 

STATISTICAL ANALYSIS 

Three completed trials of cutting tests in each direction 

Figure 1. Illustrations of research setting of side-
steps cutting test 

Figure 2. 2D measurement of the frontal plane 
projection angle (FPPA) during cutting maneuvers 

were processed from the seven soccer players in the study. 
Then, a total of 21 data sets were statistically analyzed. 
To determine the concurrent validity, Pearson product-mo-
ment correlation was used to assess the linear relationships 
between the 2D and 3D measurements of the knee valgus 
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angle at initial contact and at peak vGRF. The strength of 
the correlation (r) was interpreted as poor (0 to 0.49), mod-
erate (0.50 to 0.75), and strong (> 0.75).30 Reliability analy-
sis of the 2D measurements was performed using intra-
class correlation coefficient (ICC). The ICC(3,1) and ICC(2,1) 
models were used for statistical analysis of intra-rater and 
inter-rater reliabilities, respectively. Reliability index of ICC 
were interpreted as poor (less than 0.5), moderate 
(0.5-0.75), good (0.76-0.9), and excellent (> 0.9).31 

RESULTS 

Seven male soccer players, all with more than four years 
experience in soccer playing voluntarily participated. The 
characteristics of the participants are shown in Table 1. The 
Pearson’s correlation coefficients between 2D and 3D mea-
surements of the FPPA at initial contact showed a signif-
icant strong correlation during 90º cutting (r = 0.77, 95% 
CI: 0.34 - 0.89), with 60º cutting showing a significant but 
poor correlation (r = 0.45, 95% CI: -0.07 - 0.83), and 30º 
cutting showing no significant correlation. For the FPPA at 
peak vGRF a significant correlation was seen between 2D 
and 3D analyses in all directions of cutting, with 90º cut-
ting showing a strong correlation (r = 0.78, 95% CI: 0.19 - 
0.87), 60º cutting showing a moderate correlation (r = 0.74, 
95% CI: 0.31 - 0.89), and 30º cutting showing a poor cor-
relation (r = 0.45, 95% CI: -0.14 - 0.81), Table 2. The FPPA 
measurements demonstrated good-to-excellent intra-rater 
reliability at initial contact (ICCs: 0.821-0.937) and at peak 
vGRF (ICCs: 0.970-0.987). In addition, the inter-rater reli-
ability index showed excellent reliability at initial contact 
(ICCs: 0.974-0.987) and at peak vGRF (ICCs: 0.989-0.997), 
Table 3. 

DISCUSSION 

The purpose of this study was to determine the concurrent 
validity and reliability of 2D frontal knee measurements 
during multi-directional cutting maneuvers. To explore the 
concurrent validity, knee valgus angles at initial contact 
and at peak vGRF were captured with 2D and 3D measure-
ments, simultaneously. Moreover, the intra-rater and inter-
rater reliabilities of the 2D measurements of knee valgus 
were determined. The findings of the present study showed 
that there were statistically significant correlations be-
tween most 2D and 3D measurements, and the reliability 
indices of 2D measurement showed good-to-excellent in-
tra- and inter-rater reliability at both initial contact and 
peak vGRF. 

Cutting maneuvers require a sudden change of direction 
after running and involves translation and reorientation 
into new direction of travel.32 This study used the frontal 
plane projection angle (FPPA) from 2D measurement which 
has been reported to be highly influenced by hip and knee 
joint rotations in the transverse plane.33 The present find-
ings confirmed a poor correlation of 2D and 3D knee valgus 
measurements at initial contact during cutting maneuvers 
at 30° and 60° and peak vGRF at 30°. This further supported 
by Schurr et al.34 who found a poor correlation (r = 0.31) in 
the frontal plane knee angle between 2D and 3D analyses 

Figure 3. 2D and 3D marker placements in anterior 
view 

Figure 4. Calibrated Anatomical System Technique 
(CAST) marker model of lower extremity; A, anterior 
view and B, lateral view 

during a single-leg squat. In addition, Maykut et al.20 con-
sidered knee valgus angles during running on treadmill and 
also showed a poor correlation between 2D and 3D analyses 
(r = 0.158). Maykut et al. suggested that the difference of 
sampling frequencies may explain the non-significant cor-
relation between the 2D and 3D measurements, when using 
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Table 1. Characteristics of participants (n = 7) 

Characteristics Mean (±SD) or number 

Gender (male / female) 7 / 0 

Age (years) 23 (0.81) 

Experience (years) 4 

Height (cm) 169.25 (4.57) 

Mass (kg) 57 (7.75) 

BMI (kg/m2) 20.54 (1.5) 

Leg dominance (% Right) 100 

SD: standard deviation; BMI: Body Mass Index 

Table 2. Pearson’s correlation coefficients of 2D and 3D knee valgus measurements at initial contact and at peak 
vGRF phases 

Time event Angle of cutting direction r 95% CI p 

IC 30º -0.02 -1.56, 0.58 0.533 

60º 0.45 -0.07, 0.83 0.034* 

90º 0.77 0.34, 0.89 0.002* 

Peak vGRF 30º 0.45 -0.14, 0.81 0.046* 

60º 0.74 0.31, 0.89 0.003* 

90º 0.78 0.19, 0.87 0.008* 

* Statistically significant correlation (p ≤ 0.05); IC: initial contact; vGRF: vertical ground reaction force 

Table 3. Intra-rater and inter-rater reliabilities of 2D knee valgus measurements at initial contact and at peak 
vGRF phases. 

Time event Cutting direction 
Intra-rater 

ICC (95% CI) 
Inter-rater 

ICC (95% CI) 

IC 30º 0.937 (0.631 – 0.989) 0.974 (0.847 – 0.995) 

60º 0.821 (-0.04 – 0.969) 0.983 (0.899 – 0.997) 

90º 0.925 (0.564 – 0.987) 0.987 (0.926 – 0.988) 

Peak vGRF 30º 0.987 (0.926 – 0.998) 0.994 (0.968 – 0.999) 

60º 0.970 (0.828 – 0.995) 0.989 (0.934 – 0.998) 

90º 0.978 (0.875 – 0.996) 0.997 (0.981 – 0.999) 

IC: initial contact; vGRF: vertical ground reaction force 

60 Hz for the 2D measurement and 240 Hz for the 3D mea-
surement. 

However, the current study did show some significant 
correlations at initial contact and at peak vGRF during cut-
ting maneuvers. At peak vGRF the correlations were strong 
(r=0.78), moderate (r=0.74), and poor (r=0.45) for cutting 
maneuvers at 90°, 60°, and 30°, respectively, with corre-
lation at initial contact being strong (r=0.77), moderate 
(r=0.45), and very poor (r =-0.02) for 90°, 60°, and 30°, re-

spectively. Both Maykut et al.20 and Schurr et al.34 reported 
peak knee abduction angles and knee angle displacements 
in frontal plane, respectively, while the current study re-
ported values at initial contact and peak vGRF. Therefore, 
the different time events could be a possible reason for dif-
ferences seen with previous studies. 

McLean et al.33 demonstrated a moderate correlation be-
tween 2D and 3D measurements. McLean et al. investigated 
35° and 55° cutting and side-jump tasks in healthy male and 
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female collegiate basketball players, and reported moderate 
correlations r = 0.58 and r = 0.64 for the 35°and 55° cutting 
tasks and side jump, respectively. Havens et al.26 demon-
strated 35° greater pelvic rotation to the intended direction 
during 90°cutting compared with 45° cutting. The current 
study showed strong correlations in 90° cutting, moder-
ate correlations at 60°, and poor correlation at 30° cuttings 
(Table 2). The difference seen could be due to the difference 
in tasks explored. Schurr et al.34 and Maykut et al.20 studied 
single-leg squat and running, respectively. 

Regarding multi-directional cutting maneuvers, Dos 
santos et al.24 stated that there was a relationship between 
directions and biomechanical demands. Greater hip abduc-
tion and knee valgus angles were observed as the angle of 
directional change increases. The current findings indicate 
that knee valgus screening using 2D measurements for 60° 
and 90° cutting tasks could be considered as a suitable as-
sessment for use in clinical settings, and may be useful as 
an injury screening tool to help health professionals ob-
serve frontal knee projection during cutting. The possible 
explanation of poor correlation in 30° cutting might due to 
the athlete’s pelvic rotation to the intended direction prior 
to initial contact. Rotational movement could lead to a bit 
of difficulty of maker capture for 2D measurement. Compar-
ing results of 2D knee valgus between studies should be in-
terpreted with caution due to previous limitations reported 
when examining 2D measurements, and further work is re-
quired to explore the clinical utility of such measures in 
term of knee valgus magnitude.35 

In addition, 2D knee valgus measurements in this study 
showed good-to-excellent intra-rater and excellent inter-
rater reliabilities. This suggests that 2D knee valgus mea-
surement of the current study is fit for repeated measure-
ments in clinical evaluation. The method of 2D testing used 
in this study is highly reliable and is therefore acceptable for 
assessing before and after provision of targeted interven-
tion such as neuromuscular training and corrected cutting 
training. 

Application of the findings to other sport tasks and to fe-
male athletes should be performed carefully. It would be in-
teresting to perform a future study in which more partici-
pants are recruited to investigate limb dominance. 

CONCLUSION 

The current study demonstrated that concurrent validity 
of 2D and 3D knee valgus measurements is moderate-to-
strong when considering 60° and 90°cutting maneuvers. 
Poor correlation was observed in 30° cutting maneuver. The 
2D measurement of the FPPA demonstrated good-to-excel-
lent intra-rater and excellent inter-rater reliabilities. This 
suggests that 2D knee valgus measurements could be used 
as an easy and inexpensive screening tool for injury risk 
identification and evaluation of change after targeted inter-
ventions such as neuromuscular training and corrected cut-
ting training. In clinical application, knee valgus screening 
using 2D measurements for 60° and 90° cuttings could be 
performed and considered as a suitable assessment. 
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Background 
Low back pain is a condition present during both adulthood and adolescence. Adolescents 
with low back pain may benefit from treatment focused on improving abdominal muscle 
performance and motor control. The supine double leg lowering test (SDLLT) may be a 
reliable measure to assess core stability in adults, but adolescent performance on the 
SDLLT has not yet been established in the literature. 

Purpose 
To examine performance on the SDLLT in healthy adolescents ages 13 to 18 years and 
describe influences of gender, age, body mass index, and participation in sport. 

Study Design 
Cross-Sectional Study 

Methods 
Four licensed physical therapists administered the SDLLT with a Stabilizer pressure 
biofeedback cuff and inclinometer in 90 adolescents without low back pain (females = 41, 
males = 49) from three schools in a mid-western metropolitan area. Descriptive statistics, 
independent sample t-tests, two-way analysis of variance, and Pearson correlation 
coefficients were utilized to analyze the data. 

Results 
Average SDLLT score was 72.36 +/- 12.54 degrees. A significant difference between SDLLT 
score was present between genders with males performing better than females. No 
interactions between performance and involvement in sport were demonstrated. 

Conclusions 
Female and male adolescents appear to perform differently on the SDLLT with a stabilizer 
and appear to perform worse than scores recorded for adults. The SDLLT may be used to 
measure motor control in adolescents, but clinicians should utilize age-appropriate data 
for clinical decision making. 

Levels of Evidence 
Level 2c 
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INTRODUCTION 

Low back pain (LBP) is no longer a condition that begins 
in middle age, with recent literature suggesting increased 
frequency of back pain in individuals under the age of 20 
in both athletes and non-athletes.1–5 The increasing preva-
lence of adolescent LBP supports the need to optimize care 
for this population. In order to improve the care for this 
population, appropriate measures must be utilized for ex-
amination and assessment. 

Previous authors have proposed a subgroup of adult pa-
tients benefiting from motor control exercises in the treat-
ment of LBP.6–8 The core includes structures of the spine, 
hips, and pelvis and consists of both local and global mus-
culature at the trunk and pelvis.9,10 Local musculature in-
cludes muscles with an insertion or origin at the vertebrae 
and include the transversus abdominis and multifidi.10 

Global musculature includes the muscles that “transfer load 
between the thoracic cage and the pelvis” and include mus-
cles such as the external obliques, internal obliques, rectus 
abdominis, erector spinae, and psoas.10(p20) These muscles 
may be responsible for the skill acquisition of dissociating 
or coordinating lumbar spine movements from adjacent re-
gions.8 While researchers have slight variations in their de-
finition of the core, greater discrepancy exists in defining 
core stability. Core stability may be achieved through the 
interdependence of the passive ligamentous subsystem, ac-
tive musculoskeletal subsystem, and neural feedback sub-
system to match various demands due to changes in posture 
and load and may include proprioception, strength, power, 
and endurance.11,12 

A clinical prediction rule exists for this subgroup of pa-
tients benefiting from core stabilization in the treatment of 
LBP, and recent findings suggest children and adolescents 
with LBP present with findings that often classify them as 
potentially benefiting from stabilization interventions.6,7,13 

It is likely that adolescent patients present with deficits in 
core stability, however, no gold standard for measuring this 
impairment currently exists in the literature.11 One tool 
used to assess lumbopelvic motor control is the supine dou-
ble leg lowering test (SDLLT), and previous authors have 
suggested that it may be a reliable measure of lumbopelvic 
motor control in adults.14–18 

The SDLLT was originally described as an abdominal 
muscle strength measurement, but based off dynamometry 
studies, Ladeira et al. suggested that the test is more likely 
exploring pelvic tilt motor control required to maintain 
lumbar functional stability versus true abdominal 
strength..14,17,19,20 However, electromyographic (EMG) 
studies have reported moderate to high levels of abdominal 
muscle activation with the SDLLT, specifically the rectus ab-
dominis, external obliques, internal obliques, and transver-
sus abdominis. The results of these studies also indicate 
that the SDLTT does not isolate the lower abdominals, but 
rather requires high levels of abdominal co-contrac-
tion.15,21,22 Therefore, the muscle activity related to the 
SDLLT may be more indicative of assessing lumbopelvic 
motor control versus strength.11,14,17,21 However, motor 
control has recently been defined as “the way in which the 
nervous system controls posture and movement to perform 
a given task” through motor, sensory and integrative 

processes.23(p380) It is possible the SDLLT assesses the abil-
ity of an individual to control sagittal plane lumbar spine 
motion and manage the associated internal lumbar exten-
sion moment produced while performing the SDLLT. It is 
therefore suggested the SDLLT may be a more appropriate 
test of an individual’s motor control rather than core stabil-
ity. 

Performance on the SDLLT in young adult and adult pop-
ulations are reported in the literature but has not been 
investigated in the adolescent population.11,14,19,22 It is 
therefore imperative that performance on the SDLLT is ex-
amined in this population in order to allow clinicians to 
reliably assess deficits and improvements in motor control 
in order to improve clinical examination, evaluation, and 
treatment of low back pain in this population. The purpose 
of this study was to examine performance on the SDLLT in 
healthy adolescents ages 13 to 18 years and describe influ-
ences of gender, age, body mass index, and participation in 
sport. 

METHODS 
PARTICIPANTS 

Adolescents between the ages of 13-18 years were recruited 
from physical education classes at three schools in a mid-
western metropolitan area between April 2017 and April 
2018. Each parent or 18-year-old participant signed a writ-
ten informed consent and adolescents under the age of 18 
years signed a written informed assent. Exclusion criteria 
for this study included: (1) being younger than 13 years and/
or older than 18 years, (2) a current diagnosis or previous 
history of low back pain, scoliosis, spondylolisthesis, and/
or spondylolysis, (3) current musculoskeletal complaints in 
the upper or lower extremity including pain, radiating 
symptoms, or impairment, (4) previous history of spine, up-
per extremity, or lower extremity surgery, or (5) pain-re-
lated to acute fracture, tumor, infection, or systemic illness. 
This study had approval from the Cincinnati Children’s 
Hospital Medical Center Institutional Review Board. 

PARTICIPANT CHARACTERISTICS DATA 

Participants self-reported age in years, gender, height, 
weight, and athletic participation prior to performing the 
SDLLT. Body mass index (BMI) was calculated utilizing par-
ticipant’s self-reported height and weight and then catego-
rized based on recommendations from the Centers for Dis-
ease Control and Prevention (CDC).24 Athletic participation 
was first categorized by participation in any activity and 
then further categorized by type of organized sport. 

PROCEDURE 

All adolescents were tested during their physical education 
class period. Four licensed physical therapists trained in 
performing and measuring the SDLLT using a standardized 
protocol administered the test to participants. (Figure 
1).11,16 A stabilizer pressure biofeedback unit (Chattanooga 
Group Inc, Vista, CA) is a small pressure biofeedback device 
typically used by physical therapists during examination 
and treatment of patients with low back pain. The stabilizer 
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was used to determine when to terminate the SDLLT (Figure 
2). A single inclinometer (Baseline AccuAngle Goniometer, 
Japan) was used to record the hip flexion angle of the 
SDLLT. One examiner was blinded from the inclinometer 
measurement in order to eliminate the potential for intra-
rater bias while measuring. 

After providing verbal consent, each participant took off 
their shoes and lay supine on a standard, portable treat-
ment table with arms across their chest. The stabilizer was 
placed under the participant’s lumbar spine and their legs 
were passively elevated to 90 degrees of hip flexion from 
the horizontal (Figure 1A). To account for hamstring tight-
ness, 5-10 degrees of knee flexion was considered accept-
able. They were instructed to keep their legs at 90 degrees 
without assistance while the stabilizer was inflated to 40 
mmHg. The following statement was given to each partic-
ipant prior to completing the test: “Press your back down 
into the stabilizer while keeping your legs straight. Keep 
pressing your back into the stabilizer as you slowly lower 
both your legs towards the table keeping your knees 
straight. Don’t let your back come up from the stabilizer un-
der you.” 

The test was ended when the pressure reading from the 
stabilizer fell below 30 mmHg. At this point, Examiner one 
passively supported the participant’s legs while Examiner 
two utilized the single inclinometer to record the angle of 
their legs from the horizontal. When the SDLLT is ended, 
a hip flexion angle closer to 0 degrees of hip flexion indi-
cates better performance whereas a hip flexion angle closer 
to 90 degrees of hip flexion indicates worse performance. 
(Figures 1B and 1C). Each participant received one practice 
trial with the stabilizer in place followed by a one-minute 
rest break. They then performed two recorded trials of the 
SDLLT with another one-minute rest break in between the 
trials. The above protocol was determined based on previ-
ous research published in the literature.2,3 A previous pilot 
study using the same protocol was used to determine reli-
ability and found the SDLLT to have high intra-rater relia-
bility (0.885, p<0.001) as well as high inter-rater reliability 
(0.832, p<0.001).18 

DATA ANALYSIS 

SDLLT scores were recorded in Microsoft Excel 2013 (Mi-
crosoft Corporation, Redmond, WA). Data were analyzed us-
ing Microsoft Excel 2013 and IBM SPSS Statistics Version 
25 (IBM Corporation, Armonk, NY). Descriptive statistics 
were utilized to characterize the sample with regard to: 
age in years, gender, body mass index, height, weight, ath-
letic participation, and performance on the SDLLT. Average 
SDLLT score was calculated from the two trials and catego-
rized by gender, age in years, athletic participation, height, 
weight, and BMI. Independent sample t-tests and two-way 
analysis of variance (ANOVA) were utilized to determine 
whether significant differences were present between sub-
groups with a priori significance set to 0.05. Pearson cor-
relation coefficients were analyzed to further determine a 
correlation between age and SDLLT score, age and BMI, and 
BMI and SDLLT score. 

Figure 1. Images of the SDLLT examination protocol 
(A) Starting position of the SDLLT. (B) Ending position of the SDLLT. (C) Mea-
surement of the SDLLT utilizing an inclinometer. 

Figure 2. Image of the stabilizer pressure 
biofeedback unit 

RESULTS 
SAMPLE DESCRIPTION 

A total of 142 adolescents volunteered to participate in this 
study and 90 met eligibility criteria (41 females, 49 males). 
Additional information on participant selection is pre-
sented in Figure 3. The mean age was 15.88 years +/- 1.31 
years (range 13.00-18.00 years). The average height of par-
ticipants was 67.93 +/- 4.12 inches (range 59.00-77.00 
inches) and the average weight was 148.12 +/- 37.41 pounds 
(range 70.00-334.60 pounds). The average BMI of all par-
ticipants was 22.45 +/-5.01 (range 8.52-49.41). Out of the 
90 participants, height information was not available for 
two, weight information was not available for one, and BMI 
information was not available for two. Additional sample 
characteristic information is presented in Table 1. 

Based on CDC classifications for BMI, 10% of the sample 
in this study was underweight, 72% were a healthy weight, 
11% were overweight, and 4% were obese.24 Of all partici-
pants included in the study, 56 reported they were involved 
in a type of organized sport whereas 34 reported they were 
not involved in any type of organized sport. Thirty-six par-
ticipants were involved in a single sport and 20 participants 
were involved in two or more sports. Soccer, track and field, 
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Table 1. Sample Demographics 

Characteristic Females (n=41) Males (n=49) Total (n=90) 

Age (years)    

15.51 16.18 15.88 

1.19 (13-18) 1.33 (14-18) 1.31 (13-18) 

Height (inches)    

64.95 70.43 67.93 

3.05 (59-76) 3.12 (64-77) 4.12 (59-77) 

Weight (pounds)    

128.33 164.42 148.12 

24.06 (70-200) 38.72 (111-334.6) 37.41 (70-334) 

BMI    

21.47 23.28 22.45 

3.90 (8.52-32.28) 5.68 (17.70-49.41) 5.01 (8.52-49.41) 

Mean 

Standard Deviation (range) 

Mean 

Standard Deviation (range) 

Mean 

Standard Deviation (range) 

Mean 

Standard Deviation (range) 

and football were the most commonly represented sports 
with each having greater than or equal to 10 participants. 

SDLLT PERFORMANCE 

Healthy adolescents without pain scored an average of 
72.36 +/- 12.54 degrees on the SDLLT. SDLLT scores for the 
entire group and for males and females are presented in Fig-
ure 4. 

There was a significant difference in SDLLT score be-
tween females (76.99 +/- 6.98 degrees) and males (68.49 +/- 
14.74 degrees) suggesting females and males perform dif-
ferently on the SDLLT (p=0.001). There was no significant 
difference between participants who were involved in orga-
nized sports and participants who were not involved in or-
ganized sports (p=0.849). 

A two-way analysis of variance was used to assess inter-
action between gender, participation in an organized sport, 
and SDLLT score. No interaction was found between par-
ticipation in an organized sport and SDLLT score (p=0.849) 
or between gender and participation in organized sport 
(p=0.587). 

Correlations were assessed between age and SDLLT 
score, BMI and age, and BMI and SDLLT score. There was 
a significant weak negative correlation between age and 
SDLLT score (r=-0.218, p=0.04) and a significant weak posi-
tive correlation between BMI and age (r=0.229, p=0.03). No 
significant correlation was found between BMI and perfor-
mance on the SDLLT (r=-0.113, p=0.30). 

DISCUSSION 

The purpose of this study was to describe SDLLT perfor-
mance as measured using a stabilizer in healthy adolescents 
without pain using a previously established standardized 
protocol. Previous authors have suggested that female and 
male adults perform differently on the SDLLT and results 
of this study demonstrate a difference in adolescent perfor-
mance on the SDLLT between gender, suggesting that ado-

Figure 3. Participant Eligibility 

Figure 4. Performance on the SDLLT for healthy 
adolescents ages 13-18 years 

lescent females and males also perform differently on the 
SDLLT.11,14,22 As age increased, BMI also increased with no 
relationship between BMI and performance on the SDLLT. 

Compared to previously published studies, the results of 
this study indicate adolescents may not perform as well as 
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adults on the SDLLT.11,14,19,22 Literature assessing adults 
over 18 years of age suggests normal scores for the SDLLT to 
be between 15 degrees and 55 degrees. Youdas et al.25 de-
scribed normal scores on the SDLLT in adults ages 40 to 69 
years of 49.6 degrees for females and 39.0 degrees for males, 
Krause et al.14 described normal on the SDLLT in adults 
ages 18 to 29 years as 36.9 degrees for females and 15.4 de-
grees for males, and Sharrock et al.11 described normal val-
ues in adults ages 18 to 22 years of 54.8 degrees for females 
and 47.4 degrees for males. In contrast, adolescents ages 
13 to 18 years in this study performed an average of 77.0 
degrees females and an average of 68.5 degrees for males. 
Poorer performance on the SDLLT in this study as com-
pared to previously published studies may be due to differ-
ences in maturation, cognition, and neuromuscular control 
in the adolescent population compared to adults. Future di-
rections should further evaluate any differences in SDLLT 
score between specific ages due to potential differences in 
maturation and peak height velocity which can lead to vari-
able performances. 

Differences in SDLLT performance may also be due to 
protocol. Kendall first described the SDLLT and used a hand 
under the lumbar spine to determine lumbopelvic motion 
and when to decide the end of the test.19 Krause et al.14 also 
used an examiner’s hand to assess for an increase in lumbar 
lordosis indicating the end of the test. The protocol in this 
study utilized a stabilizer similar to that described by Shar-
rock et al.11 to determine the end of the test. The stabilizer 
is likely a more objective measure and more sensitive and 
reliable than an examiner’s hand in detecting changes in 
lumbar lordosis, which may contribute to the poorer scores 
on the SDLLT in this study compared to previous studies. 
The large number of participants who performed between 
80 and 90 degrees on the SDLLT may indicate excessive sen-
sitivity and responsiveness of the stabilizer to movement in 
the pelvis/lumbar spine, based on this study’s protocol. This 
study also utilized a single inclinometer instead of a go-
niometer which may contribute to differences in the mea-
surement of the performance in this study compared to pre-
vious studies. 

There were no significant differences between partici-
pants who were involved in sports and those who did not. 
Previous work has reported differences in prevalence of low 
back pain in adolescent athletes participating in combat 
sports or sports requiring repetitive translation or rotation 
forces.2 With increasing evidence emerging on the relation-
ship of motor control to athletic performance, it is possible 
that athletes participating in sports requiring skills similar 
to the SDLLT or demanding repetitive rotational forces and 
high impact may perform differently on the SDLLT com-
pared to other athletes. Further, adolescent athletes may 
require greater amounts of motor control for sports per-
formance and the SDLLT may assist clinicians in assessing 
motor control. Future studies investigating performance by 
sport may further clarify the potential impact of specific 
sports on SDLLT performance. 

Adolescents present with unique characteristics related 
to physical and cognitive development that contribute to 
differences in movement compared to adults. Despite dif-
ferences between adults and adolescents, clinicians often 
utilize clinical measures studied in adults with established 

normative values based on adult performance in the pedi-
atric and adolescent population. As previously mentioned, 
studies on the prevalence of low back pain suggest differ-
ences exist in adolescents compared to adults.2 While 
repetitive microtrauma can lead to low back pain within 
both the adult and adolescent populations, low back pain 
in adolescents may also be due to insufficiency within the 
muscle-tendon complex due to decreased neuromuscular 
control and impaired posture.2 Due to the demands of the 
SDLLT, it is possible that the SDLLT requires both strength 
and neuromuscular control to dissociate hip extension from 
lumbar extension and anterior pelvic tilt. With the mean 
SDLLT score of adolescents ages 13 to 18 years appearing 
worse than values seen in adults, it is important that clin-
icians utilize values on performance specific to the popu-
lation they are treating in order to determine whether an 
impairment in motor control is present, assess meaning-
ful changes in performance, and set reasonable and achiev-
able goals. While no reference values currently exist for 
SDLLT performance in the adolescent population, the find-
ings from this study may assist clinicians in determining a 
patient’s progress as they return to their prior level of func-
tion or optimize their current level of function. 

LIMITATIONS 

Several limitations may exist in this study. First, the rela-
tively small sample size of this study may limit the gener-
alizability of the findings to the general population. Sec-
ond, this study did not account for leg length which may 
change the findings of this study. Although it does not ap-
pear that weight, height, and BMI influence performance on 
the SDLLT, the length of the lower extremities may affect 
the amount of muscle recruitment and motor control re-
quired to perform the SDLLT. Third, while this study al-
lowed up to 10 degrees of knee flexion to account for ham-
string tightness, hamstring flexibility was not formally 
assessed and excessive hamstring tightness may impact the 
generalizability of the results. In addition, decreased ham-
string length in the starting testing position may cause a 
passive posterior pelvic tilt which may have affected perfor-
mance and clinicians should be mindful of this when utiliz-
ing the SDLLT. Fourth, this study relied on verbal reports of 
height and weight which may also alter the relationship be-
tween these variables and performance on the SDLLT. Fifth, 
while students were pulled from physical education class 
randomly and at different times during class to perform the 
SDLLT, fatigue from physical education class was not con-
trolled for. Lastly, for several participants, performance on 
the second trial was improved compared to the first trial. 
This may be due to a learning effect on the SDLLT or it 
is possible that the SDLLT is a more novel task to adoles-
cents compared to adults. This may explain differences in 
performance between adolescents and adults as well as the 
improved performance between trials in some participants. 
It is also possible that adolescents utilized different move-
ment strategies to maintain pressure on the stabilizer. 

Additional work is needed to further examine the relia-
bility and validity of the SDLLT in the adolescent popula-
tion. Future directions may include establishing normative 
values for performance on the SDLLT in a larger sample size 
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utilizing the standardized protocol described in this study. 
It is recommended that future studies account for leg length 
in order to determine whether the length of the lower ex-
tremities influence performance on the SDLLT. Due to the 
large number of participants performing between 80 and 
90 degrees on the SDLLT, future research should consider 
utilizing a different pressure reading on the stabilizer to 
determine the end of the SDLLT. Future work should also 
focus on comparing performance on other trunk motor con-
trol tests between adults and adolescents in order to deter-
mine whether a trend in poorer performance is present in 
other tests besides the SDLLT. It is important that future 
work also examine performance on the SDLLT in relation 
to maturation status and/or cognition since these factors 
may have affected performance on the SDLLT. Lastly, future 
studies should compare performance on the SDLLT in ado-
lescents with low back pain to adolescents without low back 
pain. In this study, none of the participants reported back 
pain while administering the SDLLT. However, the onset 
of pain during the SDLLT may impact performance on this 
test. Clinically, the SDLLT is often terminated or modified 
with the onset of back pain and performance may be re-
ported as 90 degrees with pain in the starting position. 

CONCLUSION 

To the author’s knowledge, this is the first study to examine 

performance on the SDLLT utilizing a standardized method-
ology involving a stabilizer in adolescents ages 13 to 18 
years. The results of this study indicate that female and 
male adolescents appear to perform differently on the 
SDLLT, but it does not appear that there is a relationship be-
tween SDLLT score and BMI. Performance on the SDLLT in 
adolescents also appears to be worse than in performance 
by adults reported in previous studies. The SDLLT is simple 
to use in a clinic setting, requires minimal equipment, and 
seems to have minimal to no adverse effects. The SDLLT 
may be a useful measure for physical therapists to assess 
motor control in adolescents and compare performance to 
that of healthy adolescents without pain or impairment to 
assist in clinical decision making. 
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Background 
The Lower Quarter Y-Balance Test (YBT-LQ) has been shown to be reliable for assessing 
dynamic balance in children and adolescents. However, limited research is available about 
the effects of leg dominance on YBT-LQ performance in adolescents. In addition, there is 
no consensus on the use of maximum reach or mean reach distance being a better 
measure of YBT-LQ performance. 

Hypothesis/Purpose 
The purposes of this study were to determine if there is a difference in the YBT-LQ 
performance between the dominant and non-dominant limbs in non-athlete adolescents, 
and to compare the reliability of the maximum reach scores to that of the mean reach 
scores in this population. 

Study Design 
Prospective cohort study 

Methods 
Twenty-six healthy non-athlete adolescents (13.6 ± 1.0 years, 22 girls, 4 boys) performed 
the YBT-LQ on two separate days while the same investigator scored their performance. 
Paired t-tests were used to compare reach distances on dominant and non-dominate 
stance limbs. Intraclass correlation coefficients (ICC3,1) were calculated for the maximum 
and mean reach distances for three directions (anterior, posterolateral, posteromedial) 
and the composite scores on each limb. 

Results 
There was no significant difference in YBT-LQ performance between dominant and 
non-dominant stance limbs (p > 0.05). Overall, the between-day intra-rater reliability for 
maximum reach and mean reach scores was moderate-to-good for both limbs (ICC3,1 = 
0.59 - 0.83), but was poor for the composite score on the dominant limb (ICC3,1 = 0.42) 
and maximum anterior reach on non-dominant limb (ICC3,1 = 0.48). 

Conclusion 
Limb dominance does not seem to be a factor for YBT-LQ performance in this population. 
The YBT-LQ appears to be a reliable tool for dynamic balance assessment in non-athlete 
adolescents using the individual score of each direction. The use of mean reach measures 
seems to slightly improve reliability, specifically the anterior reach direction, in this 
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population. 

Level of Evidence 
Level 2b 

INTRODUCTION 

Postural stability is considered to be an important indicator 
of neuromusculoskeletal health.1 Specifically, postural sta-
bility in children and adolescents is influenced by physio-
logical functions such as muscular strength and neuromus-
cular development in childhood.2 Dynamic postural control 
is an important prerequisite to the development of fun-
damental movement skills and activities of daily living in 
children3,4 and is usually established in the first decade of 
life, whereas proficiency is acquired as children age, de-
velop, and interact with their environment.4 Without mas-
tery of balance abilities in the early years of childhood, chil-
dren’s performance in more complex movements associated 
with development and sports may be diminished, and they 
may be at a higher risk for injury during activity participa-
tion as adolescents or adults.4 It is known that decreased 
balance and dynamic postural control are associated with 
lower extremity injuries among adolescent athletes5,6 and 
adult athletes,7–10 and that adolescents have a higher risk 
of sport-related injury than younger children.5 Therefore, 
assessment of dynamic postural stability and balance is im-
portant in identifying musculoskeletal impairments, risk for 
injury,5–10 and monitoring recovery from injury.11–15 

Tests such as the Lower Quarter Y-Balance Test (YBT-
LQ) are often used to predict injuries in high school and 
college athletes.7,8,10 They are also used to assess dynamic 
balance and postural control in various populations, in-
cluding healthy, recreationally active adults,16–18 college 
and professional athletes,7,9–11,19–22 and adults recovering 
from injury.12,15,23–25 The YBT-LQ is an instrumented tool 
that was developed using components of the Star Excursion 
Balance test to standardize performance of dynamic balance 
and postural stability.11 To perform the YBT-LQ, a partici-
pant must maintain single limb stance on a stationary plat-
form while pushing a movable target with the opposite foot 
in the anterior (ANT), posterior-medial (PM) and posterior-
lateral (PL) reach directions (Figure 1). 

The reliability of the YBT-LQ has been extensively re-
searched in populations of various ages. For adult popu-
lations, the YBT-LQ was found to have good-to-excellent 
inter-rater reliability (ICC2,1 = 0.80 - 1.00) and intra-rater 
reliability (ICC3,1 = 0.85-0.91).11,26 For adolescents, the 
within-day inter-rater reliability was reported to be excel-
lent (ICC2,1 = 0.96 - 0.99),27 whereas the within-day and be-
tween-day intra-rater reliability was found only to be fair-
to-good (ICC3,1 = 0.57-0.91).27–29 Lastly, for pre-adolescent 
children, both the within-day (ICC2,1 > 0.995) and between-
day (ICC2,1 = 0.91- 0.97) inter-rater reliability were excel-
lent. The between-day intra-rater reliability was less than 
excellent, but the ICC values (0.71 - 0.84) still showed mod-
erate-to-good reliability.3 In addition, although many stud-
ies3,11,27,28 reported reliability outcomes using maximum 
reach distances for data analysis, other studies26,29 sug-
gested using mean reach for YBT-LQ performance analysis. 
No consensus has been reached regarding which measure is 

Figure 1. Performance of Y-Balance Test – Lower 
Quadrant: (A) right anterior reach, (B) right 
posteromedial reach, (C) right posterolateral reach 

superior, specifically among adolescent populations. 
Leg dominance has been reported to be a risk factor as-

sociated with non-contact lower extremity injury among 
athletes.30,31 Clinicians often compare performance out-
comes on functional balance tests between limbs to deter-
mine risk of injury, to evaluate presence of instabilities, to 
assess progress, or to consider readiness for return-to-sport 
activities. However, this assumes that both limbs are func-
tionally equal and symmetrical prior to injury.32–34 Hoff-
man et al.33 measured center of pressure excursion (mea-
sure of dynamic balance) while a group of healthy adults 
were performing a static unipedal stance on a force plat-
form. They found no significant differences between dom-
inant and non-dominant limbs. Similarly, two other stud-
ies32,34 found symmetry between dominant and 
non-dominant limbs in healthy adults during a single limb 
stance on a movable platform. However, Promsri et al.30,35 

reported significant differences in postural control when in-
vestigating single leg stance on a firm surface and on a mul-
tiaxial unstable board between preferred and non-preferred 
limbs of healthy adults. 

Furthermore, literature suggests no effects of leg domi-
nance on a single limb stance in adolescent and teen pop-
ulations. Mala et al.36 and Bigoni et al.37 found that limb 
preference had no significant effect on postural stability 
during a static single leg stance on a pressure mat among 
elite teenage soccer players and in pre-pubescent male soc-
cer players, respectively. To date, few studies have used the 
YBT-LQ to compare limb differences in young adolescent 
populations. Muehlbauer et al.38 assessed dynamic balance 
in young soccer players using the YBT-LQ. Similar to the re-
sults of the Mala et al. and Bigoni et al. studies, Muehlbauer 
et al.38 did not find differences between dominant and non-
dominant limbs. In contrast, Breen et al. assessed perfor-
mance of the YBT-LQ in children and adolescent athletes 
and found a significant asymmetry between limbs in the 
posterior-medial and posterior-lateral reach directions 
among children aged 10-12 years compared to teens aged 
16-18 years, although limb dominance was not reported.39 

The populations of the above-mentioned studies were sub-
elite or elite athletes, thus limiting the generalizability of 
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results to other populations. To date, no other studies have 
examined effects of leg dominance on postural stability in 
untrained or non-athletic adolescents. Specifically, it is not 
clear if leg dominance would affect YBT-LQ performance in 
this population. 

Young adolescents are at higher risk for lower extremity 
injury compared to older teens and adults,4,27,39–41 in part 
due to the rapid rate of growth occurring during adoles-
cence,2,40,42 which could affect dynamic balance signifi-
cantly. As competitive athletes were the populations of in-
terest in the previous studies that examined leg dominance 
effects on dynamic balance, the target participants in this 
study were adolescents with a variety of body types and 
those who did not participate in organized or elite sport 
training. In addition, as discussed earlier, it is difficult to 
compare the YBT-LQ study results because both maximum 
and mean reach distances were used interchangeably. 
Therefore, the primary purpose of this study was to de-
termine whether or not the YBT-LQ scores would be dif-
ferent between the dominant and non-dominant limbs in 
non-athlete adolescents aged 12-16 years. The secondary 
purpose of this study was to compare the between-day in-
tra-rater reliability of the maximum reach performance to 
that of mean reach performance on YBT-LQ in non-athlete 
adolescents. The reliability using these two outcome mea-
sures was anticipated to be in agreement with other studies 
performed on this age group.27–29 

METHODS 
SUBJECTS 

Using G*Power version 3.1,43 an a priori power analysis was 
performed to calculate the sample size needed to detect a 
significant difference between dominant and non-dominant 
limbs. A total of 26 participants was required to achieve a 
power of 0.80 using an α of 0.05 and a medium effect size 
of 0.50. The effect size of 0.50 was chosen based on the limb 
difference findings of a previous YBT-LQ study in healthy 
adults.30 

The study was approved by the Institutional Review 
Board at Texas Woman’s University. Healthy adolescents 
aged 12-16 years who did not actively participate in or-
ganized sports or in elite sport training were recruited for 
participation in the study from a local junior/senior high 
school. Eligible participants were excluded from the study 
if they reported: lower extremity injury or surgery within 
the prior six months, current or recent vestibular disorder 
within the prior three months, currently being treated for 
inner ear, sinus, upper respiratory infection or head cold, 
concussion within the prior three months, pregnancy, or 
musculoskeletal or neuromuscular pathology/diseases that 
could affect dynamic balance. Once the participant was de-
termined to be eligible for the study, the participants and 
their parent or legal guardian read and signed the informed 
consent form. 

INSTRUMENT 

The Y-Balance Test KitTM was used to assess dynamic bal-
ance in this study. The kit consists of a stance platform to 

Figure 2. Y-Balance Test Kit 

which three pieces of PVC pipe are attached in the ANT, PM, 
and PL directions.11 The posterior pipes are positioned 135 
degrees from the anterior pipe, with 90 degrees between the 
posterior pipes. Each pipe is marked in 5-millimeter incre-
ments for measurement. A reach indicator slides on each 
pipe so that the participant pushes it with one limb while 
maintaining a single leg stance on the center stance plat-
form (Figure 2). The distance that the indicator traveled was 
recorded as reach distance. 

PROCEDURES 

Prior to the YBT-LQ testing, participants completed an in-
take form and self-reported their height, weight, and dom-
inant limb. Dominant limb was defined as the preferred 
leg used to kick a ball.32,34,44 Leg length was measured for 
each lower extremity on each participant while lying in the 
supine position with hips and knees extended. The investi-
gator measured the distance from the most inferior aspect 
of the anterior superior iliac spine to the most distal portion 
of the medial malleolus with a tape measure. Leg length was 
used to normalize the reach distances collected during the 
YBT-LQ testing. 

The YBT-LQ testing protocol was performed as described 
by Plisky and Gorman.11 All participants were instructed 
with the YBT-LQ test and given a demonstration of proper 
performance of the YBT-LQ by the by a single rater (i.e., 
principal investigator). Each participant stood on one leg in 
the center of the stance platform with the most distal aspect 
of their athletic shoe at the starting line. While maintaining 
a single-leg stance, the participant was asked to push the 
reach indicator along the pipe with the free limb in the ANT, 
PM, and PL directions in relation to the stance foot. Each 
participant was allowed up to six practice trials on each leg 
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Table 1. Demographic Characteristics of the Participants, presented as mean (SD) or count. 

Session 1 (n=26) Session 2 (n=24) 

Age (years) 13.62 (0.98) 13.63 (1.01) 

Height (cm) 156.94 (9.05) 156.58 (9.16) 

Weight (kg) 59.75 (11.80) 59.23 (10.55) 

BMI (kg/m2) 23.38 (4.1) 24.23 (4.35) 

Leg Length (cm) 85.65 (5.5) 85.52 (5.6) 

Leg dominance Right = 22 
Left = 4 

Right = 21 
Left = 3 

in each reach direction prior to formal testing.11,29 Test-
ing occurred within 20 minutes after completion of prac-
tice trials.11 Each participant performed three reach trials29 

in each direction for both limbs in the standardized testing 
order described by Plisky and Gorman.11 Each participant 
started in the ANT direction with the left foot while stand-
ing on the right leg, followed by standing on the left leg 
and reaching in the ANT direction with the right foot. This 
procedure was repeated for the PM reach direction followed 
by the PL reach directions.11 Additional testing trials were 
added if the first three trials were deemed unsuccessful. Un-
successful trials were discarded and repeated if the partici-
pant 1) failed to maintain unilateral stance on the platform, 
2) failed to maintain the reach foot contact with the reach 
indicator in the target direction while in motion, 3) used the 
reach indicator for stance support, or 4) failed to return the 
reach foot to the starting position under control. The start-
ing position for the reach foot is defined by the area imme-
diately between the standing platform and the pipe oppo-
site the stance foot.11 If a successful testing trial was not 
completed within three reaches, additional trials were per-
formed up to six reaches in a single direction until a suc-
cessful trial was completed. If a participant was unable to 
perform a successful trial in six attempts, the participant 
failed that direction. 

Testing was administered and scored by the principal in-
vestigator, a licensed physical therapist with greater than 
two years’ experience in YBT-LQ, who repeated the YBT-LQ 
a second time the next day on the same participants in order 
to determine between-day intra-rater reliability. Although 
the same investigator scored the YBT-LQ both times, each 
participant’s scores of the first YBT-LQ were not available 
to the testing investigator during the second testing. The 
greatest successful reach distance from three trials in a sin-
gle direction was used as maximum reach. Mean reach was 
also calculated for each direction by averaging the reach 
distances of three trials: [(Reach 1 + Reach 2 + Reach 3) / 
3]. Maximum reach and mean reach distance in each direc-
tion were normalized as a percentage of leg length to allow 
for comparison across participants in this and other stud-
ies. The following formula was used to calculate normalized 
reach score: [(maximum or mean reach/limb length) x 100]. 
The maximum reach or mean reach for all three directions 
was summed and used as a composite reach score (COMP) 
for analysis of overall performance on the test. The follow-
ing formula was used to calculate composite score: [(ANT 

reach distance + PM reach distance + PL reach distance)/ (3 
x limb length)] x 100. 

DATA ANALYSIS 

Means and standard deviations were calculated for partic-
ipants’ demographics, as well as the reach distances of all 
three directions and composite score for each limb. Paired 
t-tests were used to compare the reach distances in all three 
directions and the composite scores between the dominant 
and non-dominant limbs. Intraclass correlation coefficients 
(ICC3,1) were calculated to determine the between-day in-
tra-rater reliability with a 95% confidence interval (CI). In-
terpretation of ICC values were as follows: ICC < 0.50: poor 
reliability, ICC = 0.50-0.74: moderate or fair reliability, ICC 
= 0.75-0.89: good reliability, and ICC > 0.90: excellent reli-
ability.45 Standard error of measurements (SEMs) were cal-
culated to estimate the amount of error using the formula 
SEM=SD* .28 Minimal detectable changes 
(MDCs) also were computed for clinical interpretation using 
the equation: MDC95% = SEM * 1.96 * .28 All statistical 
analyses were completed using IBM SPSS statistics for Mac-
intosh, version 25 (IBM Corp., Armonk, NY), and the  level 
was set at 0.05 for all statistical analyses. 

RESULTS 

Twenty-six healthy adolescents (22 girls, 4 boys) with an av-
erage age of 13.6 ± 1.0 years were enrolled in the study. Two 
participants (girls) did not return for the second day test-
ing, resulting in data analysis of 26 subjects for comparisons 
between dominant and non-dominant stance limbs and 24 
subjects for the between-day intra-rater reliability. Demo-
graphic data of all participants is presented in Table 1. 

Table 2 presents the maximum and mean reach distances 
from the data collected from 26 participants during Session 
1, corresponding normalized values in all three directions, 
and the composite scores for the dominant and non-dom-
inant limb. Two participants (girls) were not able to com-
plete any ANT reach for both limbs, two additional par-
ticipants (girls) only completed the ANT reach on the 
dominant limb, two different participants (a girl and a boy) 
only completed the ANT reach on the non-dominant limb, 
and one participant (girl) only completed a single trial on 
the dominant limb. These participants were unsuccessful 
at completing the ANT reach because they failed to main-
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Table 2. The Maximum and Mean Reach Distances of the Y-Balance Test-Lower Quarter (YBT-LQ) presented as 
mean (SD) (n=26) 

Maximum Reach 
Distance (cm) 

Normalized Maximum Reach 
Distance (%) 

Mean Reach 
Distance (cm) 

Normalized Mean Reach 
Distance (%) 

Dominant Limb 

45.35 (20.53) 53.27 (24.24) 43.88 (19.92) 51.56 (23.53) 

85.08 (11.89) 99.44 (13.26) 82.79 (11.27) 96.77 (12.58) 

79.81 (20.68) 93.34 (24.28) 76.09 (20.50) 88.99 (24.21) 

82.01 (15.08) 94.16 (15.97) 79.11 (14.70) 79.11 (14.70) 

Non-Dominant Limb 

44.54 (20.82) 51.95 (24.30) 42.59 (19.7) 49.68 (23.0) 

85.96 (12.21) 100.58 (14.40) 84.15 (12.63) 98.48 (14.97) 

79.08 (20.34) 92.50 (23.99) 76.76 (19.83) 89.79 (23.35) 

81.68 (13.00) 92.54 (16.51) 79.32 (12.81) 79.32 (12.81) 

ANT = anterior; PM = posteromedial; PL = posterolateral; COMP = composite score. 
*n = 21; †n = 22 

Table 3. Intraclass Correlation Coefficients (ICCs), Standard Error of Measurement (SEM), Minimal Detectable 
Change (MDC) of the YBT-LQ in Non-athlete Adolescents (n=24) 

Using Maximum Reach Distance Using Mean Reach Distance 

ICC3,1 (95% CI) SEM (cm) MDC95% (cm) ICC3,1 (95% CI) SEM (cm) MDC95% (cm) 

Dominant Limb 

0.73 (0.44-0.88) 3.87 10.72 0.69 (-0.38-0.86) 4.19 11.62 

0.81 (0.60-0.91) 5.58 15.58 0.78 (0.56-0.90) 5.57 15.43 

0.74 (0.47-0.86) 6.82 18.91 0.70 (0.41-0.86) 7.83 21.69 

0.42 (0.03-0.70) 9.13 25.30 0.43 (0.05-0.71) 8.84 24.51 

Non-Dominant Limb 

0.48 (0.06-0.75) 6.22 17.25 0.59 (0.21-0.81) 5.15 14.29 

0.70 (0.42-0.86) 7.73 21.44 0.69 (0.41-0.86) 7.75 21.48 

0.80 (0.58-0.91) 6.31 17.48 0.83 (0.63-0.92) 5.81 16.11 

0.75 (0.51-0.88) 5.93 16.45 0.75 (0.51-0.89) 5.87 16.27 

CI=confidence interval; ANT=anterior; PM=posteromedial; PL=posterolateral; COMP=composite score. 
*n = 19; †n =20 

ANT* 

PM 

PL 

COMP 

ANT† 

PM 

PL 

COMP 

ANT* 

PM 

PL 

COMP 

ANT† 

PM 

PL 

COMP 

tain unilateral stance on the platform or failed to return 
the reach foot to the starting position under control. Con-
sequently, ANT reach from 21 participants’ dominant limbs 
and ANT reach from 22 participants’ non-dominant limbs 
were included for data analysis. Paired t-tests showed no 
significant differences between the dominant and non-
dominant limbs in all reach directions (p= 0.054-0.973). 

Because two participants (girls) did not return for Ses-
sion 2 and these two girls completed ANT reach on both 
limbs during Session 1, ANT reach from 19 participants’ 
dominant limbs and ANT reach from 20 participants’ non-
dominant limbs were included for the reliability analysis. 
The reliability results including ICCs, SEM, and MDCs are 
presented in Table 3. The ICCs showed the between-day in-
tra-rater reliability of the YBT-LQ for maximum reach to 

be moderate-to-good in all reach distances on both limbs 
(ICC3,1 = 0.70 - 0.81), except for the non-dominant ANT 
reach and dominant COMP score, which had poor reliability 
(ICC3,1 = 0.42-0.48). The reliability for mean reach distances 
were found to be moderate-to-good in all directions on both 
limbs (ICC3,1 = 0.59 - 0.83). The reliability was good using 
COMP scores of mean reach distances for non-dominant 
stance limb (ICC3,1 = 0.75), but was poor for dominant 
stance limb (ICC3,1 = 0.43). 

DISCUSSION 

The results of this study indicate that healthy, non-athlete 
adolescents had similar performance in the YBT-LQ either 
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performing on the dominant limb or on the non-dominant 
limb. These results are in agreement with the previous stud-
ies regarding effects of limb dominance during balance and 
postural stability tasks among adult and athletic popula-
tions. It has been hypothesized that the use of modern 
training regimens focusing on bilateral exercises during 
sport is a possible reason for no significant differences be-
ing found between limbs during YBT-LQ performance 
among athletes.38 Subjects in the present study were iden-
tified to be recreationally active, so they may also partici-
pate in bilateral physical activities, although specifics were 
not tracked and these were not controlled for during analy-
sis. There have also been reports that the YBT-LQ may not 
be sensitive enough to detect reach distance differences be-
tween limbs in young athletes.38,39 

Further comparison of mean reach distances among ado-
lescent participants in the present study showed normal-
ized mean reach performance to be similar to that reported 
by Bulow et al.,41 who demonstrated that physically active 
healthy adolescent females had mean reach distances from 
57.0 (4.5) cm to 103.6 (8.8) cm. However, Linek et al.29 re-
ported higher normalized mean reach distances for a cohort 
of male adolescent football players from 67.7 (8.6) cm to 
112.1 (10.4) cm. Similarly, the normalized maximum reach 
distances reported by Muehlbauer et al.38 were higher for a 
cohort of young male adolescent soccer players, reporting 
72.8 (7.4) cm to 121.8 (12.1) cm, compared to the maximum 
reach distances of participants in this study. The differences 
among the studies may be due to different levels of training 
and physical activity between the study populations. Par-
ticipants in this study were of similar adolescent age but 
were untrained and only recreationally active compared to 
sub-elite or elite athletes described by Linek at al.29 and 
Muehlbauer et al.38 Higher maximum reach distances re-
ported among adult studies32–34 compared to those of the 
adolescents in this present study could be attributed to dif-
ferences in age of subjects as this has been reported to have 
a significant effect on performance with older, more expe-
rienced individuals having a greater reach distance on the 
YBT-LQ.38 

The results of this present study demonstrated moderate 
or good between-day reliability (ICC3,1 = 0.70-0.81) for 
maximum reach in all three directions except the ANT reach 
on the non-dominant limb and the composite score on the 
dominant limb, which resulted in lower reliability values 
(ICC3,1 = 0.42-0.48). These results are similar to other stud-
ies that investigated the between-day reliability of YBT-LQ 
in adolescent populations.27–29 Schwiertz et al.28 reported 
moderate-to-excellent reliability (ICC3,1 = 0.69-0.96) for 
the PL and PM reach directions among healthy adolescents 
in sixth to tenth grade (equivalent to 11-16 years of age), 
and poor-to-fair reliability (ICC3,1 = 0.40-0.69) for the ANT 
reach on the right leg among the seventh and ninth graders. 
However, Schwiertz et al.28 reported overall good reliability 
(ICC3,1 = 0.83-0.96) for the composite score. Similarly, 
Greenberg et al.27 reported moderate-to-excellent reliabil-
ity (ICC3,1 = 0.68-0.91) for YBT-LQ in adolescent female 
athletes, whereas Linek et al.29 reported fair-to-excellent 
reliability (ICC3,1 = 0.57-0.82) among male adolescent and 
teenage semi-professional athletes. ICC values of the cur-
rent study were observed to be within the range of ICCs 

reported by Schwiertz et al. in the three individual direc-
tions,28 however, the reliability was slightly lower than that 
reported by Greenberg et al.27 and Linek et al.29 This could 
be in part due to the participants in the present study wear-
ing shoes to perform the YBT-LQ, rather than barefoot test-
ing, thus contributing to the slightly lower reliability val-
ues. 

It is well documented in the literature that ANT reach 
distance is generally lower than reach distance in other di-
rections and an ANT reach direction asymmetry between 
limbs on the YBT-LQ is associated with non-contact lower 
extremity injury prediction among adult athletes.7–10 It was 
observed that 23% (n=6) of the participants were unable to 
successfully complete the ANT reach trial on either their 
dominant or non-dominant limb, or both, and one addi-
tional participant completed only one successful trial on 
their non-dominant limb. The unsuccessful trials were pri-
marily due to the participants failure to maintain unilateral 
stance on the platform or failure to return the reach foot to 
the starting position under control. In addition, 27% (n=7) 
of the participants had a between-limb ANT reach differ-
ences greater than the recommended cut-off (> 4 cm) used 
to predict risk of non-contact lower extremity injury.7 

Muehlbauer et al.38 also reported a significant ANT reach 
asymmetry between limbs in the elite male athletes of ado-
lescent age. These findings suggest there may be significant 
variability of ANT reach performance among young adoles-
cents, including ability to achieve a successful reach trial, 
irrespective of activity level or sport training. Further re-
search is needed to identify contributing factors to ANT 
reach asymmetry in this age group. Therefore, caution 
should be taken when interpreting ANT reach results for 
the purposes of lower extremity injury prediction in adoles-
cents. 

Previous studies on reliability of YBT-LQ predominantly 
have used maximum reach distance to evaluate YBT-LQ 
performance,3,11,27,28 but two studies26,29 reported both 
maximum reach and the mean reach of the YBT-LQ per-
formance. Schaffer et al.26 reported superior ICC, SEM, and 
MDC values with the mean reach. The present study also 
showed that the use of mean reach had improved reliability 
for the ANT and PL directions on the non-dominant limb 
and composite scores for both limbs. Although the ICC 
value of the ANT reach on the non-dominant limb was not 
high (ICC3,1 = 0.59) when using mean reach distances, the 
reliability improved compared to the lower reliability 
(ICC3,1 = 0.48) when maximum reach was used. Conse-
quently, lower SEMs and smaller MDCs were found when 
mean reach was used for scoring. These findings reflect re-
ports in previous literature26 with noted variability likely 
due to the effects of puberty and growth on adolescent per-
formance compared to skeletally mature adults. Linek et 
al.29 reasoned that fluctuating postures among adolescents 
resulted in less uniformity of results during individual at-
tempts and reported this as a possible reason for larger de-
viations found in reliability of young male athletes com-
pared to adult studies. Therefore, Linek et al. suggested that 
the average of three measurements be used for reliability in 
the adolescent population.29 Likewise, authors of the cur-
rent study recommend future studies and clinicians con-
sider use of mean reach (of the three trials) during perfor-
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mance analysis of YBT-LQ in this population, as this could 
reduce variation resulting in improved reliability. 

Limitations of this study included variability of baseline 
activity levels among participants and allowing participants 
to wear preferred athletic shoes during the YBT-LQ. Both 
may limit direct comparison of the results of this present 
study to those of other YBT-LQ studies performed in adoles-
cent populations. However, this study was intended for the 
outcomes to be more generalizable to the typical adolescent 
population, and did not control for any activities the sub-
jects may have engaged in prior to testing sessions which 
may have affected a subject’s performance during testing. 
It is also unknown how motivation could have an impact 
on subject performance, as this study was done on healthy 
adolescents who were not training for sport participation 
or recovering from injury. Attempts to reduce the effects of 
these limitations were made by testing subjects only one 
day apart at approximately the same time and by providing 
all subjects with consistent directions on both days of test-
ing. Caution should be used when generalizing the results 
of this study to other populations or conditions. In addition, 
although the results of this study indicated mean reach to 
be a better measure of performance than maximum reach 
on the YBT-LQ in this population, the ANT reliability data 
was based on a smaller sample size due to participants be-
ing unable to complete this part of the test. Future studies 
are recommended on larger sample sizes, specifically to ex-
amine whether mean or maximum value of the ANT reach is 
optimal for this young adolescent population. Lastly, there 

was a significant difference between the number of boys and 
girls in this study. This discrepancy may limit the gener-
alization of the results of the study, as the literature sug-
gests differences in YBT-LQ performance between boys and 
girls.46–49 However, the gender factor was not the intended 
study variable of the study. 

CONCLUSION 

The results of this study suggest that leg dominance does 
not affect YBT-LQ performance in young non-athlete ado-
lescents. In addition, the YBT-LQ, specifically the two pos-
terior reaches, appears to be reliable for dynamic balance 
assessment in this population, whereas the composite score 
demonstrated poor reliability. Therefore, clinicians are ad-
vised to report the three reach scores separately. Use of the 
mean reach rather than maximum reach in each direction 
appears to have a better reliability for this population. 
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Background 
Forward and side lunge exercises strengthen hip and thigh musculature, enhance 
patellofemoral joint stability, and are commonly used during patellofemoral 
rehabilitation and training for sport. 

Hypothesis/Purpose 
The purpose was to quantify, via calculated estimates, patellofemoral force and stress 
between two lunge type variations (forward lunge versus side lunge) and between two 
step height variations (ground level versus 10 cm platform). The hypotheses were that 
patellofemoral force and stress would be greater at all knee angles performing the 
bodyweight side lunge compared to the bodyweight forward lunge, and greater when 
performing the forward and side lunge at ground level compared to up a 10cm platform. 

Study Design 
Controlled laboratory biomechanics repeated measures, counterbalanced design. 

Methods 
Sixteen participants performed a forward and side lunge at ground level and up a 10cm 
platform. Electromyographic, ground reaction force, and kinematic variables were 
collected and input into a biomechanical optimization model, and patellofemoral joint 
force and stress were calculated as a function of knee angle during the lunge descent and 
ascent and assessed with a repeated measures 2-way ANOVA (p<0.05). 

Results 
At 10° (p=0.003) knee angle (0° = full knee extension) during lunge descent and 10° and 
30° (p<0.001) knee angles during lunge ascent patellofemoral joint force and stress were 
greater in forward lunge than side lunge. At 40°(p=0.005), 50°(p=0.002), 60°(p<0.001), 
70°(p=0.006), 80°(p=0.005), 90°(p=0.002), and 100°(p<0.001) knee angles during lunge 
descent and 50°(p=0.002), 60°(p<0.001), 70°(p<0.001), 80°(p<0.001), and 90°(p<0.001) 
knee angles during lunge ascent patellofemoral joint force and stress were greater in side 
lunge than forward lunge. At 60°(p=0.009) knee angle during lunge descent and 
40°(p=0.008), 50°(p=0.009), and 60°(p=0.007) knee angles during lunge ascent 
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patellofemoral joint force and stress were greater lunging at ground level than up a 10cm 
platform. 

Conclusions 
Patellofemoral joint loading changed according to lunge type, step height, and knee 
angle. Patellofemoral compressive force and stress were greater while lunging at ground 
level compared to lunging up to a 10 cm platform between 40° - 60° knee angles, and 
greater while performing the side lunge compared to the forward lunge between 40° - 
100° knee angles. 

Level of Evidence 
II 

INTRODUCTION 

The high and repetitive patellofemoral forces that occur 
during sport often results in high patellofemoral joint stress 
(patellofemoral force/patella contact area), which over time 
can lead to patellofemoral pain syndrome (PFPS). Lunging 
exercises, such as the side lunge and forward lunge, 
strengthen both hip and thigh musculature and are im-
portant rehabilitation and training exercises to enhance 
patellofemoral joint stability and improve optimal inter-
action between the femur and patella during activity and 
sport.1,2 Understanding what patellofemoral force and 
stress magnitudes are generated and how they vary while 
employing the forward and side lunge with step height vari-
ations may help clinicians better prescribe and progress 
lunging exercises to individuals with PFPS. 

Although a few studies have examined patellofemoral 
biomechanics during the lunge exercise,3–5 patellofemoral 
force and stress has been examined only once in the liter-
ature during the side lunge exercise6 and only twice in the 
literature during the forward lunge exercise.7,8 Escamilla 
and colleagues7 employed a 12 repetition maximum (12 
RM) weight to assess patellofemoral force and stress while 
performing the forward lunge using a long step and short 
step. In addition, Escamilla and colleagues6 employed a 12 
repetition maximum (12 RM) weight to assess 
patellofemoral force and stress between the forward lunge 
and the side lunge, and both patellofemoral force and stress 
were greater in the side lunge compared to the forward 
lunge. Hofmann and colleagues8 examined patellofemoral 
force and stress for both the lead and trail limb while per-
forming the forward lunge with no external resistance be-
tween forward and vertical trunk and shank positions. 

In patellofemoral rehabilitation progression, lunging ex-
ercises are initially performed with no external resistance 
(bodyweight only) and progressed to using weights (dumb-
bells or barbells) or other external resistance, such as re-
sistance bands, and this progression increases both hip and 
thigh muscle recruitment and patellofemoral force and 
stress.2,6,7 Moreover, both forward and side lunge exercises 
are commonly performed and progressed in knee rehabil-
itation settings using different step heights (ground level 
versus elevated platform). However, there are currently no 
studies in the literature that have examined patellofemoral 
force and stress during the bodyweight forward lunge and 
the bodyweight side lunge, or while lunging with step 
height variations. Therefore, the purpose of this study was 
to quantify, via calculated estimates, patellofemoral force 

and stress between two lunge type variations (forward lunge 
versus side lunge) and between two step height variations 
(ground level versus 10 cm platform). The hypotheses were 
that patellofemoral force and stress would be significantly 
greater throughout the knee range of motion when per-
forming the bodyweight side lunge compared to the body-
weight forward lunge, and significantly greater when per-
forming the forward and side lunge at ground level 
compared to up to a 10 cm platform. 

METHODS 

SUBJECTS 

Sixteen healthy participants (eight males and eight fe-
males) without a history of patellofemoral pathology par-
ticipated with a mean (±SD) age, mass, and height of 
28.9±7.9 y, 77.3±6.6 kg, and 175.9±2.3 cm, respectively, for 
males, and 30.6±9.8 y, 61.2±6.8 kg, and 166.4±8.5 cm, re-
spectively, for females. Inclusion criteria included all par-
ticipants being able to perform forward and side lunge pain-
free with proper technique for 12 repetitions using 
bodyweighst and having at least five years’ experience in 
performing the forward and side lunge, and exclusion cri-
teria included not achieving a 0°-20° forward trunk tilt or 
0°-20° forward tilt of the tibia (which keeps the knee over 
the foot) at the lowest position of the forward and side 
lunge. All participants provided written informed consent 
in accordance with the Institutional Review Board at Cali-
fornia State University, Sacramento. 

EXERCISE DESCRIPTION 

Each participant attended a pre-test session one week prior 
to testing and practiced performing the forward and side 
lunges at ground level (Figures 1A, B) and up a 10cm plat-
form (Figures 1C, D). The starting position all four forward 
and side lunge variations were standing upright with both 
feet together. From the starting position, the participant 
lunged forward (forward lunge) or to the side (side lunge) 
with the right lower extremity towards a securely mounted 
force platform at ground level ([Figures 1]A, B) and to a se-
curely mounted force platform 10 cm above ground level 
(Figures 1C,D), and then pushed back to the starting posi-
tion. A metronome was used to help ensure the right knee 
flexed and extended at approximately 45°/s. The mean 
(±SD) step length (measured from left toe to right heel and 
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based on participant preference) was 91.7±5.2 cm for males 
and 89.3±7.1 cm for females for the forward lunge and 
99.3±4.9 cm for males and 98.4±5.8 cm for females for the 
side lunge. Each participant’s preferred step length mea-
surement was used during data collection. 

DATA COLLECTION 

Blue Sensor (Ambu Inc., Linthicum, MD) disposable surface 
electrodes (type M-00-S; 22 mm wide and 30 mm long) were 
used to collect EMG data and were placed in a bipolar con-
figuration along the longitudinal axis of each muscle, with 
a center-to-center distance of approximately 3 cm between 
electrodes. 

Prior to applying the electrodes, the skin was prepared 
by shaving, abrading, and cleaning with isopropyl alcohol 
wipes to reduce skin impedance. Electrode pairs were then 
placed on the participant’s right side using previously de-
scribed locations,6,7 for the following muscles: a) rectus 
femoris; b) vastus lateralis; c) vastus medialis; d) medial 
hamstrings (semimembranosus and semitendinosus); e) 
lateral hamstrings (biceps femoris); and f) gastrocnemius 
(middle portion between medial and lateral bellies). 

For three-dimensional (3D) motion capture, spheres (3.8 
cm in diameter) covered with reflective tape were attached 
to adhesives and positioned over the following bony land-
marks as previously described:6,7 a) third metatarsal head 
of the right foot ; b) medial and lateral malleoli of the right 
leg; c) upper edges of the medial and lateral tibial plateaus 
of the right knee; d) posterosuperior greater trochanters of 
the left and right femurs; and e) lateral acromion of the 
right shoulder. 

Once the electrodes and spheres were positioned, the 
participant warmed up and practiced the exercises as 
needed, and data collection commenced. An eight camera 
Vicon-Peak Performance motion analysis system (Vicon-
Peak Performance Technologies, Inc., Englewood, CO) was 
used to collect 60 Hz video data. Force data were collected 
at 960 Hz using an AMTI force platform (Model 
OR6-6-2000, Advanced Mechanical Technologies, Inc.). 
EMG data were collected at 960 Hz using a Noraxon Myosys-
tem unit (Noraxon USA, Inc., Scottsdale, AZ). The EMG am-
plifier bandwidth frequency was 10-500 Hz with an input 
impedance of 20,000 kΩ, and the common-mode rejection 
ratio was 130 dB. Video, EMG, and force data were electron-
ically synchronized and simultaneously collected as each 
participant performed one set of three repetitions of the 
forward and side lunge at ground level and up a 10 cm plat-
form, assigned in a random order. 

Subsequent to completing all four lunge type and step 
height variations, EMG data were collected during maxi-
mum voluntary isometric contractions (MVIC) to normal-
ize the EMG data collected during each lunge type and step 
height variation, as previously described.6,7 The MVIC for 
the rectus femoris, vastus lateralis, and vastus medialis 
were collected in a seated position at 90° knee and hip flex-
ion during a maximum effort knee extension. The MVIC 
for the lateral and medial hamstrings were collected in the 
same seated position during a maximum effort knee flexion. 
MVIC for the gastrocnemius was collected during a maxi-
mum effort standing unilateral stance toe raise with the an-

Figure 1. Forward lunge at ground level (A), side 
lunge at ground level (B), forward lunge up to a 10 
cm platform (C), and side lunge up to a 10 cm 
platform (D). 

kle positioned approximately halfway between neutral and 
full plantar flexion. Two trials (five second each) were col-
lected for each MVIC of each muscle in a randomized order 
for the three muscle groups. 

DATA REDUCTION 

Video images for each reflective marker were tracked and 
digitized in 3D space with Vicon-Peak Performance soft-
ware, utilizing the direct linear transformation calibration 
method. Testing of the accuracy of the calibration system 
resulted in reflective markers that could be located in 3D 
space with an error less than 0.3 cm. The raw position data 
were smoothed using a double-pass fourth order Butter-
worth low-pass filter with a cut-off frequency of 6 Hz.6,7,9 

Joint angles, linear and angular velocities, and linear and 
angular accelerations were calculated in a 2D sagittal plane 
of the knee utilizing appropriate kinematic equations, as 
previously described.6,7,9 

Raw EMG signals were full-waved rectified, smoothed us-
ing a 10 ms moving average window, and linear enveloped 
throughout the knee range of motion for each repeti-
tion.6,7,9 EMG data were then normalized for each muscle 
and expressed as a percentage of each participant’s highest 
corresponding MVIC trial. The MVIC was calculated using 
the highest EMG signal over a one second time interval 
throughout the five second MVIC trials, as previously de-
scribed.6,7,9 Normalized EMG data for the three repetitions 
(trials) were then averaged at corresponding knee angles 
between 0-100° with 0° defining full knee extension, 0-100° 
defining the lunge descent, and 100-0° defining the lunge 
ascent. The EMG data were used only to calculate 
patellofemoral force and stress in a biomechanical knee 
model (see Appendix) and were not analyzed separately. 
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Table 1. Mean (± SD) patellofemoral joint force (N) values while performing the forward lunge and side lunge 
with step height variations. 

Lunge Type Variations Step Height Variations 

Knee Angles for 
Descent Phase 

Forward 
Lunge 

Side 
Lunge 

p-value 
Lunge at 

Ground Level 
Lunge up to 10 cm 

Platform 
p-value 

10° 64±38 37±21 0.003* 55±33 46±28 0.102 

20° 113±62 104±62 0.357 111±67 106±60 0.511 

30° 148±74 156±94 0.761 152±89 153±80 0.805 

40° 167±87 252±115 0.005* 221±115 195±103 0.210 

50° 201±115 374±176 0.002* 309±180 265±161 0.174 

60° 297±170 581±323 <0.001* 481±301 410±260 0.009** 

70° 393±230 728±417 0.006* 613±387 512±324 0.287 

80° 521±301 958±489 0.005* 791±486 685±430 0.671 

90° 619±319 1054±523 0.002* 865±461 814±512 0.382 

100° 615±305 973±434 <0.001* 847±383 752±442 0.055 

Knee Angles for 
Ascent Phase 

100° 762±453 1046±469 0.026 888±454 943±507 0.979 

90° 763±448 1218±464 <0.001* 985±496 1011±550 0.909 

80° 766±447 1302±499 <0.001* 1046±535 1021±576 0.792 

70° 624±354 1204±472 <0.001* 966±510 858±506 0.188 

60° 491±288 881±417 <0.001* 765±406 603±368 0.007** 

50° 367±178 573±338 0.002* 537±321 404±237 0.009** 

40° 274±142 230±112 0.127 277±144 226±109 0.008** 

30° 204±109 124±73 <0.001* 172±107 154±92 0.244 

20° 108±59 92±55 0.049 100±52 100±60 0.978 

10° 65±38 29±17 <0.001* 49±30 44±27 0.622 

Note: The mean values given for the two lunge type conditions (forward lunge and side lunge) were collapsed across the two step height conditions (lunging at ground level and lung-
ing up to 10 cm platform), while the mean values given for the 2 step height conditions were collapsed across the two lunge type conditions. The p-values shown for lunge type condi-
tions and step height conditions represent the main effects of the ANOVA. 

DATA ANALYSIS 

A repeated measures 2-way analysis of variance (ANOVA) 
was initially employed (p < 0.05) for each 10° knee angle 
(from 10° to 100°) during the lunge descent and each 10° 
knee angle (from 100° to 10°) during the lunge ascent to 
assess the effects of lunge type (forward versus side lunge) 
and step height (ground level versus 10cm platform) on 
patellofemoral compressive force and stress. Subsequently, 
the Holm-Bonferroni sequential correction was employed 
to adjust the significance level secondary to multiple 
ANOVA’s being tested. Bonferroni t-tests were used to as-
sess pairwise comparisons among the lunging conditions. 

RESULTS 

Descriptive data for calculated patellofemoral joint force 
and stress for each lunge type and step height condition are 
provided in Figures 2A-3B. Visual observation of the data 
suggest that patellofemoral joint force and stress generally 
increased progressively as knee flexion increased during the 

descent phase and decreased progressively as knee flexion 
decreased during the ascent phase. Moreover, for a given 
knee angle, patellofemoral joint force and stress were gen-
erally slightly greater during the ascent phases compared to 
the descent phases. 

Tables 1 and 2 and Figures 2A and 2B provide 
patellofemoral joint force and stress values between the two 
lunge type conditions (forward versus side lunge) collapsed 
across the two step height conditions. 

The p-values shown for the lunge type conditions repre-
sent the main effects of the ANOVA, with the results of the 
Holm-Bonferroni sequential correction showing significant 
differences for p-values less than or equal to 0.006. 

At 10° knee angle during the lunge descent and at 10° 
and 30° knee angles during the lunge ascent patellofemoral 
force and stress were significantly greater in the forward 
lunge compared to the side lunge. In contrast, at 40°, 50°, 
60°, 70°, 80°, 90°, and 100° knee angles during the lunge de-
scent and at 50°, 60°, 70°, 80°, and 90° knee angles during 
the lunge ascent patellofemoral joint force and stress were 
significantly greater in the side lunge compared to the for-
ward lunge. 
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Table 2. Mean (± SD) patellofemoral joint stress (MPa) values while performing the forward lunge and side lunge 
with step height variations. 

Lunge Type Variations Step Height Variations 

Knee Angles for 
Descent Phase 

Forward 
Lunge 

Side 
Lunge 

p-value 
Lunge at 

Ground Level 
Lunge up to 10 cm 

Platform 
p-value 

10° 0.37±0.22 0.22±0.12 0.003* 0.32±0.19 0.27±0.16 0.102 

20° 0.61±0.34 0.56±0.34 0.357 0.60±0.37 0.57±0.32 0.511 

30° 0.61±0.31 0.65±0.39 0.761 0.63±0.37 0.63±0.33 0.805 

40° 0.58±0.30 0.87±0.40 0.005* 0.76±0.40 0.67±0.35 0.210 

50° 0.64±0.37 1.20±0.56 0.002* 0.99±0.58 0.85±0.52 0.174 

60° 0.86±0.49 1.68±0.93 <0.001* 1.39±0.87 1.18±0.75 0.009** 

70° 1.05±0.62 1.95±1.12 0.006* 1.64±1.04 1.37±0.87 0.287 

80° 1.30±0.75 2.39±1.22 0.005* 1.97±1.21 1.71±1.07 0.671 

90° 1.44±0.74 2.46±1.22 0.002* 2.02±1.08 1.90±1.19 0.382 

100° 1.35±0.67 2.13±0.95 <0.001* 1.85±0.84 1.65±0.97 0.055 

Knee Angles for 
Ascent Phase 

100° 1.67±0.99 2.29±1.03 0.026 1.94±0.99 2.06±1.11 0.979 

90° 1.78±1.05 2.84±1.08 <0.001* 2.30±1.16 2.36±1.28 0.909 

80° 1.91±1.11 3.25±1.23 <0.001* 2.61±1.33 2.55±1.44 0.792 

70° 1.67±0.95 3.23±1.22 <0.001* 2.59±1.37 2.30±1.36 0.188 

60° 1.41±0.83 2.54±1.20 <0.001* 2.20±1.17 1.74±1.07 0.007** 

50° 1.17±0.57 1.83±1.08 0.002* 1.72±1.03 1.29±0.76 0.009** 

40° 0.94±0.49 0.79±0.38 0.127 0.96±0.50 0.78±0.37 0.008** 

30° 0.84±0.45 0.51±0.30 <0.001* 0.71±0.44 0.64±0.38 0.244 

20° 0.59±0.32 0.50±0.30 0.049 0.54±0.28 0.55±0.33 0.978 

10° 0.38±0.22 0.17±0.10 <0.001* 0.28±0.18 0.26±0.26 0.622 

*Significant difference (p < 0.006) between lunge type conditions 
**Significant difference (p < 0.009) between step height conditions 
Note: The mean values given for the two lunge type conditions (forward lunge and side lunge) were collapsed across the twi step height conditions (lunging at ground level and lung-
ing up to 10 cm platform), while the mean values given for the 2 step height conditions were collapsed across the two lunge type conditions. The p-values shown for lunge type condi-
tions and step height conditions represent the main effects of the ANOVA. 

Tables 1 and 2 and Figures 3A and 3B show 
patellofemoral joint force and stress values between the two 
step height conditions (ground level versus 10cm platform) 
collapsed across the two lunge type conditions. The p-val-
ues shown for the step height conditions represent the main 
effects of the ANOVA, with the results of the Holm-Bonfer-
roni sequential correction showing significant differences 
for p-values less than or equal to 0.009. At 60° knee an-
gle during the lunge descent and at 40°, 50°, and 60° knee 
angles during the lunge ascent patellofemoral joint force 
and stress were significantly greater lunging at ground level 
compared to lunging up to a 10 cm platform. There were no 
significant interactions between lunge type and step height. 

DISCUSSION 

This is the only known study that has examined the effects 
of lunging with various step heights on patellofemoral joint 
loading (compressive force and stress). Key findings include 
that there were greater patellofemoral force and stress at 

Figure 2A. Mean (SD) patellofemoral compressive 
force between forward lunge and side lunge 
collapsed across step height. 

1) lower knee angles (0° - 30°) for the forward lunge; 2) 
higher knee angles (40° - 100°) for the side lunge; and 3) 
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middle knee angles (40° - 60°) lunging at ground level com-
pared to lunging up a 10 cm platform. These findings pro-
vide insights to how the patellofemoral joint can be loaded 
and progressed in PFPS rehabilitation as a function of knee 
angle and step height. Early in PFPS rehabilitation where 
the initial goal is to minimize patellofemoral joint loading 
in order to minimize patellofemoral pain,10,11 performing 
“mini” lunges with lower knee angles between 0° - 40° may 
be appropriate given patellofemoral joint loading is rela-
tively low (Figures 3A and 3B). Lunging within this lower 
knee angle range either at ground level or up to a 10 cm 
platform may both be appropriate given during this knee 
range patellofemoral joint loading was similar between step 
heights. As lunging progression moves beyond 40° knee an-
gle towards higher knee angles, patellofemoral joint force 
and stress progressively increases exponentially (Figures 3A 
and 3B), and is greater lunging at ground level compared to 
up to a 10 cm platform, and is greater during the side lunge 
than the forward lunge. The lack of significant interactions 
implies the effects of step height variations were not af-
fected by lunge type variations. Therefore, lunging progres-
sion as a function of knee angle and step height during PFPS 
rehabilitation may proceed as follows: 1) forward lunge at 
lower knee angles (0° - 30°) both at ground level and up to a 
10 cm platform; 2) forward lunge at middle knee angle (0° - 
60°) up to a 10 cm platform; 3) forward lunge at middle knee 
angle (0° - 60°) at ground level; 4) side lunge at middle knee 
angle (0° - 60°) up to a 10 cm platform; 5) side lunge at mid-
dle knee angle (0° - 60°) at ground level; 6) forward lunge at 
higher knee angle (0° - 100°) up to a 10 cm platform; 7) for-
ward lunge at higher knee angle (0° - 100°) at ground level; 
8) side lunge at higher knee angle (0° - 100°) up to a 10 cm 
platform; and 9) side lunge at higher knee angle (0° - 100°) 
at ground level*.* 

In spite of lunging exercises being performed in training 
for sport and during PFPS rehabilitation, this is the first 
study to examine patellofemoral joint loading during the 
bodyweight lunge. Escamilla and colleagues6 did examine 
patellofemoral joint loading during the forward and side 
lunge, but these authors used a 12 RM external load, which 
is more appropriate in the latter stages of PFPS rehabilita-
tion. In contrast, the bodyweight lunge, as studied herein 
is more appropriate earlier in PFPS rehabilitation. Like the 
current study, Escamilla et al.6 also reported significantly 
greater patellofemoral joint force and stress at higher knee 
angles (80° and higher) for the side lunge compared to the 
forward lunge, but unlike the current study these authors 
reported no significant differences in patellofemoral joint 
force and stress at middle knee angles between 40° -70°, 
which in the current study were greater in the side lunge 
compared to the forward lunge. Moreover, in Escamilla et 
al.6 there were no significant differences in patellofemoral 
joint force and stress between side and forward lunging 
at low knee angles between 0° -30°, while in the current 
study patellofemoral joint force and stress was greater in 
the forward lunge compared to the side lunge at 10° and 30° 
knee angles. Using external resistance versus bodyweight 
only not surprisingly increases patellofemoral joint force 
and stress, which at similar knee angles were two to three 
times greater in Escamilla et al.,6 who used a 12 RM lunging 
intensity, compared to the current study, which used the 

Figure 2B. Mean (SD) patellofemoral stress between 
forward lunge and side lunge collapsed across step 
height. 

Figure 3A. Mean (SD) patellofemoral compressive 
force between lunging at ground level and up to 
10cm platform collapsed across lunge type. 

Figure 3B. Mean (SD) patellofemoral stress between 
lunging at ground level and up to 10cm platform 
collapsed across lunge type. 

bodyweight lunge. Interestingly, the magnitudes of 
patellofemoral joint loading from Hofmann and col-
leagues,8 who also examined the bodyweight lunge, were 
more similar to patellofemoral joint loading of the 12 RM 
lunging intensity employed by Escamilla et al.6 compared to 

Patellofemoral Joint Loading During the Performance of the Forward and Side Lunge with Step Height Variations

International Journal of Sports Physical Therapy

https://ijspt.scholasticahq.com/article/31876-patellofemoral-joint-loading-during-the-performance-of-the-forward-and-side-lunge-with-step-height-variations/attachment/80621.jpeg?auth_token=E95aP9_eJ_V6IXVonoSe
https://ijspt.scholasticahq.com/article/31876-patellofemoral-joint-loading-during-the-performance-of-the-forward-and-side-lunge-with-step-height-variations/attachment/80622.jpeg?auth_token=E95aP9_eJ_V6IXVonoSe
https://ijspt.scholasticahq.com/article/31876-patellofemoral-joint-loading-during-the-performance-of-the-forward-and-side-lunge-with-step-height-variations/attachment/80623.jpeg?auth_token=E95aP9_eJ_V6IXVonoSe


the bodyweight lunge in the current study. It is likely these 
differences in patellofemoral joint loading between these 
two studies are due to methodological differences. 

Patellofemoral joint force and stress curves were similar 
in shape to each other due to near proportional increases in 
patellofemoral joint forces and patellar contact areas with 
increased knee flexion. One exception was at higher knee 
angles between 70-100°, in which patellofemoral joint 
stress began to plateau or decrease. This occurred because 
although patellar contact area increased nearly linearly be-
tween 70-100°, patellofemoral joint force did not increase 
proportionally, but instead began to plateau or decrease 
around 70° in the current study and around 70°-80° in nu-
merous squat and lunge studies in the literature which 
quantified patellofemoral compressive force and 
stress.7,8,12 Therefore, injury risk to the patellofemoral joint 
may not increase with knee angles between 70-100° or 
greater due to similar magnitudes in patellofemoral joint 
stress during these knee angles, with the benefit of in-
creased quadriceps, hamstrings, and gastrocnemius activity 
when training at higher knee angles 70°100° or higher com-
pared to lower knee angles between 0°-60°.7,8,12 

Because patellofemoral joint force and stress both in-
creased with knee flexion and decreased with knee exten-
sion (Figures 2A-3B, Tables 1-2), a more functional knee 
flexion range between 0-50° may be appropriate during the 
early phases of patellofemoral rehabilitation when the goal 
is to minimize patellofemoral joint force and stress. High 
and repetitive patellofemoral stress may exacerbate PFPS 
and adversely affect numerous soft tissues, such as synovial 
plicae, infrapatellar fat pad, retinacula, joint capsule, and 
patellofemoral ligaments.13 High patellofemoral joint force 
can also elevate subchondral bone stress in the 
patellofemoral joint.14 Because the subchondral bone plate 
is rich in pain receptors,15 increased subchondral bone 
stress may also result in or exacerbate PFPS.13 

Patellofemoral joint stress can result in cartilage degenera-
tion and a decrease in the ability of the cartilage to absorb 
and distribute patellofemoral force.14 Higher knee angles 
between 60-100° may be more appropriate later in the re-
habilitation process due to higher patellofemoral joint force 
and stress. This same pattern of increased patellofemoral 
joint force and stress with increased knee flexion during 
the forward and side lunge6–8 has been reported during the 
squat and leg press.9,12,16 

Peak patellofemoral joint force and stress magnitudes 
from the current study for the bodyweight lunge are less 
than some weight bearing exercises, such as the weighted 
barbell squat and leg press,9,16,17 and going up and down 
stairs,18 but more than other weight bearing functional ac-
tivities, such as walking.19 Escamilla et al.9 reported peak 
patellofemoral joint force and stress magnitudes of 
4500-4700 N and 11-12 MPa, respectively, at 90° knee angle 
during the 12 RM barbell squat and machine leg press, and 
which are approximately 3-4 times greater than the peak 
force and stress magnitudes seen in the current study. Es-
camilla et al.16 also reported peak patellofemoral joint force 
and stress magnitudes of approximately 3500 N and 9 MPa, 
respectively, between 70°-80° knee angles during the 12 RM 
wall squat and one leg squat. Wallace et al.17 reported peak 
patellofemoral joint force and stress magnitudes of approx-

imately 2400 N and 13 MPa, respectively, for the barbell 
squat using a 35% bodyweight external load, and approx-
imately 1700 N and 9.3 MPa, respectively, for the body-
weight squat occurring at 90° knee angle. The approximate 
1700 N peak patellofemoral compressive force during the 
bodyweight squat17 is similar although slightly more than 
the approximate 1300 N peak patellofemoral compressive 
force during the bodyweight side lunge in the current study. 
Peak patellofemoral joint force and stress in healthy partic-
ipants during fast walking reportedly are approximately 900 
N and 3.13 MPa, respectively,19 which is approximately 30% 
lower than the peak patellofemoral joint force for the side 
lunge in the current study and approximately 15% higher 
than the peak patellofemoral joint force for the forward 
lunge in the current study. However, the peak 
patellofemoral stress of 3.13 MPa during fast walking19 is 
similar to the peak patellofemoral stress of 3.25 MPa in the 
side lunge from the current study, but 35-40% higher than 
the patellofemoral peak force of 1.91 MPa in the forward 
lunge in the current study. Peak patellofemoral joint force 
and stress magnitudes in healthy participants going up and 
down stairs are approximately 2500 N and 7 MPa, respec-
tively,19 which are similar to the peak patellofemoral joint 
force and stress magnitudes measured in the 12 RM forward 
lung reported by Escamilla et al.,6,7 but approximately two 
to three times as great as the peak force and stress magni-
tudes for the bodyweight side and forward lunge in the cur-
rent study. 

Unfortunately, it is currently unknown what 
patellofemoral joint force or stress magnitudes, and over 
what time duration, can ultimately lead to patellofemoral 
pathology. There are many factors that may contribute to 
patellofemoral pathology, such as overuse or trauma, dys-
functional extensor mechanism, weakness in the quadri-
ceps or hip external rotators, tight quadriceps, hamstrings, 
or iliotibial band, lower extremity malalignment, and ex-
cessive rear-foot pronation. Nevertheless, clinicians can use 
information regarding patellofemoral joint force and stress 
magnitudes among different weight bearing exercises, tech-
nique variations, and functional activities to be able to 
make informed decisions regarding which exercise they 
choose to employ during patellofemoral rehabilitation. 

There are limitations in the current study. Firstly, MRI 
knee kinematic data have shown during the weight bearing 
squat that the femur moves and rotates underneath a rel-
atively stationary patella, and excessive femoral rotation 
may increase patellofemoral joint stress on the contralat-
eral patellar facets.20 Unfortunately, MRI knee kinematic 
data do not currently exist while performing the forward or 
side lunge exercises. Therefore, it is unknown how much 
femoral rotation occurs during the forward and side lunge 
and how this rotation varies among healthy individuals and 
those with pathologies. Secondly, all biomechanical models 
also have limitations (see Appendix for biomechanical 
model and its limitations). Thirdly, patellofemoral joint 
stress magnitudes were measured using patellar contact 
area values from MRI data from the literature and were not 
measured directly for the included subjects. However, the 
contact areas used from the literature were determined dur-
ing loaded weight bearing exercise in healthy male and fe-
male participants, similar to the current study. Moreover, 
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the near linear and direct relationship between contact area 
and knee angle has been shown to be similar among stud-
ies.14,21,22 This implies that the patellofemoral joint stress 
curve patterns shown in Figures 2B and 3B using contact 
areas from the literature will be similar to patellofemoral 
joint stress curve patterns if contact areas were measured 
directly using MRI. The patellofemoral joint stress patterns 
are important to clinicians in determining what knee range 
of motions that patellofemoral joint stress increases or de-
creases. 

CONCLUSIONS 

Patellofemoral joint loading during lunging changes ac-
cording to lunge type, step height, and knee angle. 
Patellofemoral compressive force and stress were greater 
while lunging at ground level compared to lunging up to a 
10 cm platform between 40° - 60° knee angles, and greater 
while performing the side lunge compared to the forward 
lunge between 40° - 100° knee angles. The current findings 
can be used to help guide patellofemoral rehabilitation re-
garding the selection of forward and side lunge techniques 
involving lunging with different step heights. Furthermore, 
the results will assist exercise specialists who prescribe and 

progress forward and side lunge exercises in order to opti-
mize hip and thigh strengthening and patellofemoral joint 
loading. These results may benefit athletes who employ 
sport specific lunging movements to enhance their return 
to sport and performance while optimally loading the 
patellofemoral joint. 
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Background 
Patellofemoral pain (PFP) is typically accompanied by changes in movement pattern. 
However, it is unclear if these changes persist in the remission phase of symptoms. 
Investigating movement patterns in individuals in remission phase of PFP may help to 
further guide the rehabilitation process and to understand whether changes are due to 
high levels of pain or related to other factors. 

Purpose 
To compare 3D kinematics during walking and the single leg squat (SLS) between 
individuals with history of PFP in remission phase and a control group without history of 
lower limb injuries and PFP. 

Study Design 
Cross-sectional case-control study. 

Methods 
Individuals with onset of PFP for at least one year and in phase of remission of symptoms 
(experimental group [EG]; n=13, 30±8 years) were compared to a control group (CG, n=13, 
28±7 years). A 10-camera motion analysis system (Vicon-Nexus®) was used to record 3D 
ankle, knee, hip and trunk angles during walking and SLS. 

Results 
The EG presented less ankle dorsiflexion, knee and hip flexion during the stance phase of 
walking compared to the CG (p=0.005, large effect size ηp2 = 0.141). During the SLS, no 
between-group differences were observed for the ankle, knee and hip angles at the peak of 
knee flexion (p>0.05). A trend for increased trunk range of movement in the EG compared 
to the CG was observed (p=0.075, medium effect size ηp2 = 0.127). 

Conclusion 
The results of this study indicate less movement in the sagittal plane during walking, and 
a trend towards more movement of the trunk during SLS in the EG compared to the CG. 
The participants of the EG had minimal symptoms, to the point of not classifying them as 
pathological. However, the between-group differences suggest that even in the remission 
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phase, kinematic differences persist for some reason and may contribute to the recurring 
pain in PFP individuals. 

Level of Evidence 
Level 3. 

INTRODUCTION 

Patellofemoral pain (PFP) is characterized by retro, an-
teropatellar or diffuse peripatellar knee pain during activi-
ties such as walking, running, squatting, climbing and de-
scending stairs.1,2 Eleven to seventeen percent of patients 
presenting with knee pain to a general practitioner are clas-
sified with PFP.1 The annual prevalence of PFP is 22.7% and 
28.9% for the general population and adolescents, respec-
tively,3 with most patients being young, physically active 
women.4–8 

For most patients, PFP consists of a chronic muscu-
loskeletal condition with periods of remission of symp-
toms.9 Long-term cohort studies9–11 showed that most in-
dividuals with idiopathic knee pain or PFP have persistent 
symptoms several years after the onset of condition. This 
recurrence of PFP has been associated with the develop-
ment of knee osteoarthritis, with subjects undergoing total 
knee arthroplasty often reporting history of PFP during 
adolescence.12 It has been hypothesized that PFP and 
patellofemoral osteoarthritis form a continuum of dis-
ease.13 

The factors associated with the reoccurrence of PFP are 
mostly unknown. Previous studies have identified biome-
chanical changes in subjects with PFP such as decreased 
knee flexion, increased hip adduction and internal rotation, 
and increased ipsilateral trunk inclination during walking, 
running and squatting.14,15 These changes, however, have 
been found in individuals currently experiencing pain and 
it is unclear whether changes have emerged from pain or 
were present before the onset of PFP. Additionally, it is not 
known whether the observed changes in kinematics disap-
pear in the remission phase of PFP. The investigation of 
movement patterns in individuals in remission phase of PFP 
may help in the understanding of pain reoccurrence in PFP 
and help clinicians to manage this chronic musculoskeletal 
condition and set goals in rehabilitation process. 

The aim of this study was to compare 3D kinematics dur-
ing walking and the SLS between individuals with history 
of PFP in remission phase and a control group without his-
tory of lower limb injuries and PFP. It was hypothesized that 
individuals in the remission phase of PFP would show dif-
ferent kinematic movement patterns compared to the con-
trol group. Specifically, it was expected that decreased knee 
flexion, increased knee abduction, increased hip adduction 
and internal rotation, and increased ispilateral trunk incli-
nation would be observed in the PFP group compared to 
control. 

MATERIAL AND METHODS 

This was a cross-sectional case control study with a conve-
nience sample. This study was approved by the Ethics and 
Research Committee with Human Beings of the University 

of the State of Santa Catarina (Florianopolis, Brazil) and 
all the individuals consented to participate voluntarily. This 
study was conducted between the years 2017 and 2018. 

PARTICIPANTS 

The participants were recruited from the database of a local 
rehabilitation facility and from the local community. Indi-
viduals of both sexes aged between 18 and 50 years old par-
ticipated in this study. The experimental group (EG) was 
composed by individuals with onset of PFP for at least one 
year and in phase of remission of symptoms (presenting 
knee pain less than 3 on visual analogue scale - VAS). Cut-
off for pain was based on the most commonly used classi-
fication for PFP: presence of pain equal or greater than 3 
on a VAS during functional tasks such as squatting, climb-
ing and descending stairs, walking, jumping, running or sit-
ting for a long time with a knee flexed.1 Subjects were ex-
cluded if they presented (i) pain equal to or greater than 3 
on VAS scale during the execution of the SLS or walking, (ii) 
reported any perceived functional limitation in the execu-
tion of their daily activities or that limited their practice of 
regular physical activity, or (iii) reported lower limb surg-
eries in the last year, chronic articular (rheumatologic) dis-
eases, signs or symptoms of another pathology in the knee, 
pregnancy, and/or diagnosis of cancer. A control group (CG) 
paired by sex, age (± 2 years) and body mass index (± 0.5 
kg.m-2) and had never presented history of PFP or any other 
knee condition was also included. All the previously men-
tioned exclusion criteria for the EG were also considered for 
the CG. 

Only the limb that presented history of PFP was consid-
ered in the analysis. In cases of bilateral PFP, the knee re-
ferred to present more symptoms at the time of the last oc-
currence of PFP was included. In the case of similar bilateral 
symptoms, the selection was random. PFP individuals were 
matched to the CG according to limb dominance. 

Thirteen participants were included in both EG and CG. 
Table 1 shows the summary of demographic information of 
participants. 

INSTRUMENTS 

For the kinematic data collection, a 10-camera Vicon Bonita 
MX® motion analysis system (Oxford Metrics, Oxford, UK) 
sampling at 100 Hz was used. Two AMTI OR6-7® force plat-
forms (Advanced Mechanical Technology, Watertown, USA) 
were used to record ground reaction forces at a frequency 
of 1000 Hz. Data processing and analysis were performed in 
Visual 3D® (C-Motion Inc., MA, US). 

For measuring the participants’ physical activity level, 
the short form of the International Physical Activity Ques-
tionnaire (IPAQ) – Portuguese version was used.16 The IPAQ 
classifies individuals by levels of physical activity, based 
on both the total volume and the number of day/sessions 
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Table 1. Mean (standard deviation) of participants age, height, mass and BMI. 

EG (n=13) CG (n=13) t-value P 

Age (years) 30 (8) 28 (7) 59.0 0.12 

Height (m) 1.71 (0.05) 1.66 (0.08) 67.4 0.092 

Mass (kg) 70.4 (9.2) 68.5 (10.0) 71.25 0.08 

BMI (kg.m-2) 24.0 (3.2) 24.3 (3.1) 19.87 0.4 

EG: experimental group; CG: control group; BMI: body mass index. 

of practice as follows17 ‘high’ (performing vigorous-inten-
sity activity on at least 3 days per week, achieving a mini-
mum total physical activity of 1500 metabolic equivalents-
minutes per week (MET-min/week) or seven or more days 
per week of any combination of walking, moderate-inten-
sity or vigorous-intensity activities achieving a minimum 
total physical activity of 3000 MET-minutes/week; ‘moder-
ate’ (performing three or more days per week of vigorous-
intensity activity during at least 20 minutes per day or five 
or more days per week of moderate-intensity activity and/or 
walking for at least 30 minutes per day or five or more days 
per week of any combination of walking, moderate-inten-
sity or vigorous intensity activities, achieving a minimum 
total physical activity of 600 MET-minutes/week. Individu-
als who do not fit into any of these categories are consid-
ered to have a ‘low’ physical activity level. The combined 
total physical activity as a continuous score (which corre-
sponds to the weighted sum of walking, moderate- and vig-
orous-intensity activities scores) was calculated for all par-
ticipants and expressed in MET-minutes/week.17 

Participants’ knee functional level was assessed through 
the Lysholm Questionnaire - Portuguese version.18 The 
Lysholm score is based in eight domains: limp (5 points), 
support (5 points), pain (25 points), instability (25 points), 
locking (15 points), swelling (10 points), stair-climbing (10 
points), and squatting (5 points), with a final score ranging 
from 95 to 100 points being classified as ‘excellent’; 84 to 94 
points as ‘good’; 65 to 83 as ‘fair’ and values equal or below 
64 points as ‘poor’.18,19 

DATA COLLECTION 

The participants were contacted by phone or email with 
preliminary information to schedule the data collection. 
Upon arrival at the laboratory, participants answered ques-
tions regarding personal information required to assess in-
clusion and exclusion criteria. Subjects that met the criteria 
responded to the Lysholm and IPAQ questionnaires. Then 32 
reflexive markers of 20 mm in diameter each were placed 
in the following landmarks: first and fifth metatarsal head, 
calcaneus, medial and lateral malleoli, tibial tuberosity, 
fibular head, medial and lateral condyles of femur, lateral 
thigh, greater trochanter of femur, anterior superior iliac 
spine, posterior superior iliac spine, the tenth thoracic 
(T10) spinal process, the seventh cervical (C7) spinal 
process, acromion, jugular notch and xiphoid process. 
Markers of the appendicular skeleton were placed bilater-
ally. All participants wore elastic (lycra) swimsuits to in-
crease skin adhesion and not disrupt the location of the 

markers, and they remained barefoot during data collection. 
Afterwards, the familiarization with the SLS started. 

First, the participant was asked to perform a squat up to 
60º of knee flexion with the researcher using a manual go-
niometer to confirm the position. At this position, the dis-
tance from the gluteal fold to the ground was measured 
and a tripod was positioned behind the participant to touch 
the participant buttocks informing the end of the descen-
dent phase during the experimental trials. Participants were 
asked to perform two sets of four squats and five SLS with 
both lower limbs with last set including the use of a 
metronome to control cadence at 45 beats per minute 
(bpm). If the participant still had difficulty in performing 
the movement at the required amplitude and cadence, ad-
ditional repetitions were performed until reaching the ap-
propriate performance. The trial was composed of five SLSs 
with 60° of maximum knee flexion at 45 bpm, with the arms 
resting on the waist and the non-stance limb held in line 
with the stance limb and the knee flexed at approximately 
90°. The trial was not considered valid in cases where the 
participant touched the floor with the contralateral limb. 
Before and at the end of each trial, participants were asked 
whether any pain was felt, and the VAS was used if pain was 
present. Three trials consisting of five SLSs were performed 
for each lower limb. 

After the SLS trials, walking analysis was initiated. Par-
ticipants were instructed to walk at a self-selected speed on 
a 5-m walkway. At mid-distance of the walkway, two force 
platforms were located. The participants were instructed 
to walk at a cadence of 100 bpm and when they naturally 
reached the proposed cadence, six walking trials were 
recorded. In three of six trials, the participant stepped on 
the force platform with the right foot and, in the other 
three, with the left foot. The trial was not considered valid 
in case the participant stepped with part of the foot outside 
the force platform. Three trials for each side were used for 
analysis. Before and at the end of each trial, it was asked 
about the eventual presence of pain in the same way we did 
during the SLS trials. 

Within-trial reliability of the SLS and walking variables 
for each joint/segment and plane of movement was assessed 
using the intraclass correlation coefficient (ICC, absolute 
agreement). ICC values higher than 0.8 were considered as 
excellent, between 0.6 and 0.8 as good, between 0.4 to 0.6 as 
moderate and below 0.4 as poor.20 The within-trial reliabil-
ity for the kinematic variables of SLS and walking was gen-
erally excellent. Of the 51 variables analyzed, 45 presented 
excellent reliability and six presented good reliability. 
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DATA ANALYSIS 

Kinematic data were processed through Visual 3D® (C-Mo-
tion Inc., MA, US) using a 6-degree of freedom model. For 
the calculation of the joint angles, it was used the Cardan 
X-Y-Z angles sequence, representing, respectively, flexion/
extension, adduction/abduction, and axial rotation. For the 
ankle, knee and hip joints, the local coordinate system was 
used, and for the trunk the global coordinate system was 
used. Results are shown with positive values for angular po-
sition indicating flexion, adduction, and internal rotation in 
the sagittal, frontal and transverse plane respectively. Kine-
matic data were filtered using a fourth-order zero-lag But-
terworth low-pass filter with a cut-off frequency of 12 Hz. 

The instant of interest for the SLS was the peak of knee 
flexion (PK60). Then joint angles for the ankle, knee and 
hip were extracted at this event. For the trunk, the range of 
movement (ROM) was calculated for each repetition of the 
SLS The values of the three central repetitions from each of 
the three trials included in the analysis were extracted and 
averaged. Thus, a grand mean of the three trials was calcu-
lated. For walking trials, kinematics of ankle, knee and hip 
were extracted at the first peak (Fy1), the valley (Fymin) and 
at the second peak (Fy2) of the vertical component of the 
ground reaction force. The three trials were used to com-
pose the mean using the limb of interest. 

STATISTICS 

Demographic data and level of functionality were treated 
by descriptive statistics (mean and standard deviation) and 
compared by an unpaired T-Test. Median and interquartile 
ranges were computed for the combined total physical ac-
tivity score17 and Mann-Whitney’s U test was used to com-
pare groups. The physical activity level of participants, as 
a categorical variable (low, moderate and high), was com-
pared between CG an EG groups by using the Fisher’s Exact 
test. For the analysis of walking, a multivariate analysis of 
variance (MANOVA) was conducted with events (Fy1, Fymin 
and Fy2), joint (ankle, knee and hip) and plane of movement 
(sagittal, frontal and transverse) as repeated measure fac-
tors, group (CG and EG) as independent factor and joint po-
sition as dependent variable. For SLS two MANOVAs were 
used. In the first MANOVA, joint (ankle, knee and hip) and 
plane of movement (sagittal, frontal and transverse) were 
used as repeated measure factors, group (CG and EG) as 
independent factor and joint position as dependent vari-
able. In the second MANOVA, plane of movement (sagittal, 
frontal and transverse) was used as repeated measure fac-
tors, group (CG and EG) as independent factor and trunk 
ROM as dependent variable. Tukey post-hoc test was applied 
for multiple comparisons. The partial Eta square (ηp

2) was 
used to measure the effect sizes considering that an ηp

2 be-
tween 0.01 and 0.06 was considered small, between 0.061 
and 0.14 was considered medium, and above 0.14 large.21 

Statistical software v.8 (StatSoft, USA) was used with an al-
pha of 0.05 for all tests. 

RESULTS 

The Lysholm scores for knee function and symptoms were 

Figure 1. Mean and 95% confidence interval IC95% 
of the pooled joint angles (ankle, knee and hip) at 
the Fy1, Fymin and Fy2 in the three planes of 
movement during gait. 

* indicates statistically significant differences between groups (p <0.05). 

lower (t = 209.9, p = 0.004) in the EG (78±10 points, classi-
fied as regular) compared to the CG (93±5 points, classified 
as excellent). All participants of the EG referred the pres-
ence of pain in the ‘pain domain’ of the Lysholm question-
naire. For most of them, such pain (lower than 3 on VAS) 
was inconstant (n=11) with only two individuals reporting 
constant pain. Most of the individuals that reported incon-
stant pain (10 out of 11), informed that pain was triggered 
during heavy exercises. 

The median [interquartile range] of the total physical ac-
tivity score was similar for the EG (1708[1196] MET-min-
utes/week) and CG (1914[1319] MET-minutes/week), and no 
difference was found between them (U = 79.0, p = 0.801). 
Both groups were similar with regards to the physical activ-
ity level (p = 0.480). All participants in CG and most in EG 
(n=11) were classified as having a moderate physical activ-
ity level and two EG participants as having a high physical 
activity level. 

WALKING KINEMATICS 

There were no interactions for the factors (i) event, joint, 
plane of movement and group [F (8,192) = 0.54; p = 0.825; 
ηp

2 = 0.022], (ii) event, plane of movement and group [F 
(4,96) = 1.70; p = 0.156; ηp

2 = 0.066], and (iii) event, joint 
and group [F (4,96) = 1.03; p = 0.394; ηp

2 = 0.041]. There 
was interaction with a large effect size between event, plane 
of movement and group factors [F (4,96) = 3.95; p = 0.0051; 
ηp

2 = 0.141]. Tukey’s post hoc test showed that the EG 
participants presented decreased movement in the sagittal 
plane (less ankle dorsiflexion, knee and hip flexion) during 
walking at the three ground reaction force events (Fy1, 
Fymin and Fy2) compared to the CG (Figure 1). No differ-
ences between groups for the frontal and transverse planes 
were observed. 
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SINGLE LEG SQUAT KINEMATICS 

When analyzing the joint positions at PK60 there was no in-
teraction between the factors joint, plane of movement and 
group [F (4,96) = 0.916; p = 0.458; ηp

2 = 0.036]. No other 
interaction or main effects involving the factor group were 
observed (Figure 2). 

For the trunk ROM during SLS (Figure 3), no interaction 
between group and plane of movement was found [F (2,48) 
= 0.781; p = 0.464; ηp

2 = 0.032]. Although not statistically 
significant, a trend of main effect for group with moderate 
effect size was observed [F (1,24) = 3.477; p = 0.075; ηp

2 = 
0.127]. Such trend possibly occurred due to larger ROM in 
the transverse and frontal planes presented by the EG com-
pared to the CG (Figure 3). 

DISCUSSION 

During walking and SLS, no between-groups differences 
were observed in the ankle, knee and hip in the frontal 
and transverse planes. In agreement with the hypothesis, 
less movement in the sagittal plane, including reduced knee 
flexion, in the EG compared to the CG during walking as 
well a trend towards more movement in the trunk in the EG 
compared to the CG during the SLS was observed. 

The decreased knee and hip flexion found in walking 
for the EG is in agreement with a previous study on in-
dividuals with PFP.22 In the current study, it was shown 
that this kinematic pattern might also present in the re-
mission phase of PFP. In individuals in the acute phase of 
PFP, this movement pattern is often considered a strategy to 
avoid an increase in the external knee flexion moment and 
patellofemoral joint stress.23 This has been called quadri-
ceps avoidance.24 It is possible that the participants of the 
present study, even in the remission phase of PFP, still re-
tain the movement pattern of the period with PFP or that 
this movement pattern might preclude the onset of symp-
toms. 

Previous authors analyzing the kinematics of functional 
tasks (e.g., squats, stair descent and running) in individuals 
with PFP have reported increased hip internal rotation, hip 
adduction and knee abduction when comparing them to a 
control group.25,26 These kinematic patterns usually asso-
ciated with PFP were not observed in the EG of the pre-
sent study during the SLS. The EG and CG groups behaved 
very similarly in the analysis of this task probably because 
the EG subjects presented minimal pain (<3 in VAS) in their 
daily live. Thus, the changes in lower limb frontal and trans-
verse planes kinematics presented by PFP individuals in 
comparison to healthy controls24,25 might be a compen-
satory pattern possibly caused by substantial pain.25,27 The 
results of this study indicate that individuals in the remis-
sion phase of PFP perform a typically normal pattern in-
stead of presenting these compensatory movements. 

With regard to the trunk ROM during SLS, the results of 
the present study indicate a trend (did not reach statisti-
cal significance) for the occurrence of a greater contralateral 
inclination and greater ipsilateral rotation in the EG com-
pared to the CG. In a previous study25 investigating individ-
uals with PFP (no specification on the degree of pain, but 

Figure 2. Mean and 95% confidence interval of 
ankle, knee and hip angles at the peak knee flexion 
(60°) during the single-leg squat. Signs/plans: 
sagittal: (+) flexion, (-) extension; frontal: (+) 
adduction, (-) abduction; transverse: (+) internal 
rotation, (-) external rotation. 

Figure 3. Mean and 95% confidence interval of trunk 
range of motion during the single-leg squat. Signs/
plans: frontal: (+) ipsilateral inclination, (-) 
contralateral inclination; sagittal: (+) flexion, (-) 
extension; transverse: (+) contralateral rotation, (-) 
ipsilateral rotation. 

with subjects diagnosed), an increase in ipsilateral inclina-
tion during the execution of SLS beyond 60º of knee flexion 
was observed when compared to a control group. In an ex-
ploratory analysis in this study, including both lower limbs 
in the individuals with bilateral PFP (n = 17) versus matched 
controls, statistical significance was met. Changes in trunk 
position are known to affect the load at lower limb joints,28 

including the knee29,30 and rehabilitation programs often 
focus on correcting the trunk movement, aiming to bring it 
closer to those observed and pain free subjects. 

The relationship between the severity of PFP and move-
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ment pattern alterations is an issue often discussed in the 
literature.25–27 While a movement pattern may be a con-
tributing factor to the development of pain31 there is no 
consensus, and it is possible that changes reflect a compen-
satory mechanism to pain. In this study, the presence of 
pain in the EG was minimal to the point of characterizing 
a remission phase of PFP. Nevertheless, it was observed de-
creased movement in the sagittal plane during walking and 
increased movement of trunk during the SLS. It seems likely 
that with time and rehabilitation efforts, symptoms may 
improve, while some kinematic changes persist. Whether 
correcting these movements might protect persons with 
history of PFP and keep them in the remission phase is be-
yond the scope of this study and future studies testing such 
hypothesis are warranted. 

Participants of both groups presented similar levels of 
physical activity and were considered active according to 
the IPAQ classification. A similar result was found in the 
studies with symptomatic participants, demonstrating that 
even with PFP, the participants are physically active.4,5 

However, despite reporting no limitations in their daily rou-
tine in the interview, individuals in the EG showed a 
Lysholm score that indicated regular knee functionality, 
and not excellent as found for the control group. The similar 
physical activity level between groups is in line with the 
perceived absence of functional limitation in both groups, 
as set in our inclusion criteria. Previous studies have sug-
gested that even higher-level athletes may not reach the ex-
cellent category in the Lysholm and that scores for individ-
uals that consider their knee function as normal may range 
from 43 to 100.32 The results of the Lysholm scores, how-
ever, do seem to indicate that the participants in our EG 
presented with residual limitations in their knee function-
ality. The lower functionality score in the EG compared to 
the CG resulted from different combinations of knee insta-
bility, pain during heavy exercise, slightly impaired stairs 
execution and impaired squat execution. It is possible that 
the persistent kinematic alterations are related to the func-
tional deficit observed. Interestingly, this deficit did not 
seem to affect physical activity level, as shown by the find-

ings of the IPAQ. 
The sample of this study was small; however, the statisti-

cal models of this study were sensitive to a medium to large 
effect sizes and most of the previously conducted studies 
focusing on the kinematics of individuals with PFP included 
a similar number of participants.14,25,26 Walking and squat-
ting trials were not randomized; therefore it is possible that 
the differences observed during walking might depend on 
the execution of a previous set of squats. Walking analysis 
is a useful tool to identify movement pattern alterations in 
subjects with PFP, it can identify several important clinical 
changes29 might not be sensitive if tested in isolation. 

CONCLUSION 

The results of this study indicate that there are changes in 
walking and single-leg squat kinematics in subjects in the 
remission phase of PFP when compared to healthy controls. 
Specifically, the experimental group showed smaller angu-
lar changes in the sagittal plane (less ankle dorsiflexion, 
knee and hip flexion) during walking and greater trunk an-
gular movement during single-leg squatting than the con-
trol participants. Therefore, differences in walking and SLS 
could contribute to patellofemoral pain recurrence. The re-
currence of PFP is high and identifying deficits that persist 
in the remission phase can help provide background infor-
mation needed for the design of appropriate intervention 
strategies and may also assist in our understanding of the 
relationship between pain and movement patterns alter-
ations in individuals with PFP. 
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Background 
The Y-Balance test (YBT) is commonly used to evaluate balance after anterior cruciate 
ligament reconstruction (ACLR). However, several studies have also used it as a functional 
performance test (FPT). 

Purpose 
This study aimed to examine the relationship between YBT scores and measures of knee 
joint laxity, static balance, knee flexor and extensor torque and strength ratio, and FPTs. 

Study Design 
Retrospective cohort study. 

Methods 
Fifty-nine patients who underwent ACLR using hamstring autografts were retrospectively 
analyzed. The Pearson correlation coefficient was used to determine the strength of the 
association between scores on the YBT and selected outcomes including laxity measured 
via the KT-2000 arthrometer, static balance measured via the Biodex Balance System, 
isokinetic muscle torque and hamstring-to-quadriceps (HQ) ratio, and performance on 
the single leg hop test and the single leg vertical jump test. 

Results 
Forty-six men and 13 women were included. The mean age and follow-up period were 
29.6 ± 9.6 years and 12.4 ± 2.1 months, respectively. The KT-2000 arthrometer measures, 
Biodex Balance System scores, and HQ ratio measurements were not significantly 
correlated with the YBT scores. All YBT scores, except the YBT-anterior score, correlated 
with the isokinetic extensor and flexor torques (r-values: 0.271–0.520). All the YBT scores 
had significant weak to moderate correlations with the single leg hop test and single leg 
vertical jump test scores: YBT-anterior (r = 0.303, r = 0.258), YBT-posteromedial (r = 
0.475, r = 0.412), YBT-posterolateral (r = 0.525, r = 0.377), and YBT-composite (r = 0.520, r 
= 0.412). 
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Conclusion 
Post-ACLR YBT scores correlated with functional performance and muscle strength, but 
not with static balance, joint laxity, and HQ ratios. The YBT scores as a measure of 
balance are related to improved functional performance and isokinetic torque measures. 

Level of evidence 
3 

INTRODUCTION 

After anterior cruciate ligament reconstruction (ACLR), 
several clinical outcome measures, such as patient reported 
outcomes (Lysholm score, International Knee Documenta-
tion Committee subjective score, Tegner activity score, 
etc.), joint instability, muscle strength, and balance, are 
used to evaluate knee and functional performance.1 Based 
on the evaluation results, a milestone-based return-to-
sports (RTS) program is constructed.2 Balance is an impor-
tant factor for performance of activities of daily living and 
sports in patients with ACLR.3 However, balance is diffi-
cult to maintain after anterior cruciate ligament (ACL) in-
jury owing to the decreased hamstring muscle activation 
and lack of joint position sense.4 

The Y-Balance test (YBT) is used to assess dynamic bal-
ance impairments associated with lower extremity injuries 
such as ACL injury, patellofemoral pain syndrome, and an-
kle instability.5–7 The YBT is commonly applied to mus-
culoskeletal injuries because it is relatively inexpensive, 
portable, easy to administer, and shows good interrater 
test-retest reliability (intraclass correlation coefficient, 
0.85–0.93).8,9 Furthermore, the YBT score is useful as a 
component of the criterion for RTS and as an indicator of 
neuromuscular training results.10,11 The YBT is commonly 
used to evaluate the outcome of reconstruction after ACL 
tear, which has a high incidence of occurrence during sports 
activities.6,12 

The YBT scores relate not only to balance, but also to 
various other factors. Previous authors have reported that 
the YBT scores were not correlated with the Biodex Balance 
System (BBS)-measured balance in healthy subjects3 and no 
correlation with the hamstring-to-quadriceps (HQ) ratio, 
but is correlated with knee extensor and flexor peak torque 
in patients who underwent ACLR.6,12 Functional movement 
(hurdle step, in-line lunge, shoulder mobility, and deep 
squat) was associated with greater anterior reach on the 
YBT,13 and the YBT scores were also a significant predictive 
factor of joint instability.14 As the YBT scores are related 
to various factors such as joint instability, balance, muscle 
strength, and functional performance, it is unlikely that this 
measure is solely representative of balance for ACLR pa-
tients. 

Therefore, there is a need to identify the variables that 
are most related to YBT scores in patients who undergo 
ACLR. The aim of this study was to examine the relationship 
between YBT scores and measures of knee joint laxity, bal-
ance, knee flexor and extensor torque, HQ ratio, and func-
tional performance tests (FPTs) after ACLR. 

METHODS 
SUBJECTS 

This study retrospectively reviewed the medical records of 
patients who underwent primary ACLR by a single experi-
enced surgeon (J.K.H.) between June 2016 and May, 2019. 
The inclusion criteria were as follows: (a) patients who un-
derwent single-bundle ACLR using quadrupled semitendi-
nosus tendon autograft from the hamstrings; (b) patients 
who were followed for one year or more; (c) patients aged 
18–45 years; and (d) patients who completed all the re-
quired tests at the hospital. Patients with multiple con-
comitant ligament injuries and fractures, those who under-
went meniscal root repair, cartilage repair, osteotomy to 
correct mechanical alignment, revision ACLR, subtotal or 
total meniscectomy, or those with a history of prior knee 
surgery were excluded. All the patients underwent the same 
follow-up protocol. The KT-2000 arthrometer, BBS, isoki-
netic muscle strength test at 60°/s for quadriceps and ham-
string, single-leg hop test (SLHT), and single-leg vertical 
jump test (SLVJT) were all assessed by one of the authors 
(M.Y.C.) who were blinded to the evaluation procedures af-
ter ACLR. All tests were conducted at a sports medicine 
center in the hospital and at a similar time (approximately 
one year) postoperatively. The order of the tests was ran-
domized using a randomization website (www.randomiza-
tion.com). The study protocol was approved by the Inje Uni-
versity Seoul Paik Hospital Institutional Review Board 
(number 2020-06-002). Written informed consent was ob-
tained from all the patients. 

SURGICAL TECHNIQUES 

All surgical procedures were performed using the outside-in 
technique. A quadrupled semitendinosus tendon autograft 
with remnant preservation was harvested. A single surgeon 
(J.K.H.) performed all the operations. The reference points 
of the femoral and tibial tunnels were based on the anatom-
ical center. The femoral tunnel was drilled using a flip-
cutter. After graft passage, femoral fixation was achieved 
using TightRope RT (Arthrex, Naples, FL, USA). A hydrox-
yapatite interference screw (S&N Corp., Andover, MA, USA) 
was used for tibial fixation. In all cases, post-tie fixation was 
performed using a cortical screw for additional tibial fixa-
tion. 

POSTOPERATIVE REHABILITATION 

All patients underwent the same rehabilitation program, 
which comprised home-based exercises. Range of motion 
(ROM) exercises were initiated three–five days after the op-
eration. One to two days after the operation, weight-bear-
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ing was initiated. The patients wore a functional knee brace 
held in full extension for three weeks. Full weight-bearing 
was allowed at three weeks, and the brace was removed 
after four to six weeks depending on the patient’s feeling 
of knee instability. Six weeks after the operation, open ki-
netic chain exercises for the quadriceps were allowed within 
a 90°–45° range of flexion. The perturbation training pro-
gram was performed progressively six weeks after surgery. 
Three months after the operation, light running and side-
cutting activities were allowed, and functional exercises 
emphasizing proprioception was initiated. Six months after 
the operation, RTS with no competition was allowed. 

TESTS 

All tests were conducted one year after the operation by 
one of the authors (M.Y.C.) who was blinded to the patients’ 
surgical information. The tests included the YBT, KT-2000 
arthrometer testing, static balance via the BBS, isokinetic 
muscle torque (as a measure of strength from which HQ ra-
tios were calculated), and the SLHT and SLVJT. The order 
of the tests was randomized using a randomization website 
(www.randomization.com). 

Y-BALANCE TEST 

The patients performed six practice trials and three mea-
surement trials of the YBT using the YBT test kit, admin-
istered per standardized instructions for performance 
(Move2Perform, Evansville, IN, USA), and the average of 
the three measurements was used for the data analysis (in 
cm).15 The patients stood barefoot with the involved side 
bearing their weight and placed both hands on their chest. 
The patients were instructed to push the box as far as pos-
sible in the anterior (ANT), posteromedial (PM), and pos-
terolateral (PL) directions (Figure 1). The tester provided 
patient feedback and proper guidance to reduce mistakes 
such as kicking or stepping on the box during practice trials. 
The YBT-ANT, PM, PL, and composite scores were used 
for the analyses. The YBT scores were normalized to the 
limb length measurement of the patients. To calculate the 
composite score, the sum of the maximum reaches in each 
of the three directions was divided by three times the leg 
length.16 

JOINT LAXITY ASSESSMENT 

The side-to-side difference was measured (in mm) using a 
KT-2000 arthrometer (Med Metrics Corp., San Diego, CA, 
USA) with the knee at 30° flexion in the supine position. Af-
ter the patients had fully relaxed, the tibia was pulled in the 
anterior direction as far as possible (Figure 2). The tibia was 
pulled with a force of 13.6 kg for three trials and the dis-
tance was recorded. The mean distance from the three trials 
was used for the analysis. 

BIODEX BALANCE SYSTEM 

Balance was evaluated using the BBS (Shirley, NY, USA) 
(Figure 3). The BBS consists of a mobile platform and 12 
levels of difficulty, with Level 12 being the most stable and 
Level 1 as the most unstable. The test was initiated at Level 

Figure 1. Y-Balance test directions: A) anterior; B) 
posterolateral; and C) posteromedial. 

Figure 2. KT-2000 arthrometer test. 

8 to measure balance.17 The following three indices were 
electronically generated by the BBS software: (1) anterior/
posterior index (API), (2) medial/lateral index (MLI), and (3) 
overall index. These indices are unitless and calculated ac-
cording to the degree of platform oscillation during one-leg 
standing. Higher index scores on the BBS indicate greater 
instability. The reported reliability coefficients were 0.77 
and 0.99.3 The patients were instructed to stand barefoot, 
with the knees slightly bent and both hands placed on the 
chest, with the non-weight-bearing leg off the ground with 
the knee flexed and placed behind the weight-bearing leg. 
Each patient was encouraged to try to keep the platform in 
a neutral or stable position. The patients were instructed to 
maintain their balance in the smallest concentric ring (bal-
ance zone) on the BBS monitor.5 Each testing trial lasted for 
30 s, and three testing trials were conducted to obtain re-
liable measurements. During the 10 s rest period between 
the trials, the contralateral leg was placed on the floor to 
prevent fatigue. During the test, the patients maintained an 
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Table 1. General characteristics of the included patients (n = 59) 

Patient Characteristics Mean ± SD 

Age (y) 29.6 ± 9.6 

Sex, male/female (n) 46 / 13 

Height (cm) 172.9 ± 8.5 

Weight (kg) 77.9 ± 13.2 

Body mass index (kg/m2) 25.9 ± 3.6 

Follow-up period (mo) 12.4 ± 2.1 

Values are expressed as mean ± standard deviation or number only. 

upright position on the unstable surface of the BBS. 

ISOKINETIC MUSCLE STRENGTH TEST 

Isokinetic muscle strength was measured using the HU-
MAC-NORM isokinetic extremity system (Computer Sports 
Medicine Inc., Stoughton, MA, USA). Isokinetic muscle 
strength was measured at an angular velocity of 60°/s 
within 0°−90° of knee flexion with the patients in a sitting 
position. The extensor peak torque per unit of body weight 
(PT/BW, Nm/kg) and the flexor PT/BW and HQ ratio at an-
gular velocities of 60°/s were calculated. For each session, 
the concentric quadriceps and hamstring contractions were 
repeated for four times, and the highest values were 
recorded and used for analysis. 

FUNCTIONAL PERFORMANCE TESTS 

The FPTs selected for comparison with the YBT in this study 
included the SLHT and SLVJT (in cm) of the involved side. 
The SLHT and SLVJT are commonly used tests to measure 
functional performance.18–21 In the SLHT, the patients 
stood on the involved leg and hopped as far as possible 
in the forward direction, landing on the same leg. Both 
hands were placed on iliac crests to restrict arm swing for 
counter movement. The distance was measured from the 
toe during push-off to the heel at the landing site.22 InBody 
u-Town (InBody Corp., Seoul, Korea) was used to assess 
SLVJT ability. The patient stood on one leg in the middle of 
a pressure sensitive mat (90 × 60 cm) and was asked to per-
form three maximal vertical jumps, with the knee extended, 
for as high as possible. Both hands were placed on iliac 
crests to restrict arm swing for counter movement. Height 
was automatically calculated at the highest point the pa-
tient has jumped. Jump height (cm) = 0.5 × 9.799611 × (time 
× 0.5)2 × 100. These tests were performed for a total of three 
times, and the longest and highest distances were used for 
the data analysis. 

STATISTICAL ANALYSIS 

All statistical analyses were performed using the SPSS soft-
ware for Windows (ver. 22.0; IBM Co., Armonk, NY, USA). 
Sex, age, height, weight, body mass index, and average final 
follow-up period were calculated as means and standard de-
viations to identify patient characteristics. The Pearson cor-
relation coefficient was used to determine the strength of 

Figure 3. Stability index of the Biodex Balance 
System. 

the association between YBT scores (ANT, PM, PL, and com-
posite) and selected outcome measures. The outcome mea-
sures included the KT-2000 arthrometer, three-index BBS 
(overall, API, and MLI), three-component isokinetic mus-
cle strength test at 60°/s (extensor PT/BW, flexor PT/BW, 
and HQ ratio), and two FPTs (SLHT and SLVJT). The r val-
ues were defined as follows: 0.00−0.19, no to slight correla-
tion; 0.20−0.39, weak correlation; 0.40−0.69, moderate cor-
relation; 0.70−0.89, strong correlation; and 0.90−1.00, very 
strong correlation.23 The statistical significance was set at p 
< 0.05. 

RESULTS 

The subjects included 46 men and 13 women (mean age 29.6 
± 9.6 years; body mass index 25.9 ± 3.6 kg/m2; and follow-
up period of 12.4 ± 2.1 months) (Table 1). 

Static balance, knee joint laxity, and HQ ratio did not 
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Table 2. Correlation coefficient between the YBT, BBS, KT-2000 arthrometer, HQ ratio 

BBS overall BBS API BBS MLI KT-2000 arthrometer 60°/s HQ ratio 

YBT-ANT 
(n = 59) 

r −0.072 −0.061 −0.062 −0.034 −0.079 

p 0.590 0.648 0.642 0.802 0.552 

YBT-PM 
(n = 59) 

r −0.023 −0.106 0.050 −0.223 0.057 

p 0.866 0.424 0.705 0.092 0.667 

YBT-PL 
(n = 59) 

r −0.014 −0.045 −0.013 −0.247 −0.090 

p 0.918 0.737 0.921 0.061 0.498 

YBT-composite 
(n = 59) 

r −0.034 −0.079 −0.002 −0.217 −0.041 

p 0.799 0.551 0.987 0.101 0.758 

YBT, Y-balance test; ANT, anterior; PM, posteromedial; PL, posterolateral; BBS, Biodex Balance System; API, anterior/posterior index; ML, medial/lateral index; HQ ratio, hamstring-
to-quadriceps ratio. 

Table 3. Correlation coefficient between the YBT, isokinetic strength and functional performance 

60°/s EPT/BW 60°/s FPT/BW Single-leg hop test Single-leg vertical jump test 

YBT-ANT 
(n = 59) 

r 0.188 0.208 0.303* 0.258* 

p 0.155 0.113 0.020 0.048 

YBT-PM 
(n = 59) 

r 0.271* 0.365* 0.475† 0.412† 

p 0.038 0.005 < 0.001 < 0.001 

YBT-PL 
(n = 59) 

r 0.273* 0.285* 0.525† 0.377* 

p 0.036 0.029 < 0.001 0.003 

YBT-composite 
(n = 59) 

r 0.288* 0.336* 0.520† 0.412† 

p 0.027 0.009 < 0.001 < 0.001 

YBT, Y-balance test; ANT, anterior; PM, posteromedial; PL, posterolateral; EPT/BW, extensor peak torque per body weight; FPT/BW, flexor peak torque per body weight. 
*=significant at p < 0.05 
†=significant at p < 0.01 

correlate with YBT scores on the involved extremity (Table 
2). The isokinetic extensor and flexor PT/BW at 60°/s had 
significant weak correlations with the YBT-PM, YBT-PL, 
and YBT-composite. YBT-PM correlated with extensor PT/
BW (r = 0.271) and flexor PT/BW (r = 0.365); YBT-PL, with 
the extensor (r = 0.273) and flexor PT/BW (r = 0.285); and 
YBT-composite, with the extensor (r = 0.288) and flexor PT/
BW (r = 0.336) (Table 3). 

The SLHT score had significant weak-to-moderate corre-
lations with all YBT scores, as follows: YBT-ANT (r = 0.303), 
YBT-PM (r = 0.475), YBT-PL (r = 0.525), and YBT-composite 
(r = 0.520). The SLVJT score also had significant weak to 
moderate correlations with all YBT scores, as follows: YBT-
ANT (r = 0.258), YBT-PM (r = 0.412), YBT-PL (r = 0.377), and 
YBT-composite (r = 0.412) (Table 3). 

DISCUSSION 

The current study results indicate that the scores in YBT 
performed by patients one year after ACLR exhibited no 
significant correlation with static balance, joint laxity, and 
knee muscle strength ratio measures. The tester performed 
the examinations using the KT-2000 arthrometer to mea-

sure joint laxity, the BBS for static balance, and the HQ ratio 
at 60°/s for the knee muscle strength ratio. Although the 
YBT scores did not correlate with static balance, joint laxity, 
and knee muscle strength ratio, they exhibited weak cor-
relations with knee muscle strength and weak-to-moder-
ate correlation with functional performance tests. The YBT 
scores were more strongly associated with functional per-
formance than with other outcome measures. Although the 
YBT is considered a balance test, based on the current re-
sults, the YBT performed after ACLR may be appropriately 
considered as an FPT. 

Studying the correlation between the YBT and balance-
related test scores in patients who underwent ACLR is a 
valuable point of this study, which demonstrated that the 
YBT scores correlated with other FPT scores and knee mus-
cle strength. The clinical relevance of this is that the YBT 
is related more to physical function, such as knee muscle 
strength and functional performance, than it is to balance. 

The YBT scores did not correlate with any index of the 
BBS, which are considered static balance assessments, used 
for patients after ACLR. Although the BBS is static and the 
YBT is dynamic, both are tools are used for assessing bal-
ance ability. Therefore, the authors of the current study ex-
pected a correlation between the YBT scores and BBS index, 
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especially BBS-API, because ACL restricts the anterior tibial 
translation, and the anterior-posterior stability of the knee 
is an important factor for successful treatment.24 However, 
Almeida et al. reported that the YBT scores had no correla-
tion with the BBS score in healthy subjects because the YBT 
required more dynamic movements than did the BBS.3 This 
was similar to the results of our study. 

The HQ ratio of knee muscle strength and the KT-2000 
arthrometer measures of joint laxity were also not corre-
lated with the YBT scores. A high HQ ratio means that the 
hamstring restricting the anterior tibial translation func-
tions well, but may also indicate relative quadriceps weak-
ness. Kim et al. reported that the HQ ratio slightly increases 
in patients with ACL injury because quadriceps weakness is 
threefold greater than hamstring weakness.25 Therefore, a 
high HQ ratio was inadequate data. An appropriate HQ ra-
tio for ideal knee muscle balance is known for 0.6,26 but an 
HQ ratio that is too high or low could mean muscle imbal-
ance of the quadriceps and hamstrings. Since the correla-
tion analysis is a linear relationship, the YBT scores might 
not be correlated with the HQ ratio, which requires an ap-
propriate, rather than a high ratio. 

Regarding joint laxity, Lee et al. reported that knee joint 
laxity did not correlate with dynamic standing balance in 
patients with chronic ACL deficiency,27 and Lephart et al. 
reported that patients with ACL injury had no significant 
difference in functional performance despite the significant 
knee joint laxity on the involved side,28 because they ap-
peared to have adopted compensatory mechanisms of in-
creased hamstring activity to achieve functional joint sta-
bilization.29 Therefore, it is difficult to believe that joint 
laxity, which is static ligamentous stability, is correlated 
with the YBT, which is dynamic movement control, influ-
enced by the neuromuscular system. 

The extensor and flexor PT/BW values in the isokinetic 
muscle strength test at 60°/s correlated with the scores in 
all the YBTs, except for the YBT-ANT. Unlike this study, a 
previous study reported that the YBT-ANT, YBT-PM, and 
YBT-PL scores were all related to the extensor and flexor 
PT/BW in patients with ACLR.6 However, the extensor PT/
BW of the contralateral side was only related to the YBT-
PM, and the follow-up period of the study was short at 5–12 
months, which may be an insufficient time frame for ACL 
recovery. During the YBT, multiple joints are involved, not 
a single joint. However, the YBT-ANT is most affected by 
ankle dorsiflexion,30 and when performing the YBT-PM or 
YBT-PL, hip muscle strength is required because the trunk 
is farthest from the center of mass in the sagittal plane.31 

Nevertheless, in all YBT directions, the hip muscles and 
hip external rotator have been reported to be less activated 
than the quadriceps and hamstring muscles,32 and as the 
knee angle increased in the sagittal plane, the YBT scores 
were higher.31 Therefore, although multiple joints and 
muscles in the lower extremity affect YBT scores, extensor 
and flexor PT/BW might have a significant influence. 

The scores in both the SLHT and SLVJT, were signif-
icantly correlated with the YBT scores. After ACL injury, 
a lack of proprioception and transmission of information 
about joint movement occurs. Consequently, these factors 
are proposed to decreased balance, and thus functional per-
formance, which may increase the risk for musculoskeletal 

injuries.4,21 Thus, the accurate evaluation of functional 
performance ability is important, for which various exami-
nations are available. Teyhen et al. reported the correlation 
between the YBT and FPT scores including the crossover 
and 6-m timed hop test results, to verify the usefulness of 
the YBT.13 Their results were similar to that observed in 
this study, even though the FPT using Teyhen’s study was 
a more advanced performance. Therefore, in the early reha-
bilitation stage, because the YBT scores correlate with the 
FPT scores and the YBT is easier to start with and hop/func-
tional tests come later, it could be a good addition for mea-
suring functional performance after ACLR. 

Previous researchers have reported correlations between 
the YBT and single-leg hop test scores of 0.35, and iso-
kinetic muscle strength ranging from 0.294 to 0.591.6,13 

Those results are similar to that of this study. Furthermore, 
the current study found that the YBT was closer to a dy-
namic test than to a static test, which matches the original 
purpose of the YBT. 

This study had some limitations. First, this was a retro-
spective study. Therefore, a selection bias may have been 
present. Second, the activity level before surgery was not 
considered. The results of the evaluations may have varied 
depending on the physical ability of the patients, as well 
as their sex. Thus, further studies must be conducted on 
the general population as well as healthy athletes for com-
parison. Third, the one-year follow-up period was relatively 
short. Fourth, this study did not consider the influence of 
ankle and hip ROM and strength on the YBT scores. 

CONCLUSION 

The results of the current study demonstrate that post-
ACLR YBT scores were correlated with functional perfor-
mance tests and isokinetic measures of muscle strength, 
but not with static balance, joint laxity, and the HQ ratio. 
The YBT scores as a measure of balance are related to im-
proved functional performance and isokinetic torque mea-
sures. 
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Background 
There are persistent deficits of the proximal musculature in individuals with anterior 
cruciate ligament reconstruction. Previous research has shown that proximal musculature 
fatigue alters drop vertical jump performance in healthy individuals. It is unknown how 
proximal musculature fatigue will alter drop vertical jump performance in individuals 
who have undergone anterior cruciate ligament reconstruction. 

Hypothesis/Purpose 
The purpose of this study was to examine the effects of a proximal extensor musculature 
fatigue protocol on drop vertical jump landing biomechanics of individuals with a history 
of anterior cruciate ligament reconstruction using both single-joint parameters and total 
support moment analysis. 

Study Design 
Quasi-experimental pre-post laboratory experiment 

Methods 
Nineteen participants with a history of unilateral anterior cruciate ligament 
reconstruction were recruited. Three-dimensional motion analysis was performed 
bilaterally during a drop vertical jump. Participants then completed a proximal extensor 
musculature fatigue protocol and immediately repeated the drop vertical jump task. 
Sagittal plane kinetics and kinematics were collected. Joint contributions to peak total 
support moment were calculated. A condition-by-limb repeated measures analysis of 
variance was performed to explore the effects of the fatigue protocol, using an alpha level 
of 0.05. 

Results 
There were no interactions observed for any parameters. However, the injured limb 
demonstrated less vertical ground reaction force (13%, p=0.013) and reduced peak 
dorsiflexion angle (2°, p=0.028) both before and after the protocol. After the fatigue 
protocol both limbs demonstrated reduced hip extensor contribution to peak total 
support moment (4%, p=0.035). 

Conclusions 
Individuals with a history of anterior cruciate ligament reconstruction performed the drop 
vertical jump with an altered anti-gravity support strategy after the proximal extensor 
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musculature fatigue protocol. The significant reduction in bilateral hip extensor 
contribution to peak total support moment suggests evidence of targeted fatigue. 

Level of Evidence 
III 

INTRODUCTION 

It is estimated that up to 250,000 anterior cruciate ligament 
(ACL) injuries are sustained each year.1 Standard of care 
in the United States after complete ACL rupture is surgical 
ACL reconstruction (ACLR), with over 125,000 performed 
annually.2 Individuals after ACLR typically demonstrate 
persistent neuromuscular deficits at the knee joint includ-
ing, but not limited to muscular weakness,3,4 reduced pro-
prioception,5,6 and altered walking7 and landing patterns8 

characterized by altered knee biomechanics. Post-opera-
tively it is recommended to restore thigh muscle perfor-
mance.9,10 However, individuals after ACLR also appear to 
demonstrate persistent proximal neuromuscular impair-
ments.11 These include altered hip abductor activation,12 

hip extensor strength,13 reduced core motor control,14,15 

and trunk extension endurance deficits.16 

Neuromuscular fatigue can be described as the failure 
of a muscle to maintain a required or expected force out-
put.17 Additionally, it has been suggested that experimental 
fatigue of a muscle may affect that muscle’s contribution 
to a task.18 The effects of experimentally-induced proximal 
neuromuscular fatigue on lower extremity biomechanics 
have been explored in a growing body of literature, predom-
inantly in healthy and able-bodied individuals.18–23 Over-
all, it appears that when targeting specific muscle groups 
with a fatigue protocol, alterations in kinematics or kinetics 
are mainly observed in the primary plane of movement of 
those muscle groups.18–23 These altered movement pat-
terns have also been observed in joints distal to the fatigued 
muscle group.19,21–23 In a previous related study, an iso-
metric fatigue protocol targeting the hip extensors led to an 
increase in gluteus maximus muscle activation with preser-
vation of joint kinematics during bilateral jump-landings in 
healthy individuals.18 Fatigue of muscle groups proximal to 
the knee region overall appears to impact instrumented as-
sessments during clinical tasks in healthy populations, but 
has not been tested after ACLR. 

Imposing neuromuscular fatigue on proximal muscle 
groups may interact with persisting post-surgical deficits 
after ACLR to exacerbate or reveal aberrations in movement 
reflecting further compromise in neuromuscular control.24 

As lower limb neuromuscular control reflects a multi-joint 
coordinated strategy, analysis of total support moment 
(TSM) may provide novel insights into whole-limb move-
ment strategies beyond that of single-joint parameters. The 
TSM is a summed moment from the extensor synergy of the 
hip, knee and ankle that represents the anti-gravity support 
of the center of mass of the body.25 At the instance of peak 
TSM, the sagittal plane moments of the hip, knee, and an-
kle are assessed to calculate the contribution of each indi-
vidual joint to the TSM. The TSM has previously been used 
to characterize differences in neuromuscular strategy dur-
ing single-limb landing after ACLR compared to controls.26 

Most previous studies involving fatigue after ACLR have 

utilized peripheral fatiguing tasks such as squatting and 
jumping to functional failure points.24,27–31 However, these 
fatiguing tasks have not directly targeted proximal neuro-
muscular control. With relevance to the current study, pre-
vious electromyography work has validated the ability of 
the isometric Biering-Sorensen test procedure to induce fa-
tigue to the gluteus maximus, the body’s primary hip ex-
tensor muscle.32 While the Biering-Sorensen test has been 
used to assess the effects of a hip extensor fatigue protocol 
on landing mechanics in healthy individuals,18 the effects 
after ACLR are unknown. 

Therefore, the purpose of this study was to examine the 
effects of a proximal extensor musculature fatigue protocol 
on drop vertical jump landing biomechanics of individuals 
with a history of anterior cruciate ligament reconstruction 
using both single-joint parameters and total support mo-
ment analysis. The DVJ was utilized as the landing task of 
interest as it has been prospectively linked to secondary 
ACL injury risk,33 and has been evaluated before and after 
Biering-Sorensen testing in healthy individuals.18 It was 
hypothesized that the injured limb would differentially 
demonstrate greater peak lower limb flexion single-joint 
parameters after the fatigue protocol. Instances of in-
creased hip contributions to movements have been seen in 
individuals with a history of ACLR during landing34 and 
squatting.35 Based on this data, it was hypothesized that 
the within-limb TSM joint contribution profile would shift 
distally to reflect a decreased hip contribution, with the in-
jured limb redistributing less to the knee than the uninjured 
limb. 

MATERIALS AND METHODS 
DESIGN 

This study was a single group, pretest-posttest quasi-exper-
imental study. Participants were recruited with electronic 
and paper flyers. Individuals presented to the laboratory 
and provided written informed consent approved by the 
university’s Institutional Review Board prior to testing. The 
same examiners conducted all testing. 

PARTICIPANTS 

A convenience sample of nineteen participants between the 
ages of 18-40 years old with a history of unilateral ACLR at 
least one year prior was recruited for this study. To be in-
cluded, participants needed to have completed formal reha-
bilitation and been fully cleared by a physician for return 
to sport or previous level of activity. Participants were ex-
cluded if they had any spinal or lower extremity pain or in-
jury within the prior six months. Participants completed the 
Tegner Activity Scale and the International Knee Documen-
tation Committee Scale (IKDC)36 prior to motion capture. 
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MOTION CAPTURE 

Video data were collected using an 8-camera motion cap-
ture system (VICON, Centennial, CO, USA, 150 Hz), and 
force data using two force plates (BERTEC Corp., Worthing-
ton, OH, USA, 1500 Hz). Individuals had 47 reflective mark-
ers placed over their bilateral lower extremities and pelvis. 
Marker locations included: L5-S1 interspinous space, iliac 
crests, anterior superior iliac crests, greater trochanters, 
medial and lateral femoral condyles, medial and lateral tib-
ial plateaus, medial and lateral malleoli, first and fifth 
metatarsal heads, distal feet, and proximal, distal, and lat-
eral heels. Rigid marker clusters were placed over the thigh 
and shank segments. Static standing and dynamic calibra-
tion trials were captured. 

DROP VERTICAL JUMP 

The DVJ was performed as previously described.37 Briefly, 
participants stood atop a 30 cm box. They were instructed 
to fall off the box, land with one foot on each force plate 
and immediately perform a maximal effort counter-move-
ment jump reaching with both hands for an overhead target. 
For a trial to be successful the following criteria were re-
quired: participants dropped off the box without jumping, 
landed with each foot on a force plate, and successfully 
reached overhead during the jump. After successfully com-
pleting four trials, participants completed the fatigue pro-
tocol, with special care taken to prevent reflective marker 
placement alteration. Once the fatigue protocol was com-
pleted, participants immediately performed four additional 
successful drop vertical jump trials. All trials were used for 
analysis. 

FATIGUE PROTOCOL 

Participants completed three repeated efforts of a modified 
Biering-Sorensen extension position,15,29 held until failure, 
modified in that three repeated efforts were performed 
rather than one. Individuals had their lower extremities fas-
tened to a plinth with two belts. Using upper extremity sup-
port, they initially positioned their torso horizontally off 
the plinth. To begin each effort, they were instructed to 
hold their torso parallel to the ground, to cross their arms, 
and to maintain that position for as long as possible (Fig-
ure 1). Participants were provided verbal encouragement 
throughout the three efforts. For each effort, one verbal 
warning was given when positional failure was observed. 
The second positional failure resulted in termination of that 
effort. Between efforts, individuals received a 15 second rest 
break. After completion of the final effort, the participants 
were immediately unfastened from the plinth to perform 
the post-fatigue DVJs. The time to termination for each ef-
fort was recorded, as was the time between the end of the 
final effort and the start of the post-fatigue DVJ procedures. 

BIOMECHANICAL DATA 

Vicon Nexus was used for labelling and gap-filling of marker 
trajectories for the entire contact phase of the task, defined 
as the time in which a threshold of 20 Newtons of force 
was on the force plate. Trials were then exported and post-

Figure 1. Participant setup for modified Beiring-
Sorensen protocol 

processed using Visual 3D (C-motion, Bethesda, MD, USA) 
and custom Labview code (National Instruments, Austin, 
TX, USA). Data were filtered using a low-pass Butterworth 
filter with a cutoff of 12 Hz. Joint angle and moment data 
were derived using X-Y-Z Cardan rotation sequences and 
traditional inverse dynamics procedures, respectively. Joint 
moments were normalized to body height (meters) and 
mass (kilograms) and reported as internal moments. Ver-
tical ground reaction force (vGRF) was extracted and ex-
pressed normalized to body weight. For the single-joint pa-
rameters, the variables of interest were the sagittal plane 
peak joint angles and moments of the hip, knee and ankle, 
as well as peak vertical ground reaction force. For the TSM 
analysis, joint moment data were time normalized to 
ground contact, and were compared and summed at the in-
stance of peak TSM.25 

STATISTICAL ANALYSIS 

Statistical analysis was performed using SPSS version 25 
(IBM Corp, Armonk, NY, USA). Descriptive statistics were 
calculated on baseline parameters. Two-factor (condition-
by-limb) analyses of variance with Bonferroni correction 
were performed to assess for potential interactions, main 
effects and simple effects for peak ground reaction force, 
peak joint moments and angles, and joint moments at the 
instance of peak total support. An alpha level of 0.05 was 
used. Post-hoc Pearson correlations were used to examine 
the relationship between change in percent contribution at 
the knee and hip to activity level (measured by Tegner), 
IKDC score, and time since surgery. 
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Table 1. Participant descriptive data 

 Mean (SD) Frequency 

Sex Frequency (F:M) 16:3 

Injured Limb (dominant:nondominant) 10:9 

Age (years) 24.5 (4.8) 

BMI (kg/m2) 23.53 (2.3) 

Tegner Activity Scale (0-10) 7.1 (2.2) 

IKDC Score (0-100) 83.4 (7.4) 

Time since surgery (months) 59.1 (37.2) 

Table 2. Modified Biering-Sorensen results (seconds) 

Mean (SD) 

Effort 1 84.4 (44.0) 

Effort 2 42.9 (19.0) 

Effort 3 34.3 (18.0) 

Cumulative Hold Time 161.7 (65.3) 

Transition time from fatigue protocol to testing 24.1 (5.9) 

RESULTS 

Descriptive data for all participants are presented in Table 
1. The average participant was a young adult female with a 
normal body mass index, approximately five years removed 
from unilateral ACLR with an IKDC score slightly below age 
matched healthy individuals36 and a Tegner score indicat-
ing recreational or competitive sport participation. 

All participants completed all study procedures. In re-
gards to the modified Biering-Sorensen fatigue protocol, an 
average reduction in time to positional failure of approx-
imately 50 seconds (-59%) was observed between the first 
and third consecutive efforts. On average, participants tran-
sitioned to the post-protocol DVJ testing in less than 25 sec-
onds after completing the third and final modified Biering-
Sorensen effort (Table 2). 

The single-joint results are presented in Table 3. No in-
teractions or main effects of condition were observed. Two 
main effects of limb were seen. The injured limb demon-
strated less peak ankle dorsiflexion angle (2°, p=0.028), as 
well as less peak vGRF (13%, p=0.013). 

The joint contributions and peak TSM data are presented 
in Figure 2. No interactions or main effects of limb were ob-
served. However, a single main effect of condition at peak 
TSM was seen for the hip contribution. After the protocol, 
at peak TSM, the hips showed a 4% decreased contribution 
to TSM (p=0.035). 

Post-hoc analysis revealed a significant correlation (r = 
0.527, p =0.02) between percent change in knee contribu-
tion post-protocol and time since surgery. The relationship 
was such that as time since surgery increased, individuals 

Figure 2. Redistribution of joint moments relative to 
peak total support moment 

Note the significant reduced contribution from the hip after completion of the 
protocol. 

had a higher percentage contribution at the knee post-pro-
tocol. Otherwise, no other significant correlations were 
noted (p >0.05). 

DISCUSSION 

The overall purpose of this study was to examine if a prox-
imal extensor fatigue protocol elicited differential alter-
ations in sagittal plane lower extremity kinematics and ki-
netics during a DVJ in individuals with a history of ACLR. 
Neither the single-joint nor whole-limb results directly 
supported the differential effect hypothesis, as no interac-
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Table 3. Condition by limb results, presented as Mean (SD) 

Injured Limb Uninjured Limb Interaction 
Condition 

Main 
Effect 

Limb 
Main 
Effect 

Pre-
fatigue 

Post-
fatigue 

Pre-
fatigue 

Post-
fatigue 

p-value p-value 
p-

value 

Peak Hip Flexion Angle 
(degrees) 

76.4 
(12.8) 

74.9 
(13.6) 

75.2 
(13.3) 

72.9 
(14.0) 

0.130 0.090 0.097 

Peak Knee Flexion Angle 
(degrees) 

86.9 
(10.6) 

86.3 
(10.1) 

86.7 
(11.4) 

85.4 
(10.5) 

0.095 0.326 0.527 

Peak Ankle Dorsiflexion 
Angle (degrees) 

26.9 
(5.1) 

26.8 
(5.6) 

29.2 
(4.6) 

29.3  
(4.4) 

0.709 0.904 0.028 

Peak Internal Hip Extension 
Moment (Nm/(kg*m)) 

1.17 
(0.21) 

1.18 
(0.23) 

1.26 
(0.28) 

1.26 
(0.27) 

0.757 0.774 0.179 

Peak Internal Knee Extension 
Moment (Nm/(kg*m)) 

1.04 
(0.24) 

1.07 
(0.26) 

1.11 
(0.26) 

1.14 
(0.26) 

0.927 0.096 0.519 

Peak Internal Ankle 
Plantarflexion Moment 

(Nm/(kg*m)) 

0.71 
(0.20) 

0.74 
(0.20) 

0.78 
(0.16) 

0.79 
(0.16) 

0.366 0.148 0.164 

Peak Vertical Ground 
Reaction Force (N) 

1.45 
(0.23) 

1.47 
(0.20) 

1.65 
(0.24) 

1.65 
(0.23) 

0.807 0.446 0.013 

Peak Total Support Moment 
2.24 

(0.44) 
2.28 

(0.45) 
2.38 

(0.36) 
2.37 

(0.29) 
0.248 0.588 0.256 

Bolded – statistically significant 

tions were observed. When considering single-joint para-
meters, the participants loaded the injured limb less, and 
dorsiflexed less at maximum as well, which is consistent 
with findings in previous literature. When considering the 
whole-limb TSM analysis, the proximal extensor fatigue 
protocol generally elicited a decrease in the hip joint con-
tribution to anti-gravity support, which provides support-
ing evidence that the fatigue protocol affected the targeted 
muscles. 

Of particular relevance to the current study are the find-
ings of Hollman et al.18 In a comparable study, healthy 
women performed a bilateral jump-landing task and iso-
metric hip dynamometry before and after a modified Bier-
ing-Sorensen fatigue protocol. Hollman and colleagues 
measured hip and knee kinematics and gluteus maximus 
muscle activations, and found no change in peak hip and 
knee angles after the modified Biering-Sorensen fatigue 
protocol. However, peak isometric hip extension force was 
reduced and gluteus maximus electromyographic activation 
was increased after the fatigue protocol. The authors sug-
gested that the kinematics may have stayed consistent due 
to increased neural drive to the gluteus maximus. In the 
current study, electromyographic data were not collected, 
and there there was no change in single-joint kinematics or 
kinetics supporting the results of Hollman and colleagues18 

despite the history of unilateral ACLR. In regards to whole-
limb neuromuscular strategy, the proximal extensor fatigue 
protocol resulted in a reduction in hip extensor contribu-
tion to peak TSM. Both the increased gluteal activations 
seen in the Hollman study and the altered TSM seen in this 
study may be considered evidence of compensatory motor 
solutions used to preserve requisite task-level kinematics. 

Two discrete parameters were suggestive of altered func-

tion in the ACLR limb, peak vGRF and ankle dorsiflexion 
angle. In regards to decreased vGRF during landings, a re-
cent systematic review with meta-analysis identified that 9/
10 included studies showed reduced peak vGRF in adoles-
cents with a history of ACLR.38 This study’s pre-protocol 
data add to the robust literature identifying loading asym-
metry in individuals after ACLR. The lack of change in peak 
vGRF post-protocol suggests that proximal extensor fatigue 
does not strongly influence the magnitude of whole-limb 
vertical loading after ACLR. 

There was less ankle dorsiflexion observed in the injured 
limb compared to the uninjured limb during the DVJ. Re-
duced peak ankle dorsiflexion and reduced ankle dorsiflex-
ion at initial contact has been observed in the injured limb 
compared to both the uninjured limb and to controls during 
the DVJ.39,40 However, clinical measurement of maximum 
ankle dorsiflexion after ACL injury has been found to not 
differ between limbs.41 The combination of these studies 
may suggest that performance of the DVJ may not consis-
tently engage physiological end-range dorsiflexion. There-
fore, the difference between limbs in peak dorsiflexion after 
ACLR may be largely attributable to an avoidance strategy 
of the injured limb.40 In the current study, the observed 
combination of reduced peak ankle dorsiflexion angle and 
vGRF in the injured limb provides supportive evidence for 
this avoidance phenomenon. 

The fatigue protocol elicited reduced hip moment con-
tributions to peak TSM. The reduction in hip contribution 
may reflect decreased muscle force output from the hip ex-
tensors after the protocol at the instance of peak anti-grav-
ity demand. Hollman and colleagues18 previously reported 
a 25% reduction in isometric hip extension strength after 
a similar protocol. The reduced hip contribution to peak 
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TSM seen in the current study participants may reflect a 
transient reduction in hip strength from the protocol. This 
reduction in hip contribution may impact performance of 
other tasks after a proximal extensor fatigue protocol and 
thus be of interest to clinicians observing movement in 
a post-fatigued state. Interestingly, the knee contribution 
in the injured limb appeared to improve after the proto-
col. Previous studies have shown that the ACLR population 
demonstrates a decreased knee contribution to TSM dur-
ing single limb landing.26 While the joint moment redistri-
bution elicited by hip extensor fatigue would be transient, 
there may be potential rehabilitative and training applica-
tions to further explore. 

The correlation between increasing knee contribution 
and time since surgery aligns with previous literature 
demonstrating increases in knee extensor strength over 
time after ACLR. Barford and colleagues found that over the 
course of rehabilitation a higher percentage of individuals 
developed adequate knee extension strength as measured 
by isokinetic limb symmetry index.42 Additionally, in a re-
view of literature, it was recommended that it could take 
up to two years for knee extensor strength to recover.43 

The average length of time since surgery of the current co-
hort was nearly five years, meaning they had greater op-
portunity to recover quadriceps strength. It is unknown if 
time since surgery and percent change in knee contribution 
would have a different relationship in those closer to 
surgery. 

There are limitations to this study. As this is a cross-sec-
tional study, it cannot be determined if the observed re-

sponse to the hip extensor fatigue protocol would have been 
seen prior to injury. The sample size is relatively small and 
therefore prone to sampling error, a larger sample would 
improve the generalizability of the results to confidently 
characterize the ACLR population. While biomarkers of fa-
tigue were not collected, participants performed three ef-
forts of a validated single effort hip extensor fatiguing task. 
Trunk data were not collected, but could help explain the 
total body impact of the modified Biering-Sorensen fatigue 
protocol. Also, as with any study utilizing traditional mo-
tion capture techniques, skin movement artifact can affect 
the joint motion estimates. 

CONCLUSION 

The results of this study demonstrate that a hip extensor fa-
tigue protocol elicits reduced bilateral hip extensor contri-
bution to total support moment when anti-gravity demands 
are greatest in persons with ACLR. The clinical implications 
of this redistribution warrant further investigation. 
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Background 
Female athletes who are not vigilant about their food choices and choose extraneous 
physical activities may head towards negative health effects. 

Purpose 
The purpose was to determine the prevalence of risk factors that may lead to the Female 
Athlete Triad among young elite athletes in Pakistan. 

Study Design & Methods 
A cross sectional questionnaire-based study was conducted in 2018 at Pakistan Sports 
Board to investigate the risk factors of The Female Athlete Triad among young elite 
athletes based in national training camps of major metropolitan cities. Trained and 
professional female elite athletes of age 18 – 25 years, able to comprehend questionnaire 
in English were included. Athletes completed the questionnaire including demographics, 
educational qualifications, Body Mass Index, sports participation, and playing hours. The 
Eating Aptitude Test-26 (EAT-26) and questionnaires on risks of amenorrhea and risks of 
low bone mineral density were completed. Individual prevalence of the risk factors of 
three components was assessed. The data were analyzed using SPSS-20 and descriptive 
statistics applied. 

Results 
A sample of 60 elite athletes, (23.57 + 2.37 years, BMI 21.97 <u">+1.90) who participated 
in various sports were included. EAT-26 results indicated that 50% of athletes were at risk 
of an eating disorder. Disordered Eating behaviors in need of referral were identified in 
83.3%. Risks for amenorrhea were identified in 15%, and concerning low Bone Mineral 
Density, no risks were identified, except the intake of caffeinated beverages in 51.7%. 

Conclusion 
The prevalence of risk for disordered eating was found to be significant among female 
elite athletes of Pakistan, but risk of amenorrhea and low bone mineral density were not 
of major concern. 

Level of evidence 
3b 

INTRODUCTION 

In sports, amazing feats of physical, mental, and skill are 

common.1 An elite athlete strives hard and excels above 
their baseline level of participation, devoting their energy 
and time to grooming their individual talents. This helps 
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them become a performance perfectionist in their field.2 

Doing more is their way of life.3 The operational definition 
of an elite athlete for this manuscript is an athlete that was 
a member of a national squad representing their country 
nationally and internationally in a team or individual sport. 

When gender specificity is considered, the number of 
young females participating in constant physical training, 
athletic activities, recreational games, and elite sport com-
petitions has increased astonishingly in last three decades. 
These female athletes display amazing talent all over the 
globe. However, such training and talent offers another 
challenge for sports scientists and practitioners: the need 
for developing unique training programs for young female 
athletes according to their individual sports requirements.4 

Despite many good outcomes, there are certain associated 
risks with sports involvement. Young female athletes are 
prone to various health risks with sports related injuries.5 

Several major medical conditions are reported in young fe-
male athletes including disordered eating, menstrual cycle 
disturbance, and impaired bone mineral health. The female 
athlete triad (FAT) was initially described by Women’s task 
force of the American College of Sports Medicine (ACSM) in 
1992. Not only the ACSM but also the International Federa-
tion of Sports Medicine (FIMS) in collaboration with Inter-
national Olympic Committee (IOC) have developed a con-
sensus statement on the FAT. 

The FATis characterized by a negative balance of energy. 
Eating disorders and disordered eating are not gender spe-
cific, and includes Relative Energy Deficiency in Sport 
(RED-S). RED-S is related to the FAT and describes the in-
terrelationship among low energy availability (with or with-
out disordered eating) and various body systems. Due to 
energy imbalance, females are prone to menstrual distur-
bances and the development of low bone mineral density 
(BMD).6 The interrelated nature of these three components 
affects the overall health of female athletes. Restrictive eat-
ing and routine strenuous or prolonged exertion can cause 
energy deficits, which changes hormonal levels in the body, 
affecting the reproductive system and ultimately the men-
strual cycle is disturbed and if balance not regained, may 
be followed by negative effects on bones. This multifaceted 
syndrome is based on insufficient balance between energy 
intake and energy expenditure.7 If not considered promptly, 
the triad may have irreversible health consequences, either 
of individual facets or all three in combination.8 

A review of sixty-five studies (n = 10,498, age = 21.8 ± 
3.5 years, body mass index = 20.8 ± 2.6 kg·m; mean ± SD) 
examined the prevalence of collective triad and individual 
components of the FAT. It aimed to describe the preva-
lence of the FAT in both lean versus non-lean sports in 
young athletes.9 Gharib et al. investigated the triad’s long-
term complications and suggested that a multidisciplinary 
approach involving family members and coaches be em-
ployed to address health concerns.10 A study by Barrack et 
al. updated the prevalence rates of the three components 
of the female athlete triad present in athletes.11 Miller et 
al. investigated whether Australian exercising women were 
aware of the FAT and its consequences including energy de-
ficiency, menstrual disturbances, and low BMD. A total 191 
females between the ages of18-40 completed the survey.12 

Melin et al. recruited a population from the Danish and 

Swedish sport federations and aimed to examine associa-
tions between the three components and the prevalence of 
triad-associated conditions in endurance athletes. Forty ac-
tive, exercising women participated in the study which in-
cluded gynecological examination with assessment of bone 
health, analysis of diet, and blood analysis.13 Goodwin con-
ducted a study to profile components of the FAT among 
elite female athletes and non-athletes in which 25 athletes 
and 14 non-athletes provided their data for energy avail-
ability, menstrual function, and physical activity. Dual En-
ergy X- rays Absorptiometry (DEXA) was done to find their 
Bone Mineral Density(BMD) respectively.14 De Souza et al 
and Sundgot Borgen et al. sought to discern the prevalence 
of severe menstrual disturbances in exercising females and 
disordered eating in elite athletes involved in high intensity 
training. Almost half of the exercising females had men-
strual disturbances and suboptimal eating habits and rou-
tines and the authors suggested that suchathletes need 
family and team support to manage healthy eating 
habits.15,16 Prather et al. .screened and assessed 220 elite 
female soccer athletes for being at risk of disordered eating 
attitudes, menstrual dysfunction and stress fractures and 
found these athletes were susceptible to stress fractures 
and menstrual disturbances.17 In female skaters, prevalence 
and correlation of eating disorders were studied by Voelkar 
et al. who discussed body dissatisfaction and concern of 
weight and appearance as major problem.18 Finally, Am-
rinder found that both athletes non-athletes had risk fac-
tors for the triad, hence educating the females is of utmost 
priority.19 

A significant number of studies have been conducted in-
ternationally to determine the prevalence of risk factors of 
the FAT in elite athletes. Authors have described the risk 
factors and prevalence of the triad components individually 
or as a whole condition. But in Pakistan, no significant work 
has been done, and the FAT remains underreported con-
cerning prevalence, prevention, awareness, screening and 
treatment. Therefore, the purpose of this study was to de-
termine the prevalence of risk factors that may lead to the 
FAT among young elite athletes in Pakistan. 

METHODS 

This was a cross sectional study conducted from July 2018- 
Jan 2019 at Pakistan Sports Board, which is the governing 
body to regulate the sports sector in Pakistan. The study 
variables consist of risk factors for disordered eating, risks 
for menstrual disturbances, and risk factors for low BMD in 
elite female athletes. 

A questionnaire consisting of demographics, educational 
qualification, BMI, sports participation and risk factors’ 
concerning the FAT was developed by the authors under 
supervision. It included three parts: The Eating Aptitude 
Test-26 (EAT-26) for risk of eating disorders, and two self-
structured questionnaires for risks of amenorrhea and low 
BMD (Appendix A). The World Health Organization (WHO) 
guidelines for tool development were followed for develop-
ment of the questionnaires. After proofreading, both tools 
were piloted on a study sample of 20 participants, as a result 
both questionnaires were found to be reliable and valid for 
further use. The finalized version of the questionnaire the 
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Table 1. Demographic details of age, height and weight 

Variable Mean±SD 

Age(years) 23.57±2.4 

Height(inches) 64.43±2.2 

Weight(kg) 55.95±9.65 

Table 2. Demographic details of educational qualification, BMI, type of sports and training hours of included 
female athletes 

Variables n(%) Variables n(%) 

Qualification 

Under 
matriculation 

1(1.7%) 

Type of 
Sports 

Martial arts/ 
taekwondo 

5(8.3%) 

Matriculation 6(10%) Squash 6(10%) 

Intermediate 20(33.3%) Handball 10(16.7%) 

Bachelors 28(46.7%) Jump, throw, running 8(13.3%) 

Masters 5(8.3%) Badminton 6(10%) 

Body mass 
Index(BMI) 

Underweight 9(15%) Swimming 6(10%) 

Healthy weight 48(80%) Table tennis 7(11.7%) 

Overweight 1(1.7%) Volleyball / Basketball 12(20%) 

Obese 2(3.3%) 
Training 
hours 

4 hours/day 16(26.7%) 

5 hours/day 24(40%) 

6 hours/day 20(33.3%) 

risks of amenorrhea section had 13 items (r=0.82) and risks 
for low BMD (r = 0.76) section had 16 items. 

The EAT-26; is a widely used self-reported standardized 
screening measure used to assess eating disorder risk. The 
EAT-26 is the short version of EAT-40, which is highly reli-
able and valid measure. It was formulated to screen if some-
one needs professional assistance for an eating disorder. It 
is rated on six-point scale (always, usually, often, some-
times, rarely, and never) based on how often the individ-
ual engages in specific behaviors and has three sub-scales: 
dieting, bulimia, and food preoccupation and oral control. 
The EAT-26 correlates highly with the original EAT-40 scale 
(r = 0.98). Test-retest reliability for EAT-26 has ranged from 
.84 to .89.20 The average administration time of EAT-26 is 
approximately two minutes. Scores on the EAT-26 above 
than 20 are better and give an indication for need of further 
assessment by a professional, whereas scores less than 20 
can be an indication of serious eating problems or referral. 
Consent was given on every questionnaire from the partici-
pants. 

All the athletes that participated in national as well as 
international tournaments came under the jurisdiction of 
Pakistan Sports Board, which is the governing body to reg-
ulate the sports sector in Pakistan. Ethical approval for this 
study was granted from Internal Review Board of Riphah In-
ternational University, Islamabad. Non-probability conve-
nient sampling technique was used to select a total of 60 
female elite athletes from metropolitan cities like Karachi, 
Lahore and Islamabad who attended National and Regional 

training camps.21–23 The inclusion criteria included: 
trained and professional female elite athletes of Pakistan, 
menstrual-age females without a diagnosed eating disorder 
any menstrual disturbance or osteoporosis, and those who 
could easily interpret the questionnaire language(English). 

RESULTS 

The sample size consisted of 60 elite female athletes of Pak-
istan and the three components of the FAT were assessed 
individually. Data were analyzed by descriptive statistical 
methods. Demographics of the subjects are provided below. 
(Table 1) 

Regarding educational qualifications, the responses 
were: under matriculation, matriculation, intermediate cer-
tification, a bachelor’s in any field,and master’s degree 
holders. 

All sixty female athletes were of 18-28 years of age. The 
athletes participated in a variety of different sports includ-
ing: Martial arts/ Taekwondo, Squash, Handball, Jump/
Throw/Running sports, Badminton, Swimming, Table ten-
nis and Volleyball or Basketball. The BMI was calculated 
for each player and categorized as underweight, healthy 
weight, over-weight, or obese as per the definition of United 
States Center for Disease Control and Prevention and three 
subcategories regarding training hours were reported. 
(Table 2) 

EAT -26 scoring results are presented in Table 3. Fifty 
percent of the sample displayed a risk for an eating disorder. 
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Table 3. Frequency of major risk factors of The Triad 

Variables n(%) Variables n(%) 

Risk of Eating 
Disorder 

Yes 
30 

(50%) 

Menstrual Cycle in past 12 months 

10 - 
12 

cycles 

51 
(85%) 

No 
30 

(50%) 

Total 
60 

(100%) 4 – 9 
cycles 

7 
(11.7%) 

Eating 
disordered 
behaviors’ 

Binge eating 
31 

(51.7%) 

Vomiting 
16 

(26.7%) 
< 4 

cycles 
2 

(3.3%) 

Abusing 
laxatives 

39 
(65%) 

Total 
60 

(100%) 

Intensive 
training 
routine 

12 
(20%) 

Intake of caffeinated beverages (that may 
affect bone mineralization) 

Yes 
31 

(51.7%) 

No 
29 

(48.3%) 

Total 
60 

(100%) 
Total 

60 
(100%) 

Disordered eating behaviors and their prevalence of binge 
eating, vomiting, abusing laxatives and with intensive 
training routines were also recorded, and 83.3% of the ath-
letes engaged in different categories of disordered eating 
behaviors. 

Amenorrhea risks are also presented in Table 3, 24 (40%) 
females reported menarche at 14, 17 (28.3%)when they were 
13,and 14 (23.3%) at 15 years of age. Fifty-one (85%) re-
ported regular menstrual cycles whereas seven (11.7%) re-
ported 4-9 cycles past year and only two (3.3%) reported 
less than four cycles over the year. On response to a ques-
tion if they ever missed menstrual cycles 23(38.3%) said 
yes and when asked about the regularity of their cycles 51 
(85%) reported regular and nine (15%) reported irregular 
cycles. With change in intensity, frequency and duration 
of training 29 (48.3%) reported changes in their menstrual 
cycle whereas 45 (75%) reported no changes and out of 
all significant stressors in their lives, most commonly re-
ported were: family stress in25 (41.7%), 12 (20%) said fi-
nancial, seven (11.7%) had professional, and four (6.7%) re-
ported other stressors like hostel life and peer pressure, 
respectively. When asked regarding intensive training and 
exercises, 28 (46.7%) reported an intensive routine, and 32 
(53.3%) did not participate in intensive exercises. Out of all 
subjects, only three (5%) were on estrogen supplementa-
tion, four (6.7%) on steroids/thyroid hormones, and eight 
(13.3%) took diuretics or weight reducing drugs. 

Risk factors for low BMD were less common, and only 
one (1.7%) reported history of vertebral stress fracture, par-
ents of eight (13.3%) had ever sustained a hip fracture, nine 
(15%) were smokers, two (3.3%) were on steroids for three 
months or longer, and only two reported drinking three to 
four alcoholic drinks per day. Most commonly reported was 
the intake of caffeinated beverages (51.7%). (Table 3) 

History of medications showed that 12 (20%) took no 

medications, 18 (30%) took calcium, and 30 (50%) took vit-
amin D. Those who performed weight bearing exercises reg-
ularly were 21 (35%). 

DISCUSSION 

According to review of several studies on the prevalence of 
individual and combined components of the female athlete 
triad, the presence of all three aspects of the triad in ath-
letes is less well investigated than reporting on individual 
components. Most of the prior authors have reported the 
presence of one or two of the three components of the triad, 
which is similar to the results of the current study which 
shows risk factors for eating disorders. Sixty elite athletes 
(23.57 + 2.37 years, BMI 21.97 + 1.90) who participated in 
various sports were included. EAT -26 results indicated that 
50% of athletes were at risk of an eating disorder. Disor-
dered Eating behaviors in need of referral were identified 
in 83.3%. Risks for amenorrhea were identified in 15%, and 
concerning low bone mineral density, no risks were identi-
fied, except the intake of caffeinated beverages in 51.7%. 

A review of 65 studies9 (n=10,498, age= 21.8 ± 3.5 years, 
BMI = 20.8 ± 2.6 kg•m; mean ± SD)that evaluated the preva-
lence of triad risk factors and clinical conditions in exercis-
ing women showed that only small percentage of athletes 
(0%-15.9%) in nine studies exhibited all three components 
of the triad. In this same study the presence of two or any 
one of the Triad conditions ranged from 2.7% to 27.0% and 
from 16.0% to 60.0%, respectively, whereas the results of 
this study were different indicating 50% of athletes (age in 
years = 23.57±2.4) were at risk of eating disorders with only 
one presenting with highest risk, only 15% reported amen-
orrhea risk, and none really reported any risks concerning 
low BMD except caffeinated beverages intake. 

Barrack et al. studied the prevalence of the three com-
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ponents of the FAT and found the occurrence was very low 
(0-16%). When one or two components were considered, 
the percentage of affected athletes was 50-60% which is 
partially consistent with the results of the current study as 
one component was high with 50% females at risk of eating 
disorders, however risk for amenorrhea was only 15% and 
low BMD was almost negligible with only beverages intake 
reported in 51.7% elite athletes of Pakistan. It appears that 
FAT prevalence as a syndrome (all three parts) is low in Pak-
istani athletes as others have found.11,12 

Another review study by Gharib Nazem, et al.10 sug-
gested that early detection of risk factors leading towards 
the triad is very important to minimize the complications 
of the FAT. Clinical features associated with aspects of the 
triad often do not always appear initially, therefore pre-
vention is the best measure. Diagnosis and treatment come 
later and should involve interdisciplinary therapeutic ap-
proach 

Singh Amrinder et al.19 studied prevalence of the FAT 
and its associated risk factors and amongst 200 athletes 
from India, and only seven (3.5%) participants of the total 
sample were determined to have all aspects of the triad. Of 
the 200, 49 (24.5%) were at risk of an eating disorder, 48 
(24%) had irregular menstrual cycles, and 51 (25.5%) were 
at risk for osteoporosis. Whereas in the current study of 60 
elite athletes the most prevalent risk factor was for eating 
disorder found in 30 (50%) participants and no athlete pre-
sented with risk for all three complications. 

Cross-sectional studies may be limited by the presence of 
uncontrolled factors. This study had limitations including 
that the athletes were not assessed for their energy avail-
ability status. Secondly, the athletes completed these ques-
tionnaires at varied times (in season or out of season) in 
their sports related specific training, and this may have had 
an impact on the risk factors. Finally, the nutritional behav-
iors and life style factors/choices of the athletes were not 
recorded and may also have affected the results. 

CONCLUSION 

The presence of all three components of the triad in ath-
letes appears very low in Pakistan; with the greatest num-

ber of the athletes showing risk for eating disorders/disor-
dered eating. Amenorrhea risk factors appear to be low in 
Pakistani athletes as 85% reported regular menstrual cycles. 
Among all studied risks associated with bone health, only 
the ingestion of caffeinated beverages was noted as a possi-
ble risk with 51.7% of the athlete’s reporting consumption. 

This study may be used to inspire further research, pre-
vention, practice, education, awareness, and screening re-
lated to the FAT in Pakistan. The authors recommend that 
awareness regarding the female athlete triad syndrome and 
its risk factors be provided for all young female athletes of 
Pakistan. 
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Background 
There is limited evidence describing the relationship between calcaneal bone mineral 
density (cBMD) and activity level, menstrual history, or the development of bone stress 
injury (BSI). 

Hypothesis/Purpose 
The purposes of this study were to: 1) examine the influence of physical activity on cBMD 
in healthy college students (HCS), 2) determine if there is an association between cBMD, 
body mass index (BMI), sex, menstrual history, and history of BSI in HCS, and 3) compare 
the cBMD of HCS to cBMD data collected on intercollegiate athletes (ICA) from a previous 
study. 

Study Design 
Cross-sectional design 

Methods 
This cross-sectional study recruited a convenience sample of HCS at one institution. 
Subjects provided self-reported injury and menstrual history, completed a physical 
activity questionnaire, and cBMD and BMI measures were obtained. Descriptive statistics, 
statistical analyses of relationships (Chi-square and relative risk), logistic regression, and 
differences (t-tests) were used in the statistical analyses. 

Results 
One hundred three HCS (82 female, 21 male; age 21.9 ± 1.13) consented to participate. 
The composite score for work, leisure, and sport activity ranged from 5.6 to 11.1 (7.9 ± 1.1) 
for HCS subjects. There was no significant correlation between cBMD and physical 
activity in HCS, however, a significant correlation was found between reported age of 
onset of menstruation and left and right cBMD (r = -0.22 and r = -0.23; p < 0.05) and 
history of secondary amenorrhea and history of BSI (r = 0.32; p < 0.05). There was no 
difference in cBMD between the male ICA and male HCS, but highly significant 
differences in cBMD between the female ICA and female HCS groups (p < 0.000). 

Conclusions 
Age of menarche and secondary amenorrhea are significantly associated with cBMD and 
history of BSI in HCS subjects, respectively. Differences in cBMD among the HCS subjects 
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were not related to activity level. cBMD was significantly lower in female HCS as 
compared to female ICA. This difference in cBMD between ICA and HCS may be activity 
related. 

Level of Evidence 
Level 3 

INTRODUCTION 

Bone health is a significant global health issue facing our 
21st century world. In 2000, there was estimated to be nine 
million osteoporotic fractures across the world, with hip, 
forearm, and vertebral fractures among the most common.1 

Such fractures lead to decreased functional ability, inability 
to fulfill social roles, loss of independence, and higher mor-
tality.2 The personal, social, and economic burden of poor 
bone health requires attention to this issue and close exam-
ination of the factors leading to poor bone health with ag-
ing. 

Multiple factors have an influence on bone health in-
cluding genetics, nutrition, physical activity, sex, age, and 
ethnicity. Some of those factors are non-modifiable (age, 
sex, genetics) while others including nutrition and physical 
activity are modifiable. The majority of bone mass is 
achieved by late adolescence, and, as such, maximizing 
bone accrual during adolescence is crucial in the prevention 
of early bone demineralization.3 Given that premenopausal 
bone fractures have been shown to increase the risk for fu-
ture fractures in a woman’s life,4,5 attention to bone health 
in young women is critical. Bone mineral density (BMD) is 
one important indicator of bone health, and several stud-
ies have demonstrated a positive relationship between in-
creased physical activity and higher BMD.6–12 A common 
theme to these studies is the importance of ground based, 
moderate intensity exercise as a stimulus for higher BMD. 
Studies by Reinking et al13 and Risser et al14 of BMD in 
collegiate athletes have shown lower BMD in swimmers as 
compared to ground-based athletes. 

Given this evidence, it would be anticipated that partic-
ipation in weight bearing sports would result in increased 
BMD. However, some evidence has shown lower BMD in en-
durance athletes as compared to a group of active, non-
athletic subjects.15–19 Bone stress injury, including stress 
fracture and medial tibial stress syndrome, are commonly 
experienced in running and jumping athletes.16–24 Conse-
quently, the dose-response relationship between weight-
bearing physical activity and BMD is not fully understood. 
To encourage optimal bone health in a young adult popula-
tion and minimize risk of bone demineralization and frac-
ture in older adults, a deeper understanding of this relation-
ship is critical. 

The calcaneus is the only site recognized by the Inter-
national Society of Clinical Densitometry (ISCD) for the 
assessment of bone density using quantitative ultrasound 
(QUS) bone densitometry.25 Consisting of 75-95% trabec-
ular bone, the calcaneus demonstrates greater degradation 
in response to age and disease compared to cortical bone 
due to its high rate of turnover, and structurally is well-
suited for the horizontal transmission of sound energy due 
to its two relatively opposed lateral surfaces and minimal 
amount of soft tissue. The speed of sound (SOS) is deter-

mined by measuring the time it takes for sound energy to 
travel across the width of the calcaneus, and as such, is 
measured in units of meters per second (m/s). Broadband 
ultrasound attenuation (BUA) is the slope of the line formed 
by plotting sound intensity (dB) across a range of sound fre-
quencies (MHz) and is reported in units of dB/MHz. BUA has 
been reported to provide a general indicator of bone qual-
ity, or architecture, rather than the quantity of mineral in 
bone.26 

These measures collectively provide qualitative and 
quantitative information regarding the density, microarchi-
tecture, and mechanical properties of the calcaneus. Faster 
SOS and greater BUA reflect more dense and homogenous 
bone structure, respectively, and when combined linearly 
provide a measure of relative bone “stiffness” referred to as 
the quantitative ultrasound index (QUI). The QUI value is 
rescaled to provide an estimate of BMD (g/cm2) allowing for 
determination of a t-score and comparison to previously es-
tablished normative data. In vivo and in vitro QUS measures 
have been shown to be highly correlated (r = 0.82 - 0.85) 
with other measures of calcaneal bone quality such as dual-
energy x-ray absorptiometry (DXA), and with measures of 
bone density obtained at other anatomical locations such as 
the femur and lumbar spine.27–32 

At present, inconsistent evidence is available pertaining 
to BMD values in athletic and non-athletic collegiate-aged 
persons, and the influence of physical activity on those val-
ues. Based on the literature review and the authors’ previ-
ous work with cBMD in intercollegiate athletes, we estab-
lished three purposes of this study: 1) compare cBMD of 
intercollegiate athlete (ICA) and healthy college students 
(HCS), 2) examine the influence of physical activity on 
cBMD in HCS, 3) investigate the effects of multiple variables 
on cBMD including body mass index (BMI), sex, menstrual 
history in females, and history of bone stress injury (BSI). 
Previously published data on ICAs were used to compare 
cBMD values obtained in HCS subjects.13 

METHODS 
STUDY DESIGN 

Following approval by the Saint Louis University Institu-
tional Review Board, a cross-sectional sample of HCS was 
recruited to participate in this study. Subjects who elected 
to participate in the research study provided consent and 
were scheduled for data collection. Data collection con-
sisted of subjects completing a health and activity ques-
tionnaire and members of the research team collecting cal-
caneal bone mineral density, height, and weight measures. 

SUBJECTS 

Full-time college students (82 female, 21 male) at one aca-
demic institution between 18-24 years of age (21.9 ± 1.13) 
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who were not currently or previously rostered as a member 
of an intercollegiate athletic team were recruited to partic-
ipate. Students not meeting the inclusion criteria or who 
described an existing lower-extremity injury were excluded 
from the study. 

PROCEDURES 

HEALTH & ACTIVITY QUESTIONNAIRE 

Participants completed a web-based questionnaire includ-
ing date of birth, sex, age, race/ethnicity, use of foot or-
thotics, lifetime history of diagnosed lower extremity or 
pelvic stress fracture or medial tibial stress syndrome 
(MTSS), and menstrual history. The Habitual Physical Ac-
tivity Questionnaire was included in the web-based ques-
tionnaire as a measure of self-reported activity level.33 The 
Habitual Physical Activity Questionnaire assesses activity 
across work, sport, and leisure not involving sport, and has 
been found to be a valid measure of activity level. The ques-
tionnaire consists of 16 items scored on a five-point scale 
which are used to calculate composite and categorical mea-
sures of self-reported physical activity. 

HEIGHT AND WEIGHT 

Height (inches) and weight (pounds) were recorded using 
conventional methods employing a standard scale and tape 
measure. Height and weight measures were converted to 
the metric scale to allow for calculation of body mass index 
(kg/m2). 

CALCANEAL DENSITOMETRY 

Quantitative ultrasound (QUS) involves the measurement 
of speed of sound (SOS) and attenuation of sound energy, 
or broadband ultrasound attenuation (BUA), as the sound 
wave passes through soft tissue and bone. Based on SOS and 
BUA measures, the quantitative ultrasound index (QUI) is 
obtained through simple linear combination of both values 
and then rescaled to give an estimate of bone mineral den-
sity. For the current study, calcaneal bone mineral density 
(cBMD) was determined via QUS using the Sahara clinical 
bone sonometer (Hologic, Inc, Waltham, MA). The Sahara 
clinical bone sonometer uses a specific technique involv-
ing the transmission of sound energy from one transducer 
through the calcaneus to a second receiver.31,34,35 

Calibration of the densitometer was performed as de-
scribed by manufacturer guidelines each day prior to data 
collection. Participants were seated in a straight-back chair 
approximately 12-18 inches from the scanner and both 
heels were inspected for abrasions or open sores. The tester 
cleaned the sides of the heels with a towelette and dried 
the heel prior to testing. The tester then applied an oil-
based coupling gel (Hologic, Inc.) to both elastomer trans-
ducer pads. The subject’s foot was then placed into the foot 
well and the leg secured using the positioning aid (Fig-
ure 1). The subject was instructed to remain still during 
the test and heel placement was checked to ensure proper 
placement prior to initiating the measurement. Once initi-
ated, the elastomer pads moved to the measurement posi-
tion contacting the sides of the calcaneus and measurement 

Figure 1. Measurement of Calcaneal Bone Mineral 
Density (cBMD) 

was performed. Upon completion of the measurement, SOS 
(m/s), BUA (dB/MHz), estimated cBMD (g/cm2), and BMD t-
scores were recorded, and the steps repeated for the sub-
ject’s contralateral calcaneus. 

DATA ANALYSIS 

Descriptive statistics (means, percentages) for height, 
weight, and BMI were calculated using the demographic 
data of HCS subjects. The independent group t-test was 
used to compare self-reported physical activity scores to 
QUS measures in the group of HCS subjects. Self-reported 
physical activity, BMI, sex, and menstrual function were 
compared between HCS subjects with a history of BSI to the 
HCS subjects who denied a history of BSI using analyses 
of relationships (chi-square and relative risk). Comparison 
was made between QUS data collected on the group of 84 
ICAs13 (64 female, 20 male) to the QUS data from the 103 
HCS in this study using the independent group t-test. R sta-
tistical computing environment (R Core Team, 2013) was 
used for data management and analysis. 

RELIABILITY 

Reliability of the calcaneal bone densitometer (cBMD, SOS) 
was determined through random selection of subjects to 
have repeated density measures of both calcanei at the time 
of initial data collection. Intrarater reliability, calculated 
using intraclass correlation coefficients (ICC 3.1) for cBMD, 
were previously reported as demonstrating a high level of 
measurement consistency (> 0.95).13 

RESULTS 

Participant demographics for the HCS subjects are summa-
rized in Table 1 and self-reported history of stress fracture 
or leg pain (defined as pain occurring on the inside of the 
lower leg between the knee and ankle) is reported in Table 
2. 
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Table 1. Healthy College Student Demographics 

Healthy College Students (n=103)* 

Female (n=82) Male (n=21) 

Height (m) 1.64 (0.06) 1.78 (0.07) 

Weight (kg) 63.26 (8.65)a 85.57 (15.95)a 

BMI (kg/m2) 23.46 (2.95)b 26.93 (3.92)b 

BMI = body mass index 
*Values are mean ± SD 
a,bSignificantly different at p < 0.001 

Table 2. Healthy College Student Bone Stress Injury History 

Healthy College Students (%) 

Total (n=103) Female (n=82) 

Stress Fracture Hx 8 (7.8) 8 (9.8) 

Leg Pain Hx 29 (28.2) 25 (30.5) 

Hx = history 

Twenty HCS (19.4%) reported participating in organized 
sports and 48 HCS (46.6%) reported “more” or “much more” 
physical activity compared to their peers on the Habitual 
Physical Activity Questionnaire. Habitual Physical Activity 
Scores were not associated with self-reported history of BSI 
(stress fracture or MTSS) or with cBMD or SOS measures. 
However, a small but significant negative association be-
tween BMI and the Habitual Physical Activity work subscale 
was identified across all HCS subjects (r = -0.29, p < 0.05) 
and in the female HCS group (r = -0.23, p < 0.05). Small 
but significant negative associations were also found in the 
female HCS group between age of menarche and cBMD in 
both the left (r = -0.22, p < 0.05) and right (r = -0.23, p 
< 0.05) calcanei, and between a history of stress fracture 
in the pelvis or lower extremity and a history of secondary 
amenorrhea (r = 0.32, p < 0.05, Table 3). 

Calcaneal QUS measures (cBMD, SOS) for all HCS sub-
jects were significantly lower (p < 0.000) than preseason 
measures obtained in ICAs (Table 4). Calcaneal BMD and 
SOS measures were significantly lower in HCS females com-
pared to ICA females; however, male ICA and HCS had 
cBMD and SOS measures that were not significantly differ-
ent (Table 4). From the cBMD reliability study the intraclass 
correlation coefficient values (ICC 3,1) were all greater than 
0.95, indicating a high level of measurement consistency. 

DISCUSSION 
PHYSICAL ACTIVITY AND CBMD IN HCS 

Although numerous studies have reported the benefits of 
exercise and sport on bone accrual and bone strength, few 
studies have examined the relationship between physical 
activity level and optimal bone health.36–38 While athletes 
have been shown to have greater BMD and bone health 
when compared to a referent group of non-athletes, the 

level of physical activity necessary to stimulate an os-
teogenic response has not been identified. Researchers have 
provided conflicting evidence to support the benefits of 
physical activity on bone health in the general popula-
tion.6,36,38–40 Thus, the second purpose of the study was 
to examine the relationship between self-reported physical 
activity and cBMD in a group of HCS. The results did not 
identify a significant relationship between self-reported 
physical activity as measured by the Habitual Physical Ac-
tivity Questionnaire and cBMD or SOS in this group of HCS. 
Comparing the results to previous studies is difficult due to 
differences in the methods used to assess physical activity 
level. It is also important to note the limitations of available 
methods used to measure physical activity. For example, 
the Habitual Physical Activity Questionnaire addresses fre-
quency of exercise but may not account for osteogenic dif-
ferences between various exercise modes. Therefore, sub-
jects reporting higher levels of physical activity who are 
performing activities that are generally considered low-
load, endurance activities are less likely to demonstrate sig-
nificant differences in bone development and structure 
when compared to less physically active subjects. Wallace 
et al38 assessed both historical and current physical activity 
level in their study and reported that lifetime physical ac-
tivity and lifetime weight-bearing activity accounted for 
3-15% of the variance in BMD in a group of 19-25 year old 
regularly menstruating females. Sawyer et al39 used cal-
caneal QUS in a group of healthy subjects aged 6.6-20 years 
of age (n=311) and found a significant relationship between 
BUA and SOS and physical activity. However, when account-
ing for age and weight, physical activity accounted for only 
1.0-1.4% of the variance in SOS and bone stiffness. In a 
study of 60 healthy, eumenorrheic women aged 25-34 years 
of age, physical activity was found to be significantly asso-
ciated with vertebral bone density (r = 0.41, p < 0.005).36 A 
study of adolescent females with a history of an eating dis-

Analysis of Calcaneal Bone Mineral Density (cBMD) in Healthy College Students

International Journal of Sports Physical Therapy



order were compared to matched females with no history of 
eating disorder who were also grouped based on performing 
more or less than seven hours of physical activity per week. 
No differences in total body or site-specific BMD were found 
between the eating disorder group or two activity groups.40 

ASSOCIATION BETWEEN BONE STRESS INJURY AND 
CBMD, BMI, SEX, AND MENSTRUAL FUNCTION 

Bone stress injuries have been identified as a common in-
jury among endurance athletes. The long-term conse-
quences of maladaptive changes in bone microarchitecture 
and bone geometry to repetitive loading have not been 
studied. Methods to assess bone health during periods of 
development, changes in activity, and with ageing will allow 
medical professionals to identify risk factors for bone stress 
injury and evaluate interventions designed to influence 
bone health. Quantitative ultrasound has also been shown 
to have similar prediction capability for fracture risk as 
compared to DXA and has been shown to correlate with 
DXA measures in young children and adolescents.31,34,35 

Van Mechelen41 has described a “sequence” for the pre-
vention of sports injury which includes identifying factors 
which play a role in the occurrence of sports injury followed 
by the introduction of measures to address the aforemen-
tioned factors. 

A number of authors have shown significantly altered 
bone microarchitecture and lower bone density and bone 
strength in athletes with stress fracture or bone stress in-
jury when compared to healthy athletes.21,42–44 The au-
thors of this study have shown that QUS measures in female 
athletes involved in ground based sports who develop a 
bone stress injury during the competitive season are sig-
nificantly lower relative to their peers.13 It is worth noting 
that studies that did not find a significant difference in BMD 
between subjects with bone stress injury and controls re-
ported important methodological differences. For example, 
Bennell et al45 reported no significant difference in BMD 
when comparing female runners with a history of healed 
tibial stress fracture to female runners without a history of 
stress fracture, suggesting that timing of the densitometry 
measurement relative to the diagnosis of bone stress injury 
may influence BMD measures. In a study comparing mili-
tary recruits who developed a bone stress injury to healthy, 
matched controls, there were no differences in BMD mea-
sures at the tibia and femoral neck.46 However, military re-
cruits present with diverse levels of physical activity his-
tory, meaning the change in volume of physical activity 
likely varied across subjects with basic training and there-
fore exposed the subjects to varied levels of risk. 

A number of authors have examined the influence of 
menstruation, BMI, and sex on risk of developing bone 
stress injury in athletes and the military population. When 
comparing cBMD between groups and blocking for sex, ICA 
male and HCS male subjects were found to have similar 
cBMD and SOS while female subjects had significantly dif-
ferent cBMD and SOS measures across ICA and HCS groups. 
This finding suggests the influence of sex linked factors in 
bone accrual and structure and supports previous studies 
demonstrating differences between male and female bone 
geometry and strength.35,47 For example, Beck et al47 found 

significantly smaller subperiosteal diameters and thinner 
cortices in female military recruits compared to male re-
cruits. Several authors reporting on the incidence of stress 
fracture in military and athletic populations have identified 
female sex as a risk factor for bone stress injury.47–49 

The influence of menstruation on bone health and in the 
development of bone stress injury has been described ex-
tensively as part of the female athlete triad, and the results 
of this study support the relationship between menstrual 
abnormality and low bone density.50–55 More specifically, 
amenorrhea has been shown to be a significant risk factor 
for bone stress injury in female athletes. The current study 
demonstrated a small but significant negative correlation (r 
= -0.22 and r = -0.23) between age of menarche and cBMD, 
suggesting an important relationship between earlier onset 
of menstruation and greater bone accrual during adoles-
cence. A history of amenorrhea was also found to be asso-
ciated with a history of stress fracture in the pelvis or lower 
extremity, supporting previous studies that have shown a 
relationship between menstruation and risk of bone stress 
injury. While differences in BMI across sports are common, 
the authors did not identify a relationship between BMI and 
cBMD in either the ICA or HCS groups. 

CBMD IN ICA VS HCS 

This is the first known study to compare measures of bone 
health (SOS & BUA) in ICA and HCS using calcaneal QUS 
bone densitometry. The authors found significant differ-
ences in QUS measures for cBMD (p < 0.000) and SOS (p 
< 0.000) between the female ICA and female HCS groups, 
with female ICA having significantly greater cBMD. Previ-
ous studies have described the anabolic effects of physical 
activity on bone structure, especially in athletes involved in 
high-impact sports and weight training.7,11,12 Tenforde et 
al12 in their review of the literature found an association be-
tween impact sports (gymnastics, soccer, etc.) and greater 
bone mineral density, bone composition and bone geome-
try, while non-impact sports such as cycling and water polo 
were not associated with increased bone quality or quantity, 
and in the case of swimming were negatively associated. 
The authors of this manuscript reported similar findings in 
a sample of ICA, with significantly lower cBMD and SOS 
in swimmers & divers when compared to soccer and cross-
country/track athletes.13 Considering ICA are typically en-
gaged in high load activities associated with their sport and 
participate in regular strengthening and conditioning pro-
grams, it is not surprising that we found significantly higher 
measures of bone quality and quantity when compared to 
HCS subjects. However, when the QUS measures in ICA who 
developed BSI during their competitive season were com-
pared to the QUS measures in HCS, there was no signifi-
cant difference in cBMD or SOS between groups. This study 
consisted of a sample of convenience of healthy college stu-
dents at one Midwest institution with a greater number of 
female than male subjects and therefore generalizability is 
limited. History of BSI relied on self-reporting and therefore 
is dependent on subject recall and susceptible to bias. 
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Table 3. Association Between Variables in Female Healthy College Students 

RcBMD RSOS LcBMD LSOS BMI FXDX MENA AMEN2 HX OLIGO HX AMEN2 YR OLIGO YR 

RcBMD 1.00 

RSOS .96a 1.00 

LcBMD .88b .89b 1.00 

LSOS .89c .93c .97c 1.00 

BMI -.04 -.09 -.05 -.13 1.00 

FXDX -.03 -.05 -.11 -.12 .27d 1.00 

MENA -.23e -.18 -.22e -.17 -.19 .08 1.00 

AMEN2 
HX 

-.07 -.07 -.02 -.07 .12 .32f .18 1.00 

OLIGO 
HX 

.01 .01 .00 .01 -.01 .10 .19 .32g 1.00 

AMEN2 
YR 

-.12 -.11 .02 -.03 -.04 -.09 -.03 .42h .17 1.00 

OLIGO 
YR 

.18 .18 .15 .15 -.02 -.10 -.13 .15 .54i .08 1.00 

RcBMD = right calcaneal bone mineral density; RSOS = right speed of sound; LcBMD = left calcaneal bone mineral density; LSOS = left speed of sound; BMI = body mass index; FXDX= stress fracture diagnosis; MENA = age of menarche; AMEN2 HX = secondary amenorrhea his-
tory not including the last 12 months; OLIGO HX = oligomenorrhea history not including the last 12 months; AMEN2 YR = secondary amenorrhea in the last 12 months; OLIGO YR = oligomenorreha in the last 12 months 
a,b,c,h,iAssociation between variables significant at p < 0.001 
d,e,f,gAssociation between variables significant at p < 0.05 
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Table 4. Speed of Sound and Calcaneal Bone Mineral Density Quantitative Ultrasound Measures Between 
Intercollegiate Athlete and Healthy College Students 

Quantitative Ultrasound Measures* 

RSOS (m/s) LSOS (m/s) RcBMD (g/cm2) LcBMD (g/cm2) 

ICA (n=84) 1605.2 ± 36.1a 1604.3 ± 33.4b .710 ± .15c .698 ± .14d 

HCS (n=103) 1582.0 ± 32.3a 1582.0 ± 34.1b .615 ± .13c .617 ± .14d 

Male ICA (n=20) 1597.1 ± 33.5 1595.9 ± 33.4 .687 ± .13 .681 ± .13 

Male HCS (n=21) 1601.7 ± 33.1 1597.0 ± 34.8 .693 ± .13 .688 ± .15 

Female ICA (n=64) 1607.8 ± 36.8e 1606.9 ± 34.2f .717 ± .16g .703 ± .14h 

Female HCS (n=82) 1577.0 ± 30.3e 1578.1 ± 33.0f .596 ± .12g .599 ± .13h 

RSOS = right speed of sound; LSOS = left speed of sound; RcBMD = right calcaneal bone mineral density; LcBMD = left calcaneal bone mineral density; ICA = intercollegiate athlete; 
HCS = healthy college students 
*Values are mean ± SD 
a-hp < 0.000 

CONCLUSION 

Methods to assess bone health are valuable to medical pro-
fessionals involved in the prevention and treatment of bone 
stress injuries. A thorough understanding of the influence 
of physical activity, menstrual history, sex, BMI, BMD, and 
history of BSI on bone health will aide in the management 
of subjects at risk of or diagnosed with a bone stress injury. 
Age of menarche and history of amenorrhea were found 
to be significantly associated with cBMD and self-reported 
stress fracture history, respectively, and should be consid-
ered when assessing the risk of bone stress injury in fe-
males. Female HCS with no history of intercollegiate ath-
letic participation were found to have significantly lower 
cBMD than a group of female ICA. The results of this study 
suggest that QUS is a valuable instrument for identifying 
subjects with low calcaneal bone mineral density who may 
be at risk of developing a BSI. As a non-ionizing, efficient, 
portable, and low-cost modality, QUS should be considered 

a viable instrument in monitoring the response of bone to 
repetitive stress, identifying athletes with low BMD at in-
creased risk of bone stress injury, and prescribing optimal 
osteogenic interventions in the management of bone stress 
injury. Future studies should include a larger sample of col-
legiate and non-collegiate athletes and non-athletes and 
include additional risk factors that will further help identify 
level of risk of bone stress injury. 
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Background 
Measures of postural stability are useful in assisting the diagnosing and managing of 
athlete concussion. Error counting using the Balance Error Scoring System (BESS) is the 
clinical standard, but has notable limitations. New technologies offer the potential to 
increase precision and optimize testing protocols; however, whether these devices 
enhance clinical assessment remains unclear. 

Purpose 
To examine the relationships between metrics of balance performance using different 
measurement systems in uninjured, healthy collegiate athletes. 

Study Design 
Cross-sectional. 

Methods 
Five hundred and thirty uninjured collegiate athletes were tested using the C3Logix app, 
which computes ellipsoid volume as a measure of postural stability during the six 
standard BESS conditions, while concurrently, errors were manually counted during each 
condition per standard BESS protocols. The association between concurrently measured 
ellipsoid volumes and error counts were examined with Spearman’s correlations. From 
this sample, 177 participants also performed two double-leg conditions on the Biodex 
BioSway force plate system on the same day. This system computes Sway Index as a 
measure of postural stability. The association of ellipsoid volume (C3Logix) and Sway 
Index (Biodex) was examined with Spearman’s correlations. Individual-level data were 
plotted to visually depict the relationships. 

Results 
C3Logix ellipsoid volume and concurrently recorded error counts were significantly 
correlated in five of the six BESS conditions (rs:.22-.62; p< 0.0001). C3Logix ellipsoid 
volume and Biodex Sway Index were significantly correlated in both conditions 
(rs=.22-.27, p< 0.004). However, substantial variability was shown in postural stability 
across all three measurement approaches. 
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Conclusion 
Modest correlation coefficients between simultaneous and same-day balance assessments 
in uninjured collegiate athletes suggest a need to further optimize clinical protocols for 
concussion diagnosis. 

Level of Evidence 
2b 

INTRODUCTION 

Healthcare providers routinely assess postural stability as 
part of the diagnosis and management of sport-related con-
cussion.1,2 Numerous research tools and protocols have 
been developed to quantify alterations in postural stability 
and parse the nature of disruptions in the postural control 
system;3 however, it remains unclear whether objective 
measurement systems provide a more comprehensive clin-
ical picture than rater-assessed tests. A critical first step in 
determining this is to understand the relationship between 
different measurement systems in a large, healthy sample. 
The current study assesses three measures of postural sta-
bility that were collected on the same day in a large sample 
of uninjured NCAA Division I collegiate athletes. 

The Balance Error Scoring System (BESS) is one of the 
most used concussion diagnosis assessments due to its ease 
of administration, portability, and low cost. The BESS uses 
a series of closed-eye stances on firm and foam testing sur-
faces to characterize postural stability under conditions of 
varying difficulty.4 Despite its popularity in athletics for 
concussion diagnosis and return-to-play judgements, the 
BESS has notable limitations. The BESS can detect changes 
in gross postural stability post-injury5–7 but may have lim-
ited utility beyond three days post-injury8,9 due to its re-
liance on subjective ratings and suboptimal interrater relia-
bility.8,10,11 Large changes in BESS scores may be necessary 
to overcome rater variability and provide meaningful de-
tection of postural stability alterations.10 Additional con-
cerns are its limited sensitivity in detecting postural stabil-
ity deficits post-injury when compared to an individualized 
pre-injury baseline measurement12–14 or to matched unin-
jured controls12,15–17 along with substantial floor and ceil-
ing effects in uninjured samples.18–20 

In research settings, force plates are preferred for assess-
ing postural stability due to their precision, robust quantifi-
cation, and ability to assess a variety of stances and balance 
protocols. Force plate technologies include, but are not lim-
ited to, the BioSway (Biodex Medical Systems, Inc., Shirley, 
NY), the NeuroCom Balance Master (Cephalon, Norre-
sundby, Denmark), and Bertec (Bertec, Columbus, OH), and 
have been used to evaluate changes in postural stability 
following concussion.21–24 Despite providing greater preci-
sion and a variety of derived stability measures, force plates 
are more expensive and less portable than the BESS and 
therefore may have limited accessibility and feasibility for 
clinical or sideline assessments. Moreover, a recent study of 
a large NCAA Division I athlete sample revealed sizable het-
erogeneity of individual balance performance measured us-
ing a force plate system.25 This raises questions of whether 
the precision of such postural stability measures is neces-
sary for monitoring an athlete’s diagnosis of, and recovery 

from concussion. 
The past decade has seen the development of numerous 

mobile-based instrumented measurements of postural sta-
bility.26 Mobile applications (i.e., apps), such as C3Logix 
(NeuroLogix Technologies, Inc., Cleveland, OH), use iner-
tial sensors such as accelerometers and gyroscopes to cap-
ture accelerations of the total body center of mass across 
multiple planes of motion.27 These apps, when integrated 
with existing balance protocols, such as the BESS, hold 
promise for the diagnosis and management of athlete con-
cussion because they combine the ease of administration 
of the traditional BESS with the option to augment rater-
assessed errors with objective measures using a portable 
device. Although these apps are touted as being more af-
fordable and portable than force plates, findings regarding 
reliability and validity are mixed.4,19,26,28–31 Inertial sen-
sors have been shown to augment subjective balance mea-
sures, such as error counts using the BESS.19 Instrumenting 
the BESS, or its modified version, with an inertial sensor im-
proved psychometric value32 and sensitivity to detect dif-
ferences between concussed and non-concussed individu-
als14,15,17,33 compared to error counts alone. However, no 
large studies of balance performance using mobile inertial 
sensor measurement systems in collegiate athletes exists. 

The purpose of this study was to examine the relation-
ships between metrics of balance performance using differ-
ent measurement systems in uninjured, healthy collegiate 
athletes. It was hypothesized that there would be signifi-
cant positive, within-person correlations between ellipsoid 
volumes, as measured with inertial sensors, and error 
counts on the BESS when these measurements were col-
lected concurrently. It was further hypothesized significant 
positive, within-person correlations between ellipsoid vol-
umes, as measured by inertial sensors, and Sway Index 
scores, as measured using a force plate system when the 
measurements were collected on the same day, but not con-
currently. 

METHODS 
PARTICIPANTS 

Collegiate athletes 17-23 years of age were recruited from 
a northeastern US university during standard pre-partici-
pation physicals that took place during entry into the ath-
letic program (2013 – 2016). All uninjured members of the 
university’s 22 NCAA Division I athletic teams who received 
medical clearance for athletic participation were invited to 
participate. Participation was voluntary and written in-
formed consent was obtained from 703 athletes. Of those, 
balance data were obtained from 534 (19.4 +/- 1.2 years at 
time of consent; 47% female). This study was approved by 
the university’s institutional review board. 

Comparison of Concurrent and Same-Day Balance Measurement Approaches in a Large Sample of Uninjured Collegiate Athletes

International Journal of Sports Physical Therapy



Table 1. Participant demographics by team 

SPORT 
Total 

sample (n) 
Same day 
sample (n) 

Agea Mean (SD), 
years 

Heighta Mean (SD), 
inches 

Weighta Mean (SD), 
pounds 

Men’s teamsb 283 98 18.4 (1.0) 72.0 (3.0) 194.6 (38.1) 

23 14 18.2 (0.7) 71.9 (2.5) 179.7 (19.7) 

18 5 19.0 (1.2) 75.8 (4.1) 202.8 (35.0) 

80 25 18.6 (1.0) 73.2 (2.8) 218.4 (42.3) 

47 16 18.3 (1.0) 71.6 (2.0) 187.2 (23.1) 

33 12 18.4 (1.0) 70.3 (2.0) 163.7 (14.1) 

40 14 18.3 (0.8) 71.9 (2.0) 171.9 (20.1) 

39 9 18.5 (1.2) 69.5 (2.4) 186.2 (44.7) 

Women’s teamsb 247 79 18.0 (1.0) 66.3 (3.0) 139.1 (21.0) 

18 4 18.2 (0.9) 69.1 (3.7) 159.1 (30.5) 

14 11 17.9 (0.4) 67.4 (3.2) 146.1 (24.6) 

25 6 17.8 (0.4) 65.3 (1.4) 132.1 (22.0) 

16 1 18.3 (3.0) 61.7 (1.8) 125.0 (18.8) 

35 13 17.8 (0.5) 66.2 (2.5) 140.2 (17.0) 

41 10 18.1 (0.8) 65.7 (2.5) 138.6 (16.2) 

17 6 17.9 (0.8) 67.0 (2.2) 149.4 (17.6) 

20 8 17.9 (0.5) 65.9 (2.0) 140.5 (15.0) 

4 0 18.5 (1.0) 65.6 (4.2) 124.4 (22.8) 

39 11 18.0 (1.0) 66.6 (2.9) 128.1 (16.5) 

14 5 18.4 (0.8) 70.8 (1.5) 158.3 (16.3) 

a Data were obtained from medical chart records from approximately 75% of participants’ pre-participation physicals; b totals by sex; also include teams (golf and cross-country) with 
only 1-2 participants that are not shown here. 

Baseball 

Basketball 

Football 

Lacrosse 

Soccer 

Track 

Wrestling 

Basketball 

Crew 

Field 
Hockey 

Gymnastics 

Lacrosse 

Soccer 

Softball 

Swim/Dive 

Tennis 

Track 

Volleyball 

PROCEDURES AND VARIABLES 

All postural stability data were collected in the Department 
of Sports Medicine as part of standard physical exam and 
health screening assessments. Participants completed one 
or two balance assessments depending on the year of re-
cruitment and time constraints of the athletes and clinical 
staff. Of the full sample that was tested using the C3Logix 
app (n=534), 177 participants from 21 teams were also 
tested using the Biodex Biosway force plate system on the 
same day (18.9 +/- 1.0 years at time of consent; 45% fe-
male); Biosway data collected on a different day was not 
used for the present analyses. In all instances where two 
balance assessments were performed on the same day, 
BioSway testing was performed before C3Logix. Prior to be-
ginning balance testing, participants were asked to identify 
their dominant foot (e.g., “push off or power foot”, “the foot 
you jump off to dunk”, or “3-pt stance foot”). Balance as-
sessments were performed in socks, took less than five min-
utes per athlete and were administered by medical staff, 
certified athletic trainers, or trained graduate-level research 
assistants. All participants received instructions from the 
test administrator via a common script. 

Demographics. Age, sex, height, and weight were ob-
tained from medical charts completed by the Department 
of Sports Medicine as part of standard pre-participation 

physical exam. Medical chart review was a separate com-
ponent of the larger study that examined factors that pre-
dicted concussion risk and recovery rates and some charts 
were unavailable at the time of review. Data from these clin-
ical records were available to the research staff for approx-
imately 75% of participants (216 men, 192 women). Table 1 
reports estimates of athletic team demographics based on 
available data. 

C3Logix. C3Logix (NeuroLogix Technologies, Inc., Cleve-
land, OH) is an iPad-based comprehensive concussion man-
agement system that combines standard BESS error count-
ing with inertial sensor (accelerometer and gyroscope) 
data.19,34 Participants were assisted with placing a custom-
built belt that securely held the iPad at approximately sacral 
height, with the screen of the device facing away from the 
back of the body according to C3Logix instructions. Partici-
pants were told to close their eyes and place their hands on 
their hips. The administrator initiated the test by pressing 
the button on the C3Logix app screen. Following a count-
down, an auditory cue announced the start and end of each 
of six 20-s conditions that parallel those used by BESS: 
double leg, single leg, and tandem leg stances, first on a 
firm surface and then on a standard, six-inch thick Airex 
foam pad. During each condition, the C3Logix app records 
all postural movement and calculates ellipsoid volumes19 

while the administrator manually counts the number of er-
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Table 2. C3Logix Sample Averages: Error counts and raw ellipsoid volumes for each BESS condition from 530 
uninjured prospective collegiate athletes. 

Condition Errors % with 0 errors Raw Ellipsoid Volume 

Double leg/firm surface 0.0 (0.1) 99 0.01 (0.02) 

Tandem leg/firm surface 1.1 (1.4) 44 0.77 (1.54) 

Single leg/firm surface 2.9 (2.3) 14 4.19 (11.85) 

Double leg/foam surface 0.3 (0.9) 84 0.22 (0.66) 

Tandem leg/foam surface 3.8 (2.5) 8 13.23 (21.34) 

Single leg/foam surface 6.8 (2.3) <1 22.79 (45.82) 

Errors and raw ellipsoid volumes are presented as Mean (SD). 

rors using standard BESS procedures (hands off of the hips; 
eyes opened; a step, stumble, or fall; hip flexed or abducted 
beyond 30°; forefoot or heel lifted off of the testing surface; 
or out of proper test position for > 5 s) and records it in the 
app.4 Larger ellipsoid volumes and more errors indicate a 
more unsteady posture. 

BioSway. BioSway (Biodex Medical Systems, Inc., Shirley, 
NY) is a portable force plate system.35,36 Participants were 
asked to stand on the device with their hands at their sides, 
look straight ahead, and remain as motionless as possible 
during measurement. As necessary, heels were repositioned 
to ensure feet were equidistant and comfortably placed. The 
administrator pressed the ‘Collect Data’ button to initiate 
the countdown and start the protocol. Participants com-
pleted four 20-s double leg stance conditions per the stan-
dard Modified Clinical Test of Sensory Interaction in Bal-
ance (mCTSIB) protocol:37 eyes open or eyes closed, on a 
firm surface (BioSway platform) or a foam surface (standard, 
six-inch thick Airex foam pad placed on the BioSway plat-
form). The device recorded average movement from center, 
which is termed Stability Index. The standard deviation of 
Stability Index was used to compute Sway Index.35 Higher 
Sway Index is indicative of greater posture instability. The 
present data are derived from a previously published larger 
dataset25 and include only those individuals who were 
tested with C3Logix and BioSway on the same day and only 
during the double leg, eyes closed, firm surface (double leg/
firm surface) and double leg, eyes closed, foam surface (dou-
ble leg/foam surface) conditions as they parallel those mea-
sured by C3Logix. 

STATISTICAL ANALYSIS 

Univariate analyses were performed using SAS 9.4 (SAS In-
stitute, Cary, NC) to determine the balance characteristics 
of the whole sample and assess distributional assumptions 
for analyses. From C3Logix, data from each of the six condi-
tions (double leg/firm surface, tandem leg/firm surface, sin-
gle leg/firm surface, double leg/foam surface, tandem leg/
foam surface, single leg/foam surface) were assessed sepa-
rately. Raw ellipsoidal volumes of motion data were down-
loaded from the C3Logix app, a constant (+1) was added for 
ease of graphical interpretation, and data were log trans-
formed to eliminate violations of homogeneity of variance. 
Ellipsoidal volume data from four individuals were excluded 

because they exceeded realistic expectations of a normal 
baseline test (i.e., >3 standard deviations from next highest 
score; final n = 530). Spearman’s rank-order correlational 
analyses were used to evaluate the relationship of concur-
rent error counts and ellipsoid volumes for each condition. 
From BioSway, Sway Index data from two conditions (dou-
ble leg/firm surface and double leg/foam surface) were 
downloaded because they were the only conditions for 
which C3Logix collected parallel data. Only data from indi-
viduals who completed the BioSway and C3Logix protocols 
on the same day were included in the present analyses (n 
= 177). Sway Index scores were log transformed and their 
relationship to C3Logix ellipsoid volumes during parallel 
conditions was tested using Spearman’s rank-order correla-
tions. These data were then normalized using z-score trans-
formations for graphical interpretation. 

RESULTS 

Table 2 presents normative data from the C3Logix app, in-
cluding average number of errors, percent of participants 
showing no errors, and raw ellipsoid volumes for each con-
dition. Errors were uncommon in the double leg/firm sur-
face condition (1%). Errors were more common in all other 
conditions, and 20% of the sample demonstrated maximal 
error counts (10+) in the single leg/foam surface condition. 
Substantial individual variability in ellipsoid volumes was 
noted across all conditions except the double leg/firm sur-
face condition. The wide distribution of ellipsoid volumes 
calculated by C3Logix is also evident in Figure 1, which 
shows ellipsoid volumes by error counts for each of the six 
conditions. 

C3LOGIX: COMPARISON OF ERROR COUNTS VS. 
ELLIPSOID VOLUMES OF MOTION 

Spearman correlation analyses of error counts and log-
transformed ellipsoid volumes, collected concurrently with 
C3Logix, revealed significant correlations in the tandem 
leg/firm surface, rS (526) = .68, p < 0.0001, and single leg/
firm surface rS (526) = .58, p < 0.0001, conditions, but not 
in the double leg/firm surface condition, rS (526) = -.02, p= 
0.7139. Errors and log ellipsoid volume were also signifi-
cantly correlated in all three stances completed on the foam 
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pad: double leg, rS (526) = .22, p < 0.0001, tandem leg, rS 
(526) = .62, p < 0.0001, and single leg, rS (526) =.22, p < 
0.0001. Visual inspection of Figure 1 confirms these rela-
tionships with trend lines, but also illustrates the magni-
tude of sample variance, especially on the harder stances. 
To further characterize the nature of the relationships, the 
two single leg and tandem leg correlational data were also 
graphed by sex (Figure 2) and by team, using five teams with 
large samples (women’s lacrosse n = 35, men’s lacrosse n = 
47, women’s soccer n = 41, men’s soccer n = 33, football n = 
80; Figure 3). 

C3LOGIX VS BIOSWAY: COMPARISON OF ELLIPSOID 
VOLUMES OF MOTION TO SWAY INDEX SCORES 

Data from the subset of the sample who completed the 
C3Logix and BioSway protocols on the same day were then 
analyzed to determine whether the two technologies pro-
vide similar rankings of postural stability. Spearman cor-
relation analyses of log-transformed ellipsoid volumes 
(C3Logix) and Sway Index scores (BioSway) revealed signif-
icant correlation in the double leg/firm surface condition, 
rS (175) = .27, p= 0.0003, and the double leg/foam surface 
condition, rS (175) = .22, p= 0.0032. Although statistically 
significant, the relationship of the two same-day balance 
measurements showed substantial variability. Therefore, to 
visualize the nature of these correlations, Figure 4 presents 
data from the foam surface condition after normalization 
with z-score transformations. In Figure 4, each participant’s 
Sway Index (black circles), which were measured first, were 
ranked and plotted in ascending order on the x-axis. Ellip-
soid volume z-scores (gray crosses) were plotted to align 
vertically with the Sway Index z-scores (i.e., ellipsoid vol-
umes were plotted in order of Sway Index z-scores). Several 
outliers are evident among the Sway Index z-scores, but re-
moval of these values did not substantively change the cor-
relation results. 

DISCUSSION 

The present study assessed postural stability in a large sam-
ple of uninjured collegiate athletes using different mea-
surement systems. Statistically significant correlations 
were observed but many of the correlation coefficients were 
modest (rS < .30) and varied by condition and across modal-
ities. Graphical illustration of individual data offer insights 
into how and why this may be the case. 

C3LOGIX: COMPARISON OF ERROR COUNTS VS. 
ELLIPSOID VOLUMES OF MOTION 

This is the first large dataset available in uninjured colle-
giate athletes from which the nature of an inertial sensor-
based balance measurement and its relation to rater-as-
sessed BESS error counts can be considered. These data may 
be valuable as a normative dataset for C3Logix balance as-
sessments in collegiate athletes. However, Figure 1 reveals 
that the use of normative averages for ellipsoid volume as 
proxy measures of baseline performance may be problem-
atic due to the large sample variance, which was evident 
across nearly all error count levels in the tandem and sin-

Figure 1. C3Logix Balance Assessments. 
Log-transformed ellipsoid volumes of motion from a sample of 530 uninjured 
athletes were plotted by the number of BESS errors recorded during each of the 
20-s conditions. (A) Double Leg/Firm Surface condition. (B) Double Leg/Foam 
Surface condition. (C) Tandem Leg/Firm Surface condition. (D) Tandem Leg/
Foam Surface condition. (E) Single Leg/Firm Surface condition. (F) Single Leg/
Foam Surface condition. Circles represent individual data points. 

gle leg conditions. This is paralleled by large sample vari-
ance in error counts which ranged from none to maximal 
for the three more difficult stances. Furthermore, in many 
conditions, the relationship between errors and average el-
lipsoid volumes appears non-linear across the range of er-
ror counts. For example, in the tandem leg/foam surface 
condition (Figure 1), average ellipsoid volumes do not sub-
stantively vary across four to nine errors. Thus, in a sam-
ple of age-restricted, young, fit, and uninjured adults, there 
is substantial baseline heterogeneity on both measures of 
postural stability. Although there were no a priori hypothe-
ses about sex differences or sport differences, graphs were 
created to visually assess patterns by sex (Figure 2) or spe-
cific teams (Figure 3); none were evident. It may therefore 
be speculated that the non-linear relationship between 
measures may reflect subtle differences in balance strate-
gies or adjustments used among individuals.19 

Rank order of individual ellipsoid volumes and errors 
from C3Logix were significantly positively correlated, par-
ticularly during the moderately difficult, firm surface condi-
tions; this is in line with Simon et al.31 These correlations 
were hypothesized because both measurement modalities 
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exhibit construct validity for postural stability and because 
an acute postural adjustment, such as a step, stumble, or 
fall, would count as an error and simultaneously increase 
ellipsoid volume. However, even the strongest correlation, 
observed in the tandem leg/firm surface condition (rS = .68), 
was lower than would be expected when assessing the same 
construct concurrently, especially considering the age and 
health of this sample. This further supports that individuals 
utilize different strategies to maintain postural stability19 

and that objective measures may provide more insight into 
these patterns than subjective observations. 

In the double leg conditions, which are considered easier, 
a “floor” effect in error counts and ellipsoid volumes is 
clear. This effect has been shown to negatively impact reli-
ability of the BESS, particularly during the double leg con-
ditions,20 but does not have the same impact on C3Logix 
reliability.31 While floor effects are less than ideal from 
a statistical perspective due to their restriction of sample 
variance, they may be clinically useful. Based on the results 
of this study, a clinician should reasonably expect that dur-
ing the double leg stances, an athlete or young adult would 
show no errors and have very small ellipsoid volumes if they 
are uninjured; any deviation from this “floor” may indi-
cate clinically relevant alterations in postural stability. This 
aligns with a recent study that reported greater ellipsoid 
volumes in athletes after concussion compared to pre-in-
jury, but only in the double leg/firm surface condition.14 

The C3Logix app provides potential advantages for con-
cussion diagnosis and recovery beyond clinician-rated BESS 
error counts, including precise quantification less prone to 
interrater variability and long-term data storage, without 
the need to add additional balance protocols to concussion 
assessment batteries. This may be especially notable if el-
lipsoid volume is sensitive enough to detect clinically rele-
vant disturbances in postural stability using only the dou-
ble leg, firm surface condition. Securing an iPad around the 
waist adds very little burden to the clinician and patient 
within a controlled environment; however, the utility of 
an iPad during sideline testing should be assessed. Special 
considerations including testing surface (i.e., turf or court), 
shoe type (i.e., cleats, barefoot, or sneakers), personal 
padding or equipment, and the clinician-patient burden of 
securing the iPad quickly and effectively during a high 
stress and time sensitive situation remain to be investi-
gated. 

C3LOGIX VS BIOSWAY: COMPARISON OF ELLIPSOID 
VOLUMES AND SWAY INDEX 

This study also assessed postural stability measured with 
two objective balance measurement systems (C3Logix and 
BioSway) at different time points on the same day. Al-
though statistically significant, the magnitude of the cor-
relations (rs’s < .30) was surprisingly low. Previous studies 
have supported the validity of inertial sensors for postural 
stability assessments, but agreement may be dependent on 
the parameters measured and sensor location on the 
body.27 The weak correlations in the current study appear 
to be partially due to differences in calculated parameters 
between the devices as opposed to sensor location (i.e., 
sacral placement of iPad vs. underfoot center of pressure 

Figure 2. C3Logix balance assessment correlations 
separated by sex. 

Log-transformed ellipsoid volumes of motion from men (open circles) and 
women (closed circles) were plotted by the number of BESS errors recorded. (A) 
Tandem Leg/Firm Surface condition. (B) Tandem Leg/Foam Surface condition. 
(C) Single Leg/Firm Surface condition. (D) Single Leg/Foam Surface condition. 
Circles represent individual data points. 

Figure 3. C3Logix balance assessment correlations 
from five teams separated by sport. 

Log-transformed ellipsoid volumes of motion from men’s and women’s soccer, 
men’s and women’s lacrosse, and football were plotted by the number of BESS 
errors recorded. (A) Tandem Leg/Firm Surface condition. (B) Tandem Leg/Foam 
Surface condition. (C) Single Leg/Firm Surface condition. (D) Single Leg/Foam 
Surface condition. Markers represent individual data points. 

from force plate). For example, the C3Logix app, placed at 
the sacrum, computes ellipsoid volume using the accelera-
tion of the center of mass along anterior-posterior, medial-
lateral, and trunk rotational planes of motion.19 Thus, el-
lipsoid volume considers the rate of change in position and 
speed over time. Contrary to the weak correlations between 
C3Logix and the BioSway force plate in the current study, 
the VSR Sport force plate sway velocity (NeuroCom, Clacka-
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mas, OR) demonstrated strong correlations with C3Logix 
ellipsoid volume.30 Similar to the accelerations captured by 
ellipsoid volume, sway velocity measures changes in posi-
tion over time. The BioSway, however, computes Sway In-
dex by taking the standard deviation of the person’s average 
position relative to center,35 but does not consider rate of 
change over time. It is reasonable to suggest that this may 
partly explain the strong correlations shown by Miyashita et 
al.30 and the weak correlations shown in the current study. 
Further, the differences in results may be due to concurrent 
assessment in a small, single sport sample versus non-con-
current assessment analyzed in the current, large, multi-
sport sample. 

LIMITATIONS AND FUTURE DIRECTIONS 

Despite the strengths of this study, including the use of 
a large and multi-sport sample assessed on three balance 
modalities, there are several limitations. The current study 
was a component of a larger study designed to prospectively 
track concussion; therefore, the balance protocols were not 
designed to provide concurrent assessment of C3Logix and 
BioSway, nor were tester reliability indices assessed. Data 
are from Division I athletes from a single university and 
while including athletes from 22 sports, results may not be 
generalizable to all collegiate athletes. Graphs were created 
to allow visual inspection of whether correlations may have 
systematically varied by sex or sport, but none were ob-
served. Corresponding statistical analyses of sex and sport 
differences were not performed due to a lack of a priori hy-
potheses and, in the case of sport, insufficient power. Fu-
ture studies that are designed and powered to assess such 
correlational patterns are thus still needed. Subsequent 
psychometric testing should be performed to comprehen-
sively characterize the relationship between balance mea-
surement approaches. In addition, future research should 
weigh parameter sensitivity for detecting postural stability 
deficits against clinician-patient burden to optimize clinical 
protocols. Such research should further determine the mea-
surement modality that is the most appropriate for real-
time sideline concussion assessment. 

CONCLUSION 

Substantial inter-individual variability in postural stability 
was observed in this sample of young, uninjured athletes, 
regardless of the assessment method used. The lower-than-
expected correlation coefficients between simultaneous and 
same-day assessments of balance raise questions about the 
reliability of normative or individual baseline balance mea-
surements for use in “change from baseline” approaches to 
injury diagnosis. Postural stability is a complex construct 
and different measurement systems may be providing 
unique information about the strategies or postural adjust-
ments that individuals utilize to maintain balance. Further 

Figure 4. Association of same-day objective balance 
assessments from C3Logix and BioSway collected 
during the Double Leg/Foam Surface condition. 

Individual BioSway Sway Index scores were z-score transformed and plotted in 
ascending order (from best balance [lowest z-score] to worst balance [highest 
z-score]) across the x-axis. C3Logix ellipsoid volumes were transformed into 
z-scores and plotted in order of the individual’s Sway Index score to align each 
participant’s two data points vertically. A negative z-score implies better than 
average balance. Several outliers on the BioSway protocol are evident. 

research is needed in order to determine and recommend 
the most optimal postural stability measurement system 
and metric for use in concussion sideline assessments, di-
agnoses, and recovery. 
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Background 
Overutilization of diagnostic imaging is associated with poor outcomes and increased 
costs. Physical therapists demonstrate the ability to order diagnostic imaging safely and 
appropriately, and early access to physical therapy reduces unnecessary imaging, lowers 
healthcare costs, and improves outcomes. 

Hypothesis/Purpose 
The primary purpose of this study was to compare rates of compliance with the National 
Committee for Quality Assurance – Healthcare Effectiveness Data and Information Set 
(HEDIS) recommendations for diagnostic imaging in low back pain between physical 
therapists and primary care providers in young, athletic patients. 

Study Design 
Retrospective cohort study. 

Methods 
Military Health System Data Repository (MDR) data from January 2019 to May 2020 was 
reviewed for compliance with the low back pain HEDIS recommendation. The low back 
pain imaging HEDIS measure identifies the percentage of patients who did not have an 
imaging study (plain X-ray, MRI, CT Scan) ordered on the first encounter with a diagnosis 
of low back pain or in the 28 days following that first diagnosis. Chi-square tests 
compared HEDIS compliance rates, with α = 0.05 set a priori. 

Results 
From January 2019 to May 2020, in patients age 18-24, the MDR database identified 1,845 
total visits for LBP identified in the Physical Therapy Clinic and 467 total visits for LBP in 
the Primary Care Clinic. In the Physical Therapy Clinic, 96.7% of encounters did not have 
imaging ordered within the first 28 days of onset of symptoms, compared with 82.0% in 
the Primary Care Clinic (p < .001). 

Conclusions 
Utilizing data from a national standardized healthcare performance measure, physical 
therapists practicing in a direct-access setting were significantly more likely than primary 
care providers to adhere to guidelines for low back pain imaging in young, athletic 
patients. 
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Level of Evidence 
Level 3. 

INTRODUCTION 

Musculoskeletal (MSK) injuries are a leading cause of work 
disability in the United States.1,2 Over 20.1 million Ameri-
cans report a disability, with low back pain (LBP) being the 
primary cause.1 The prevalence of low back pain in a young, 
athletic population is 18 to 65% compared to 7 to 33% in the 
general population.3 In a deployed military brigade com-
bat team, the prevalence of low back pain was estimated at 
21.2%.4 

Annually, over $600 billion is spent on diagnostic imag-
ing.1,5 Overutilization of diagnostic imaging is associated 
with poor outcomes and increased costs, particularly in the 
spine, as asymptomatic findings may lead to unnecessary 
interventions.6–11 Clinical practice guidelines recommend 
against routinely ordering imaging in patients with low 
back pain and the National Committee for Quality Assur-
ance (NCQA) Healthcare Effectiveness Data and Informa-
tion Set (HEDIS) regards any imaging order in a patient with 
low back pain, in the absence of red flags, within 28 days of 
symptom onset as unnecessary.10 In 2018, the mean HEDIS 
score for low back pain imaging ranged from 72% to 76%, 
depending on the type of insurance,12 meaning that ap-
proximately 20 to 30% of patients with low back pain have 
unnecessary imaging ordered early in their course of care. 
Despite clinical guidelines recommending against routine 
imaging in low back pain, utilization rates are rising, with 
imaging ordered in 14% of encounters in 2011 compared to 
16% of encounters in 2016.13 

Early access to evidence-based education and clinician-
directed exercise is recommended for patients with acute 
LBP.8,10 Physical therapists practicing in a direct-access set-
ting can provide safe evidence-based LBP management that 
reduces unnecessary MSK imaging and costs, without ele-
vated risk of harm to patients.14,15 

Three recent studies of MSK imaging in physical therapy 
have demonstrated that physical therapists order diagnos-
tic imaging safely and appropriately. In a five-year retro-
spective analysis of imaging studies, civilian physical ther-
apists showed appropriate diagnostic imaging use, assessed 
according to American College of Radiology (ACR) Criteria, 
in 91% of cases.16 In a two-year retrospective analysis of 
advanced imaging (MRI) ordered by military physical ther-
apists, 83% were considered appropriate according to ACR 
criteria.17 Importantly, there were no adverse events in over 
1,000 imaging studies ordered by military physical thera-
pists.15 

Early access to physical therapy reduces unnecessary 
imaging, lowers healthcare costs, and leads to better out-
comes.14,18 Advanced practice physical therapists are less 
likely to order radiographs and have lower associated costs 
than providers working in a similar practice setting.14,19,20 

In one study, physical therapists ordered one diagnostic 
imaging study for every 37 patient encounters compared 
to one study for every five encounters ordered by primary 
care providers.15 More research is needed to quantify the 
value of physical therapists practicing in a direct-access or 

advanced practice role, determine best practices for order-
ing imaging for various MSK conditions, and develop educa-
tional strategies to improve physical therapist practice re-
garding diagnostic imaging. 

The purpose of this study was to compare rates of com-
pliance with HEDIS recommendations for diagnostic imag-
ing in low back pain between physical therapists and pri-
mary care providers in young, athletic patients. We 
hypothesized that HEDIS compliance would be greater for 
physical therapists than primary care providers. Secondary 
objectives were: 1. To compare the frequency of imaging or-
ders with abnormal findings, clinically significant abnormal 
findings, and findings requiring referral to physical medi-
cine, pain management, neurosurgery, or orthopaedic spine 
surgery between physical therapy and primary care; and 2. 
To compare practice patterns for the management of low 
back pain between physical therapists and primary care 
providers. It was hypothesized that physical therapists 
would have similar rates of imaging ordered with abnormal 
findings, higher rates of clinically significant abnormal 
findings, and higher rates of findings requiring referral to a 
specialist compared to primary care providers. Additionally, 
it was hypothesized that physical therapists would demon-
strate different practice patterns regarding the time before 
imaging, number of active physical treatments, and lower 
utilization of medication than primary care providers in the 
treatment of acute LBP. 

MATERIALS AND METHODS 

This was a retrospective cohort study conducted at the 
Keller Army Community Hospital (KACH) Primary Care 
Clinic and the Arvin Cadet Physical Therapy Clinic at the 
United States Military Academy (USMA) at West Point. The 
Arvin Cadet Physical Therapy Clinic is a direct access clinic 
where USMA Cadets with MSK injuries and/or pain are eval-
uated and treated. The KACH Primary Care Clinic utilizes 
physicians, physician assistants, and nurse practitioners to 
serve active-duty military personnel, faculty, and depen-
dents who work and reside on West Point. All physical ther-
apists and providers held the same clinical privileges re-
garding the ability to order diagnostic imaging. Physical 
therapists possess clinical privileges to prescribe a limited 
number of medications, including non-steroidal anti-in-
flammatory medications (NSAIDs), non-opioid analgesics, 
and muscle relaxers. The Regional Health Command – At-
lantic Institutional Review Board approved the research de-
sign and protocol before data collection. 

When searching all databases, the patient age range was 
restricted to 18 to 24 years of age. This patient age range 
was selected to allow comparison between the Physical 
Therapy Clinic and the Primary Care Clinic and to gener-
alize results to young, athletic patients. The Arvin Cadet 
Physical Therapy Clinic is a direct-access clinic that has pri-
mary responsibility for evaluating and treating neuromus-
culoskeletal injuries for USMA Cadets, most of whom are 
between the ages of 18 and 24. The KACH Primary Care 
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Clinic evaluates and treats medical illnesses in all individu-
als at West Point while evaluating and treating neuromus-
culoskeletal injuries in non-Cadets. 

The Defense Health Agency Data Driven Decisions Portal 
(D3Portal) was utilized to view data from the Military 
Health System Data Repository (MDR) that assesses the use 
of imaging studies for low back pain HEDIS. Data were 
available from January 2019 to May 2020. The low back pain 
imaging HEDIS measure identifies the percentage of pa-
tients who did not have an imaging study (X-ray, MRI, CT 
Scan) ordered on the first encounter with a diagnosis of low 
back pain or in the 28 days following initial diagnosis (Fig-
ure 1).12 

A higher rate reflects better performance on the HEDIS 
guideline, which prevents unnecessary harm and reduces 
costs. While the goal of the HEDIS measure is to avoid early 
imaging of patients with uncomplicated low back pain, 
imaging may be indicated in patients with a history of can-
cer, recent history of trauma, or significant neurologic im-
pairment. For example, if a patient with acute low back pain 
and a history of cancer or trauma within the past 90 days 
receives imaging within 28 days of the initial diagnosis, the 
patient is considered to have an exclusionary diagnosis and 
the encounter is removed from the HEDIS calculation. 

For the in-depth review of the management of patients 
with low back pain, the IMPAX imaging viewing software 
program was searched from 14 June 2014 to 14 June 2020 
for patients with diagnostic imaging obtained for low back 
pain. For each patient identified, the Armed Forces Health 
Longitudinal Technology Application (AHLTA) electronic 
medical records (EMR) were independently reviewed by the 
principal and co-investigator physical therapists. All re-
viewing physical therapists held board-certification in or-
thopaedic or sports physical therapy and were fellowship-
trained. Patient documentation and radiology exams were 
extracted, de-identified, and assessed. Demographic data 
included patient age and sex, duration of symptoms, and lo-
cation of symptoms. If a provider’s note did not explicitly 
state the duration of symptoms in days/weeks/months, a 
period of seven days was input for acute symptoms, 30 days 
for subacute symptoms, and 90 days for chronic symptoms. 
Variables of interest included: (1) number of visits, (2) 
amount of time from initial physical therapy evaluation to 
imaging order, (3) types of interventions and medications 
utilized, (4) abnormal findings on diagnostic imaging, (5) 
clinical significance of abnormal findings. Abnormal find-
ings were defined as any abnormality that was noted in 
the radiologist’s report. An abnormal finding was consid-
ered clinically significant when it altered the plan of care 
or affected prognosis. Abnormal findings that were consid-
ered not clinically significant included mild degenerative 
changes, findings due to body position, transitional 
anatomy, or anatomical variants. Clinically significant ab-
normal findings included moderate degenerative changes, 
disc protrusions and extrusions, and spondylolisthesis, 
among others (see Supplemental File Appendix A and Ap-
pendix B for full list of abnormal findings). After completion 
of the case reviews, the three physical therapists met to 
review each case individually and consensus by discussion 
was utilized to resolve any differences in the review of radi-
ographic findings. 

Figure 1. Healthcare Effectiveness Data and 
Information Set (HEDIS) Metric for Use of Imaging 
Studies for Low Back Pain. 

Cases are excluded if there is evidence of a history of cancer, trauma within the 
past 90 days, intravenous drug use, cauda equina syndrome, human immunode-
ficiency virus (HIV), spinal infection, major organ transplant, or 90+ consecutive 
days of corticosteroid use. 

Statistical analyses were performed in SPSS version 24.0 
(IBM Corp), with α = 0.05 set a priori for all analyses. De-
scriptive statistics were calculated for demographics, the 
number of imaging orders with abnormal findings, clinically 
significant abnormal findings, findings requiring subspe-
cialist referral (physical medicine, pain management, neu-
rosurgery, or orthopaedic spine surgery), and the interven-
tions utilized by physical therapists and primary care 
providers. To compare physical therapists and primary care 
providers, Chi-square tests were used for categorical vari-
ables and t-tests were planned for all continuous variables. 
Prior to statistical analysis, all data were tested for para-
metric assumptions. A Mann-Whitney U test was used for 
duration of symptoms, time to imaging, and visits to imag-
ing due to a non-normal distribution of data. 

RESULTS 

From January 2019 to May 2020 in patients aged 18 to 24, 
the MDR database identified 1,845 total visits for LBP iden-
tified in the Physical Therapy Clinic and 467 total visits 
for LBP in the Primary Care Clinic. Total visits encompass 
only initial and re-evaluations; physical therapy treatment 
appointments are not included. The comparison of HEDIS 
compliance for low back pain imaging are shown in Table 1. 

In the Physical Therapy Clinic, 96.7% of encounters did 
not have imaging ordered within the first 28 days of onset of 
symptoms, compared with 82.0% in the Primary Care Clinic 
(Chi-Square 136.64, p < .001). Of the 24 physical therapists, 
16 were board-certified (6 dual-certified in orthopaedic and 
sports physical therapy, nine board-certified in orthopaedic 
physical therapy, one board-certified in sports physical 
therapy). Of the 24 primary care providers, there were four 
nurse practitioners, five physician’s assistants, 10 physi-
cians board-certified in family practice, two physicians 
board-certified in internal medicine, one physician board-
certified in pediatrics, one physician board-certified in ob-
stetrics and gynecology, and one general practitioner. 

From 14 June 2014 to 14 June 2020 in patients aged 18 
to 24 years, the IMPAX imaging viewing software program 
identified 94 cases of imaging for low back pain ordered by 
physical therapists and 106 cases of imaging for low back 
pain ordered by primary care providers. Two cases ordered 
by physical therapists and 56 cases ordered by primary care 
providers were excluded, resulting in 92 physical therapy 
and 50 primary care cases (Figure 2). 

Of the 56 cases excluded from primary care, 20 were ini-
tially seen by a physical therapist before the primary care 
provider ordered imaging (six with clinically significant ra-
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Table 1. Comparison of HEDIS compliance between Physical Therapy and Primary Care Providers for the Period 
of January 2019 – May 2020 for patients age 18-24 years. 

HEDIS LBP Compliant 
(% of total) 

HEDIS LBP Noncompliant 
(% of total) 

Total 

Physical Therapy 
1784 

(96.7%) 
61 

(3.3%) 
1845 

Primary Care 
383 

(82.0%) 
84 

(18.0%) 
467 

p < 0.001, Chi-Square = 136.64. 

Table 2. Demographics for Patients with Lumbar Spine Imaging Orders from 2014 to 2020. 

Physical Therapy Primary Care 
p-value 

Mean (SD); % (n) 

Age (years) 20.3 (1.3) 20.7 (1.9) .135 

Sex (Female) 41% (38) 30% (15) .183 

Painful Body Regions 
    - Lumbar 
    - Hip/Thigh 
    - Below Knee 
    - Coccyx 

72/92 (78%) 
32/92 (35%) 
20/92 (24%) 
10/92 (21%) 

44/50 (88%) 
10/50 (20%) 
8/50 (16%) 
3/50 (6%) 

.152 

.065 

.412 

.337 

Duration of Symptoms 
    - Acute 
    - Subacute 
    - Chronic 
    - Acute on Chronic 

104.8 (226.2) 
32/92 (35%) 
19/92 (21%) 
29/92 (32%) 

8/92 (9%) 

212.5 (417.8) 
20/50 (40%) 

4/50 (8%) 
26/50 (52%) 

0 (0%) 

.088 

.538 

.051 

.017 
-- 

diographs; four with clinically significant MRI; five referred 
to specialist). Demographics are shown in Table 2. 

There were no significant differences in any demograph-
ics of interest between the patients evaluated in the Phys-
ical Therapy or Primary Care Clinics. Patients were young 
(mean age 20.3 +/- 1.3 years) and the majority were male 
(59%). Acute low back pain was most frequently encoun-
tered at 35% of cases, while chronic low back pain com-
prised 32% of cases. The mean duration of symptoms was 
104.8 (226.2) days in patients presenting to the Physical 
Therapy clinic and 212.5 (417.8) days in patients presenting 
to the Primary Care Clinic. 

The results of diagnostic imaging orders placed by phys-
ical therapists are shown in Table 3. Most radiographs or-
dered were normal. 

In Physical Therapy, 55% of radiographs ordered were 
normal, while 51% of radiographs ordered in Primary Care 
were normal (p=.673). Conversely, most MRI exams ordered 
were abnormal. In Physical Therapy, 86% of MRI exams or-
dered had abnormal findings in the radiology report while 
58% of MRI exams ordered by Primary Care had abnormal 
findings (p=0.50). Disc protrusion was the most frequent 
abnormal finding (38% Physical Therapy, 42% Primary 
Care). There were no significant differences in clinically sig-
nificant findings (31% Physical Therapy, 20% Primary Care, 

p=.180) or orders which lead to a specialist referral (31% 
Physical Therapy, 16% Primary Care, p=.059) between the 
Physical Therapy and Primary Care Clinics. 

The summary of practice patterns is shown in Table 4. 
There were statistically significant differences in the mean 
time from initial evaluation to first diagnostic imaging or-
der (26.4 Physical Therapy, 7.6 Primary Care, p<.001) and 
the mean number of visits from the initial evaluation to the 
first imaging order (3.8 Physical Therapy, 1.1 Primary Care, 
p<.001). 

Physical therapists primarily utilized therapeutic exer-
cise (86%) and manual therapy (54%) in the care of patients 
with low back pain. Primary care providers primarily re-
ferred patients to Physical Therapy (56%) or ordered non-
steroidal anti-inflammatory medications (NSAIDs) (50%). 
Primary care providers were more likely to prescribe 
NSAIDs (19% Physical Therapy, 50% Primary Care, p<.001) 
and muscle relaxers (4% Physical Therapy, 18% Primary 
Care, p=.007) than physical therapists. 

DISCUSSION 

The primary purpose of this study was to compare rates 
of compliance with HEDIS diagnostic imaging measures in 
low back pain between physical therapists and primary care 
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Table 3. Results of Diagnostic Imaging Orders. 

Physical Therapy Primary Care 
p-value 

Mean (SD); n/total (%) 

Abnormal Radiographic Findings 
    - Spondylolysis 

41/91 (45%) 
4/91 (4%) 

22/45 (49%) 
2/45 (4%) 

.673 

.990 

Abnormal MRI Findings 
    - DDD 
    - Disc Protrusion 
    - Disc Extrusion 
    - Other 

25/29 (86%) 
8/29 (28%) 

11/29 (38%) 
5/29 (17%) 
1/29 (3%) 

7/12 (58%) 
1/12 (8%) 

5/12 (42%) 
0/12 (0%) 
1/12 (8%) 

.050 

.175 

.823 

.125 

.509 

Clinically Significant Findings 
    - All orders 
    - Significant radiographs 
    - Significant MRI exams 

28/92 (31%) 
10/91 (11%) 
21/29 (72%) 

10/50 (20%) 
3/45 (7%) 

7/12 (58%) 

.180 

.420 

.378 

Received a Specialist Referral 28/92 (31%) 8/50 (16%) .059 

Abbreviations: DDD, degenerative disc disease; MRI, magnetic resonance imaging. 

Figure 2. Flow diagram of included and excluded cases. 

providers in young, athletic patients. Secondary aims were 
to describe the number of imaging orders with abnormal 
findings, clinically significant abnormal findings, and find-
ings requiring referral to physical medicine, pain manage-
ment, neurosurgery, or orthopaedic spine surgery as well 
as to describe low back pain management and diagnostic 
imaging utilization by physical therapists and primary care 
providers. Physical therapists were significantly less likely 
than primary care providers to order diagnostic imaging 
within the first 28 days of a diagnosis of low back pain. 
While physical therapists and primary care providers 
demonstrated different practice patterns, there were similar 
rates of abnormal imaging findings, clinically significant 
findings, and findings that required referral to another med-

ical specialty. To our knowledge, this is the first study to 
directly compare the performance of physical therapists in 
a direct-access setting with primary care providers, using a 
national standardized healthcare performance measure. 

Routine imaging for low back pain is not associated with 
improved outcomes and exposes patients to potential harm 
in the form of radiation, unnecessary treatment, and in-
creased cost. From 2005 to 2019, data available from the 
NCQA database that includes all patients aged 18 to 50 
years demonstrated HEDIS compliance rates ranging from 
73.1% to 78.1% for commercial health maintenance organi-
zations (HMO), 72.1% to 76.2% for preferred provider orga-
nizations (PPO), and 71.7% to 79% for Medicaid HMOs.12 In 
the age-restricted sample, approximately 96.7% of low back 
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Table 4. Timelines and Patterns of Care for Physical Therapists and Primary Care Providers. 

Physical Therapy Primary Care 
p-value 

Mean (SD); n/total (%) 

Time from Initial Evaluation to Imaging (days) 26.4 (36.7) 7.6 (25.2) <.001 

Visits from Initial Evaluation to Imaging 3.8 (3.4) 1.1 (0.6) <.001 

Interventions Utilized 
    - Therapeutic Exercise 
    - Manual Therapy 
    - Dry Needling 
    - Traction 
    - Modalities 
    - Physical Therapy Referral 
    - Acupuncture 

80/93 (86%) 
50/93 (54%) 
33/93 (35%) 

3/93 (3%) 
16/93 (17%) 

0/93 (0%) 
0/93 (0%) 

0/50 (0%) 
1/50 (2%) 
0/50 (0%) 
0/50 (0%) 
0/50 (0%) 

28/50 (56%) 
2/50 (4%) 

-- 
-- 
-- 
-- 
-- 
-- 
-- 

Medications Ordered 
    - NSAIDS 
    - Acetaminophen 
    - Oral Steroid 
    - Muscle Relaxer 

18/93 (19%) 
0/93 (0%) 
0/93 (0%) 
4/93 (4%) 

25/50 (50%) 
5/50 (10%) 
3/50 (6%) 

9/50 (18%) 

<.001 
-- 
-- 

.007 

Abbreviation: NSAIDS, Non-steroidal Anti-inflammatory Drugs. 

pain encounters by physical therapists did not have imaging 
ordered within the first 28 days of onset of symptoms, com-
pared with 82.0% by primary care providers. In this study, 
we restricted the range of available encounters to patients 
aged 18 to 24 to allow for a consistent comparison between 
the physical therapist and primary care provider groups, 
which may account for differing rates of HEDIS compliance 
between this sample and NCQA data. 

There were significant differences between physical 
therapists and primary care providers managing patients 
with low back pain. Physical therapists waited for a signifi-
cantly longer duration of time and number of visits prior to 
the initial diagnostic imaging order. While the difference in 
visits prior to an imaging order may simply reflect greater 
access to physical therapists, the length of time prior to an 
imaging order would be longer with primary care providers 
if the difference was attributed solely to access to the 
provider. 

Physical therapists were more likely to utilize therapeu-
tic exercise and manual therapy, while primary care 
providers were more likely to prescribe NSAIDs or muscle 
relaxers. In a review of studies assessing guideline compli-
ance in low back pain management, physiotherapists pre-
scribed exercise in 89% of cases and utilized spinal manipu-
lation in 30% of cases, similar to the findings of this study.21 

In the same review, physicians referred patients to physi-
cal therapy in 66% of cases, prescribed NSAIDs in 87-93% of 
cases, and prescribed muscle relaxants in 67-83% of cases.21 

The rates of prescriptions for NSAIDs and muscle relaxers 
were lower in this study, possibly due to a younger patient 
sample. 

While not statistically significant, the duration of symp-
toms for patients with low back pain evaluated by physical 
therapists was half of the duration for patients evaluated 
by primary care providers (105 versus 216 days). Some may 
contend that this difference justifies primary care providers 
to order diagnostic imaging. However, the HEDIS standards 
do not exclude patients initially evaluated for chronic low 
back pain and ACR criteria for low back pain does not rec-

ommend early imaging for acute or chronic low back pain 
unless there are red flags or persistent pain following six 
weeks of optimal medical management. Additionally, the 
similar distribution of painful body regions (i.e. presence of 
pain below the knee) and abnormal imaging findings im-
plies that management of both groups of patients’ needs to 
follow established guidelines. 

Physical therapist imaging privileges have been histor-
ically controversial. While several states have recently 
granted physical therapists direct access privileges, most 
states have not explicitly authorized imaging privileges. In 
this study, physical therapists practicing in a direct-access 
setting were significantly more likely than primary care 
providers to adhere to national quality of care guidelines 
for imaging in low back pain. These results are consistent 
with previous reports of appropriateness and safety in the 
utilization of imaging and provide additional support for 
physical therapists receiving imaging privileges.15,17 Wide-
spread adoption of imaging privileges for physical thera-
pists will ultimately enhance capabilities as a first-line 
provider to manage low back pain in a direct-access setting. 
Additional research is needed to demonstrate the impact 
these privileges will have on healthcare outcomes, safety, 
costs, and imaging utilization in other body regions. 

Despite a query of radiology orders for greater than a 
five-year period, there were relatively few imaging orders 
for young patients with low back pain. While there appears 
to be a clinically meaningful difference in the proportion of 
abnormal MRI findings (86% in physical therapy vs 58% in 
primary care) and those who received a specialist referral 
(31% in physical therapy vs 16% in primary care), these re-
sults were not statistically significant and post hoc power 
for those two analyses were 0.50 and 0.49, respectively. 
Larger samples are needed to determine if there are signif-
icant differences in the results of imaging ordered by phys-
ical therapists and primary care providers and the poten-
tial effects any differences may have on overall healthcare 
costs. 

There are several limitations to this study. The sample 
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comprises young, physically active individuals at a single 
military medical facility, which may limit generalizability 
to other populations and age groups. Three board-certified 
physical therapists reviewed imaging orders and extracted 
results from the official radiologist’s report, which is a po-
tential source of bias for the observational results. The 
HEDIS system uses visits to establish the denominator; this 
may skew the metric because physical therapists usually 
follow-up with their patients more often. Additionally, the 
evaluation of HEDIS and extraction of imaging information 
occurred with two separate data sources, although data 
were taken from the same time periods. As this was a ret-
rospective review, data quality is a limitation. While the en-
counter documentation was thoroughly searched, providers 
may have made verbal recommendations to the patient that 
are not reflected in the electronic medical record. 

CONCLUSION 

Using data from a national standardized healthcare per-
formance measure, military physical therapists practicing 
in a direct-access setting were significantly less likely than 
primary care providers to order diagnostic imaging within 
the first 28 days of a diagnosis of low back pain in young, 
athletic patients. Physical therapists and primary care 
providers have different practice patterns for patients with 
low back pain, with physical therapists primarily utilizing 
therapeutic exercise, while primary care providers primarily 

prescribe medications. Future research should attempt to 
replicate these findings in large civilian healthcare systems 
and examine outcomes in patients with low back pain man-
aged by various primary care providers. Examining larger 
data sets available through electronic medical record sys-
tems may also more clearly demonstrate differences in 
practice between physical therapists in a direct-access set-
ting and primary care providers. 
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Background 
Deficits in shoulder range of motion (ROM) and strength are associated with risk of arm 
injury in baseball players. 

Purpose 
The purpose of this study was to assess the effectiveness of a standardized exercise 
program, during the fall season, on shoulder ROM and rotational strength in collegiate 
baseball players. 

Study Design 
Prospective cohort study 

Methods 
Passive shoulder internal rotation (IR), external rotation (ER), and horizontal adduction 
ROM were measured with an inclinometer. Shoulder IR and ER strength was assessed 
using a hand-held dynamometer and normalized to body weight. Players performed a 
program of shoulder stretching and strengthening exercises, three times/week for one 
month and then one time/week for two months. Paired sample t-tests compared 
pre-intervention to post-intervention outcome measures. 

Results 
Division I baseball players (n=43; 19.6±1.2years, 185.8±5.5cm, 90.5±7.0kg) volunteered. 
From pre- to post-intervention, there were increases in horizontal adduction ROM in the 
throwing (Mean Difference (MD)=6.1°, 95%CI=3.7,8.5; p<0.001) and non-throwing arm 
(MD=8.0°, 95%CI=5.6,10.3; p<0.001), and a decrease in non-throwing arm ER ROM 
(MD=2.8°, 95%CI= 0.2,5.5; p=0.039). The ER ROM surplus (throwing – non-throwing) 
increased (MD=5.6°, 95%CI= 1.1,10.2; p=0.016). Throwing arm (MD=1.3%BW, 
95%CI=0.5-2.1, p=0.003) and non-throwing arm (MD=1.2%BW, 95%CI=0.4,2.0; p=0.004) 
ER strength decreased. A notable, but non-significant increase in IR strength on the 
throwing arm (MD=1.6%BW, 95%CI=0.1,3.0; p=0.055) and decrease on the non-throwing 
arm (MD=1.2%BW, 95%CI=0.0,2.4; p=0.055) occurred. Additionally, throwing arm ER:IR 
strength ratio (MD=0.16, 95%CI=0.08,0.25; p<0.001) also decreased. 

Conclusion 
Changes in shoulder horizontal adduction ROM, IR strength and relative ER surplus on 
the throwing arm were noted at the end of the season. The lack of change in IR and ER 
ROM and may be related to the lack of deficits at the start of the fall season. 
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Level of Evidence 
2. 

INTRODUCTION 

Upper extremity injuries impact player health and well-be-
ing, and can result in time-loss. The shoulder (21.2%) and 
elbow (15.5%) are injured most frequently in college base-
ball players.1 Strength and range of motion (ROM) deficits 
have been shown to be related to injury risk and perfor-
mance.2–4 There is limited evidence that structured inter-
vention programs can change modifiable risk factors such as 
strength and ROM, and the relationship to injury reduction. 

Many baseball players have altered shoulder ROM related 
to humeral retrotorsion and posterior shoulder tissue tight-
ness.5–11 While humeral retrotorsion is not modifiable, 
posterior shoulder tightness that restricts shoulder internal 
rotation and horizontal adduction ROM can be improved 
with stretching interventions.12–20 Specifically, cross-body 
stretching and the sleeper stretch have been shown to im-
prove shoulder ROM.12–20 Changes in shoulder ROM and 
strength can occur over the baseball season related to base-
ball activities.21–24 Strengthening interventions may mit-
igate this decrease in shoulder strength,25 shoulder en-
durance,26 and throwing velocity25,27–29 in baseball 
players. 

Interventions that target deficits in shoulder ROM and 
strength may help to reduce injury rates in baseball players. 
Although some studies indicate that prevention programs 
may reduce the incidence of injuries,30 the research is con-
flicting in overhead athletes.31 Shitara et al.32 found that 
high school baseball pitchers who performed daily posterior 
shoulder stretching had a lower incidence of upper extrem-
ity injury than pitchers who did not perform stretching or 
strengthening. Pitchers who performed both stretching and 
external rotation strengthening exercises had similar injury 
incidence as those who only performed stretching. Youth 
baseball players performing stretching, dynamic mobility, 
and balance training had a lower incidence of shoulder and 
elbow injury in a year than players who did not perform 
the intervention.33 Shoulder horizontal adduction deficits 
on the non-dominant side also improved with the interven-
tion. 

Characterizing the effects of an exercise program on 
modifiable shoulder-related risk factors in collegiate base-
ball players is needed. Programs that target deficits in 
shoulder ROM and strength may lead to a reduction in in-
juries. The purpose of this study was to assess the effec-
tiveness of a standardized exercise program, during the fall 
season, on shoulder ROM and rotational strength in colle-
giate baseball players. It was hypothesized that a standard-
ized exercise program performed over the course of the fall 
season, would lead to improvements in shoulder ROM and 
strength. 

METHODS 
PARTICIPANTS 

This study was approved by the Institutional Review Board 
at the University of Southern California. Prior to participa-

tion, the procedures, risks, and benefits were explained, and 
written informed consent was obtained. Data were collected 
prospectively on Division I collegiate baseball players from 
a single team however not all of the participants completed 
every test. Data were collected pre-intervention (August 28, 
2017) and post-intervention (November 27, 2017) of the fall 
season. The fall season, while short, allowed confounding 
factors of certain players playing more games than others 
leading to the potential vast differences in player workload 
that would be present in the spring season to be minimized. 
Only two competitive baseball games were played during 
the time of the intervention. Participants were included if 
they were free from injury at the beginning of the fall sea-
son, and on the team roster for the full fall season. Exclu-
sion criteria included not cleared to participate in baseball 
activities. Data for the players who were not on the team for 
the full fall season were excluded from the analysis. 

An a priori power analysis was conducted using 
G*Power3 to test the difference between two dependent 
means using a two-tailed test, an alpha of 0.05, and a power 
of 0.8. An effect size of 0.46 was calculated from previously 
reported data on the mean difference (4.7°) and standard 
deviation (10.2°) of glenohumeral internal rotation deficit 
(pitching arm IR - non-pitching arm IR; GIRD) between 
injured and non-injured youth pitchers.3 It was estimated 
that a sample size of 39 participants would be needed. 

EXERCISE PROGRAM 

Participants performed structured training three times a 
week from August 29, 2017 to October 3, 2017 under the su-
pervision of a certified strength and conditioning specialist. 
From October 3, 2017 to November 26, 2017 training was 
only performed once a week. A comprehensive list of the 
exercises in the structured training program can be found 
in Appendix A. Participants performed three to five sets of 
5-15 repetitions of the exercises with a load at 70-80% of 
their 1-repetition maximum. One-repetition maximum was 
determined by first estimating a near-maximal load that 
each athlete could perform two to three repetitions. After a 
two to three minute break, weight was increased 5-10% for 
upper body exercises and 10-20% for lower body exercises. 
This process was repeated until the maximal load that an 
athlete could lift one time was obtained. 

PROCEDURES 

A health history form was completed by each participant to 
assess demographics, injury and surgical history. Shoulder 
passive ROM and strength were assessed bilaterally. 

SHOULDER ROM 

Passive internal rotation (IR), external rotation (ER), and 
horizontal adduction (HAdd) were measured with a digital 
inclinometer (Figure 1). The measures were assessed with 
the participant supine and the shoulder positioned in 90° of 
abduction and the elbow flexed 90°. For IR and ER, the in-

Effectiveness of a Shoulder Exercise Program in Division I Collegiate Baseball Players During the Fall Season

International Journal of Sports Physical Therapy



clinometer was placed parallel to the forearm. An examiner 
placed their hand on the anterior-superior scapula, mon-
itoring scapular position and applying slight overpressure 
at the end range of each motion. Shoulder HAdd ROM at 
90° of shoulder flexion and the elbow in a relaxed flexed 
position. An examiner stabilized the lateral border of the 
scapula and the humerus was moved into horizontal adduc-
tion until the lateral border of the scapula moved against 
the examiner’s hand. The inclinometer was aligned parallel 
to the humerus. Two trials were performed bilaterally for 
each measure. Data for the two trials were then averaged for 
analysis. Total ROM (ER + IR), glenohumeral internal rota-
tion deficit (pitching arm IR - non-pitching arm IR; GIRD), 
and external rotation surplus on the pitching arm (pitch-
ing arm ER - non-pitching arm ER; ERS) were calculated 
from the measured ER and IR values. Interclass correlation 
coefficient (ICC), standard error of the measure (SEM), and 
minimal detectable change (MDC90%) were calculated prior 
to the start of the study to determine test-retest reliabil-
ity. Test-retest reliability was established on 10 individu-
als prior to beginning testing. Shoulder IR ROM had an ICC 
(3,2) of 0.91, SEM of 3.4°, and MDC90% of 1.4°; ER ROM had 
an ICC (3,2) of 0.98, SEM of 0.7°, MDC90% of 1.6°, ERS had 
an ICC (3,2) of 0.96, SEM of 2.1°, and MDC90% of 5.0°; and 
GIRD had an ICC (3,2) of 0.95, SEM of 2.2°, and MDC90% of 
5.2°. 

SHOULDER STRENGTH 

Shoulder IR and ER strength were both measured with the 
participant seated. The arm being tested was positioned by 
the side, and the elbow flexed to 90° (Figure 2). A rolled 
towel was placed between the trunk and the humerus to 
standardize the positioning and ensure the elbow remained 
by the side during testing. A handheld dynamometer (Hog-
gan Scientific, Lafayette, IN) was attached to a specialized 
stabilizing device and aligned forearm just proximal to the 
wrist. Two maximal effort isometric contractions with the 
instructions to ‘push as hard as possible for 5 seconds’ were 
performed bilaterally. One minute of rest was allotted be-
tween each trial. The mean of the two trials was calculated 
for data analysis and strength values were normalized to 
body weight. Test-retest reliability for shoulder isometric 
strength was established prior to data collection. Test-
retest reliability for shoulder IR strength indicated an ICC 
(3,2) of 0.96, SEM of 0.09N/kg, and MDC90% of 0.20N/kg; 
and for shoulder ER strength ICC (3,2) of 0.95, SEM of 
0.08N/kg, and MDC90% of 0.18N/kg. For ER:IR, the ICC 
(3,2) was 0.97, the SEM was 0.05N/kg and for the MDC90% 
of 0.11N/kg. 

Figure 1. Shoulder range of motion measures- 
Shoulder internal rotation, Shoulder external 
rotation and Shoulder horizontal adduction. 

Figure 2. Shoulder strength testing - ER and IR. 

STATISTICAL ANALYSIS 

Each dependent variable was averaged across two trials col-
lected for both the pre-intervention and post-intervention 
data collections. Mean values for each dependent variable 
were submitted to paired samples t-tests to determine 
changes in shoulder ROM and strength following the in-
season exercise program. Statistical significance was set a 
priori at p < 0.05 and all analyses were performed using 
RStudio (RStudio Team (2020). RStudio: Integrated Devel-
opment Environment for R. RStudio, PBC, Boston, MA URL 
http://www.rstudio.com/). Responders were defined as any 
participant whose values for a measure exceeded the MDC. 

RESULTS 

Data were collected on 43 baseball players (n = 43, age = 
19.6 years, height = 1.86 m, weight = 90.3 kg). One partici-
pant was lost to follow-up. 
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Table 1. Demographics, mean (SD) unless noted N for throwing arm and position 

Throwing Arm (N) Position (N) 

Subjects (N) Age (yrs) Height (cm) Weight (kg) Yrs Played Right Left Pitcher Catcher Infield Outfield 

43 19.6 (1.2) 185.8 (5.5) 90.5 (7.0) 13.8 (2.9) 32 11 21 5 13 8 
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Table 2. Shoulder range of motion, mean (SD) and mean differences over time 

Pre-
Season 

Post-
Season 

p-
Value 

Mean Difference 
(95% CI) 

Throwing Arm 

Internal Rotation 29.7 
(10.9) 

29.7 (8.9) 0.979 - 

External Rotation 109.8 
(11.3) 

112.6 
(9.3) 

0.169 - 

Total (ER+IR) 140.2 
(14.0) 

142.0 
(14.2) 

0.458 - 

Horizontal 
Adduction 

-4.0 (6.4) 2.1 (5.6) <0.001 6.1 (3.7, 8.5) 

Non-Throwing Arm 

Internal Rotation 36.6 (8.6) 37.3 (9.0) 0.622 - 

External Rotation 105.4 
(9.9) 

102.6 
(9.1) 

0.039 2.8 (0.2, 5.5) 

Total (ER+IR) 142.0 
(13.8) 

139.9 
(11.0) 

0.326 - 

Horizontal 
Adduction 

1.3 (4.7) 9.3 (8.4) <0.001 8.0 (5.6, 10.3) 

Throwing Arm vs Non-Throwing 
Arm 

GIRD -6.2 
(13.1) 

-7.9 (11.2) 0.368 - 

ERS 5.4 (11.5) 11.0 
(10.0) 

0.016 5.6 (1.1, 10.2) 

Bold font indicates statistical significance. 

SHOULDER ROM 

On the throwing arm, only HAdd ROM (p < 0.001) signif-
icantly increased from pre-intervention to post-interven-
tion (Table 2 & Figure 3). Seventy-one percent were con-
sidered responders to the exercise intervention for HAdd 
ROM (Figure 3). Internal rotation, ER, and total ROM did 
not significantly change over time (p > 0.05). On the non-
throwing arm, ER ROM decreased (p = 0.039) while HAdd 
ROM increased (p < 0.001) from pre-intervention to post-in-
tervention (Table 2). There were no significant differences 
over time for IR or total ROM (p > 0.05). For ERS, there was 
a significant increase (p = 0.016) from pre-intervention to 
post intervention while no significant change in GIRD (p > 
0.05) was observed (Table 2). Fifty-six percent of partici-
pants were considered responders to the exercise interven-
tion for ERS (Figure 4). 

SHOULDER STRENGTH 

On the throwing arm, ER strength (p = 0.003) and ER:IR 
(p <0.001) significantly decreased (Table 3). On the non-
throwing arm, ER strength also decreased (p = 0.004), but 
no change in ER:IR strength ratio was observed (p > 0.05). 
A notable increase in IR strength on the throwing arm and 
decrease on the non-throwing arm was observed, but nei-
ther change was significant (p = 0.055 for both). Fifty-seven 
percent of participants were considered responders to the 
exercise intervention for IR strength (Figure 5). When com-
paring the strength of the throwing arm to the non-throw-
ing arm, the IR strength ratio between arms significantly in-
creased (p < 0.001), indicating an increase in IR strength in 

Figure 3. Individual responsiveness of shoulder 
horizontal adduction range of motion to the 
intervention. 

Black lines indicate individual responses for horizontal adduction range of mo-
tion and grey bars show the mean group values. Responders exceeded the mini-
mal detectable change indicating changes were not due to measurement error. 

the throwing arm relative to the non-throwing arm, but no 
significant difference was observed in the ER strength ratio 
(Table 3). 

DISCUSSION 

A standardized exercise program successfully increased 
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Table 3. Shoulder strength (N/kg), mean (SD) and mean differences over time 

Pre-
Season 

Post-
Season 

p-
Value 

Mean Difference (95% 
CI) 

Throwing Arm 

External 
Rotation 

1.47 
(0.28) 

1.34 (0.25) 0.003 0.13 (0.05, 0.21) 

Internal 
Rotation 

1.78 
(0.48) 

19.7 (1.93) 0.055 0.16 (0.01, 0.29) 

ER:IR Ratio 0.88 
(0.26) 

0.71 (0.14) <0.001 0.17 (0.08, 0.25) 

Non-Throwing Arm 

External 
Rotation 

1.51 
(0.23) 

1.39 (0.26) 0.004 0.12 (0.04, 0.20) 

Internal 
Rotation 

1.96 
(0.39) 

1.84 (0.39) 0.055 0.12 (0.00, 0.24) 

ER:IR Ratio 0.79 
(0.14) 

0.77 (0.15) 0.64 - 

Throwing Arm vs Non-Throwing 
Arm 

IR Strength 
Ratio 

0.92 
(0.19) 

1.09 (0.18) <0.001 0.17 (0.08, 0.27) 

ER Strength 
Ratio 

0.99 
(0.18) 

0.99 (0.20) 0.872 - 

Bold font indicates statistical significance. 

shoulder HAdd ROM from pre-intervention to post-inter-
vention in collegiate baseball players. Additionally, ERS in-
creased from pre- to post-intervention, indicating greater 
ER surplus on the throwing arm. Half of the participants 
(56%) demonstrated a meaningful increase in ERS following 
the intervention. Contrary to the hypothesis, a decrease 
in shoulder ER strength and ER:IR strength ratio also oc-
curred. Athlete exposure to baseball participation can result 
in both acute and chronic adaptations to ROM and strength 
of the shoulder.21,23,24,34 Exercise interventions that main-
tain or increase ROM and can counteract the physiological 
adaptations that may occur as a result of baseball partic-
ipation.21 These results indicate that a standardized exer-
cise program performed throughout the season may be ben-
eficial for targeting certain modifiable physical factors to 
maintain and limit the loss of strength. Targeting modifi-
able factors such as shoulder ROM and strength through 
an exercise intervention program may help to reduce injury 
risks in baseball players, however this aim is outside the 
scope of preliminary investigation. 

Shoulder HAdd ROM, which assesses posterior shoulder 
tightness, was the only shoulder ROM variable that changed 
following the intervention on the throwing arm. A majority 
of the participants (71%) demonstrated a meaningful in-
crease in HAdd following the intervention but some may 
have had limitations to begin with. There was a 6.1° in-
crease in the HAdd from pre to post-intervention, which 
exceeds measurement error (MDC90%) of 4.2° for passive 
HAdd.2 A similar noted increase in HAdd ranging between 
15.7° and 17.5° in professional baseball players from pre to 
post-intervention.35,36 While Chan et al.35 did not provide 
an intervention, all players participated in posterior shoul-
der stretching drills which may have accounted for their ob-
servations. McGraw et al.36 provided a stretching and mobi-
lization intervention, but only for athletes that exhibited a 
deficit in ER, IR, or HAdd in their throwing arm compared to 

Figure 4. Individual responsiveness of shoulder 
external rotation surplus range of motion to the 
intervention. 

Black lines indicate individual responses for external rotation surplus and grey 
bars show the mean group values. Responders exceeded the minimal detectable 
change indicating changes were not due to measurement error. 

their non-throwing arm. The current intervention similarly 
included soft tissue mobilization of the posterior shoulder 
musculature with a lacrosse ball or Theragun (Therabody, 
Los Angeles, CA), as well as cross-body stretching, yet in-
creases in Hadd were less than half that of previous litera-
ture. It is possible that the difference in competitive levels 
and temporal factors partially accounted for this discrep-
ancy. Both Chan et al.35 and McGraw et al.36 studied profes-
sional athletes whose seasons last six to seven months. The 
athletes in this study were tested before and after their fall 
season which only lasted two months. 

Contrary to the hypothesis, no changes in IR, ER, or total 
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ROM (IR+ER) were observed on the throwing arm. In profes-
sional pitchers, decreased shoulder IR and total ROM have 
been observed for up to 24 hours after pitching,21 but the 
findings on long-term changes are inconsistent. Dwelly et 
al.22 found that ER ROM significantly increased by 2.9° from 
preseason to postseason in collegiate pitchers, but Freehill 
et al.34 found no changes in ER, IR or total ROM for profes-
sional pitchers. 

Considering the effectiveness of posterior rotator cuff 
and cross-body stretching routines, it appears that the 
stretching intervention in the present study may have 
countered any acute changes in IR ROM typically observed, 
but did not further increase IR ROM beyond its preseason 
value.12,19,36 The current intervention did not further affect 
the players ROM beyond each pitcher’s normal arm care 
program. Deficits in total ROM are related to shoulder and 
elbow injury.37–39 However, no changes in total ROM were 
observed in this study. This result may have been due to 
players having a high total ROM of 140° prior to the exercise 
program so large improvements were not expected due to a 
ceiling effect. Total ROM was similar to what has previously 
been reported in collegiate baseball and softball players.22 

When comparing between arms, the hypothesis was par-
tially supported. No change in GIRD was observed, but ER 
surplus improved as noted with an improved ERS of 5.6°. 
The increased ERS was driven by an increase of 2.7° in the 
throwing arm ER with accompanying decrease of 2.8° ER 
in the non-throwing arm. The change in ERS exceeded the 
MDC90% of 1.6° indicating the change was likely meaning-
ful and not due to measurement error. A lack of ERS on 
the throwing arm has been identified as a risk factor for in-
jury in baseball players.4 Specifically, those who exhibit less 
than 5° surplus of ER ROM on their throwing arm compared 
to their non-throwing arm are 1.9 times as likely to suffer 
an upper extremity injury.4 

The ratio of ER:IR strength ranges from 63-98% in the 
throwing arm of healthy baseball players.26,40–43 Baseball 
players in the current study had ER:IR strength ratio de-
creased from 88% to 71% over the course of the season. The 
ratio decreased due to players having a decrease in throw-
ing arm shoulder ER strength and a notable, but insignifi-
cant, increase in shoulder IR strength. However, while the 
change in ER:IR ratio exceeded its MDC value, the changes 
in its constituents did not exceed their respective MDC val-
ues, and therefore may have been caused by measurement 
error. The decrease in shoulder ER strength could be related 
to a decrease in the frequency of training as the season 
progressed. Players were initially participating in training 
three times a week following testing and then training de-
creased to once a week. The internal rotators were not ad-
versely affected by the change in the training schedule, 
which may be due to their role during throwing. The ER 
muscles act eccentrically during the deceleration phase of 
throwing whereas the IR muscles are required to work both 
concentrically and eccentrically throughout the throwing 
motion.44 Therefore, the difference in loading of the IR 
muscles compared to ER muscles may account for the ob-
served changes in strength. Half of the participants (57%) 
demonstrated a meaningful increase in IR strength. Consid-
ering the changes in ER and IR strength were smaller than 
their respective MDC values, the use of any arm care inter-

Figure 5. Individual responsiveness of throwing arm 
internal rotation strength to the intervention. 

Black lines indicate individual responses for internal rotation strength and grey 
bars show the mean group values. Responders exceeded the minimal detectable 
change indicating changes were not due to measurement error. 

ventions to maintain or build strength during the season 
should be further investigated. A longer intervention would 
likely have been beneficial for improving strength but was 
logistically challenging with the cohort of Division I play-
ers. The athletes are restricted to the number of hours they 
can participate in training and practice each week. 

Shoulder isokinetic strength changes have been observed 
following the season in high school pitchers.23,45 Whitley 
et al.23 found that shoulder HAdd and shoulder IR strength 
decreased in the throwing and non-throwing arm, however 
ER strength did not change. The intervention they used 
may have been helpful in increasing IR strength but not ER 
strength.23 When evaluating the exercises they prescribed 
for the players, the players primarily performed dynamic 
and compound exercises.23 Lack of isolated strengthening 
of the external rotators may have contributed to the de-
creased ER strength. In a study evaluating upper extremity 
muscular endurance on baseball players during a 20-week 
pre-season training program, increased posterior shoulder 
muscular endurance was observed.26 The exercises behind 
this change, during the 20-weeks, consisted of low resis-
tance and high repetition with a combination of both iso-
lated and compound exercises.26 Therefore, incorporating 
more isolated strengthening of the external rotators with 
emphasis on endurance may be important to sustain 
strength in these muscles over the course of a season. It is 
also possible that testing strength eccentrically may have 
resulted in differences following the training program since 
this may more closely relate to the demands of throwing. 

Muscle activation for various iterations of most of the 
exercises used in the current intervention have been exam-
ined. Low (0-20% maximal voluntary isometric contraction) 
to moderate (21-40% maximal voluntary isometric contrac-
tion) level activation of the rotator cuff and scapular stabi-
lizer muscles have been observed for most of the exercises 
in healthy non-overhead athletes.46,47 High muscle activa-
tion exercises may be more effective in improving isometric 
strength in overhead athletes but evidence of this is limited. 
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Of the electromyography studies reported in the literature, 
most are done in healthy non-overhead athletes and not 
baseball players therefore it limits their generalizability to 
baseball players. 

The outcome assessment for muscle performance in this 
study was isometric strength with a hand-held dynamome-
ter. Clearly, this is just one aspect of muscle performance. 
The exercises may be influencing neuromuscular factors 
that were not assessed with the outcome measure of iso-
metric strength. Perhaps it is not the exercises but rather 
the outcome assessment that contributed to the lack of ob-
served changes. It is also possible that large changes in 
strength in high level athletes during the season do not oc-
cur and maybe the changes were not strength related but 
due to rate of force development. Rate of force development 
is the rate that and individual can generate maximal force 
production during a given activity.48 Rate of force develop-
ment utilizes the stretch-shortening cycle of a muscle and 
is optimized when maximal force is produced in the shortest 
amount of time possible.48 The methods used in the current 
study were not able to assess the influence of rate of force 
development but should be considered in the future. 

This study has limitations. Data were collected on a sin-
gle Division I baseball team, limiting generalizability to 
other levels of competition. It is unknown if players did 
additional exercises beyond what they were prescribed by 
the strength and conditioning specialist. Without a control 
group, the authors cannot assert that the changes observed 
were due solely to the training. It is possible that players 
had ROM or strength adaptations that occurred due to base-
ball participation.22 This study was a preliminary investi-
gation designed to test the exercise program and obtain pi-
lot data for a future randomized controlled trial. The goal of 
a future randomized controlled trial would be to determine 
the effectiveness on injury rates. The fall season was chosen 
because college baseball teams focus more on practice and 
strength training during this time period in order to prepare 
for the competitive spring season. During the spring season, 
the focus of strength training programs moves into a main-
tenance phase of the periodized programming due to the 
number of competitive games that are played during this 
period. The results may have been different had changes 
in shoulder ROM and strength, been examined during the 
spring season. However, performing this study during the 
spring season would have introduced the confounding fac-
tors of athlete exposure to the demands of playing baseball 
during more games as some players who are starters would 
have greater exposure than players who compete less fre-
quently. With less games being played in the fall season 

there was potentially less undue influence of athlete expo-
sure on the results. Alternatively, the dosing and duration 
of the program may not have been adequate to elicit change 
in some variables. 

CONCLUSIONS 

Performing a standardized exercise program was demon-
strated to be beneficial for improving shoulder HAdd ROM 
and ERS (improving the relative amount of ER on the throw-
ing arm) in collegiate baseball players. Baseball players of-
ten present with altered ROM and strength patterns due to 
the frequency and repetitive nature of the sport. Being able 
to effectively target shoulder musculature to improve ROM 
and strength may help to decrease the incidence of injury 
and improve performance. The lack of change in IR and ER 
ROM may be related to the lack of deficits at the start of the 
season. 
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BACKGROUND 
Despite increased awareness of factors related to athletic performance and injury 
prevention, youth and adolescent baseball players continue to report injuries at alarming 
rates. Upper extremity muscle strength is an integral part of physical assessment and 
injury prevention in baseball players, however minimal data exists in youth populations. 
Changes in anthropometric measures, inherent in physically developing athletes, have 
been shown to impact strength measures, however normalization methodology is rarely 
reported. 

PURPOSE 
The purposes of this study were to 1) compare the measurement properties of five 
potential methods for normalizing isometric shoulder strength in a cohort of 9-12 year 
old male baseball players and 2) examine the relationship between normalized isometric 
shoulder strength and ball velocity in a cohort of 9-12 year old male baseball players. 

STUDY DESIGN 
Prospective cohort study (n=159) 

METHODS 
Baseline and follow up height, weight and bilateral ulnar length measurements were 
assessed followed by isometric strength in both the dominant and non-dominant 
shoulders. Strength measures included scapular plane abduction (scaption), external 
rotation (ER) at 0°, ER and internal rotation (IR) at 90°. Ball velocity was assessed as a 
measure of throwing performance. Intraclass correlation coefficients (ICC2,1), standard 
errors of measurement (SEM) and minimal detectable change (MDC95) were calculated 
for all strength measures. Repeated measures ANOVA were conducted comparing changes 
in normalized strength using five separate anthropometric measures: weight, height, 
body mass index, ulnar length and % of non-dominant shoulder strength. Linear 
regression models were used to examine the relationships between normalized isometric 
shoulder strength and ball velocity. Statistical significance was set a priori at α=0.05. 

RESULTS 
Shoulder strength normalized using ulnar length was the only method that demonstrated 
excellent reliability (ICC2,1 0.98-0.99) and detected significant changes between strength 
in each of the four measures tested (SEM 0.39-0.69 Nm). Modest but significant 
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correlations were observed between scaption and ball velocity (r2 = 0.27, p < 0.001) and ER 
at 0° and ball velocity (r2 = 0.23, p < 0.001). 

CONCLUSION 
Ulnar length was the most stable and reliable normalization method for assessing 
isometric shoulder strength in youth baseball players. In addition, normalized scaption 
strength was the most significant predictor of ball velocity, followed by ER at 0° strength 
in this population. 

LEVEL OF EVIDENCE 
Level 2b (etiology) 

INTRODUCTION 

Baseball is a popular sport with approximately 13-17 mil-
lion athletes participating across the U.S.1–3 Youth (9-12 
years) and adolescent (13-18 years) players comprise the 
majority of this population participating at the club and 
high school levels.1–4 Despite increased awareness of fac-
tors related to athletic performance and injury prevention, 
youth and adolescent baseball players continue to sustain 
injuries at alarming rates.5–13 The incidence of baseball-re-
lated overuse injuries in youth and adolescent players re-
portedly ranges between 1.3 – 4.0 injuries per 1,000 athletic 
exposures.2,14,15 The majority of baseball-related overuse 
injuries occur at the upper extremity (UE), specifically the 
shoulder and elbow, however few studies have assessed how 
risk factors change as young athletes grow and develop over 
time.2,14,16 

Upper extremity muscle strength is an important factor 
in the assessment of athletic performance and injury pre-
vention in baseball players.7,17–26 Strength is defined as the 
amount of force a muscle can maximally produce during a 
single repetition.27–29 Clinicians and researchers routinely 
use a battery of strength measures for performance assess-
ments, injury diagnostics and return to sport decisions fol-
lowing injury.7,19,24,30 While upper extremity strength 
measures have been reported at the collegiate and profes-
sional levels, little to no data is available at the youth and 
adolescent levels.7,18–25,30 Establishing an objective, reli-
able and clinically accessible method for evaluating how 
strength changes as an athlete grows is imperative in un-
derstanding shoulder function, performance and injury risk 
in youth baseball players.7,30 

Despite acknowledging that anthropometric measure-
ments, such as height and weight, influence the body’s abil-
ity to produce force and thereby muscle strength, normal-
ization methods accounting for body size are inconsistently 
reported in the literature.18,21,22,27,29 The evaluation of iso-
metric strength in youth and adolescent athletes is inher-
ently different from that of collegiate and professional ath-
letes.27,29,31 Height, weight and neuromuscular control can 
fluctuate frequently in physically developing populations 
with the potential to rapidly change over short periods of 
time. Performance assessments that rely solely upon ab-
solute measures, without normalization, may lack the abil-
ity to discern changes in muscle strength from changes in 
body size in youth populations.27–29 Accounting for these 
alterations in growth and development through normaliza-
tion is critical to accurately assessing muscle function and 
injury risk in young athletes.27,29,31 

There is a notable gap in the literature surrounding the 
evaluation and normalization of shoulder strength in youth 
baseball players. Multiple methods have been developed to 
normalize lower extremity muscle strength, particularly in 
non-athletic and non-typically developing popula-
tions.28,29,32–35 Only one study has been conducted in the 
upper extremity, using percent (%) of non-dominant 
strength to normalize dominant strength in the shoulders 
of adolescent throwers.7 Using anthropometric measures 
such as body mass, body mass index (BMI), height and limb 
length to normalize shoulder strength has not been studied. 
Determining a reliable and reproducible method for evalu-
ating strength and changes in strength over time is imper-
ative for assessing physically developing populations over 
time.27,29,32 The purposes of this study were to 1) compare 
the measurement properties of five potential methods for 
normalizing isometric shoulder strength in a cohort of 9-12 
year old male baseball players and 2) examine the relation-
ship between normalized isometric shoulder strength and 
ball velocity in a cohort of 9-12 year old male baseball play-
ers. 

METHODS 
STUDY POPULATION 

One hundred and fifty-nine competitive male youth base-
ball players volunteered to participate in this study. All 
players in this study were recruited from local baseball 
clubs, baseball tournaments and little leagues in the Up-
state Region of South Carolina. All players were male, be-
tween the ages of 9-12 years and uninjured at the time of 
initial examination. Players were excluded from the study if 
they (1) reported any injuries that currently restricted their 
ability to participate in baseball activities or (2) reported 
a shoulder or elbow injury that required medical attention 
during the three months prior to initial examination. The 
University of South Carolina’s Institutional Review Board 
(IRB) approved this study. Parental consent and athlete as-
sent were obtained for each participant enrolled. 

INSTRUMENTS 

Height, weight and ulnar length were measured using a 
portable statiometer, digital weight scale and tape measure, 
respectively. Athletes were asked to remove their footwear 
for anthropometric measurements. Height and ulnar length 
were recorded to the nearest 0.5 centimeter (cm) while 
weight was recorded to the nearest 0.1 kilogram (kg). Iso-
metric shoulder strength was measured using a Lafayette 
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Table 1. Normalization Methods for Isometric Shoulder Strength 

Method Calculation 

Body Mass (%) 

BMIa (m2) 

Height (kg/m) 

Ulnar Length (Nm) 

% of NDb Strength (%)7 

aBMI, body mass index. 
bND, non-dominant shoulder. 

Manual Muscle Tester hand-held dynamometer (Lafayette 
Instrument Company, Lafayette, IN, USA). All isometric 
strength measurements were performed by the lead re-
searcher who demonstrated excellent intra-rater reliability 
prior to initial data collection (ICC2,1 = 0.94-0.99). Ball ve-
locity was assessed using a Stalker Sport Radar Gun (Stalker 
Radar, Richardson, TX, USA). 

PROCEDURES 

At the time of study enrollment, baseline height, weight 
and ulnar length measurements were assessed for each par-
ticipant followed by isometric shoulder strength in both 
the dominant and non-dominant arms. Two repetitions of 
each strength measure were recorded per arm and averaged 
for statistical analysis. Isometric shoulder strength was as-
sessed bilaterally using a Lafayette Manual Muscle Tester 
hand-held dynamometer (HHD) and methods previously re-
ported in the literature.19 Isometric shoulder strength mea-
sures included abduction in the scapular plane (scaption) at 
90°, external rotation (ER) at 0°, ER at 90° and internal ro-
tation (IR) at 90° for the dominant and non-dominant arms. 
Make tests were used for each isometric strength measure 
based on higher reliability when compared to break tests in 
HHD.36 Athletes were instructed to exert maximal effort as 
the examiner stabilized HHD. The peak force of each pro-
duced for each repetition was then recorded.36 Scaption and 
ER at 0° forces were measured in the seated position. Scap-
tion was measured with the dynamometer placed 5 cm dis-
tal to the cubital fossa while ER at 0° was measured with the 
dynamometer placed on the dorsal aspect of the forearm, 2 
cm proximal to ulnar styloid process. External rotation at 
90° and IR at 90° were measured in the prone position with 
the shoulder in 90° of abduction, 90° of ER and 90° of elbow 
flexion. For ER at 90°, the dynamometer was placed on the 
dorsal aspect of the forearm, 2 cm proximal to ulnar styloid 
process. Internal rotation at 90° was assessed in a similar 
fashion, however the shoulder was in a state of neutral ro-
tation and the dynamometer was placed on the volar aspect 
of the forearm. Each participant was asked to provide max-
imal effort throughout each trial during examination.19,37 

Isometric shoulder strength was then normalized prior to 
statistical analysis using five separate methods: body mass, 
BMI, height, ulnar length and % of non-dominant shoulder 
strength (Table 1).7 

Height, weight, ulnar length and isometric shoulder 
strength measurements were re-assessed in a subset of par-
ticipants (n = 58) to examine changes in body size and 
strength over a six-month period. Previous literature has 
shown six months to be a sufficient amount of time to ob-
jectively detect changes in body size, thereby impacting 
strength, in physically developing populations.29,38 Isomet-
ric shoulder strength measures were normalized again for 
statistical analysis using the five previously stated methods: 
body mass, BMI, height, ulnar length and % of non-domi-
nant shoulder strength (Table 1).7 

Throwing performance was assessed using ball velocity 
during an overhead throw. This measure was assessed in a 
subset of participants (n = 80). Following a warm up period 
during team practice, participants were asked to throw 
three balls, using maximal effort, to a specified target 46 
feet away. All throws were performed on flat ground. A 
Stalker Sport Radar Gun (Stalker Radar, Richardson, TX, 
USA) was used to record the velocity of each throw in miles 
per hour (mph). The three throws were recorded and aver-
aged for statistical analysis. 

STATISTICAL ANALYSIS 

Means and standard deviations (SD) were calculated across 
all participants for the dependent variables: height, weight, 
BMI and normalized shoulder strength measures. Reliabil-
ity was assessed for all baseline and follow-up strength 
measures using intraclass correlation coefficients (ICC) 
with corresponding 95% confidence intervals (CI).39 Stan-
dard errors of measurement (SEM) were also calculated to 
determine the absolute reliability of each strength measure 
using the largest SD in the formula .39 In-
dividual SEMs were then used to calculate corresponding 
minimal detectable change (MDC95) values for each of the 
normalized strength measures using the formula 

.39 Mean change scores were calculated 
for each normalized strength measure by subtracting the 
baseline value from its corresponding follow-up value. Ef-
fect sizes were then determined, using partial eta squared 
(η2), to identify the magnitude of change detected between 
the two time points for each of the normalized strength 
measures. A method’s ability to detect changes in strength 
over time was determined for each strength measure using 
two criteria: (1) whether the observed change score ex-
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Table 2. Baseline and Follow-up Characteristics of Youth Baseball Players 

Baseline Follow-up 

N Mean SDa N Mean SDa 

Age, years 159 11.1 1.1 58 11.1 1.2 

Height, cm 159 146.8 8.3 58 151.9 10.1 

Weight, kg 159 41.6 10.1 58 45.2 12.4 

BMIb, kg/m2 159 19.1 3.4 58 19.3 3.5 

Arm Dominance Right, % 137 86.2% - 49 84.5% - 

aSD, standard deviation. 
bBMI, body mass index. 

ceeded the corresponding MDC95 and (2) the measure’s ef-
fect size. Bivariate Pearson correlation coefficients and lin-
ear regression models were used to examine the 
relationships between the normalized isometric shoulder 
strength measures and ball velocity in youth baseball play-
ers. The method with the most consistent measurement 
properties for normalizing isometric shoulder strength in 
youth baseball players was determined based on each mea-
sure’s test-retest reliability, ability to detect changes over 
time and strength of association with ball velocity. Statisti-
cal significance and power criteria were set a priori at 0.05 
and 0.80, respectively. A priori power analyses were per-
formed, using a small (0.20) effect size to determine the 
power needed to detect changes in shoulder strength over 
time. A moderate (0.40) effect size was used to determine 
the power needed to assess the significance of association 
between strength and ball velocity in youth throwers. The 
effect sizes for these comparisons were calculated using pi-
lot data collected in previous studies. An estimated sam-
ple of at least 46 players was determined to be necessary to 
detect statistically significant differences in strength over 
time as well as significant associations between strength 
and ball velocity. All statistical analyses were performed us-
ing SPSS Statistics 21.0 (SPSS Inc., Chicago, IL, USA) soft-
ware. 

RESULTS 
RELIABILITY OF NORMALIZED SHOULDER STRENGTH 

Baseline and follow-up anthropometric characteristics of 
the youth baseball players included in this study are re-
ported in Table 2. The anthropometric data taken at each 
time point was then used to normalize each of the shoulder 
strength measures assessed at baseline and then again at 
the six-month follow-up. Normalized dominant isometric 
shoulder strength was the main variable of interest. Intra-
rater reliability across the four baseline and four follow-
up strength measures using the five separate normalization 
methods were: body mass ICC2,1 0.97-0.98, BMI ICC2,1 
0.95-0.98, height ICC2,1 0.94-0.98, ulnar length ICC2,1 
0.98-0.99 and % of non-dominant shoulder strength ICC2,1 
0.80-0.98. Their respective SEM values were: body mass 
0.46-0.63%, BMI 0.95-1.16 m2, height 0.12-0.28 kg/m, ulnar 
length 0.39-0.69 Nm and % of non-dominant shoulder 
strength 4.15-15.00%. All five normalization methods 

demonstrated good to excellent reliability across each of 
the four shoulder strength measures with some variability 
in the SEM values reported. 

ABILITY TO DETECT CHANGES IN SHOULDER STRENGTH 

Minimal detectable change scores, using SEM values, were 
then calculated for each of the normalized shoulder 
strength measures: body mass 1.3-1.8%, BMI 2.6-4.0 m2, 
height 0.3-0.8 kg/m, ulnar length 1.1-1.9 Nm and % of non-
dominant shoulder strength 9.2-41.5%. Mean change scores 
for each of the five normalization methods were compared 
to their respective MDC95 values across all four measures 
of shoulder strength (Figure 1). In addition to the MDC95 
scores, effect sizes were calculated for each of the five nor-
malization methods: body mass 0.04-0.24, BMI 0.24-0.44, 
height 0.11-0.33, ulnar length 0.41-0.54 and % of non-dom-
inant shoulder strength 0.00-0.02. Ulnar length was the 
only method that demonstrated mean change scores that 
exceeded their respective MDC95 values and exhibited 
medium effect sizes in each of the four shoulder strength 
measures assessed (Table 3). The remaining four methods 
did not consistently exceed their MDC95 values (Figure 1) 
and demonstrated wide variability in effect sizes across 
each of the strength measures assessed. 

RELATIONSHIPS BETWEEN SHOULDER STRENGTH AND 
BALL VELOCITY 

The relationships between normalized dominant isometric 
shoulder strength and ball velocity were examined using 
bivariate Pearson correlation coefficients followed by step-
wise linear regression models with forward selection. The 
height and ulnar length normalization methods demon-
strated significant correlations with ball velocity across all 
four shoulder strength measures, while the body mass, BMI 
and non-dominant shoulder strength methods did not. 
Based on these findings, only normalized strength mea-
sures using the height and ulnar length methods and were 
included in the linear regression models. 

Small to moderate positive correlations were observed 
between normalized shoulder strength using the height 
method and ball velocity in youth baseball players: scaption 
r = 0.47, p < 0.001; ER at 0° r = 0.41, p < 0.001; ER at 90° r = 
0.27, p = 0.02; and IR at 90° r = 0.38, p < 0.001. Normalized 
shoulder strength using the ulnar length method demon-

Normalized Isometric Shoulder Strength as a Predictor of Ball Velocity in Youth Baseball Players

International Journal of Sports Physical Therapy



Table 3. Reliability of Normalized Dominant Isometric Shoulder Strength using the Ulnar Length Method 

Mean SDa ICC2,1 (95% CI)b SEMc MDC95
d Effect Size 

Baseline Strength (n=159) 
    • Scaption 
    • External Rotation at 0° 
    • External Rotation at 90° 
    • Internal Rotation at 90° 

17.9 
15.2 
11.9 
16.3 

5.2 
4.1 
3.0 
4.0 

0.99 (0.94, 0.99) 
0.99 (0.99, 1.00) 
0.98 (0.93, 0.99) 
0.99 (0.95, 0.99) 

0.57 
0.52 
0.39 
0.45 

1.6 
1.4 
1.1 
1.3 

- 
- 
- 
- 

Follow-Up Strength (n=58) 
    • Scaption 
    • External Rotation at 0° 
    • External Rotation at 90° 
    • Internal Rotation at 90° 

20.7 
19.0 
14.1 
19.0 

6.2 
5.5 
3.3 
4.5 

0.99 (0.98, 0.99) 
0.99 (0.97, 0.99) 
0.98 (0.98, 0.99) 
0.99 (0.96, 0.99) 

0.69 
0.54 
0.46 
0.55 

1.9 
1.5 
1.3 
1.5 

- 
- 
- 
- 

Strength Change over Time (n=58) 
    • Scaption 
    • External Rotation at 0° 
    • External Rotation at 90° 
    • Internal Rotation at 90° 

2.8 
3.8 
2.2 
2.7 

3.4 
3.6 
2.2 
2.7 

- 
- 
- 
- 

- 
- 
- 
- 

- 
- 
- 
- 

0.41 
0.54 
0.51 
0.51 

aSD, standard deviation. 
bICC2,1 (95% CI), intraclass correlation coefficient with 95% confidence interval. 
cSEM, standard error of the mean. 
dMDC95, minimal detectable change. 

Figure 1. Changes in Normalized Dominant Shoulder Strength by Method over 6-Month Period. 
Strength Measures: Blue – Scaption, Red – ER at 0°, Green – ER at 90°, Purple – IR at 90°. Asterisk indicates that normalized strength measure exceeded MDC95 value. 

strated the strongest positive relationship with ball veloc-
ity: scaption r = 0.52, p < 0.001; ER at 0° r = 0.48, p < 0.001; 
ER at 90° r = 0.43, p < 0.001; and IR at 90° r = 0.49, p < 0.001. 
Linear regression models were then developed to determine 
if normalized shoulder strength could predict ball velocity 
in young throwers. Each of the four normalized shoulder 
strength measures were entered into a predictive model. 

The first linear regression models examined dominant 
shoulder strength and ball velocity using the height nor-
malization method. Normalized scaption strength demon-
strated a high correlation with ball velocity and was entered 

into the model first followed by ER at 0° strength, ER at 
90° strength and IR at 90° strength. A significant relation-
ship was observed between normalized scaption strength 
and ball velocity (r2 = 0.22, p < 0.001). The remaining mea-
sures demonstrated non-significant relationships with ball 
velocity when scaption was entered first into the model (ER 
at 0° strength r2 = 0.23, p = 0.42; ER at 90° strength r2 = 
0.23, p = 0.70). Internal rotation strength was completely 
removed from this model. A second model was run with ER 
at 0° strength entered first followed by the three remain-
ing measures. Significant relationships were observed be-
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Figure 2. Significant Relationships Between Normalized Dominant Shoulder Scaption and External Rotation at 
0° Strength with Ball Velocity using the Ulnar Length Method 

Strength Measures: Blue – Scaption (p < 0.001), Red – ER at 0° (p < 0.001). 

tween ER at 0° strength and ball velocity (r2 = 0.17, p < 
0.001) and between scaption strength and ball velocity (r2 

= 0.24, p = 0.04) in this model. The remaining measures 
demonstrated non-significant relationships with ball veloc-
ity when ER at 0° strength was entered first into the model 
(ER at 90° strength r2 = 0.18, p = 0.31; IR at 90° strength r2 

= 0.19, p = 0.34). 
Next, linear regression models were run using the ulnar 

length normalization method. Normalized scaption 
strength using the ulnar length method demonstrated the 
highest correlation with ball velocity of any normalized 
measure and was entered into the model first followed by 
ER at 0° strength, ER at 90° strength and IR at 90° strength. 
A significant relationship was observed between normal-
ized scaption strength and ball velocity in this model (r2 = 
0.27, p < 0.001) (Figure 2). The remaining measures demon-
strated non-significant relationships with ball velocity 
when scaption was entered first into the model (ER at 0° 
strength r2 = 0.27, p = 0.59; ER at 90° strength r2 = 0.28, p 
= 0.69). Internal rotation strength was completely removed 
from this model. A second model was run with ER at 0° 
strength entered first followed by the three remaining mea-
sures. Significant relationships were observed between ER 
at 0° strength and ball velocity (r2 = 0.23, p < 0.001) and 
scaption strength and ball velocity (r2 = 0.23, p = 0.04) in 
this model (Figure 2). The remaining measures demon-
strated non-significant relationships with ball velocity 
when ER at 0° strength was entered first into the model (IR 
at 90° strength r2 = 0.28, p = 0.30). External rotation at 90° 
strength was completely removed from the model. 

Tests for collinearity indicated that a high level of 
collinearity was present between scaption and ER at 0° 
strength measures (Eigenvalue = 1.96) in the models, regard-

less of the normalization method used. Based on the find-
ings from the models above, dominant shoulder scaption 
strength and ER at 0° strength, using the height normal-
ization method, were able to predict 22% and 17% of ball 
velocity, respectively, in a cohort of youth baseball players. 
Dominant shoulder scaption strength and ER at 0° strength, 
using the ulnar length normalization method, were able to 
predict 27% and 23% of ball velocity, respectively. Based on 
these results, normalized shoulder strength, using the ul-
nar length method, was able to explain a larger portion of 
the variance in ball velocity in youth baseball players when 
compared to shoulder strength using the height normaliza-
tion method. 

DISCUSSION 

Five separate normalization methods were examined to de-
termine which had the best measurement properties for as-
sessing isometric shoulder strength in youth baseball play-
ers. 

The ulnar length method was determined to be the most 
objective and reliable normalization method in this study. 
Shoulder strength normalized using ulnar length was the 
only method to demonstrate: 1) excellent intra-rater relia-
bility, 2) the lowest reported SEM and MDC values of any 
method examined and 3) a significant predictive relation-
ship with ball velocity, specifically with respect to shoulder 
scaption and ER at 0° strength, in youth throwers. 

NORMALIZING STRENGTH IN YOUTH ATHLETES 

Few original research studies have employed normalization 
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methods when examining muscle strength measures and 
none have compared findings to determine the most ap-
propriate method based on a specific population.7,40 Pre-
vious literature impresses the importance of normalizing 
strength measures for accurate comparison across multiple 
time points, particularly in longitudinal and repeated mea-
sures study designs.27,29 As an integral part of a physical 
examination, the ability to accurately monitor changes in 
shoulder muscle strength could aid clinicians in identifying 
when young players are at an increased risk for injury as 
well as determine when they can safely return to sport fol-
lowing injury.7,31 Accurately tracking shoulder muscle 
strength could also aide in the development and imple-
mentation of injury prevention programs for youth ath-
letes.25,26,41 In the absence of normalization, any observed 
changes in muscle strength may be misinterpreted as sim-
ply functions of growth and physical development as op-
posed to definitive changes in the strength measures them-
selves.27,29 

The only published study that examined normalized 
shoulder muscle strength measures in physically develop-
ing athletes was by Trakis.7 This study used isometric test-
ing and HHD to develop a ratio that referenced dominant 
shoulder strength measures to non-dominant shoulder 
strength measures as a means of normalizing muscle 
strength in adolescent baseball players.7 The theory was 
based on the concept of using non-dominant shoulder 
strength values as internal reference points for each ath-
lete.7 When the % of non-dominant shoulder strength 
method was applied in younger players, ages 9-12 years 
old, excessive inter-participant variability was noted both in 
single session measures and repeated measures over time. 
Neuromuscular control patterns in youth athletes are not as 
well developed as their adolescent and adult counterparts, 
which may have impacted their ability to reproduce consis-
tent results with isometric muscle strength measures in this 
study.32,41–43 

Biomechanical studies have suggested the use of body 
mass and derivations of body mass, including BMI, as po-
tential normalizing factors though few studies have for-
mally tested those theories on youth and adolescent athlete 
populations.28,40 Frequent fluctuations in body mass mea-
sures imply that, while the weight of a youth athlete cer-
tainly contributes to their ability to produce muscle force, it 
may not possess the stability required to accurately detect 
changes in muscle strength measures over time.28,29 Height 
and limb length (i.e. ulnar length), a derivation of height, 
appeared to be more stable choices for normalization fac-
tors as the measures only increase over time. This results in 
a more predictable growth pattern in youth athlete popula-
tions. When the normalization methods containing height 
and ulnar length were compared, the limb-specific ulnar 
length method outperformed the more generalized height 
method in test-retest reliability as well as internal consis-
tency as evidenced by lower SEM and MDC values. These 
findings suggest that ulnar length was the most consistent 
normalization method for assessing isometric shoulder 
strength in youth baseball players. 

NORMALIZED SHOULDER STRENGTH AND BALL 
VELOCITY 

Dominant shoulder scaption and ER at 0° strength have 
been previously linked to throwing performance and upper 
extremity injury risk in baseball players.7,18,19,21,22,24 The 
majority of studies examining upper extremity strength as 
a factor for performance and injury risk were performed 
in collegiate and professional athletes.18,20–22 Studies have 
found little conclusive evidence supporting the theory of 
a direct relationship between baseline shoulder muscle 
strength and ball velocity in throwers, however shoulder 
muscle weakness has been repeatedly linked to injury 
throughout the baseball literature.19,21,22,25,44 Studies by 
Magnusson,21 Mullaney22 and Byram19 have all shown a 
significant relationship between deficits in dominant scap-
tion and ER muscle strength and upper extremity injury in 
collegiate and professional baseball pitchers. While we did 
not examine the effects of normalized dominant shoulder 
strength on injury risk in this study, our results do support 
the significance of shoulder strength measures, specifically 
scaption and ER at 0°, with regards to athletic performance 
measures (i.e. ball velocity) in youth baseball players. These 
positive relationships with ball velocity, while present with 
general shoulder strength measures, were not observed 
with the thrower-specific ER at 90° and IR at 90° strength 
measures. This finding, while unexpected, may be related 
to the increased inter-participant variability and decreased 
neuromuscular control observed in youth baseball players 
when assessed in the 90° position. 

To the authors’ knowledge, this is the first study to show 
a positive association between normalized isometric shoul-
der strength and ball velocity, an acknowledged perfor-
mance measure in youth baseball players.5,45,46 Minimal 
data exists examining upper extremity muscle strength and 
injury risk in youth athletes. One study exists by Harada24 

compared a battery of shoulder muscle strength measures 
and injury risk in a cohort of Japanese youth baseball play-
ers. They found that injured athletes demonstrated greater 
dominant shoulder strength compared to uninjured ath-
letes.24 These findings suggest that the connection between 
shoulder strength and upper extremity injury risk may be 
different in youth athletes when compared to their colle-
giate and professional counterparts, however further stud-
ies are needed to better understand these relation-
ships.19,21,22,24 

LIMITATIONS 

Isometric muscle strength testing using HHD has several 
clinical advantages such as low cost, portability and ease of 
use however it also has acknowledged limitations.17,30 Iso-
metric testing is a static measure that assesses strength at 
a single point in a player’s available range of motion.30,47 

As throwing is dynamic, isokinetic testing is considered the 
gold standard in strength assessment, however the high 
equipment costs and lack of portability made it impractical 
for use outside of a laboratory setting.30,47–49 Another limi-
tation of this study was that no external stabilization meth-
ods were applied to the athletes during the assessments. 
This decision was based on the feasibility and clinical ap-

Normalized Isometric Shoulder Strength as a Predictor of Ball Velocity in Youth Baseball Players

International Journal of Sports Physical Therapy



plicability of the methods described in this study. Extreme 
effort was expended to standardize all measurements and 
testing procedures, including using a single investigator 
with excellent intra-rater reliability, however this decision 
may have influenced the results. 

Another potential limitation of this study was the 
collinearity between the isometric shoulder scaption and 
ER at 0° strength measures in this population. The current 
results indicate that either normalized strength measure 
is predictive of ball velocity, however further research is 
needed to determine what additional variables should be 
included in the model to better explain what drives this per-
formance measure in youth athletes. Overhead throwing is 
a complex motor skill that requires coordination and the 
proper sequencing of a series of linked movements that 
start in the lower extremities and ultimately culminate in 
ball release.50 This statement supports our findings that 
isometric shoulder strength explains only a small portion of 
the variability observed in ball velocity in young throwers. 

Lastly, the high levels of inter-participant variability ob-
served in isometric shoulder ER and IR at 90° strength may 
have negatively influenced the predictability of these mea-
sures in youth athletes. The variability may be attributable 
to age-appropriate deficits in neuromuscular control in the 
prone overhead position. Further study is needed to better 
understand the role neuromuscular control plays in youth 
baseball throwing mechanics as well as which positions are 
best to accurately assess shoulder strength in this popula-
tion. Future studies should consider the use of the ulnar 
length method when normalizing isometric shoulder 
strength, not only in performance assessments of youth 
athletes, but in injury prevention programs as well. The 

relationship between upper extremity injury risk and nor-
malized isometric shoulder strength is not well understood 
in youth populations suggesting that further study is war-
ranted. 

CONCLUSION 

The ulnar length method was determined to have the best 
measurement properties of any normalization method for 
assessing isometric shoulder strength in youth baseball 
players. Ulnar length was the most stable and reliable an-
thropometric measure evaluated in this study. Once nor-
malized using ulnar length, dominant isometric shoulder 
scaption strength was the most significant predictor of ball 
velocity, followed by ER at 0° strength in 9–12-year-old 
baseball players. Muscle strength assessments performed 
in 90° of shoulder abduction demonstrated high inter-sub-
ject variability and provided minimal information concern-
ing the shoulder function and athletic performance of youth 
baseball players. 
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Background 
Shoulder exercises focused on strengthening the rotator cuff and scapular stabilizing 
muscles as well as addressing scapular dyskinesis and motor control have been shown to 
improve rotator cuff function and decrease shoulder pain. A single motion shoulder 
exercise that effectively activates the rotator cuff and scapular stabilizing muscles, 
engages the scapulohumeral rhythm, and includes eccentric contractions may be more 
effective and easier for patients to consistently perform as compared to multiple standard 
shoulder exercises. 

Purpose 
To compare the electromyographic muscle activation of key shoulder complex muscles 
during a single motion exercise and individual exercises (standard exercises) typically 
included in shoulder rehabilitation protocols. 

Study Design 
Case-controlled, cohort study 

Methods 
Nineteen healthy men and women without shoulder pain or dysfunction were studied. 
Muscle activity of the rotator cuff and scapular stabilizing muscles (supraspinatus, 
infraspinatus, teres minor, trapezius [upper, middle and lower], serratus anterior, middle 
deltoid) was measured using surface EMG while subjects performed, in a standing 
position, several standard shoulder exercises typically included in shoulder rehabilitation 
protocols (resisted shoulder flexion, abduction in the scapular plane/scaption, external 
rotation, extension) and a single motion shoulder exercise consisting of a continuous 
movement creating the shape of “Figure of 8” in the transverse plane. The subjects used a 
weight between 5-15 pounds that produced muscle activation at 40-60% maximum 
voluntary isometric contraction (MVIC) for shoulder external rotation. That weight was 
then used for all of the exercises performed by the subject. The single highest EMG 
reading for each of the eight muscles studied, expressed as a percentage of MVIC, at any 
point during the second, third and fourth repetitions in a five repetition set was used to 
compare the single motion shoulder exercise and each exercise in the standard exercises 
set. 

Results 
Ten men and nine women between 18-65 years of age were tested. No significant 
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difference (p=.05) between the exercises was noted for the supraspinatus, infraspinatus, 
teres minor, serratus anterior, middle deltoid or upper trapezius. There was a significant 
difference favoring the standard exercises in the middle and lower trapezius. (p= 0.0109 
and 0.0002 respectively) 

Conclusion 
In this pilot study, muscle activation during the single motion, Figure of 8 pattern 
exercise was not significantly different from the standard shoulder exercises in six of 
eight key muscles that are usually included in shoulder rehabilitation protocols. The 
exceptions were the middle and lower trapezius which were activated to a significantly 
higher degree with the standard exercises. Further evaluation of the clinical effectiveness 
of the single motion shoulder exercise is needed. 

Level of Evidence 
Level 3b 

INTRODUCTION 

Shoulder exercises focused on strengthening the rotator 
cuff and scapular stabilizing muscles as part of a shoulder 
rehabilitation program have been shown to improve rotator 
cuff function and decrease pain.1–3 However, there is little 
consensus on an ideal exercise program. Furthermore, ad-
dressing scapular dyskinesis and motor control have also 
been described as effective components of a shoulder reha-
bilitation program.4–6 The standard shoulder exercise pro-
gram typically consists of individual resistance exercises 
usually including external rotation, internal rotation, ab-
duction/scaption, forward flexion, extension and in some 
instances, rowing, dips and modified push-ups.7 Activation 
of muscles to 40-60% maximum voluntary isometric con-
traction (MVIC) is considered high activity and may be opti-
mal for use during a rehabilitation program.8,9 Strengthen-
ing of the scapular stabilizers has been shown to be helpful 
as well.10,11 Eccentric contractions may also be important 
in the rehabilitation of shoulder impingement.12 As shoul-
der rehabilitation protocols become more complex, compli-
ance and possibly clinical outcomes may suffer.13 A sin-
gle motion shoulder exercise that effectively activates the 
rotator cuff and scapular stabilizing muscles, engages the 
scapulohumeral rhythm and includes eccentric contrac-
tions, offers the advantage of a simple movement pattern 
that may be more effective and will be easier for patients to 
remember and perform as part of a home exercise program. 
The single motion shoulder exercise evaluated in this study 
offers a novel shoulder rehabilitation option that could im-
prove long-term exercise compliance and therefore, pos-
sibly improve long-term outcomes in the management of 
chronic shoulder pain 

The standard shoulder exercises studied include resisted 
shoulder flexion, abduction in the scapular plane/scaption, 
external rotation and extension, all performed in the stand-
ing position. The single motion exercise used in this study 
was a continuous movement creating the shape of a “Figure 
of 8” in the transverse plane while in the standing position. 
Starting at the subject’s side, the top circle of the 8 is in 
front of the subject and the bottom continues behind them. 
As subjects move the arm medially, they were instructed to 
move past the midline of their body in both the front and 
back portions of the movement. Shoulder abduction was 
kept below 45 degrees in all parts of the movement. The ex-

Figure 1. Single motion exercise using a figure of 8 
movement pattern. 

ercise takes approximately five seconds to complete one cy-
cle. (Figure 1) 

The purpose of this study was to compare the elec-
tromyographic muscle activation of key shoulder complex 
muscles during a single motion exercise and individual ex-
ercises (standard exercises) typically included in shoulder 
rehabilitation protocols. Investigation of the single motion 
exercise is a step toward creating a larger study measuring 
clinical outcomes when comparing the single motion shoul-
der exercise to standard shoulder rehabilitation exercises. 

METHODS 

The study protocol was approved by the San Jose State Uni-
versity Human Subjects Institutional Review Board. 

SUBJECTS 

Ten men and nine women between 18-65 years of age were 
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tested. Primary exclusion criteria included: under the age 
of 18, previous shoulder surgery, shoulder pain at the time 
of the study, shoulder pain lasting more than three days in 
the prior month or participation in a shoulder rehabilitation 
program within the preceding three months. 

STUDY PROTOCOL 

The skin was vigorously cleaned with alcohol, and surface 
EMG sensors (Delsys Trigno Avanti™ Sensor, Delsys inc, 
Natick, MA) with interelectrode spacing of 10 mm were 
placed over eight different muscle bellies: 1) supraspinatus 
(SS), 2) infraspinatus (IS), 3) teres minor (TMi), 4) middle 
deltoid (MD), 5) upper trapezius (UT), 6) middle trapezius 
(MT), 7) lower trapezius (LT) and 8) serratus anterior (SA). 
Since surface EMG recordings were used in this study, it is 
presumed that for the theoretical basis of the study, each 
of the electrode locations was representative of each of the 
muscle functions in the subjects. Electrode placement was 
performed as described by Tsuruike.14 Care was taken to en-
sure lead placement was standardized between subjects. All 
eight leads were monitored simultaneously during perfor-
mance of the exercise protocols for each subject. 

The muscle electrical activity from a MVIC of the mus-
cles to be studied was then recorded. The positions used 
to discern MVIC’s were standing for resisted external rota-
tion (IS, TMi), scaption (SS), abduction to 90 degrees with 
the elbow fully flexed and the humerus internally rotated 
(MD), shoulder shrug (UT), and quadruped for abduction 
at 100°with full external rotation (MT). Use of these posi-
tions to measure MVIC has been validated previously.15,16 

Resisted scaption while standing was used to generate the 
MVIC for both the LT and SA as supported by the data from 
Boettcher, et al.17 The mean EMG activity of the middle two 
seconds of each 5-second MVIC was calculated to determine 
the individual’s MVIC. The subjects were then asked to se-
lect a weight between 5-15 pounds that they felt would of-
fer a comfortable amount of resistance when externally ro-
tating the arm at 90 degrees elbow flexion and 0 degrees 
shoulder abduction. EMG activity of the infraspinatus mus-
cle was recorded during external rotation with the subject in 
a standing position using their chosen weight. The weight 
was then adjusted to produce muscle activation between 
40-60% of the MVIC. Self-selection of weights was utilized 
to mimic what most patients do in a home setting. This 
weight was then used for all of the exercises in order to 
standardize the resistance load for a given subject. Since 
this is a case-controlled study, this method provided a con-
sistent load for each patient. 

The standard exercise protocol was performed in the 
standing position and consisted of four exercises: shoulder 
flexion, abduction in the scapular plane (scaption), exten-
sion to 60 degrees and external rotation to 90 degrees at 
0 degrees abduction, performed in succession (grouped to-
gether). The single motion exercise was described previ-
ously and is shown in Figure 1. The subject was instructed 
to cross the midline with the movement both in front and 
back. They were also instructed to bring the weight up to 
45 degrees in front and keep the weight low and next to the 
body with the behind the back portion of the movement. 
The subject was allowed to do several practice movements 

before data were collected. 
All exercises were performed in the standing position. 

Five repetitions were made with all movement patterns in 
both the single motion and standard exercise protocols. 
Repetitions two through four were used for data analysis to 
reduce artifacts from starting and stopping the exercise pat-
terns. To control for muscle fatigue as a possible confound-
ing variable, there was a one-minute rest period between 
different exercises and the order of the exercises, single mo-
tion versus standard exercises grouped together, was alter-
nated between subjects (standard exercise group first/single 
motion exercise second or single motion exercise first/stan-
dard exercise group second) and assigned on an alternating 
basis as the subjects enrolled in the study. The order of the 
exercises within the standard exercise group was kept the 
same for all subjects. 

EMG activity was continuously recorded during the ex-
ercise cycles. Care was taken to ensure that all recordings 
were made with the same lead placement. In two cases, a 
lead came off during the exercises. The lead was replaced 
and the entire exercise protocol was repeated with the new 
placement position. The speed of the exercises was stan-
dardized by having the subject complete the movements 
paced to a metronome set at 60 beats per minute. The EMG 
electrodes were pre-amplified and routed through the EMG 
mainframe, which further amplified with bandwidth filtered 
(20–450 Hz) signals. The EMG activities were then collected 
with a sample rate of 1000 Hz; all data were recorded and 
stored in a computer for off-line analysis. All data were cal-
culated in root-mean-square (RMS) values, normalized to 
MVIC of the corresponding muscles, and analyzed as a per-
centage of MVIC (% MVIC). The EMG value used for analysis 
of the single motion and standard exercises was the high-
est peak reading, as a percentage of MVIC, at any point dur-
ing the second, third and fourth repetitions in the five repe-
tition cycles. Two tailed, paired t-tests were performed, for 
each muscle studied, comparing the EMG value for the sin-
gle motion shoulder exercise to an EMG value obtained dur-
ing any of the standard shoulder exercises as they were per-
formed in a group. 

RESULTS 

No significant difference was noted in the supraspinatus, 
infraspinatus, upper trapezius, serratus anterior, middle 
deltoid and teres minor between the single motion and 
standard shoulder exercises when comparing the maximum 
peak EMG values for each muscle group tested, expressed as 
a percentage of MVIC. A significant difference, favoring the 
standard exercises, was noted between the single motion 
and standard shoulder exercises in the middle and lower 
trapezius. The two tailed, paired t-test comparisons are pre-
sented in Table 1. 

DISCUSSION 

Simplified exercise programs have been shown to increase 
compliance with home exercise performance.13 The poten-
tial clinical advantage of the single motion shoulder exer-
cise may be that, due to its simplicity, it will be easier for 
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patients to integrate into their regular exercise programs 
and may provide a new shoulder rehabilitation option to 
help maintain long term improvements in shoulder biome-
chanics and pain reduction. This pilot study demonstrates 
that the single motion exercise is not significantly differ-
ent in activating rotator cuff and scapular stabilizing mus-
cles, with the exception of the middle and lower trapezius, 
when compared to the standard exercises used in this study. 
With its similarity to standard shoulder exercises in acti-
vating key rotator cuff and scapular muscles established, as 
well as its simplicity and multiplanar movement pattern, a 
larger outcome study is indicated to evaluate whether these 
potential advantages of the single motion shoulder exercise 
translate to increased clinical effectiveness. 

There are several limitations to this study. First, the 
value of using surface EMG electrodes for the measurement 
of shoulder muscles has been questioned.18,19 However, the 
authors feel that any error introduced by using surface elec-
trodes would be equal for each exercise trial since the data 
were case-controlled. 

Second, it was a challenge in this study to compare a 
continuous motion, multiplanar exercise that took about 
five seconds to perform and six uniplanar exercises that 
took approximately two seconds each to perform. Applying 
standard MVIC uniplanar movements to a multiplanar sin-
gle motion exercise has not been previously validated, but 
the authors feel this was the most standardized metric to 
use for comparison. The case-controlled design used in this 
study is also important in helping to mitigate potential er-
rors produced by MVIC measurement technique as well as 
exercise performance variability and the subjects self-se-
lecting the weight they used for the exercises. By comparing 
each subject to themselves, these possible confounding 
variables would affect both the single motion and standard 
shoulder exercises to the same degree. 

CONCLUSIONS 

The results of this pilot study indicate that the Figure of 8 
pattern, single motion shoulder exercise activates key mus-
cle groups in the rotator cuff and shoulder girdle, similarly 
to the group of standard exercises consisting of resisted 
flexion, abduction (scaption), extension and external rota-
tion to 90 degrees at 0 degrees abduction, when performed 

Table 1. Results of two-tailed, paired t-tests comparing 
the peak EMG value, as a percentage of MVIC, for the 
single motion exercise and the highest peak EMG 
value, as a percentage MVIC, among any of the 
standard exercises. 

Muscle t-value p-value 

Supraspinatus 1.1100 0.2806 

Infraspinatus 1.1000 0.2852 

Upper Trapezius 0.1193 0.8657 

Middle Trapezius 2.8369 0.0109 

Lower Trapezius 4.5639 0.0002 

Serratus Anterior -1.0981 0.2867 

Middle Deltoid -0.6004 0.5557 

Teres Minor -1.8591 0.0794 

N= 19 

with the same weight. However, the middle and lower 
trapezius, were activated to a greater extent during the 
standard exercises than with the single exercise. These data 
suggest that the single motion exercise may have utility as 
part of a shoulder rehabilitation program and warrants ad-
ditional evaluation for clinical effectiveness. In particular, 
further studies are needed to determine whether this novel 
shoulder exercise, because of its simplicity, offers any clin-
ical advantage to produce improved, long term outcomes in 
managing rotator cuff pathology and decreasing the inci-
dence of chronic shoulder pain when compared to groups of 
standard shoulder exercises. 
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Background 
Reliability and agreement of goniometric measurements can be altered by variations in 
measurement technique such as restricting adjacent joints to influence bi-articular 
muscles. It is unknown if the influence of adjacent joint restriction is consistent across 
different range of motion (ROM) tests, as this has yet to be assessed within a single study. 
Additionally, between-study comparisons are challenged by differences between 
methodology, participants and raters, obscuring the development of a conceptual 
understanding of the extent to which adjacent joint restriction can influence goniometric 
ROM measurements. 

Purpose 
To quantify intra- and inter-rater reliability and levels of agreement of goniometric 
measurements across five ROM tests, with and without adjacent joint restriction. 

Study Design 
Descriptive reliability study 

Methods 
Three trained and experienced raters made two measurements of bilateral ankle 
dorsiflexion, first metatarsophalangeal dorsiflexion, hip extension, hip flexion, and 
shoulder flexion, with and without adjacent joint restriction. Intraclass correlation 
coefficient (ICC), standard error of measurement (SEM), along with participant, 
measurement/rater and random error variance were estimated. 

Results 
Eleven females (age 21.4 ±2.3 years) and 19 males (age 22.1 ±2.8 years) participated. 
Adjacent joint restriction did not influence the reliability and agreement in a consistent 
way across the five ROM tests. Changes in the inter-rater reliability and agreement were 
more pronounced compared to the intra-rater reliability and agreement. Assessing 
variance components (participant, measurement/rater and random error variance) that 
are used to calculate the ICC and SEM, improved interpretation of ICC and SEM scores. 

Conclusion 
The effects of adjacent joint restriction on reliability and agreement of goniometric 
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measurements depend on the ROM test and should be considered when comparing 
measurements between multiple raters. Reporting variance components that are used to 
calculate the ICC and SEM can improve interpretation and may improve between-study 
comparisons, towards developing a conceptual framework to guide goniometric 
measurement technique. 

Level of Evidence 
3b 

INTRODUCTION 

The universal goniometer is a portable, low cost and easy to 
use tool which can quantify joint range of motion (ROM). 
This has favoured its use in clinical settings as well as in 
research.1,2 Although it can have a close association with 
technologically advanced techniques,3,4 the measurement 
reliability and agreement of goniometry can vary due to 
multiple factors. These factors include the rater, the indi-
vidual being measured, the joint being measured and dif-
ferences in ROM measurement technique such as test pos-
ture, imposed restraints (e.g. adjacent joint(s) restriction) 
and assistance (e.g. active vs. passive).5 It is important to 
understand the extent to which these different factors can 
influence goniometry to inform best practices in the clinic 
and research. 

Intra-rater reliability and agreement has consistently 
been shown to be higher than inter-rater reliability and 
agreement.5–8 Pain and spasticity have the potential to re-
duce reliability.5 Each joint can have different character-
istics that can influence alignment and placement of the 
goniometer to influence ROM measurements.9 Similarly, 
different ROM tests measuring different ranges of the same 
joint (i.e. movement directions such as flexion or extension) 
can potentially influence reliability and agreement due to 
different position and goniometer alignment requirements. 
However, the extent to which different types of techniques 
can influence goniometry is uncertain. For instance, re-
stricting adjacent joints can be used to assess the flexibility 
and the contribution of bi-articular and mono-articular 
muscles to the joint ROM which can inform on function and 
risk of muscle injury.10 Yet, it is unknown if restricting ad-
jacent joints influences measurement reliability and agree-
ment in a consistent way across different ROM measure-
ments. 

Comparing results between studies is challenged by dif-
ferences between methodology, participants and the raters, 
as these all have the potential to influence the intraclass 
correlation coefficient (ICC) and the standard error of mea-
surements (SEM) which have been recommended as the 
preferred estimate of reliability and agreement.11–13 The 
ICC is calculated as the ratio of between-participant vari-
ance to total variance, where the total variance is the sum 
of the between participant variance and error variance.14 

When there are an equal number of repeated measurements 
for each participant (at least two per participant), a two-
way model can be used to partition the error into systematic 
error and random error,13,14 such that the absolute agree-
ment, two-way random effects, single measurement ICC 
(i.e. ICC[2,1]) can be calculated as: 

Where σ2
p is the variance between participants, σ

2
r is 

the systematic error variance due to systematic differences 
between the measurements or raters being compared, and 
σ2

e is the random error variance.11,13,15 There are other 
formulas for calculating the ICC that reduce the influence 
of σ2

r and σ2
e which results in an increased ICC score 

(e.g. ICC[3,1] and ICC[2,k]).13 However, the use and report-
ing of ICCs between studies is inconsistent and often lacks 
sufficient detail.2,16,17 Additionally, the SEM can be cal-
culated as SEM= SDpooled x .14 Hence, both the 
ICC and SEM are influenced by any changes that could in-
fluence the components of variance within the data. For 
this reason, differences between the methodology, partici-
pants and raters, challenges the comparison of ICC and SEM 
scores between studies. Further, few studies usually report 
the components of variance which limit the consolidation 
of different or conflicting results.11 

There is a paucity of research investigating the effect of 
technique, such as adjacent joint restriction, across more 
than one joint or ROM test within a single study to over-
come the difficulties in comparing results between different 
studies.5 Additionally, differences between restricting and 
not restricting the adjacent joint could influence the vari-
ance between participants (e.g. due to differences in bi-ar-
ticular muscle flexibility leading to changes in ROM), vari-
ance between measurements/raters and random error in 
different ways. Thus, understanding if the effect is consis-
tent across different ROM tests and investigating why any 
changes occur can contribute to the conceptual framework 
used to guide goniometry in research and practice. 

The purpose of this study was to quantify intra- and in-
ter-rater reliability and levels of agreement of goniomet-
ric measurements across five ROM tests, with and without 
adjacent joint restriction. Using the same participants and 
raters as well as reporting the components of variance may 
improve understanding of whether adjacent joint restric-
tion consistently influences goniometer measurement re-
liability and agreement across different ROM tests. This 
knowledge may contribute to creating a conceptual frame-
work to guide effective use of goniometers. 

MATERIALS AND METHODS 

A convenience sample of 30 healthy participants provided 
written informed consent. All procedures were approved 
by the University of Toronto’s Office of Research Ethics. 
Two Certified Athletic Therapists and one Registered Phys-
iotherapist rated each participant in a random order. Raters 
had similar field experience and worked interchangeably 
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within the same clinic. Raters underwent specific training 
for this study, which included standard instructions for each 
ROM test (Appendix A) and a practice session involving 
three participants who were not part of the study. To control 
for differences in repositioning participants between mea-
surements, a trained research assistant positioned all par-
ticipants. A second research assistant documented the mea-
sured values. 

Participants performed a warm up session upon arrival 
that consisted of five minutes of light stationary cycling and 
10 repetitions of bodyweight squats, lunges, calf-raises and 
arm circles. The ROM tests included ankle dorsiflexion, first 
metatarsophalangeal (MTPJ1) dorsiflexion, hip extension, 
hip flexion, and shoulder flexion. Each ROM test was per-
formed twice bilaterally, with and without restraining the 
adjacent joint position. The left side was measured first, fol-
lowed by the right side, and then both sides were repeated 
to obtain two measurements per side. This repositioning 
between each measurement avoided residual effects from 
holding the testing position (i.e. stretching). Each rater per-
formed all measurements in the same order but rated each 
participant in a random order with approximately two min-
utes of rest between each rater. This allowed for equal time 
between each rater’s evaluation of each ROM test. 

Details of the testing positions and goniometer place-
ments can be found in Appendix A. The following provides 
a brief description: 

ANKLE DORSIFLEXION 

Measured in a lunge/split stance. Unrestricted ROM was 
measured on the front foot, while the rear foot was used to 
measure restricted ROM by keeping the rear knee extended 
to influence the gastrocnemius muscles (Figure 1A). 

MTPJ1 DORSIFLEXION 

Measured while participants sat on a table with their feet 
hanging freely above the floor. Unrestricted ROM was mea-
sured with the ankle supported in its natural hanging posi-
tion, whereas the restricted ROM was measured in maximal 
ankle dorsiflexion to influence flexor hallucis longus (Figure 
1B). 

HIP EXTENSION 

Measured with the participant lying supine with their hips 
on the edge of a table and a rolled towel beneath their 
lower back. The test leg hung off of the edge while the non-
test leg was supported in hip and knee flexion by the re-
search assistant. Unrestricted hip extension was measured 
by pushing the hanging leg down until the pelvis started 
to rotate anteriorly, while controlling for leg rotation. Re-
stricted hip extension was performed in the same manner 
but while holding the hanging leg in 90° of knee flexion to 
influence rectus femoris (Figure 1C). 

HIP FLEXION 

Tested in a supine position. The test hip was flexed with 
the test side knee either flexed or extended to influence the 
hamstring muscle group, for the unrestricted and restricted 

Figure 1. Participant position and goniometer 
placement for unrestricted and restricted (A) ankle 
dorsiflexion (B) MTPJ1 dorsiflexion, (C) hip 
extension, (D) hip flexion and (E) shoulder flexion. 

measurements respectively (Figure 1D). 

SHOULDER FLEXION 

Measured while participants sat with their feet firmly on 
the ground. The research assistant supported the scapula 
while raising the participants’ arm with the elbow either ex-
tended or flexed to influence the triceps brachii, for the un-
restricted and restricted measurements respectively (Figure 
1E). 

To determine the effects of adjacent joint restriction on 
intra- and inter-rater reliability and agreement, changes in 
ICC and SEM scores were assessed between the unrestricted 
and restricted conditions across the five ROM tests. An ab-
solute agreement, two-way random effects, single measure-
ment ICC (i.e. ICC [2,1]) was used to measure intra- and in-
ter-rater reliability (psych package, RGui Version 4.0.2, The 
R Foundation, Vienna, Austria). Inter-rater ICC was cal-
culated using the mean of each rater’s two measurements 
to account for the deviation within their respective mea-
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Table 1. Participant characteristics. 

Participants N Height (cm) Mass (kg) Age (yrs) 

  Mean SD Mean SD Mean SD 

Female 11 167.1 6.4 62.3 9.9 21.4 2.3 

Male 19 179.1 5.8 78.5 7.7 22.1 2.8 

surements. ICC scores were interpreted as <0.40 is poor, 
0.41-0.59 is fair, 0.60-0.74 is good, and 0.75-1.0 is excel-
lent.18 SEM was calculated as SEM= SDpooled x . 
The mean squares from the ICC calculation were used to es-
timate σ2

p, σ2
r and σ2

e.15 

RESULTS 

Participant characteristics are provided in Table 1. 
ICC and SEM scores changed with the restricted tech-

nique in different ways across ROM tests (Tables 2 and 3). 
Specifically, the mean intra-rater ICC and SEM scores across 
raters respectively decreased and increased (left and right 
ankle and MTPJ1 dorsiflexion), increased and decreased 
(left and right shoulder flexion and left hip extension), or 
both increased (left and right hip flexion and right hip ex-
tension) with adjacent joint restriction. However, each rater 
had different changes between unrestricted and restricted 
techniques. For example, rater 2 had a decrease in ICC and 
increase in SEM for shoulder flexion (Table 2). 

Changes in intra-rater ICC and SEM scores between the 
unrestricted and restricted techniques matched changes in 
variance between participants (σ2

p) and random error vari-
ance (σ2

e) respectively. Specifically, σ2
p and σ2

e respec-
tively decreased and increased (left and right ankle and 
MTPJ1 dorsiflexion), increased and decreased (left and right 
shoulder flexion and left hip extension) or both increased 
(left and right hip flexion and right hip extension) with ad-
jacent joint restriction. Although adjacent joint restriction 
modified ICC scores, intra-rater ICCs were still good to ex-
cellent across the ROM tests even with the associated de-
creases with or without adjacent joint restriction (Table 2). 

Inter-rater ICC and SEM scores showed similar changes 
to intra-rater scores with adjacent joint restriction for some 
tests (left and right ankle dorsiflexion, right hip extension, 
left hip flexion and right shoulder flexion) but not others 
(increased and decreased with restriction for left and right 
MTPJ1, decreased and increased with restriction for right 
side hip flexion and both ICC and SEM increased for left hip 
extension and left shoulder flexion, Table 3). 

Inter-rater ICCs ranged from poor to good and had 
broader 95% CIs than the intra-rater comparison. Similarly, 

SEM was higher between raters compared to SEM within 
each rater’s measurements (Tables 2 and 3). The effects of 
adjacent joint restriction were more pronounced in the in-
ter-rater comparison. The restricted technique reduced the 
inter-rater ICC score from fair to poor for left and right 
ankle dorsiflexion. Conversely, the restricted technique in-
creased ICC scores from poor to fair for left and right hip 
extension and left shoulder flexion, and improved the ICC 
score from fair to good for left MTPJ1 flexion. SEM also de-
creased by approximately 3° with the restricted technique 
for right MTPJ1 flexion (Table 3). 

The systematic variance between measurements/raters 
(σ2

r) and the random error variance (σ2
e) were higher for 

the inter-rater comparison than any of the intra-rater com-
parisons, but the changes in the ICC and SEM scores due 
to adjacent joint restriction varied due to differing changes 
across each component of variance (i.e. σ2

p, σ
2

r and σ2
e). 

The lower inter-rater ICC for the restricted ankle dorsiflex-
ion was due to a decrease in σ2

p and increase in σ2
r and 

σ2
e compared to unrestricted ankle dorsiflexion. The no-

table increases in ICC for restricted hip extension and left 
side shoulder flexion were also due to σ2

p, as it increased 
but σ2

r and σ2
e remained similar compared to the unre-

stricted techniques. Conversely, the improved ICC and SEM 
scores for restricted MTPJ1 were not due to changes in σ2

p, 
but due to decreases in σ2

r and σ2
e compared to the unre-

stricted technique (Table 3). 

DISCUSSION 

No known study has evaluated intra- and inter-rater go-
niometer measurement reliability and agreement across 
multiple ROM tests, with and without adjacent joint re-
striction. Reliability and agreement were differentially in-
fluenced by adjacent joint restriction across the five ROM 
tests. Joint restriction does not appear to substantially in-
fluence intra-rater reliability and agreement. Conversely, 
inter-rater reliability and agreement were more substan-
tially influenced by adjacent joint restriction, but this was 
due to different changes across the components of variance 
used to calculate the ICC and SEM. 
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Table 2. Intra-rater ICC with 95% CI, SEM, variance between participants (σ2
p), systematic error variance (σ2

r), and random error variance (σ2
e). 

Rater 1 Rater 2 Rater 3 Mean 

ROM Test Side 
ICC 

[95% 
CI] 

SEM σ2
p σ2

r σ2
e 

ICC 
[95% 

CI] 
SEM σ2

p σ2
r σ2

e 

ICC 
[95% 

CI] 
SEM σ2

p σ2
r σ2

e ICC SEM σ2
p σ2

r σ2
e 

Ankle 
Dorsiflexion 
Unrestricted 

Left 
0.92 

[0.85, 
0.96] 

2.2 57.7 0.0 5.1 
0.93 

[0.87, 
0.96] 

1.8 43.5 0.0 3.3 
0.94 

[0.90, 
0.97] 

2.0 61.8 0.0 3.6 0.93 2.0 54.3 0.0 4.0 

Right 
0.83 

[0.71, 
0.91] 

3.0 45.2 0.0 9.1 
0.93 

[0.87, 
0.96] 

2.0 50.7 0.0 4.0 
0.9 

[0.83, 
0.95] 

2.4 50.3 0.1 5.3 0.89 2.5 48.7 0.0 6.1 

Ankle 
Dorsiflexion 

Restricted 

Left 
0.93 

[0.87, 
0.96] 

1.8 43.1 0.0 3.3 
0.92 

[0.86, 
0.96] 

2.0 47.2 0.0 4.1 
0.87 

[0.78, 
0.93] 

2.8 51.5 0.0 7.6 0.91 2.2 47.3 0.0 5.0 

Right 
0.89 

[0.81, 
0.94] 

2.0 31.1 0.1 3.7 
0.91 

[0.85, 
0.95] 

2.1 43.9 0.0 4.2 
0.81 

[0.67, 
0.89] 

3.0 37.9 0.0 9.0 0.87 2.3 37.6 0.0 5.6 

MTPJ1 
Dorsiflexion 
Unrestricted 

Left 
0.91 

[0.84, 
0.95] 

3.6 131.9 0.0 12.9 
0.83 

[0.70, 
0.90] 

4.6 101.2 0.0 21.2 
0.94 

[0.90, 
0.97] 

3.7 215.4 0.0 12.8 0.89 4.0 149.5 0.0 15.6 

Right 
0.92 

[0.86, 
0.96] 

4.5 235.3 0.0 20.7 
0.9 

[0.82, 
0.94] 

4.2 157.7 0.0 17.5 
0.96 

[0.93, 
0.98] 

3.5 296.7 1.0 10.5 0.93 4.1 229.9 0.3 16.2 

MTPJ1 
Dorsiflexion 

Restricted 

Left 
0.89 

[0.80, 
0.94] 

4.0 131.4 0.0 16.9 
0.8 

[0.66, 
0.89] 

5.4 117.3 0.0 28.9 
0.8 

[0.65, 
0.89] 

5.9 141.8 1.5 34.5 0.83 5.1 130.2 0.5 26.8 

Right 
0.83 

[0.70, 
0.90] 

4.0 79.4 0.0 16.5 
0.76 

[0.60, 
0.86] 

6.5 133.5 1.5 40.5 
0.88 

[0.78, 
0.93] 

4.1 124.2 0.0 17.5 0.82 4.9 112.4 0.5 24.8 

Hip 
Extension 

Unrestricted 

Left 
0.86 

[0.75, 
0.92] 

2.2 29.5 0.5 4.4 
0.74 

[0.57, 
0.85] 

3.3 31.8 0.0 10.9 
0.79 

[0.65, 
0.88] 

3.9 57.8 0.0 15.0 0.80 3.1 39.7 0.2 10.1 

Right 
0.94 

[0.89, 
0.97] 

1.4 31.4 0.0 2.1 
0.8 

[0.66, 
0.89] 

3.1 39.6 0.2 9.6 
0.9 

[0.81, 
0.94] 

2.6 59.0 0.5 6.4 0.88 2.4 43.3 0.2 6.0 

Hip 
Extension 
Restricted 

Left 
0.92 

[0.85, 
0.95] 

2.1 48.9 0.0 4.4 
0.9 

[0.83, 
0.95] 

3.2 91.8 0.0 9.8 
0.92 

[0.86, 
0.96] 

2.7 86.1 0.2 7.3 0.91 2.7 75.6 0.1 7.2 

Right 
0.92 

[0.83, 
0.96] 

2.0 48.3 0.8 3.4 
0.94 

[0.89, 
0.97] 

2.6 104.1 0.0 6.8 
0.85 

[0.74, 
0.92] 

3.5 67.6 0.0 11.7 0.90 2.7 73.3 0.3 7.3 

Hip Flexion 
Unrestricted 

Left 
0.96 

[0.93, 
2.0 98.9 0.0 4.2 

0.88 
[0.79, 

3.8 106.8 0.0 14.3 
0.88 

[0.78, 
4.2 128.1 1.8 15.4 0.91 3.3 111.3 0.6 11.3 
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0.98] 0.93] 0.94] 

Right 
0.95 

[0.92, 
0.98] 

2.3 97.7 0.0 4.6 
0.91 

[0.84, 
0.95] 

3.2 103.9 0.0 10.2 
0.92 

[0.86, 
0.96] 

3.4 134.2 0.0 11.3 0.93 3.0 111.9 0.0 8.7 

Hip Flexion 
Restricted 

Left 
0.98 

[0.96, 
0.99] 

2.2 244.1 0.1 5.8 
0.92 

[0.85, 
0.95] 

3.3 121.7 0.2 11.0 
0.88 

[0.78, 
0.93] 

5.6 231.5 0.0 32.3 0.93 3.7 199.1 0.1 16.4 

Right 
0.95 

[0.91, 
0.97] 

3.7 263.7 0.4 13.6 
0.85 

[0.73, 
0.92] 

4.8 131.0 2.6 20.0 
0.93 

[0.88, 
0.96] 

4.4 261.2 0.4 18.2 0.91 4.3 218.6 1.2 17.3 

Shoulder 
Flexion 

Unrestricted 

Left 
0.92 

[0.86, 
0.96] 

3.1 112.6 0.0 9.6 
0.92 

[0.86, 
0.96] 

3.2 114.4 0.0 10.0 
0.78 

[0.64, 
0.88] 

4.8 82.4 0.0 22.6 0.87 3.7 103.1 0.0 14.1 

Right 
0.94 

[0.89, 
0.97] 

3.1 153.2 0.0 10.0 
0.94 

[0.89, 
0.97] 

2.9 132.3 0.0 8.7 
0.41 

[0.13, 
0.63] 

13.4 125.1 0.0 177.2 0.76 6.5 136.9 0.0 65.3 

Shoulder 
Flexion 

Restricted 

Left 
0.93 

[0.86, 
0.96] 

3.4 155.1 1.1 11.2 
0.87 

[0.78, 
0.93] 

4.1 110.4 0.0 16.0 
0.91 

[0.84, 
0.95] 

3.6 132.6 0.1 12.7 0.90 3.7 132.7 0.4 13.3 

Right 
0.96 

[0.93, 
0.98] 

2.5 153.4 0.0 6.3 
0.89 

[0.80, 
0.94] 

3.8 115.5 0.4 14.0 
0.88 

[0.79, 
0.93] 

4.6 156.4 0.2 20.7 0.91 3.6 141.8 0.2 13.7 
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Table 3. Inter-rater ICC with 95% CI, SEM, variance between participants (σ2
p), systematic error variance (σ2

r), 
and random error variance (σ2

e). 

ROM Test Side ICC [95% CI] SEM σ2
p σ2

r σ2
e 

Ankle Dorsiflexion Unrestricted 

Left 
0.43 

[0.18, 0.63] 
5.7 47.2 17.6 24.9 

Right 
0.52 

[0.26, 0.71] 
5.0 49.9 12.4 18.2 

Ankle Dorsiflexion Restricted 

Left 
0.32 

[0.10, 0.53] 
5.8 34.0 22.1 27.1 

Right 
0.28 

[0.08, 0.48] 
5.4 23.9 17.2 24.5 

MTPJ1 Dorsiflexion Unrestricted 

Left 
0.55 

[0.33, 0.72] 
8.4 148.2 23.2 58.5 

Right 
0.56 

[0.38, 0.72] 
10.2 214.8 17.4 94.5 

MTPJ1 Dorsiflexion Restricted 

Left 
0.66 

[0.50, 0.78] 
7.0 146.5 5.1 45.9 

Right 
0.57 

[0.38, 0.73] 
7.3 117.2 12.5 46.7 

Hip Extension Unrestricted 

Left 
0.34 

[0.10, 0.56] 
5.4 34.3 22.7 21.9 

Right 
0.34 

[0.14, 0.54] 
5.5 29.8 12.0 26.5 

Hip Extension Restricted 

Left 
0.49 

[0.24, 0.69] 
6.4 73.5 20.0 30.2 

Right 
0.5 

[0.27, 0.69] 
6.2 70.5 16.5 29.9 

Hip Flexion Unrestricted 

Left 
0.56 

[0.34, 0.73] 
7.2 113.2 17.8 41.4 

Right 
0.67 

[0.52, 0.79] 
6.2 120.8 4.1 35.8 

Hip Flexion Restricted 

Left 
0.59 

[0.38, 0.75] 
9.2 206.4 25.8 69.7 

Right 
0.62 

[0.44, 0.77] 
9.3 230.1 19.3 73.8 

Shoulder Flexion Unrestricted 

Left 
0.37 

[0.14, 0.58] 
8.3 82.9 38.9 54.9 

Right 
0.48 

[0.26, 0.66] 
9.4 144.9 31.9 72.9 

Shoulder Flexion Restricted 

Left 
0.47 

[0.18, 0.68] 
8.6 134.9 51.4 49.4 

Right 
0.56 

[0.32, 0.73] 
8.1 149.2 27.3 51.3 

The differing changes in intra-rater reliability and agree-
ment with adjacent joint restriction were primarily influ-
enced by σ2

p and σ2
e. Although changes in σ2

p and σ2
e 

each have the potential to influence the ICC and SEM, it 
appears as though changes in ICC were more influenced by 
changes in σ2

p and changes in SEM were more influenced 
by changes in σ2

e (Table 2). However, it may not be appro-
priate to generalize these associations. Regardless, intra-
rater reliability and agreement were not substantially influ-
enced by adjacent joint restriction as the ICC scores were 
still excellent and the differences between the SEM scores 
were not larger than approximately 1°, with the exception 

of right-side unrestricted shoulder flexion (Table 2). Upon 
examining the data, the lower ICC and higher SEM for right 
side shoulder flexion was likely caused by an outlier trial 
from rater 3, which measured 270° of shoulder flexion. It 
appears as though this may be unrealistic but the trial was 
not removed from the data to maintain equal number of tri-
als across raters. 

Inter-rater comparisons provided a more complex sce-
nario due to the higher σ2

r, which was almost nonexistent 
in the intra-rater comparison. The decreased inter-rater ICC 
and increased SEM can be attributed to the systematic and 
random error that occurred between raters, as σ2

r and σ2
e 
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were higher while σ2
p was similar to the intra-rater values. 

Adjacent joint restriction differentially influenced these 
components of variance and the resulting ICC and SEM. Im-
provements in reliability and agreement observed with hip 
extension and shoulder flexion were due to changes σ2

p, 
which suggests that raters were not necessarily better at 
making the measurements even though ICC and SEM scores 
improved with adjacent joint restriction. Conversely, the 
improvements in MTPJ1 with joint restriction, can be at-
tributed to fewer differences between raters and less ran-
dom error as decreases in σ2

r and σ2
e caused the observed 

improvements in ICC and SEM. When multiple raters are 
involved in the measurement process, it may be beneficial 
to determine which technique (unrestricted/restricted) pro-
vides higher reliability and agreement and standardize it 
across raters. Although this may also be important with in-
tra-rater comparisons, it may not be as important, because 
the intra-rater comparisons scores were excellent even with 
changes due to adjacent joint restriction. 

The inter-rater comparison demonstrates the utility of 
reporting the components of variance used to calculate the 
ICC and SEM, as it improved interpretation of the scores. 
Without investigating the components of variance, it is dif-
ficult to determine why the changes in ICC and SEM oc-
curred which can lead to misleading conclusions. Reporting 
the components of variance has the potential to also im-
prove between-study comparisons that use different partic-
ipants, raters and methodologies, towards enhancing the 
consolidation of knowledge to guide goniometry. For exam-
ple, standardizing the measurement protocol and training 
raters has been investigated as a means to improve relia-
bility and agreement.5 Evaluating the variance components 
within the data can elucidate how different protocols may 
differentially influence the systematic and random error, 
which can be used to inform on how protocols can be tai-
lored to target improvements in reliability and agreement, 
beyond the constraints of a specific study. Interpreting the 
data in this way can contribute to developing a conceptual 
framework that can inform future research and decision 
making in practice. 

Considering the limitations associated with the current 
investigation, maximal ROM may not have changed be-
tween measurements, but it is possible that the reposition-
ing between raters could have contributed to σ2

r and σ2
e. 

Although a single researcher positioned participants to 
control these differences, a criterion measure to confirm 
repositioning consistency and accuracy was not performed. 
The study design only provides rater reliability within a 
single session or day. Although apparently healthy partic-
ipants were investigated, it is certainly possible that they 

could have had limitations in bi-articular muscle flexibility 
which would have influenced their ROM with adjacent joint 
restriction and the variance between participants (σ2

p). 
Thus, the results from this study could represent the relia-
bility and agreement when assessing heterogeneous groups 
such as sport teams but would not necessarily be well rep-
resentative of other homogenous groups such as those with 
a specific condition that would influence their muscle flex-
ibility. Due to challenges in making comparisons between 
studies and the scarcity of research on the specific ROM 
tests and techniques investigated here, it is difficult to make 
meaningful comparisons to other studies. 

CONCLUSION 

Restriction of adjacent joints influenced measurement re-
liability and agreement differentially across the five ROM 
tests. The changes due to adjacent joint restriction were 
more pronounced in the inter-rater reliability and agree-
ment, whereas intra-rater reliability and agreement were 
not substantially influenced. Thus, the effects of adjacent 
joint restriction on reliability and agreement depends on 
the ROM test and is of higher importance when multiple 
raters are involved. Estimating the components of data vari-
ance improved the interpretation of the ICC and SEM 
scores, which demonstrates the utility in reporting variance 
components in future work, to potentially improve be-
tween-study comparisons and towards developing a con-
ceptual framework to guide goniometry. 
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BACKGROUND 
Currently there is no reliability data available for the isometric soleus strength test 
(ISST), commonly used as a monitoring tool in elite football settings. Isometric strength 
testing for other muscle groups, most notably the hamstrings, is utilized to identify injury 
risk and readiness to train/play. To profile athletes efficiently, performance practitioners 
require optimal measures that are reliable. The aim of this study was to investigate the 
test-retest reliability of the isometric strength test of the soleus and propose a 
standardized protocol for its use within an elite male football population. 

STUDY DESIGN 
Test-retest reliability single cohort study. 

METHODS 
Thirty elite male footballers (age = 22.8±5.0 years, height = 180.0±0.08 cm, weight = 
70.57±4.0 kg) performed the ISST, through three maximum 3-second hold efforts with one 
minute rest between repetitions and 48 hours between tests, in each test. The test was 
performed mid-competitive season. All data bilaterally were checked for normality using 
the Shapiro-Wilk test before a Pearson’s Correlations and Bland-Altman’s analyses were 
performed. 

RESULTS 
Test-retest reliability demonstrated high reliability for ISST bilaterally (Right: r = 0.89; 
Left: r = 0.79, p<0.05). The standard error of measurement (SEM) (%) was 9.09 - 12.47% 
and minimal detectable change (MDC) was 25.19 – 34.56 (N) for Peak Force (PF) measures 
of the ISST. Bilateral levels of agreement were found to be +/- 2 standard deviations (SD) 
of the interval of agreement bilaterally for ISST (Levels of agreement (LOA): Right: Upper 
352.49 - Lower -494.76; Left: Upper 523.82 - Lower -591.30. Bilaterally no significant 
difference was detected between values (Right: p=0.09, CI: -153.21-10.95; Left: p=0.52, CI: 
-139.81-72.33). 

CONCLUSION 
The results of this study demonstrate high reliability for the ISST. The ISST displays a 
high test-retest reliability for assessing PF characteristics of the soleus in elite male 
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academy footballers. This test may be beneficial for performance practitioners for 
profiling soleus function of athletes. 

INTRODUCTION 

An important issue in elite football settings is quantifying 
muscle function for performance. Identifying muscular dys-
function/weakness through appropriate testing related to 
injury aetiology provides practitioners with valuable infor-
mation to intervene with appropriate programs to address 
these issues. Such programs may mitigate the negative im-
pact injuries can have on team performance through time 
loss and financial cost.1 The physical demands of football 
(soccer) are known to have increased2 and risk of injury 
is high.3,4 Consequently, performance practitioners in elite 
settings aim to implement testing protocols to identify an 
athlete’s readiness to train/play, maximising performance 
and minimising potential injury risk factors. Muscle 
strength has been a key etiological factor associated with 
injury risk.5,6 Muscle injuries are a predominant feature in 
many football-related investigations.7 The use of isometric 
testing to identify reductions in muscle strength is common 
practice,8 and integral for the decision-making process that 
takes place on a daily basis in an elite football setting to 
maximize performance and increase player availability. 

Literature has focussed heavily on quantifying hamstring 
and quadricep muscle function and the reliability of such 
measures are well reported.5,6 This has led to widespread 
use of these measures in practical settings, particularly in 
elite football, where muscle testing equipment is widely 
available. This focus has been predominantly driven by in-
jury occurrence, identifying risk in athletes, and increasing 
performance. Occurrence of posterior lower leg injuries is 
prevalent in elite football and team sports.4,9 It is important 
to note the key contribution of the posterior lower leg, par-
ticularly the soleus, on running performance,10–12 high-
lighting the need within elite sport to identify reliable 
methods to quantify soleus function. Reliable quantifica-
tion methods are essential for effective monitoring or ath-
lete profiling and could provide practitioners with data that 
can influence decision making in relation to readiness to 
train/play, training prescription and rehabilitation 
processes.13 

Isometric muscle strength testing is commonly utilized 
to determine musculoskeletal status, markers for return to 
play and address strength deficits affecting performance.14 

The use of isometric muscle strength testing is commonly 
utilized within elite sport, due to it being less provocative 
than eccentric testing.15,16 This allows testing to be com-
pleted more frequently and during heavy fixture congested 
periods, identifying any deficits that may be associated with 
reductions in performance or potential injury risk factors. 
Isometric contractions are a highly reliable and efficient 
way of measuring and monitoring changes in the genera-
tion of force.17 The isometric soleus strength test (ISST) is 
utilized to determine the strength of plantar flexors, no-
tably the soleus muscle. No standardization of testing or re-
liability data is available to the authors knowledge for the 
ISST. A standardized and reliable measure that can be uti-
lized to test for isometric soleus strength may provide med-
ical and performance practitioners with the utility to op-

timally monitor and profile athletes. Therefore, the aim of 
this study was to investigate the test-retest reliability of the 
isometric strength test of the soleus and propose a stan-
dardized protocol for its use within an elite male football 
population. 

MATERIALS AND METHODS 
PARTICIPANTS 

An a priori power calculation using G-power indicated that 
a total of 30 participants would be required to detect a high 
correlation with an alpha of 5% and power of 80%. Thirty 
male elite academy footballers (age = 22.76±5.0 years, 
height = 180.0±0.8 cm, weight = 70.57±4.0 kg) participated 
in this study during the 2019-2020 season. Participants 
were advised of the advantages and risks of the study and 
the testing protocol was clearly defined verbally before par-
ticipants provided written and verbal consent to partici-
pate, with the option to withdraw from testing at any point. 
Participants had a minimum of four years’ experience in re-
sistance training and strength-based testing protocols and 
met the inclusion criteria of healthy with no current injury 
and were of male gender. All players eligible for the study 
were in full training, free from injury, and available for com-
petitive selection. The host football club permitted the dis-
semination of anonymous data for publication of the study 
findings and the study commenced in accordance with the 
2013 Declaration of Helsinki and was approved by the Uni-
versity of Central Lancashire ethical committee (STEMH). 

This study evaluated the test-retest reliability of the ISST 
within an elite male academy football population using a 
correlation design. Data collection was performed in a tem-
perature-controlled physiology laboratory on site at the 
host football club training ground by the same two re-
searchers throughout. Testing occurred at the same time of 
day for the re-test data 72hrs apart to account for potential 
diurnal or circadian rhythm that could have affected per-
formance.18 Players refrained from strenuous exercise be-
tween these two testing periods and completed their normal 
daily routine. 

STUDY DESIGN 

Participants were familiar with the test protocol, as it has 
been utilized within the previous season consistently 
throughout the clubs’ regular screening, testing and readi-
ness to train/play protocols. Testing for the present study 
took place within pre-season. Test procedures for the ISST 
were appropriately standardized following previous recom-
mendations in the literature.19 Before the commencement 
of ISST bar height was determined for each individual par-
ticipant, based on seating position and maintenance of hip, 
knee and ankle joints at 90-degrees, in order to achieve 
the correct body position for each test.19 Seating position, 
rack bar, crocodile pin and bar position were recorded for 
protocol standardization ahead of scheduled testing. Pro-
cedures were identical between both testing sessions. Al-
though there is no standardized warm up for the ISST, it 
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Table 1. Isometric Soleus Strength Test (ISST) strength measures (n= 30) and reliability statistics 

TEST LIMB Mean Test ± SD 
Mean Retest ± 

SD 
(95% CI) 

r 
value 

SEM 
(N) 

SEM% 
MDC 

(N) 

ISST Right 
1775.1±486.7 

(N) 
1846.27±391.6 

(N) 
(0.78, 
0.96) 

0.89 161.41 9.09 25.19 

ISST Left 
1733.9±471.9 

(N) 
1767.6±327.0 

(N) 
(0.70, 
0.93) 

0.79 216.24 12.47 34.56 

ISST, Isometric Soleus Strength Test, SD, standard deviation, Pearson’s correlation r value, CI, confidence interval, N = Newtons, SEM, standard error of measurement, MDC, minimal 
detectable change. 

is apparent from other isometric tests that a derivative of 
the movement performed should be incorporated.15,16,19,20 

Participants therefore completed a standardized warm-up 
beginning with a 10-minute of supervised stationary cy-
cling 1.5 W kg −1, cadence of 60 rpm on a cycle ergometer 
(Wattbike Ltd, Nottingham, UK), followed by five minutes of 
dynamic stretching, before advancing to two warm-up sets 
of IMTP soleus lifts at 50% and 75%. 

The BTS-6000 force decks platform (VALD Performance, 
Newstead, Queensland Australia) were calibrated by the 
manufacturer to evenly distribute bodyweight across the 
two platforms. The participant was seated in a position of 
90-degrees hip and knee flexion, feet hip-width apart and 
of equal distance from the center of the platform. While 
the use of a “self-selected” body position is likely to be ad-
vantageous for testing performance, it is not recommended 
without ensuring that the hip, knee, and ankle joint angles 
are at 90 degrees, due to the potential influence of varied 
body positions on force generation.19,21 An Airex (Airex AG 
Sins, Switzerland) cushion was placed on top of the par-
ticipants’ thighs, with the bar placed on top. The individ-
ual was then asked to position the metal bar in line with 
their pre-recorded position, within the crocodile pins on the 
Sorinex XL racking system (Sorinex, Lexington, SC, USA), 
with the bar placed directly over the lateral malleolus. Par-
ticipants were encouraged to maintain a vertical posture 
throughout the movement, with hands away from the bar 
due to interference previously recognized. Before each test, 
this position was ascertained, with the knee joint angle ver-
ified using a goniometer. The width of the participants’ foot 
position was measured using a standard measuring tape 
to ensure consistency between tests. After performing two 
warm-up efforts for the ISST at 50 and 75%, the participant 
performed three maximum efforts (three second hold with 
a one-minute rest between reps). Participants were advised 
to maintain a neutral foot position and minimal pre-tension 
on the bar until verbal instruction was given. Before each 
rep the athlete was guided by a countdown (“3, 2, 1”) and 
instructed to push for three seconds up and against the bar 
as hard and as fast as possible.18 

DATA ANALYSIS 

Initial data analysis was performed using Forcedecks soft-
ware (VALD Performance, Newstead, Queensland Australia) 
and transferred to a spreadsheet program (Microsoft Excel, 

Microsoft Corp., Redmond, WA, USA). Data was recorded for 
each of the three maximum efforts of three seconds over 
the two sessions utilized to ascertain reliability of the test. 
An average was taken for each participant and relative re-
liability was calculated to identify the relationship for each 
limb. A Pearson’s correlation measured the relationship be-
tween the two testing sessions. The following criteria quan-
tified magnitude of the correlation <0.1, trivial; >0.1 to 0.3, 
small; >0.3 to 0.5, moderate; >0.5 to 0.7, large; >0.7 to 0.9, 
very large; and >0 to 1.0, almost perfect, with statistical sig-
nificance set at p ≤ 0.05. Reliability in units of measure-
ment was calculated for the interpretation of group mean 
scores and the individual scores of Peak Force (PF) (N) in-
cluding Standard error of measurement (SEM) and minimal 
detectable change (MDC). The formulas used for both SEM 
and MDC followed previous calculations described by Ran-
som et al.14 To analyze for levels of agreement a Bland-
Altman method was completed.22 Prior to completing sta-
tistical analyses the distribution of data was assessed for 
normality using the Shapiro-Wilk Test and found to be suit-
able for parametric statistical testing. All statistical analysis 
was completed utilising SPSS software version 26.0 (SPSS, 
Chicago, IL, USA) 

RESULTS 

A significant correlation was demonstrated between tests 
(p<0.001). A very large correlation demonstrated for the 
ISST (Right: r = 0.89; Left: r = 0.79) (Table 1). Figure 1 high-
lights the linear relationship in the reliability data, bilater-
ally. 

Figure 2 and 3 display the mean differences between the 
test-retest data for the ISST with the upper and lower 95% 
confidence intervals displayed for the measures taken. 

Bilateral levels of agreement were found to be +/- 2 stan-
dard deviations (SD) of the interval of agreement bilaterally 
for ISST (Levels of agreement (LOA): Right: Upper 352.49 - 
Lower -494.76; Left: Upper 523.82 - Lower -591.30. No sig-
nificant difference between the mean scores for the right 
(p=0.09, CI: -153.21-10.95) or left (p=0.52, CI: 
-139.81-72.33) test-retest mean scores were found, indicat-
ing that high levels of agreement were identified between 
the two tests bilaterally. 
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DISCUSSION 

The aim of the current study was to evaluate the reliability 
of the ISST in an elite academy football population. It was 
hypothesised that reliability would be high for the ISST 
in this population. The primary findings from this study 
demonstrated high reliability in male academy footballers 
for the ISST. High levels of agreement were demonstrated 
between the two ISST tests bilaterally with 95% of differ-
ences demonstrated to be less than two standard deviations 
away from the mean.22 Indicating that the ISST can be uti-
lized in an elite sporting environment to reliably quantify 
isometric strength of the soleus. The SEM (%) and MDC val-
ues indicated absolute reliability across measures suggest-
ing changes in strength in an individual athlete can be de-
termined from this test (Table 1). 

Isometric strength testing is commonly used for identi-
fying modifiable injury risk factors or assessing outcomes 
of performance enhancement programs. Confidence within 
the test in terms of repeatability is important for sports 
medicine and performance practitioners to consider. The 
ability to evaluate an athlete’s lower limb capacity to gener-
ate force is an integral part of strength profiling and evalu-
ating the efficacy of training interventions.23 The strength 
of plantar flexors, notably the soleus muscle may be deter-
mined through the ISST. The test position in 80-90° knee 
flexion has been shown to inhibit the force generated by 
gastrocnemius, therefore primarily evaluating the strength 
of the soleus.19 Currently no standardised testing protocol 
exists for ISST. Recently Ransom et al.14 indicated the im-
portance of repeatability in terms of detecting true changes 
in response to injury or load over time in order to enhance 
athlete profiling. Consequently, it is important to report 
both test-retest and absolute reliability. This provided as-
sessment of variability between repeated measures as well 
level of agreement in PF data.14 Current results provide 
confidence in the measure of isometric soleus muscle 
strength through the ISST by highlighting normal variance 
and levels of agreement between testing sessions.22 Evi-
dently, isometric soleus PF measures in the current study 
were reproducible both between sessions. Results from the 
current study on isometric soleus strength testing, support 
similar findings by De Witt24 and Haff et al.25 The current 
study offers further evidence that ISST PF is a useful metric 
for reliably quantifying maximum strength from isometric 
strength test protocols. 

Medical and performance practitioners working within 
an elite performance setting may consider using the ISST to 
evaluate athletes’ optimum and PF capabilities due to the 
high reliability of the test identified in the current study. 
Practitioners may be reluctant to conduct maximal eccen-
tric strength testing due to the potential risk of injury. 
Thus, prompting the need to consider the implementation 
of the ISST as an alternative measure to determine maxi-
mum strength and/or PF. The ISST being isometric in na-
ture, decreases the risk of fatigue and subsequent risk of in-
jury, thus providing a measure that can be utilized in fixture 
congested periods.24 Earlier researchers have advocated for 
in-depth analysis of players which should include isometric 
muscle strength (albeit in the hamstrings as an example)26 

which may influence optimal training prescription.27 From 

Figure 1. Test-Retest Relationships for the Isometric 
Soleus Strength Test (ISST) 

Figure 2. Bland-Altman Analysis for the Right ISST 
Displaying the Mean Difference between the test-
retest and the 95% Confidence Limits for the 
Measures (Upper and Lower Levels of Agreement 
[LOA]) 

Figure 3. Bland-Altman Analysis for the Left ISST 
Displaying the Mean Difference between the test-
retest and the 95% Confidence Limits for the 
Measures (Upper and Lower Levels of Agreement 
[LOA]) 

an applied perspective ISST quantifies vertical forces which 
are essential mechanical components for specific athletic 
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functions such as acceleration, sprinting, distance jumping 
and directional changes.28 Reliable screening techniques 
such as the ISST may support the identification of at-risk 
or strength deficient players and consequently the adapta-
tion of preventative interventions or programs targeting in-
dividuals can be derived from such information. This initial 
study only considered PF as a metric, due to its strong as-
sociation to functional activities and movement patterns.19 

Any future work in the area should consider other metrics, 
such as rate of force development (RFD). 

SEM (%) and MDC data provided measurement error for 
absolute reliability (Table 1). Analysis of PF data before 
and after interventions may be assisted by the MDC data 
from the current study findings. For the ISST, SEM demon-
strated 161.41-216.24N and a small relative index of 9.09 – 
12.47%, with any individual PF changes above 25.19-34.56N 
being expected to be a ‘real’ change. Further investigation 
in other populations and ages within elite or normative 
populations may be beneficial to determine agreement. Al-
though this type of data may provide sports medicine and 
performance practitioners with guidance on ‘real’ changes 
in strength that may occur, as presented in recent similar 
studies.14 

Due to the high reliability demonstrated within the pre-
sent study the ISST for soleus this metric may be a useful 
objective marker for quantifying posterior lower limb func-
tion. Furthermore, the equipment allows for assessment be-
tween dominant and non-dominant legs through metrics 
derived from the Forceplate software (VALD Performance, 
Newstead, Queensland Australia). Future studies may con-
sider further investigation of dominant or non-dominant 
limb through utilization of the ISST. For example, recovery 
of lower limb muscle strength in the dominant leg is re-

ported to be compromised for up to 72 hours after competi-
tive fixture.6,29 While a specific definition of muscle imbal-
ance has yet to be agreed upon, debate continues as to the 
contribution of imbalance as a risk factor for professional 
football injury,30 to which the use of a measure such as the 
ISST may be a valuable addition. 

Limitations require highlighting, despite the results of 
this study demonstrating high absolute and relative test-
retest reliability. The sample utilized in the study was a con-
venience sample from a specific male, academy age elite 
football population. Data therefore may not be extrapolated 
to other genders, age groups, sports or non-sporting pop-
ulations. Further investigation is required to determine 
whether equivalent findings exist. Because bilateral limb 
testing was utilized in accordance with Ransom et al.14 the 
authors acknowledge that bilateral limb deficit phenome-
non may exist, but measures to minimize the likelihood 
were highlighted in the methodological approach.31 

CONCLUSION 

The results of this study indicate that the ISST is a reliable 
method for assessing maximal isometric PF in the soleus 
musculature of male elite academy footballers. These re-
sults suggest that the ISST may be beneficial for perfor-
mance practitioners for profiling soleus function of ath-
letes. 
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Background 
Para swimming has experienced increased participation in recent years. Injury and injury 
prevention research on Para swimmers is lacking compared to swimmers without 
impairment. 

Purpose 
This study aimed to gather data in Para swimmers on typical injuries, injury prevention 
programs, and attitudes toward injury and injury prevention in this population. 

Study Design 
Cross-sectional, mixed-methods design evaluating injuries, injury management, and 
injury prevention in elite Para swimmers in United States (U.S.). 

Methods 
Para swimmers on the U.S. Paralympics Swimming National teams at multiple 
competition levels were invited to complete an online survey. Qualitative interviews with 
six U.S. Paralympics National team Para swimmers were conducted to provide detail on 
athlete experiences with injury and prevention. 

Results 
Twenty-one of 56 surveys were returned: 11 of 21 participants (52.4%) reported 
experiencing an injury that altered their weekly training. All (21/21) reported 
participating in strength training and 19 of 21 (90.5%) reported incorporating stretching 
into their training regimen, although strengthening/stretching regimens included 
routines that may not have been specifically targeted toward injury prevention. Six of 21 
(28.6%) reported participation in an injury prevention program. Qualitative interview 
themes included the impact of swimmers’ compensated body mechanics on injury risk, 
the value of individualized injury prevention programs, and the importance of 
knowledgeable coaching and rehabilitation staff. 

Conclusions 
Injury prevention programs are important components in Para swimming training 
although they are underutilized based on responses in this study. These programs should 
be individualized to address swimming biomechanics and athlete-specific impairments. 
Increasing coaching knowledge and access to individualized programs may reduce injury 
prevalence among this at-risk population. 
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Level of Evidence 
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INTRODUCTION 

The Paralympic movement has gained significant momen-
tum over the past century. The Paralympic Games includes 
athletes with various physical, visual, and intellectual im-
pairments and have evolved into an elite level of competi-
tion.1,2 The International Paralympic Committee oversees 
the Paralympics, which has traditionally focused on elite 
sports performance or helping individuals with disabilities 
train in sports to become future elite athletes. 

Classification systems were developed and have evolved 
for each sport intending to make the competition as fair 
as possible. The goal of classification is to group Para ath-
letes who have a similar degree of sport-specific activity 
limitation from their impairment into a sport class.3 World 
Para Swimming governs Paralympic Swimming classifica-
tion, and the classification process results in three separate 
sport classes per athlete evaluation: a S class for freestyle, 
backstroke, and butterfly, a SB class for breaststroke, and a 
SM class for individual medley. For physical impairments, 
sport classes range from S1 through S10 / SB1 through SB9 
/ SM1 through SM10, with the lower numbers representing 
more severe physical impairment/limitation in swimming.4 

The visual impairment sport classes range from S11/SB11/
SM11 through S13/SB13/SM13, with the lower numbers rep-
resenting more severe vision impairment.4 Within each 
sport class, Para swimmers may also have variability in their 
swimming performance, reflective of their training, experi-
ence, and inherent athleticism and not impacted by their 
impairment, similar to how swimmers without disabilities 
may have varying swimming performance within an age 
group. One may assume that certain sport classes expe-
rience greater functional limitations when injured due to 
their physical impairments, but this relationship remains 
unclear.5 

As the Paralympic movement gains increasing commer-
cial support and media coverage, more generations of indi-
viduals with disabilities are inspired to participate in sports. 
With the growing population of Para athletes, there is an 
increased need to understand injury epidemiology and in-
jury prevention strategies for Para athletes. A qualitative 
study conducted by Fagher and colleagues interviewed 18 
Swedish Para athletes representing 10 different Para sports 
and revealed that Para athletes’ views of their sports-re-
lated injuries experiences are complex, multifactorial, and 
distinct from the perspectives of athletes without disabil-
ities in terms of injury causes, risk behavior, impacts on 
function after injury, psychosocial stressors, and overall 
consequences of injury.6 For instance, one Para athlete 
noted, “I’m often thinking, what will happen if I get an in-
jury to my non-disabled side, I wouldn’t be able to manage 
my daily life. That’s what I’m afraid of.”6 

Currently, most published Para sports injury epidemiol-
ogy data have been from the Paralympic Games.5,7–11 Stud-
ies from the Rio 2016 and London 2012 Summer Paralympic 
Games reported 8.5% - 12.4% of Para swimmers had a cur-
rent injury12 with the highest percentage of injuries being 

acute (47%), followed by overuse (37%), and then acute on 
chronic (16%).12 Past studies have reported higher injury 
rates in Para swimmers, Reynolds and colleagues found 69% 
of Para swimmers on the British team reporting injuries 
during the Barcelona 1992 Summer Paralympic Games.13 

Outside of the elite competition, there is a lack of published 
studies that include Para swimmers and their injury pat-
terns. To our knowledge, there have been no recent studies 
describing Para swimmers’ injury patterns outside of the 
Paralympic Games. 

Due to the lack of published research on injuries and in-
jury prevention specific to Para swimming outside of the 
Paralympic Games, Para swimmers often rely on current 
knowledge and evidence for injury prevention in swimmers 
without disabilities. Many injuries to swimmers without im-
pairment are at the shoulder and are commonly a result of 
overuse.14 Risk factors for shoulder injuries in swimmers in-
clude high training volumes, muscle fatigue/overload (es-
pecially of the subscapularis and serratus anterior), rotator 
cuff tendinosis, shoulder laxity, and impingement positions 
during swim stroke.15 Injury prevention programs for swim-
mers should include strengthening, stretching, and en-
durance training. It should also include stroke-specific in-
struction on body mechanics such as decreasing internal 
rotation of the shoulder during recovery, breathing bilat-
erally, or shortening stroke follow-through.15,16 However, 
Para swimmers may have different risk factors for injuries 
compared to swimmers without disabilities due to Para 
swimmers’ underlying impairments. For instance, depend-
ing on the Para swimmer’s underlying medical condition(s) 
and impairment(s), they may have anatomical or functional 
differences that alter swimming biomechanics, compen-
satory biomechanics, and techniques to accommodate their 
impairments but also increase the risk of an overuse injury. 

To better understand injuries, injury risk, and prevention 
in Para swimmers at all competition levels studies are 
needed outside of the Paralympic Games. Therefore, the 
purpose of this study was to investigate U.S. Para swimmers 
with physical or visual impairments at various competition 
levels and (1) describe injuries related to Para swimming, 
(2) understand athletes’ participation in injury prevention 
programs and the characteristics of those programs, and (3) 
evaluate athletes’ perceptions of injury risk, complications, 
and treatment. 

METHODS 

Design: A cross-sectional, mixed-methods approach eval-
uating injuries, injury management, and injury prevention 
related to Para swimming in U.S. National team Para swim-
mers was used for this study. The first part of the study 
consisted of a one-time online survey. A previous survey 
developed for Para athletes was used to help guide the de-
velopment of the survey used in this study.17 Additionally, 
input from the U.S. Chief of Paralympic Sport and the U.S. 
Paralympics Swimming High-Performance Director was 
sought and the initial survey was piloted for any feedback 
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and edits. An online survey (REDCap® version 7.6.0, Van-
derbilt University, Nashville, TN) was utilized, hosted and 
distributed through University of South Carolina, (Appen-
dix 1). 

The second part of the study consisted of qualitative 
semi-structured interviews via an audiovisual communica-
tion platform (Skype™). The interview questions were de-
veloped by the student investigators (JS, MM, SB) as a result 
of the survey responses and through collaboration with a 
board-certified Physical Medicine & Rehabilitation and 
Sports Medicine physician (ST) with a specialization in Para 
Sports Medicine. The focus of the interviews was to gather 
comprehensive information on Para swimmers’ perceptions 
and experiences with injuries, injury prevention, treatment, 
and the injury recovery process. The interview guide can be 
viewed in Appendix 2. 

PARTICIPANTS: 

Survey: Participants were recruited through emails distrib-
uted by the U.S. Paralympics Swimming High-Performance 
Director. Inclusion criteria consisted of: being able to com-
plete the survey in English and being a member of the U.S. 
Paralympic Swimming National teams with either a physi-
cal or visual impairment. Participants were excluded if they 
were an athlete with an intellectual impairment given con-
cern that they would not be able to appropriately complete 
the survey. Fifty-six participants were identified by the 
High-Performance Director for recruitment, the goal was to 
have a sample size of at least 17 responses (response rate 
30.4%) since on average, online surveys yield a response 
rate between 20-30%.18,19 

Qualitative Interviews: Participants were selected 
through a convenience sample of U.S. Para swimmers on the 
U.S. Paralympics Swimming National teams. Researchers 
requested the U.S. Paralympics Swimming High-Perfor-
mance Director provided purposeful sampling of Para 
swimmers representing diversity in regards to primary 
stroke, medical diagnoses, and impairments. Inclusion cri-
teria were: current U.S. Para swimming National team 
members with either a physical or visual impairment under 
the direction of the director. Upon the director’s review of 
the team roster and discussions with the athletes, six Para 
swimmers were selected based on the request in represent-
ing a diversity of Para swimmers, schedule availability, and 
willingness to participate in an interview. They were en-
couraged to also take the survey portion of the study but 
were not excluded if they did not complete the survey. 

This study was reviewed and approved by the University 
of South Carolina Institutional Review Board (Pro00081813 
and Pro00084553). 

PROCEDURES: 

Survey: Fifty-six participants on the U.S. Paralympic Swim-
ming National teams were emailed the online survey. Email 
reminders were distributed after two weeks to remind par-
ticipants of the study, and each week following for seven 
weeks, after which the survey was closed. The general defin-
ition used for injury history reporting in this study was “any 
injury related to swimming that altered weekly training or 

caused a Para swimmer to miss a competition, regardless of 
whether participants sought medical treatment for the in-
jury.” 

Training: Student investigators were trained in qualita-
tive interview techniques by author (ER), who is an expe-
rienced qualitative researcher, including open ended ques-
tions, follow up techniques and avoidance of leading 
questions. Student investigators practiced and were given 
feedback. 

Interviews: After the survey was closed, each of the three 
student investigators contacted two of the six Para swim-
mers by email to arrange a one-on-one interview over an 
audiovisual communication platform (Skype™). Audiovi-
sual interviews instead of audio-only were selected as this 
allowed for a more personal interview. The interviewers 
provided the Para swimmers with an explanation of the 
study and potential interview questions before conducting 
the interview. The interviews were conversational and 
semi-structured to allow for in-depth follow-up. Interviews 
lasted between 14 and 38 minutes. 

DATA ANALYSIS: 

Survey Analysis: Statistical analysis was performed using a 
statistical software platform (IBM® SPSS® Statistics for 
Windows, Version 26.0, Armonk, NY: IBM Corp). Descrip-
tive statistics including means, minimum, maximum, stan-
dard deviations, and frequencies were calculated for the de-
pendent variables. 

Qualitative Analysis: Each interview was transcribed ver-
batim. De-identified transcripts from the interviews were 
input into qualitative data analysis software (QSR Interna-
tional Pty Ltd. (2019) NVivo, Version 12.3.0). Iterative the-
matic analysis20 was completed in a collaborative process 
by the three student investigators (JS, MM, SB) with support 
and review by author (ER) with qualitative research exper-
tise. The first interview was coded by each of the three stu-
dent investigators individually, then discussed as a group 
with author (ER) to ensure consistency between researchers 
in the coding process. Initial codes were completed induc-
tively, remaining as close as possible to the participant’s 
wording. Further iterations of the coding were completed 
as a group, with themes categorized both deductively into 
predetermined categories (demographics, injury, training, 
treatment) and inductively through emergent identified 
new themes through group consensus. 

Further thematic breakdown under resultant categories 
were reviewed and revised in several rounds by all three stu-
dent researchers (JS, MM, SB) and author (ER), and the re-
sults were reviewed with authors (SH, ST). Trustworthiness 
was established through comparison to survey results (tri-
angulation) and utilizing a mentor with qualitative exper-
tise.21 

RESULTS 
PART I: SURVEY RESULTS 

A total of 24 complete survey responses were received from 
the 56 surveys distributed to swimmers on the U.S. Para-
lympic Swimming National Teams (42.9% response rate). 
There were no incomplete survey responses. Three of the 
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Table 1. Survey Participant Demographics. 

Number of survey participants (n=21) 

Gender 
Female 6 (21.6%) 

Male 15 (71.4%) 

Age 

14 – 18 years 
old 

11 (52.4%) 

19 – 25 years 
old 

6 (28.6%) 

26 – 30 years 
old 

4 (19%) 

Number of years 
swimming 
competitively 

< 5 years 3 (14.3%) 

5-10 years 11 (52.4%) 

> 10 years 7 (33.3%) 

Highest level of 
competition in Para 
swimming 

International 19 (90.5%) 

National 2 (9.5%) 

Impairment Type 

Physical 
impairment* 

Physical 
impairment 
types 

18 (85.7%) 

Hypertonia 2 (9.5%) (dystonic tetraplegia, multiple traumatic brain injuries) 

Impaired 
muscle 
power# 

3 (14.3%) (arthrogryposis amyoplasia, transverse myelitis, 
lumbar level incomplete spinal cord injury) 

Impaired 
passive range 
of motion# 

2 (9.5%) (arthrogryposis amyoplasia, Nager syndrome) 

Limb 
deficiency 

9 (42.9%) (lower extremity amputations including proximal 
femoral focal deficiency, upper extremity amputations, Nager 
syndrome) 

Short stature 
5 (23.8%) (dwarfism including achondroplasia, osteogenesis 
imperfecta) 

Visual impairment 3 (14.3%) 

24 survey responses (12.5%) were from swimmers with in-
tellectual impairments and were excluded. Figure 1 demon-
strates the recruitment process of participants. 

PARTICIPANT INFORMATION 

The mean age of survey participants was 19.4 years (range 
14-30). Participants reported swimming competitively for a 
mean of 8.4 years (range 2-17). Demographics of survey par-
ticipants are presented in Table 1. Only three (14.3%) swim-
mers reported competing in additional sports other than 
swimming (shot put, Para triathlon, and archery). The most 
common primary swimming stroke reported was freestyle 
(57.1%). 

IN AND OUT OF POOL TRAINING INFORMATION 

Participants reported swimming an average of 15.62 (SD 
3.57) hours per week. All reported performing cross-train-
ing, with an average of 4.10 (SD 2.32) hours per week. When 
combining total hours of cross-training and swimming, par-
ticipants averaged a total of 19.71 (SD 4.33) hours of total 
training per week. All of the survey participants reported 

Figure 1. 

using some type of resistance training outside of the pool 
(Table 2). 
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Table 2. Reported Strength Training Out of the Pool 

Type* Number of Participants (%) 

Bodyweight exercise 20 (95%) 

Dumbbells or free weights 18 (86%) 

Medicine Balls 16 (76%) 

Elastic bands 15 (71%) 

Weight machines 10 (48%) 

*Participants could select all that apply 

Table 3. Reported Resistance Training In the Pool 

Type* Number of Participants (%) 

Paddles 18 (86%) 

Parachutes 17 (81%) 

Fins 16 (76%) 

Bungee cords 12 (57%) 

Buckets 8 (38%) 

Other (ie: swim socks or drag suits) 4 (19%) 

*Participants could select all that apply 

Approximately 91% of the participants were supervised 
during their resistance training. Supervision was most com-
monly provided by the swim coach (32%), athletic trainer or 
strength coach (26% each), a combination of both a swim 
coach and athletic trainer (11%), and a combination of a 
swim coach and physical therapist (5%). All 19 participants 
reported receiving correction of improper form during 
strength training. When determining the amount of weight 
used for strength training, 14 (67%) reported the amount 
of resistance was determined on an individual basis, nine 
(43%) reported the swimmer decides the amount of resis-
tance, three (14%) reported using their bodyweight, two 
(9.5%) used a predetermined repetition maximum and one 
(4.8%) reported all swimmers on the team use the same 
amount of weight. All but one participant reported using 
some type of resistance training in the pool. The types of 
in-pool resistance reported by participants can be viewed in 
Table 3. Nineteen of 21 (90.5%) participants reported incor-
porating stretching into their training regimen. Strength-
ening/stretching programs reported by participants in-
cluded routines that may not have been specifically targeted 
toward injury prevention since the interpretation of “injury 
prevention” was left up to the respondent. 

INJURY HISTORY 

Of the 21 survey participants, 11 (52.4%) reported experi-
encing an injury during their swimming career that altered 
their weekly training, with five (23.8%) reporting shoulder 
injuries as the cause of missed time. Six of the 21 swimmers 
(28.6%) reported missing competitions due to injury, with 

an average of 1.5 competitions missed. Of the swimmers 
who reported an injury that altered their weekly training, 8 
trained 15-21 hours/week, 2 trained 8-14 hours/week, and 
one trained ≤7 hours/week. Freestyle (n=12) was reported as 
the most common primary stroke (57%). Eight (66.7%) who 
identified freestyle as their primary stroke reported an in-
jury that altered weekly training, whereas four (33.3%) re-
ported missing competition due to injury. Two swimmers 
(9.5%) reported having had previous surgery related to a 
swimming injury. Of the six male survey participants, two 
(33.3%) reported injuries that altered weekly training, while 
nine (60%) of the 15 females reported injuries that altered 
weekly training. 

Any mechanisms of injury reported were classified as 
acute (defined as any injury that was caused by a specific, 
identifiable event related to Para swimming activities), 
chronic (defined as any injury that developed over days, 
weeks, or months and was not associated with an acute 
event), or unknown chronicity (if the participant did not 
provide enough information in their survey response to 
classify the injury as acute or chronic). Table 4 provides 
an overview of injury characteristics described by partici-
pants, categorized by the eligible impairment types of Para 
swimmers. Of the five respondents with short stature, four 
(80%) reported an injury that altered their weekly training 
and three (60%) missed competition due to their injury. The 
shoulder was the most commonly reported body area across 
multiple impairment categories. 
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Table 4. Injury Characteristics and Injury Prevention Program History – By Eligible Impairment 

Impairment Categories 

Total 
Participants 
(n=21) Hypertonia (n=2) 

Impaired 
Muscle 
Power* 
(n=3) 

Impaired 
Passive 
Range of 
Movement* 
(n=2) 

Limb Deficiency (n=9) 
Short 
Stature 
(n=5) 

Visual Impairment (n=3) 

Participants reporting injury 
altering weekly training 

1 (50%) 
1 
(33.3%) 

1 (50%) 2 (22.2%) 4 (80%) 3 (100%) 11 (52.3%) 

Participants reporting missing 
competition due to injury 

--- --- --- 1 (11.1%) 3 (60%) 2 (66.7%) 6 (29%) 

Chronicity of 
injuries 
reported 

Acute 
injuries 

--- --- --- --- 3 (60%) 1 (33.3%) 4 (19%) 

Chronic 
injures 

1 (50%) 
1 
(33.3%) 

1 (50%) 2 (22.2%) 1 (20%) --- 5 (23.8%) 

Injuries of 
unknown 
chronicity 

--- --- --- --- --- 2 (66.7%) 2 (9.5%) 

Body part(s) 
reported to be 
injured (some 
participants 
reported 
multiple) 

Shoulder 1 (50%) 
1 
(33.3%) 

1 (50%) 2 (22.2%) --- 1 (33.3%) 5 (23.8%) 

Knee --- --- --- --- 1 (20%) --- 1 (4.8%) 

Lower leg --- --- --- --- 1 (20%) --- 1 (4.8%) 

Ankle --- --- --- --- --- 1 (33.3%) 1 (4.8%) 

Abdomen --- --- --- --- --- 1 (33.3%) 1 (4.8%) 

Multiple 
fractures 
(location 
not 
specified) 

--- --- --- --- 2 (40%) --- 2 (9.5%) 

Multiple 
tendon or 
muscle 
strains 
(location 
not 
specified) 

--- --- --- --- 1 (20%) --- 1 (4.8%) 

Reported Participated 1 (50%) --- --- 1 (11.1%) --- 2 (66.7%) 4 (19%) 
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Impairment Categories 

Total 
Participants 
(n=21) Hypertonia (n=2) 

Impaired 
Muscle 
Power* 
(n=3) 

Impaired 
Passive 
Range of 
Movement* 
(n=2) 

Limb Deficiency (n=9) 
Short 
Stature 
(n=5) 

Visual Impairment (n=3) 

injury 
prevention 
program 
participation 

in injury 
prevention 
and injured 

Description 
of injury 
prevention 
program 

Prehab program 
prior to starting 
practice x10 min 

--- --- 
Shoulder strengthening in 
physical therapy x1 hour weekly 

--- 

1) Injury prevention at 
national team camps/
international 
competitions by team 
support staff 2) Not 
specified 

--- 

Participated 
in injury 
prevention 
and NOT 
injured 

1 (50%) --- --- 2 (22.2%) --- --- 2 (9.5%) 

Description 
of injury 
prevention 
program 

Stretching, shoulder 
and hip 
strengthening 
directed by strength 
coach x45 min every 
morning 

--- --- 

1) Stretching, shoulder and hip 
strengthening directed by 
strength coach x45 min every 
morning 2) Exercises not specified 
x 1.5 hours weekly 

--- --- --- 
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Table 5. Demographics of Interview Participants. 

Participant 
Age 
(years) 

Gender Para Swimming Eligible Impairment(s) 
Para Swimming Sport Class (S/SB/
SM) 

1 26 Male Visual 11/11/11 

2 28 Female 
Physical (limb deficiency and 
hypertonia) 

8/7/8 

3 30 Female Physical (hypertonia) 3/3/3 

4 23 Female Visual 12/12/12 

5 21 Female Physical (short stature) 6/6/6 

6 22 Female Physical (short stature) 7/6/7 

Eight of 21 participants (38.1%) reported having current 
pain with an average intensity rating of 3.4 (SD 0.89), (on a 
0 to 10 numerical rating scale, with 0 representing no pain 
and 10 representing the most severe pain). Participants ex-
periencing pain reported the location of their current pain 
as follows: 23.8% reported pain in the shoulder, 9.5% in the 
arm, 9.5% in the upper back and lower back, and 4.8% in the 
abdomen, elbow, hip, and knee. 

INJURY PREVENTION PROGRAMS AND TREATMENT 

Six (28.6%) of the 21 participants reported participation in 
an injury prevention program, with four of the six (66.7%) 
reporting injury. Seven (46.7%) of the 15 participants who 
did not participate in an injury prevention program re-
ported having a history of an injury. Injury prevention pro-
grams (as interpreted by the participant) ranged from a pro-
gram at a national team camp to an individualized program 
that included stretching and strengthening 45 minutes each 
morning to prevent shoulder and hip injury. 

Nine (42.9%) of the 21 survey participants reported re-
ceiving physical therapy treatment due to injury, 9 (42.9%) 
reported receiving chiropractic treatment, 10 (47.6%) re-
ported receiving a massage due to injury, and 4 (19%) re-
ported receiving no treatment at all. Treatments included 
kinesiotape (n=9, 42.9%), cupping (n=7, 33.3%), ASTYM 
(n=4, 19%), electrical stimulation (n=8, 38.1%), massage 
(n=16, 76.2%), pneumatic compression (n=7, 33.3%), and 
manual therapy (n=8, 38.1%). Three (14.3%) participants re-
sponded to an open-ended question on the survey regard-
ing any additional information on swimming and swimming 
injury as it pertains to their personal experiences and re-
ported they had improvement of symptoms following the 
implementation of stretching and strengthening programs. 

PART II. INTERVIEW RESULTS 

Six Para swimmers who were U.S. Paralympics Swimming 
resident team members and at least 18 years old partici-
pated in the qualitative interviews, with demographics pre-
sented in Table 5. 

Para swimmers interviewed represented both genders 
with diverse impairments and classification sport classes. 
The resultant themes from the interviews were categorized 
into four main topic categories: training, injury risk, in-

 

juries, and treatment and return to sport (Figure 2). 
Training Theme*: Training is individualized and requires 

knowledgeable coaching and support personnel:* Intervie-
wees noted the wide array of physical impairments makes 
the attitudes and beliefs towards training and injury vary 
between individuals in Para swimming. All 6 participants 
reported coaches, medical staff, and training personnel 
have an impact on their swimming career and that having 
access to a comprehensive, multidisciplinary team and re-
sources was important for their training needs. As noted by 
Participant 06: 

“Para athletes [need to] know that they’re on that same 
elite level [as athletes without disabilities] and they 
need those same … recovery tools or …, prevention 
techniques. … That’s just something that I’ve realized 
since, … making my first National team is I need those 
things just like an able-bodied athlete does, maybe just 
in a different way.” 

Para swimmers also recognized the value of having their 
training supervised by someone officially trained and ex-
perienced in working with athletes with disabilities who 
could recognize and understand the balance between allow-
ing them to be resilient and push, but not overdo it to the 
point that risks injury. As per Participant 04: 

“I’m very thankful to have coaches watching me and 
making sure I’m doing the proper technique. … that 
was especially a big thing in therapy. I really had to 
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have somebody help me because I used a lot of compen-
sation methods that I never realized that I did until I 
was in therapy and I was supposed to be doing isolated 
exercises and I would compensate a ton. So they had to 
work really hard with me and help me to, to not com-
pensate.” 

As is the case for all athletes, interviewees also noted it 
is important for Para swimmers to gradually return to their 
training regimens after a hiatus to avoid injuries. Some in-
terviewees reported that time off from swimming may im-
pact Para swimmers more than swimmers without disabil-
ities, further emphasizing the importance of cross-training 
and participation in other activities. 

Injury Risk Theme: Injury risk is unique in Para swimmers 
based on their underlying medical conditions, impairments, 
and adaptations to accommodate for their impairments: As 
per Participant 03: 

“I think at the same time there was no real way for me 
to get the same range of motion or pull down my right 
arm in order to match my left arm, which would have 
led to … another form of … compensation injury.” 

Some Para swimmers reported they learned to do their 
pre-habilitation or injury prevention programs based on 
their personal experience. Swimmers with visual impair-
ment who require tappers also have to develop strong re-
lationships with their tappers to anticipate the wall of the 
pool and prevent injury. However, most swimmers do not 
get a chance to practice with their tappers until the time 
surrounding a competition. 

Injuries Theme: Para swimmers, compared to swimmers 
without disabilities, may experience a greater impact from 
their injuries on their daily lives: Interviewees reflected that 
Para swimmers, compared to swimmers without disabili-
ties, may feel a more significant impact from injuries as 
some Para swimmers reported the water and swimming im-
proved their function and everyday symptoms from their 
underlying disabilities. As per Participant 06: 

“The water … makes my body feel better and … I don’t 
feel as stiff and … don’t experience as many aches and 
pains as I do … when I’m not in the water. So when 
there is an injury … preventing me from being in the 
water, … it definitely makes me upset. […and] sad. 
[Be]cause it affects me a lot and I feel like … it affects 
me a lot more than it would [affect] an able-bodied 
swimmer.” 

Interviewees also reported that their injuries can both be 
preventable and unpreventable due to unique risk factors 
from their underlying medical conditions. Injury symptoms 
and clinical presentation may be atypical due to some Para 
swimmers’ underlying disabilities and their subsequent in-
creased resilience and pain tolerance. 

Treatment Theme: Interviewees reported both mixed expe-
riences with medical treatment of their injuries and return to 
sport recommendations, with negative experiences causing sig-
nificant barriers in their Para swimming career: One intervie-
wee noted that replacing swimming with another activity 
is sometimes more helpful when recovering from injury or 
taking time off. Interviewees also expressed how swimming 
itself aids in the recovery process and how it assists with 

strengthening. Injuries as severe as fractures were noted by 
one interviewee with osteogenesis imperfecta and were not 
enough to hold her out of the pool for more than 3 days. 
Interviewees reported both positive and negative experi-
ences and inconsistencies with medical care of their injuries 
- times when all of their specific medical needs were met 
due to great communication, but also when conflicting staff 
opinions limited training unnecessarily. Participant 01 and 
03 summarized: 

Participant 01: “the staff at [location omitted] …was 
sometimes more of an obstacle than a help … their 
head of a Sports Medicine didn’t want me back in the 
pool after I had a pretty good attack. One day they 
called the ambulance, the whole 9 yards. … And I [told] 
him [that] my neurologist cleared me, neurologist said 
[I’m] fine, [I’m] cleared to go… I can remember that re-
ally hurt my training pretty bad.” 
Participant 03: “Injuries that were not caught … in time 
or misdiagnosed. So … we’ve had to limit what we can 
and can’t do as far as strokes. … We were doing the 
wrong rehab program for quite some time, so we were 
only aggravating that initial injury to begin with..” 

DISCUSSION 

This study utilized a mixed-methods approach producing 
valuable data and perspectives on injuries, treatment, train-
ing practices, and participation in injury prevention in elite 
U.S. Para swimmers with physical and/or visual impair-
ments. These results indicate that Para swimmers experi-
ence injuries at similar rates to swimmers without impair-
ments. Additionally, the results of this study show there is 
a lack of injury prevention programs being utilized by Para 
swimmers and that individual Para swimmers have unique 
needs due to their disabilities and impairments. 

The most common site of injury in the athletes in the 
current study was the shoulder, which is consistent with 
other studies that focused on Para swimmers,22 Para ath-
letes across a variety of sports,8,10,12 and swimmers without 
disabilities.16,23 The percentage of U.S. Para swimmers re-
porting injuries in our survey was higher than what has 
been reported in other studies.10,12 However, it is difficult 
to compare the present study to others because of differ-
ences in methodology, including data sources and how “in-
jury” was defined. Derman and colleagues evaluated 
prospective cohort data from a total of 3657 athletes from 
78 countries at the Rio 2016 Summer Paralympic Games.10 

The authors reported that within the sport of Para swim-
ming 42 of the 492 Para swimmers (8.5% ) sustained injuries 
during the Rio 2016 Paralympic Games.10 Whether injuries 
were acute, acute on chronic, or chronic was not reported 
specifically for Para swimming. Willick and colleagues ex-
amined 62 injuries in Para swimmers (12.4% of all Para 
swimmers) during the London 2012 Paralympic Games. Of 
these injuries, 47% were reported to be “acute” and 16% 
were reported to be “acute on chronic.”12 

The current study’s retrospective data was not specific 
to one event or time point, but rather across the partici-
pants’ careers as competitive Para swimmers. While studies 
conducted by Derman10 and Willick12 reported prospective 
data from a much larger sample size during the duration of 
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a single Paralympic Games, this present study is the first 
to report data exclusively from U.S. Para swimmers, specif-
ically gathering data about injuries that impacted weekly 
training throughout the swimmer’s career. This present 
study focused on injuries that altered weekly training or 
competition participation, while studies conducted by Der-
man10 and Willick12 included injuries that may not have al-
tered weekly training or competition participation. 

The participants in the present study reported more 
chronic than acute injuries compared to the those included 
in Paralympic Games injury surveillance studies, which 
could be explained by gathering injury history data that 
may not have needed medical attention. Thus, the present 
survey may have been more sensitive in capturing chronic 
injuries compared to Derman10 and Willick12 studies. This 
is especially true if Para athletes are more likely to seek 
medical attention for acute injuries and not for chronic in-
juries at the Games, which may occur for multiple reasons. 
As reported by participants in this study, Para swimmers 
may have a complicated medical history and some have re-
ported negative experiences when seeking medical care for 
symptoms leading to unnecessary training/competition re-
strictions. The qualitative interview discussion about in-
juries noted a common theme reflecting Para swimmers’ 
beliefs that time in the water improved their function in 
everyday life. Therefore, time away from the pool due to in-
jury may be of greater detriment for Para swimmers than 
swimmers without disabilities. Fear of repeat negative ex-
periences may discourage Para swimmers from seeking 
medical care until absolute necessary, such as in acute in-
juries causing significant pain or functional limitations, or 
only when chronic injuries have been exacerbated and come 
to a point where they are no longer tolerable. Further evi-
dence is needed to understand the impact of an injury on 
various psychosocial, functional, and sports participation 
outcomes in Para swimmers compared to swimmers with-
out disabilities. 

Current guidelines proposed for injury prevention in 
swimmers without disabilities suggest that strength train-
ing be supervised by a certified strength and conditioning 
specialist, athletic trainer, or physical therapist to prevent 
injury.24 There are no published guidelines for those with 
impairments/disabilities. Most survey participants in our 
study (90.5%) reported supervision of their out of pool re-
sistance training, with 61.9% being at least occasionally su-
pervised by an athletic trainer, strength coach, or physical 
therapist, therefore meeting guidelines for best practice of 
strength training, at least according to literature for ath-
letes without disabilities.24 The majority of survey partici-
pants (90.5%) also completed stretching as part of their reg-
ular training routine, which is in alignment with current 
recommendations for swimmers without disabilities.16 

However, since both of these strengthening and stretching 
guidelines were created for swimmers without disabilities 
in mind, further research is needed to evaluate effective 
techniques for strengthening and stretching specifically in 
Para swimmers, with consideration of the broad spectrum 
of medical diagnoses, impairments, and functional abilities 
Para swimmers represent. 

Although many of the survey participants reported per-
forming resistance and stretching programs, while 15 

(71.4%) reported they did not participate in a specific injury 
prevention program, half of this group reported an injury. 
Out of the remaining survey participants who did partici-
pate in an injury prevention program, 66.7% of these partic-
ipants still reported an injury. In swimmers without disabil-
ities, there are proposed algorithms for injury prevention, 
including careful monitoring of training volume, intensity, 
and duration by coaches and physicians while also looking 
out for stroke alterations that could represent compensa-
tion for pain or injury.16 It is also recommended that swim-
mers without disabilities in general work on endurance 
training (strengthening, stabilization, and flexibility) of 
core muscles to avoid excessive anterior pelvic tilt and lum-
bar lordosis, and also focus on scapular strengthening be-
fore primary rotator cuff muscles strengthening as part of 
their injury prevention program.16 However, due to the 
uniqueness of each Para swimmer, the results of the present 
study highlight that an injury prevention plan should in-
clude individual analyses of the Para swimmers’ biome-
chanics and a strong understanding of how their underlying 
medical condition impacts their movements in the water, 
fatigue, and risk of injury. Those that participated in the 
qualitative portion of this study also emphasized the value 
of having support from a multidisciplinary team well-expe-
rienced in working with Para athletes. In collaboration with 
the Para athlete, coach(es), and other healthcare special-
ists (e.g. sports psychologist, nutritionist, etc.), such indi-
vidualized injury prevention programs could be prescribed 
by physiatrists, sports medicine physicians, physical thera-
pists, and/or athletic trainers experienced in evaluating the 
needs of the Para athlete. 

LIMITATIONS 

The small sample size of this study limits the ability to 
generalize the results, and prevents detailed analysis by in-
dividual impairment types and sport classes for classifica-
tion. Further limitations included the potential for response 
bias and having to rely on the participant’s understanding 
and interpretation of their injury diagnosis. Injury preva-
lence or incidence was not able to be calculated from the 
data as the survey did not define a time period for partic-
ipants to report injuries. A specific definition for “injury” 
and “injury prevention program” also was not provided to 
survey participants, possibly leading to different interpre-
tations of what entails an injury or injury prevention pro-
gram, and over-or under-reporting of each. Moreover, the 
survey inquired about injuries that altered weekly training 
versus injury that caused the participant to miss a compe-
tition, but did not gather data about injuries that did not 
result in these consequences, thus potentially underrepre-
senting the injury history of Para swimmers in our study. 

CONCLUSION 

Injuries that alter weekly training are common in U.S. Para 
swimmers, although only a small number participate in in-
jury prevention programs. Qualitative results revealed that 
many Para swimmers believe they experience injuries based 
on their specific impairments and compensations. Injury 
prevention programs should be specifically designed for in-
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dividual Para swimmers due to the difference in training 
needs based on underlying medical conditions, impair-
ments, and function. Future research should examine 
coaching knowledge and whether access to individualized, 
multidisciplinary programs can reduce injury prevalence 
among this at-risk population. 
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Medical management of the circus performer encompasses a wide variety of 
multicultural, transdisciplinary and multifaceted decision-making considerations. There 
is a paucity of research evidence investigating both the unique diversity of skill sets and 
cultural considerations in addition to injury patterns of performers within the circus 
environment. Since a previously established framework for supporting the health and 
well-being of the circus performer across various aspects of medical management does 
not exist in the literature, most recommendations in this regard must come from practical 
experience working with this highly specialized performance athlete population. The 
purpose of this clinical commentary is to provide the reader with a greater understanding 
of the unique challenges associated with the medical management of performance artists 
and acrobats as well as recommendations for developing an integrated approach for 
mitigating injury risk within a highly specialized, diverse athlete population. 

Level of Evidence 
5 

INTRODUCTION 

Circus performance encompasses a wide variety of disci-
plines, ranging from acrobats, artistic characters, former 
Olympic-level and professional athletes, and musicians, 
where unique skill sets are creatively integrated with artis-
tic components and athletic ability to create show perfor-
mance.1–3 Further, within performance acrobats, the indi-
vidual performers are highly specialized with backgrounds 
which include ballet, dance, gymnastics, and acrobatic 
sport. As a result of these specializations and performance 
demands, the medical management of these performers re-
quires an understanding of the complex interaction of both 
discipline specific considerations and performance act re-
quirements. Despite the complexities and uniqueness of the 
circus performance environment, an established and evi-
dence-supported framework for managing the health and 
well-being of this performance population does not exist. 
Therefore, recommendations and suggestions to the field in 
regards to implementation of a multi-faceted medical man-
agement program are primarily anecdotal and based upon 

practical experience. This commentary will focus on provid-
ing the reader with a greater understanding of the unique 
challenges associated with the medical management of per-
formance artists and acrobats as well as recommendations 
for developing an integrated approach for mitigating injury 
risk within a highly specialized athlete population that is 
diverse in many aspects. 

NEEDS ANALYSIS 

Given the diversity of performer backgrounds within the 
circus environment, performance demands and functional 
capacities of each performer and their performance acts 
must be studied closely. Nomenclature specific to perfor-
mance arts includes “artist” in place of “athlete”, however 
performance artists include both acrobatic and non-acro-
batic performers. For the sake of clarity, performance 
artists, or non-acrobatic performers, and performance acro-
bats (Figure 1) must be distinguished separately within the 
framework of this clinical commentary. Further, these dis-
ciplines have been previously characterized as either acro-
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bats, non-acrobats or musicians.1 

In order to further distinguish between types of perform-
ers, a classification system of either sudden load perform-
ers, non-sudden load performers and musicians has also 
been used.4 Sudden load performers would be those who in-
cur a sudden, substantial increase in physical compression 
or distraction loads as previously defined by Orlando et al.4 

Skill sets such as diving, gymnastics, trampoline, partner 
lifting or catching, hand balancing, contortion (Figure 2), 
ballistic style dancing and aerial movements would be cate-
gorized as sudden load.1,4 

Non-sudden load performers may include jugglers (Fig-
ure 3), artistic image dancers and clowns, however features 
within the skill sets of these performers may also be dy-
namic and sudden load in nature, indicating a diversity in 
skill sets across all performer disciplines.1 

Beyond the primary act requirements specific to a per-
former’s discipline, a show performance also includes cue 
tracks, or minor performances such as brief dancing, char-
acter or image expression sequences specific to creating an 
artistic effect on stage for a particular act. While the cues 
required for each show may vary and generally have per-
former rotations, they do require specific movement de-
mands which may or may not be similar to those of the 
performer’s specific act while contributing to overall perfor-
mance workload.3 For example, a dancing animal cue which 
requires patterns of repeated lateral movement or sustained 
trunk flexion contrasts with the demands of overhead trac-
tion and torsion placed on the shoulder of a high bar acro-
bat who may be required to perform both in show perfor-
mance. The ability to perform at a high-level within their 
discipline-specific act while also mastering artistically in-
fluenced movement patterns required of their cue track de-
mands adaptability, continued refinement and versatility 
within the performer’s skill set. It is also important to rec-
ognize that no two acrobats have the same load demands 
within a performance act, despite similar backgrounds and 
disciplines, as implementation of their skill set within an 
act is greatly influenced by the timing of choreographic se-
quences, which are integrated for the sake of artistic expres-
sion. 

INJURY RISK MITIGATION CHALLENGES 

While one of the earliest studies on injuries in the circus 
performer population found injury rate to be lower in com-
parison to similar sport disciplines within the National Col-
legiate Athletic Association,1 research on this unique and 
diversified demographic has evolved.2,3 With show oppor-
tunities expanding and performers becoming more special-
ized, injury risk is more apparent and worthy of further 
discussion and investigation.2,3 Performance in circus re-
quires high workloads through repetitive training and fre-
quent show performance exposures which creates injury 
risk comparable to that in sports, with 7.3 to 9.7 injuries 
per 1000 artist performances.1–3,5 These injury rates in cir-
cus are comparable to those found in a study of practice in-
juries in NCAA sports, in particular Fall season sports which 
demonstrated injury rates of 7.4 injuries per 1000 exposures 
with the highest injury risk sport being women’s soccer at 
9.3 injuries per 1000 exposures.5 The diversity of disciplines 

Figure 1. A performance acrobat defies gravity on 
the trampobed 

Figure 2. A contortion artist challenges the limits of 
flexibility on the aerial chandelier 

within both acrobatic and non-acrobatic performer profiles 
further influences a unique variety of injury conditions and 
presentations which require creativity while progressing an 
injured performer back to show performance.1–4 These high 
workloads within circus performance require frequent, 
repetitive movements and dynamically loaded patterns 
through extreme ranges of motion which contribute signif-
icantly to time-loss from training and performance due to a 
variety of acute, traumatic, and chronic injuries.1,2,6 

Show exposures may consist of 8-10 shows per week over 

Considerations for the Medical Management of the Circus Performance Artist and Acrobat

International Journal of Sports Physical Therapy

https://ijspt.scholasticahq.com/article/31645-considerations-for-the-medical-management-of-the-circus-performance-artist-and-acrobat/attachment/79420.jpeg?auth_token=pgHATzZzSPuWsZviz8_P
https://ijspt.scholasticahq.com/article/31645-considerations-for-the-medical-management-of-the-circus-performance-artist-and-acrobat/attachment/79421.jpeg?auth_token=pgHATzZzSPuWsZviz8_P


the course of 5-6 consecutive days, not including “off-days” 
that may require international travel by bus, air or train to 
the next tour city which can negatively influence sleep qual-
ity, recovery, performance and injury risk as shown in a va-
riety of athletic populations.3,7–10 Fluctuating show perfor-
mance times across various time zones within all seasons 
are variables that can negatively influence performance and 
recovery. Further, due to the nature of training sessions and 
show performances being held indoors across a variety of 
global venues at various times of year, lack of sun expo-
sure and vitamin D deficits, especially during the winter 
and early spring seasons, must be considered as potential 
contributors to injury.10 Given the complexity of show per-
formance and lifestyle demands, injury risk within the cir-
cus performer population is a constantly evolving variable 
that needs to be monitored and managed, especially within 
a highly specialized show performance environment where 
“backup performers” and shared allocation of show perfor-
mance “minutes”, in load management vernacular, are not 
always available and possible. 

Another unique challenge of mitigating injury risk as it 
relates to the volume and frequency of circus performance 
training and show exposure is the lack of a true “offseason” 
period. Unlike professional sport where offseason training 
commences following the conclusion of the competitive 
season, circus performances continue year-round with vari-
able, brief show performance “breaks” ranging from a few 
weeks or longer and occurring between tour legs, which 
typically consist of a 9-12-week period of continuous tour-
ing and an intensive show performance schedule. Further, 
given the unique nature of what performers are required to 
do on stage as well as the specific equipment and techni-
cal aspects required within their acts, access to these ap-
paratuses during these performance breaks is not always 
ensured which could contribute to injury risk when resum-
ing training and show performance if there is a period of 
act specific “de-loading”. These exposures to the potential 
risk factors of 1) fluctuations in act-specific training 2) de-
creased loading patterns both during and after sporadic tour 
and show performance breaks and 3) high volume training 
and show performance workloads over the course of a pro-
longed period of time can significantly, through workload 
spikes following periods of decreased training, contribute 
to injury risk in the circus performer as demonstrated in 
other athletic populations.11–15 Further, depending on per-
formance group and entertainment company size, the ex-
posure risk may be heightened when back-up performers 
are not available across the show and/or for a particular act 
which would then require the highly specialized performers 
to perform in their assigned role during each show, essen-
tially compromising periods of relative rest where said per-
formers would still perform but in a reduced capacity on a 
show-by-show rotation basis. In the presence of larger casts 
with built-in act and show performance rotations, the abil-
ity to implement these relative rest periods may potentially 
become more practical. However, even in this ideal situ-
ation, injuries across the show can alter line-ups and re-
sult in modifications to even the best planned rest-rotation 
schedule. 

Figure 3. A juggler skillfully combines finesse and 
showmanship 

CULTURAL CONSIDERATIONS 

Given the diversity of cultures represented within circus 
performer disciplines, it is important for the practitioner to 
be sensitive to varying levels of understanding and inter-
pretation of injury by the performer. In some cases, pain 
may be perceived as an acceptable or expected aspect of 
performing, a “badge of honor” in some respects, that is not 
deemed as threatening in the current moment. Some per-
formers would attempt to perform through pain and disre-
gard medical opinion rather than feel as if they “let down” 
the fellow members of their performance team or act. How-
ever, it is in these situations where the intersection of med-
ical recommendations and emotional intelligence of the 
practitioner must be most robust and steadfast as pro-
longed injury conditions without proper medical evaluation 
can result in extensive time loss due to injury and poten-
tially career threatening injuries. Guided by a collaborative 
decision-making approach which includes the coach and 
associate stakeholder who can assist with language trans-
lation as needed, education on the risk of career endanger-
ment and harm potentially which can be caused to fellow 
performers within an act when a performer is not at full 
health should be broached in these discussions to ensure 
better understanding. Despite the existence of self-induced 
pressure to perform even with a significant musculoskeletal 
injury, show tracks and cues can be modified without cre-
ating increased risk to injured performers but still allowing 
them to perform in some capacity in show performances. 
These aspects of determining show performance status fur-
ther illustrate the need for a collaborative, understanding 
and openly communicative decision-making structure 
within the circus environment. 
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As it relates to consultant-provided medical care, stan-
dards, systems and injury management recommendations 
vary significantly on a global scale. The interpretation of 
and recommended treatment interventions for a variety of 
injury conditions can vary greatly, with the heightened risk 
associated with circus acrobats in particular heavily influ-
encing what may be perceived as more conservative time-
lines and restrictive recommendations. 

Further influencing dynamics of the performer-practi-
tioner healthcare relationship are the cultural expectations 
for what information relevant to their injury is expected, 
what is considered important in terms of how an injury is 
described and managed, and how involved the individual 
desires to be in the decision-making process while engaging 
with their practitioner. In some cultures, “less is more” in 
that minimal information is preferred as it relates to best 
understanding an injury condition and pathology.16,17 Mis-
understandings or lack of awareness when educating and 
engaging the performer in their own healthcare can occur 
if the practitioner is not sensitive to cultural differences 
and language discrepancies, negatively influencing injury 
management outcomes and producing intercultural com-
munication conflicts.17–20 Acknowledging and understand-
ing potential differences in beliefs regarding health, injury 
or illness across a variety of ethnic groups is likely to reduce 
gaps in practitioner-performer communication and ensure 
a more positive outcome.19,20 For example, navigating the 
medical referral process for a Russian performer primarily 
speaking Russian and minimal English who sustained a 
shoulder dislocation injury on tour in Japan and is being 
seen by a local doctor who speaks neither English nor Russ-
ian will require linguistic diplomacy, planning, and level-
headedness to ensure a desirable outcome. Certainly, the 
utilization of an established global medical referral network 
or telehealth services could meet the needs of the injured 
performer and provide diagnostic clarification in situations 
where language discrepancy or limited medical specialty 
services exist. 

PSYCHOLOGICAL CONSIDERATIONS 

Due to the unique interaction of both athletic ability and 
artistic expression required of the circus performance artist 
and acrobat, the emotional, social, and cognitive loads ex-
perienced by these performers needs to be considered. 

Injuries as well as other critical circus situations such as 
on-stage accidents, show cancellations, and relationship is-
sues can elicit a myriad of emotional responses which im-
pact the health of artists. Furthermore, contrary to most 
sports, circus requires a deep level of emotional embodi-
ment.21 Hence, providing an emotionally safe environment 
is paramount in supporting the creative growth and perfor-
mance of the performers.22 In this regard, researchers have 
found that emotional regulation is integral to performing 
artist success and that it can reduce the occurrence of ac-
cidents and near misses in contemporary circus arts.22,23 It 
is thus essential for practitioners to address the emotional 
experiences of a significant event to help artists recognize, 
understand, label, express, and regulate emotional content 
attached to the experience. Active listening where the prac-
titioner expresses curiosity by asking questions rather than 

making judgements can be a powerful tool. Processing emo-
tional experiences, both verbally and through movement, 
is a crucial step towards enhancing psychological function-
ing and wellbeing in performing artists. In fact, the absence 
of emotional regulation support can result in long lasting 
emotional consequences thereby affecting the likelihood of 
developing a variety of health problems.24 

Many circus acts are performed within a team environ-
ment and, therefore, optimal performance is influenced by 
the development of shared coordination and cohesion 
among teammates.25 Because safety at times depends on 
coordinated precision among artists as well as technicians, 
band leaders, and stage managers, it is thus important to 
stay attuned as practitioners to the quality of the social in-
teractions experienced by artists. Lack of team cohesion and 
coordination increases social anxiety levels and mistrust 
within a team and could, for instance, reduce work enjoy-
ment, slow down the reintegration process after an injury, 
and impede performance.22,26 In addition, there may be 
limited opportunities for socialization outside of the tour-
ing show environment, increasing the negative impact of 
poor social connections on artists’ overall wellbeing. Es-
tablishing team processes and support systems to foster 
trust, respect, and effective communication amongst artists 
is key.22,27 

Improved awareness and understanding of socio-cogni-
tive skills can favor best practice within a circus medical 
management program. For instance, it has been shown that 
artists with low self-efficacy are twice as likely to get injured 
compared to their higher self-efficacy counterparts. Specif-
ically, a low level of either success or personal accomplish-
ment may be predictive of injury.28 Lower self-efficacy is 
also associated with elevated anxiety and fear of failure and 
injury which has direct impact on motor performance be-
cause of its influence on attentional control.22 Specifically, 
elevated anxiety can make artists more inclined to reinvest 
their knowledge and overthink. This “paralysis by analysis” 
phenomenon disrupts movement automaticity resulting in 
a robotic performance and lower overall performance qual-
ity. In some cases, this disruption in automatic cognitive 
patterns can lead to Lost Movement Syndrome (LMS), a psy-
chological condition in which athletes find themselves un-
able to perform a skill that was previously automatic. Re-
search shows that this condition can negatively influence 
career potential.29 It is important to note that some indi-
viduals are more prone to performance deterioration under 
elevated anxiety. For instance, perfectionism, ruminating 
thoughts, and knowledge reinvestment have been identi-
fied as potential psychological mechanisms influencing mo-
tor performance decline. Hence, mental skills training can 
be highly effective within the circus community to enhance 
cognitive functioning.22,26,30 

Contrary to sports where success is determined by an 
end-score regardless of spectator involvement, performing 
arts strive to immerse the audience into the performance of 
the artists. Hence, stage performance requires unique men-
tal capacity to produce both captivating motor tricks and 
artistic display to evoke a crowd response which greatly in-
fluences how success may or may not be defined. Beyond 
what would be required on stage, the ‘circus life’ demands 
described through this commentary (e.g., frequently chang-

Considerations for the Medical Management of the Circus Performance Artist and Acrobat

International Journal of Sports Physical Therapy



ing country, venue, and lodging environments) may natu-
rally impose psychological demands and challenges on the 
performer which can influence fatigue, emotional wellbe-
ing, on-stage performance, and injury risk and/or presenta-
tion.28 

RECOMMENDATIONS 

Given the diversity of skill sets and backgrounds possessed 
by the circus performer, the clinical examination, treat-
ment, and return to performance decision-making 
processes must consider both the unique demands required 
of a highly specialized performance cohort in addition to 
the wide-ranging influence and vested interest of numerous 
stakeholders who are involved in ensuring an optimal per-
formance environment for these performers. Successful 
medical management of the circus performer should thus 
account for a wide variety of considerations that influence 
injury mitigation, health and performance.3 

COMMUNICATION AND COLLABORATION 

Bolling et al. have thoroughly described and outlined the 
complex and dynamic interactions between circus stake-
holders, ranging from technicians and wardrobe personnel 
to stage managers and the artistic team, as they relate to 
performer healthcare management.3 Namely, they high-
lighted that effective communication and collaboration 
strategies facilitate healthcare management when multiple, 
diverse professionals are involved. In the circus environ-
ment, it is advised to adopt a flexible mindset that is sen-
sitive to the “when and where” aspects of effective com-
munication. This requires an open-minded, ego-quiet, and 
understanding attitude. For example, as it would relate to 
understanding the perspective of a member of the wardrobe 
department, it may not be so relevant as to why a per-
former’s shoulder range of motion would need to be limited 
due to an acute acromioclavicular joint sprain but, rather, 
what modifications would be needed within the costume to 
protect this joint from possible compromise or what per-
missible color and style of supportive taping that can be 
applied by the medical department while still maintaining 
a certain required aesthetic on stage. On the contrary, it 
would be crucial for the act coach to know what range of 
motion limitations are present in order to possibly modify 
act sequences which still allows the performer to safely par-
ticipate and not at the cost of aggravating the current con-
dition further. 

Internally, daily meetings and correspondence via med-
ical reports with artistic directors, stage managers, and 
coaches provides a medium for open dialogue and feedback 
regarding medical management strategies on a case-by-
case basis. Availability and open-mindedness are critical in 
not only strengthening communication with both the per-
former and stakeholders but allows the medical provider to 
seek out a greater understanding of the nuances and unique 
act specific demands relative to that performer’s particular 
role within the show performance. Robust communication 
practices between medical providers and coaching staff are 
likely to yield more favorable outcomes relating to injury 

and availability.31 

Developing a global medical network external to the 
show can be a tremendous resource for accessing both local 
and international medical providers and should include a 
variety of practitioners, including, but not limited to, gen-
eral medical doctors, orthopedic doctors, sports psycholo-
gists, nutritionists, chiropractors, and massage therapists. 
Given the unique demand of frequently moving show tours 
combined with the cultural aspects of circus performer 
medical management, it is important to integrate external 
medical providers who have either previously been exposed 
to managing circus performer injuries in the past or reg-
ularly consult with athletes in high performance sport to 
best comprehend the very unique set of skills and consider-
ations when medical recommendations are provided to and 
for an injured performer. Virtual or telemedicine and trans-
lator services associated with these consultations with pre-
ferred doctors and specialized health providers present an 
opportunity to still access reliable and trusted medical care 
remotely when language differences and medical practice 
standards vary greatly on a global scale. Providing the con-
sulting doctors with information in advance that is perti-
nent to the unique act demands and specialization of the 
performer, specifically through video of a particular act or 
injury episode, as well as relevant considerations for return-
ing the performer back to full show performance in regards 
to cue track, act sequences and co-performer interactions, 
is recommended. 

TRANSDISCIPLINARY APPROACH 

The communication and collaboration styles described 
above are in line with a transdisciplinary approach. Accord-
ing to Karol et al.,32 within this approach professionals that 
are part of the rehabilitation team defined patient needs 
collaboratively using their unique knowledge and experi-
ences. It moves away from the “quantitative, typically re-
ductionist and mono-disciplinary approaches to physiol-
ogy, motor-learning, biomechanics, and psychology.”33 In 
sport, transdisciplinary rehabilitation teams are usually 
composed of physical, psychological, technical, and manag-
ing professionals plus the athlete.34 Including the athlete 
across the entire rehabilitation process is at the core of this 
athlete-centric approach as it was shown to increase ath-
letes’ empowerment, engagement, and motivation in addi-
tion to decreasing burnout for sport medicine practition-
ers.35 Further, environments which foster collaboration and 
trustworthiness amongst staff while providing athletes with 
a positive vision, clear communication and continued sup-
port throughout training programs resulted in more favor-
able outcomes in regards to injury reduction and increased 
game availability.36 

At a ‘micro-level’, adopting a transdisciplinary approach 
can translate into rehabilitation programs which integrate 
neurophysiologic and neurocognitive aspects of injury.37,38 

In circus, such programs would entail educating the per-
former on information processing, perceptions, sensations, 
and emotions experienced during the task. Then, the per-
former and medical provider, with the collaboration of the 
strength & conditioning coach, mental performance spe-
cialist and artistic coach, can generate ideas to design in-
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novative and engaging rehabilitation exercises that are rep-
resentative of the physical, cognitive, affective, and social 
aspects of a particular skill or performance specialty. The 
rehabilitation program is thus more holistic in nature and 
not solely focused on the physical aspects of the healing 
process. Although promising, this approach deserves fur-
ther empirical research to clearly highlight the depth of 
benefits. 

At the macro-level, transdisciplinary processes consider 
the complex interactions of socio-ecological systems and 
could better support a health enhancement program. 
Bolling et al identified three injury prevention strategies in 
the realm of circus: safety, load management and prepara-
tion.3 While the strategies described were mainly physical 
(e.g., performing exercises) or organizational (e.g., adapting 
the schedule), expanding the load management and prepa-
ration strategies to include the cultural, social, cognitive, 
and affective aspects is also recommended. 

Given what may be a condensed schedule during show 
weeks, training time for individual and group acts may ei-
ther be limited or not readily available depending on the 
tour plan dynamics, facility lay-outs and technical inspec-
tion requirements which ensure proper safety of perfor-
mance apparatuses. Therefore, traditional periodization 
and load management methods used in sports may not nec-
essarily be applicable for the circus environment. It is im-
portant to consider that load demands in the circus popu-
lation are not uniform, vary across disciplines and require 
varying management strategies across these disciplines. For 
example, a contortionist troupe may benefit from repeated, 
high volume static load exposures in both training and show 
performance to maintain soft tissue pliability whereas 
trampoline acrobats would require a more closely moni-
tored and orchestrated training plan to ensure that training 
loads do not compromise their ability to recover and per-
form in shows given the ballistic, repetitive nature of their 
performance act. 

In addition to the specificity of the task to be performed, 
contextual situations can also greatly impact the perceived 
load of a performance schedule. For instance, the cognitive 
load of learning new cues in the show can impact the level 
of fatigue of the artist, even if the cues are not physically 
demanding. Similarly, trying a high-risk trick for the first 
time might increase anxiety level, emptying the artist’s en-
ergy ‘tank’ faster. Finally, conflicts arising between team 
members or partners can be socially heavy to manage, 
which are also influenced by cultural background. Paying 
attention to the cognitive, affective, and social load/de-
mands can help practitioners better design holistic preven-
tive plans. By working in harmony with other specialists 
whom are both internal and external to the show, increased 
psychological support can be planned when the perfor-
mance schedule involves high cognitive demands. Relax-
ation, meditation, or mindfulness sessions can be inte-
grated to the daily schedule to help alleviate anxiety in 
addition to implementing a psychologically safe space to 
help artists communicate among themselves to avoid or 
manage social tension. According to the socio-ecological 
model of resilience39 “environments that provide resources 
to develop or maintain optimal psychological, social, and 
physical wellbeing facilitate the capacity of individuals to 

withstand, overcome, and adapt to adversity”.40 This type of 
community-based approach is relevant to professional cir-
cus contexts as it ensures the development of both inter-
nal and external resources, so the individual feels fully sup-
ported.41 

The development of resources can also optimize prepa-
ration prior to show. Warmups which encourage artists to 
activate both their body and minds while synchronizing fa-
miliar performance sequences with each other is thus rec-
ommended. Although research is scarce about the impact of 
holistic warmups,42 the authors recommend providing per-
formers with a wide variety of tools for them to build an 
individualized preparation for performance. Educational re-
sources by way of infographics translated to a variety of lan-
guages spoken on tour and posted on-site, guest speakers, 
periodic group or “question and answer” sessions, and daily 
interactions during both ongoing injury management ses-
sions and treatments can be provided to best inform artists. 
This knowledge can then influence prudent decision mak-
ing on the part of the performer as it relates to adequate 
preparation as well as other important habits which influ-
ence sleep, recovery, emotional well-being, nutrition, and 
hydration while on tour to mitigate injury risk.9 

Because injury prevention is considered to be a dynamic 
and complex system, one must consider how elements of 
this system interact and change over time. 3 Hence, the 
use of a subjective wellness and preparation questionnaire, 
such as a multi-item Likert scale which provides ratings 
for general fatigue, muscle soreness, emotional states, cop-
ing resources, and sleep quality, can be used to assess per-
ceived recovery from previous training as well as readiness 
for same-day participation.43–45 Training plans can be ef-
fectively developed and planned according to show volume 
and context, act and cue rotations, and “stage” or training 
area availability each week, rather than over the course of 
an entire tour plan due to the spontaneous and ever-chang-
ing nature of the circus environment. Input provided from a 
multidisciplinary team of stage managers, artistic coaches, 
performer-coaches, show directors, technicians and med-
ical providers can promote a transdisciplinary approach in 
managing training and show load exposures not just within 
individual performance acts but across the performance 
cast as a whole. 

Future research should focus specifically on the indi-
vidual cohorts represented within this unique performance 
population to further investigate the needs analysis and 
mental performance demands as well as injury patterns 
which may vary between acrobats, artistic characters, and 
musicians. Cohort studies focused on these varying perfor-
mance groups will allow for injury surveillance and treat-
ment protocols to become more specialized and ideally both 
enhance performance and reduce injury risk. 

CONCLUSION 

Medical management of the circus performer requires a 
transdisciplinary, multicultural, and multifaceted ap-
proach. The skill sets and performance requirements of cir-
cus performers are diverse and highly specialized with a 
wide variety of injury conditions which present. Collabora-
tion and establishing clear lines of communication between 
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and with non-medical essential stakeholders, such as stage 
managers, artistic directors, coaches, and technicians, is in-
tegral to managing the many aspects of circus life which 
influence the healthcare and wellbeing of the performer. 
Effective medical management should consider social and 
cultural perspectives as it relates to interpretation and cop-
ing strategies related to injury as well as the unique psy-
chological and physical load demands placed upon the cir-
cus performer. An established global medical network and 
educational initiatives can be instrumental in guiding the 
understanding and managing of injury as well as fostering 
a pro-active approach for achieving optimal performance, 
health, and well-being of the circus performer. 
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INTRODUCTION 

In the last two decades, sport-related concussion (SRC) has 
received growing attention within the sporting world. High 
SRC incidence rates have been reported for contact team 
sports such as rugby, American football and ice hockey, 
whereas men’s football (soccer) is associated with the low-
est concussion incidence.1 Furthermore, higher rates of SRC 
were found in female football and ice hockey players during 
competition and training. 

Since 2017, the Concussion in Sport Group (CISG) con-
sensus statement has set the benchmark for physicians, 
athletic trainers, sports physical therapists and other 
healthcare providers involved in athlete care at any level 
of sport.2 Sport-related concussion is defined as a subset 
of mild traumatic brain injury without structural anomalies 
on conventional neuroimaging. Headache and dizziness are 
the most common acute symptoms of SRC that usually re-
solve after 7 to 10 days, although 10% to 15% of symptoms 
may persist for a longer period. The CISG statement de-
scribes 11 “Rs” of clinical SRC management: recognize, re-
move, re-evaluate, rest, rehabilitation, refer, recover, return 
to sport, reconsider, residual effects and sequelae, and risk 
reduction.2 After an initial period of 24 to 48 hours of phys-
ical and cognitive rest, a gradual return to sport (RTS) strat-
egy is recommended. 

Feddermann-Demont et al.3 recently presented a sys-
tematic approach for the initial examination, diagnosis, and 
management after SRC for high-level football (soccer) play-
ers, which includes a detailed RTS program. To date, this 
procedure is the only example of a sport-specific compre-
hensive strategy available for team physicians and health-
care personnel to treat SRC athletes. 

In elite ice hockey, concussion protocols of the National 
Hockey League (NHL)4 and International Ice Hockey Fed-
eration (IIHF)5 exist and are consistent with the CISG con-
sensus and RTS guidelines. While the CISG-RTS guideline 

entails generic activity descriptions (Table 1), the NHL pro-
tocol provides an example of a graded return to play pro-
gression for ice hockey players after SRC. 

This clinical commentary presents a detailed RTS pro-
gram for high-level ice hockey, which is based on the most 
recent recommendations as well as clinical and practical ex-
perience. The proposed comprehensive protocol specifically 
aims to optimize performance in elite male and female ice 
hockey players after SRC. 

RETURN TO SPORT 

While the team physician (or designee) supervises the RTS 
protocol,2,3 sports physical therapists, athletic trainers, and 
conditioning coaches closely cooperate to monitor the in-
jured player throughout the various RTS stages. 

Based on CISG guidelines, SRC players are progressively 
exposed to training activities (known as graduated RTS pro-
gression) that do not provoke or worsen symptoms (Table 
1). There should be a period of at least 24 hours (or longer) 
for each progression step. If any symptoms worsen during 
exercise, the athlete should return to the previous stage.2 

The process from one phase to the next should be individ-
ualized based on the current signs and symptoms, and on 
the unique characteristics (i.e. age, experience and skills) of 
each player. 

The 2016 consensus statement on RTS defines three ele-
ments of the “RTS continuum”: return to participation, re-
turn to sport and return to performance.6 While the ulti-
mate aim of returning to pre-injury performance level is 
ideally reached after complying with the consensus RTS 
process, the goal of the supporting staff is to safely and 
optimally guide the athlete through the “training to per-
form” regimen. In a recent editorial, Reinhold7 highlighted 
that sports physical therapy should aim to optimize perfor-
mance: the key concept (or the “performance spectrum con-
tinuum”) not only involves helping the athlete to restore 
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Table 1. Graduated Return to Sport (RTS) Strategy of the Concussion in Sport Group (CISG) 

Stage Aim Activity 

1 Symptom-limited activity Daily activities that do not provoke symptoms 

2 Light aerobic exercise Walking or stationary cycling at slow or medium pace. No resistance training 

3 Sport-specific exercise Running or skating drills. No head impact activities 

4 Non-contact training drills Harder training drills, e.g. passing drills. May start progressive resistance training 

5 Full contact practice Following medical clearance, participate in normal training activities 

6 Return to sport Normal game play 

Consensus adapted from McCrory et al.2 

their baseline function(s), but also requires working with 
them to improve, enhance and optimize performance. 

OPTIMIZING RETURN TO PERFORMANCE 

From a sports physical therapy and athletic trainer perspec-
tive, there is a need to be more actively involved in the RTS 
process rather than passively guiding the athlete. 

While it is paramount to closely monitor SRC symptoms 
(i.e. before/during/after exercising), the inclusion of addi-
tional individual-adapted training activities can help the 
athlete in their “training to perform” at the different stages 
of the RTS program (Table 2). Table 2 outlines an example 
of a suitable RTS program for elite ice hockey players with 
SRC: the athlete should not only progress through the RTS 
stages, but also work on any deficits linked directly (i.e. 
balance abilities) and/or indirectly (i.e. reactive capacities) 
with the SRC. 

In Stages 2 and 3 of the recommended program, the 
player is often supervised by the sports physical therapist 
or athletic trainer: while the focus is set on aerobic exercise 
(initially using a stationary bike or elliptical trainer to avoid 
neck/head impact) and initiating light resistance training, 
further elements can be added to facilitate player recov-
ery.8–10 In the gym, the player may use skates and a stick 
for balance and coordination drills, and the slide board for 
(controlled) agility drills (Figures 1, 2, 3). While the player 
is still far away from the ice, the additional neuromuscular 
training—which should be role-specific depending on 
whether the affected athlete is a player or goalkeeper—en-
hances sport-specific reactive stabilization strategies and 
promotes a positive psychological attitude within the over-
all training regimen. 

If symptoms persist for more than 10 to 14 days, the ath-
lete should be referred to a healthcare professional with 
concussion management expertise.2,11 In particular, this is 
the case for players dealing with vestibular and/or oculomo-
tor deficits (the topic of which is beyond the scope of this 
commentary), who often require comprehensive and tar-
geted management.11–13 

Deficient (or insufficient) activation of the deep cervical 
muscles is a common clinical observation in athletes after 
SRC,14 and it is therefore recommended to implement a 
neck stabilization/strengthening scheme in the RTS pro-
gram usually during Stage 3 when SRC symptoms gradually 
resolve (Figure 4, 5). Despite the controversy surrounding 

Figure 1. Reactive balance/stabilization on skates 
and against elastic resistance (duration/sets to be 
adapted) 

this aspect of cervical involvement, a stable and stronger 
neck may contribute to a lower risk of further injury in ath-
letes post-SRC.15–19 

Within Stage 3, SRC players can begin with easy skating 
(while respecting the sub-symptom threshold) and before 
engaging in non-contact training (Stage 4.1), a basic set of 
on-ice drills is recommended (Stage 3.2). The assumption 
that a symptom-free player in the gym will remain symp-
tom-free on the ice should be avoided; for example, if dizzi-
ness caused by head and/or body rotations has resolved 
with specific vestibular exercises,20 turning and pivoting on 
the ice may invoke renewed symptoms of head pressure 
or dizziness. Therefore, by allowing the player to proceed 
through a set of simple drills, where linear and circular/
rotational moves (forward and backward) with simple and 
dual tasks (i.e. adding puck control, focusing on a fixed/
moving target) are performed, the player is then able to feel 
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Table 2. Graduated Return to Ice Hockey Program for Elite Players 

STAGE AIM(S) ACTIVITY 

1 Symptom-
limited activity 

Daily activities that do not provoke symptoms (e.g. 10 min of slow walking) 

2 Light aerobic 
exercises 
(unspecific) 

3 3.1 Aerobic 
exercise 
(progression) 

No heavy resistance training. 

3.2 Ice hockey-
specific 
exercises 

No contact activities on ice. 
For goalkeepers: controlled and non-explosive movements (T-glide, butterfly, half-butterfly, 
other); no shooting on goal 

4.1 Non-contact ice 
hockey training 
drills 

No contact activities on ice. 
For goalkeepers: controlled and explosive movements; shooting on goal 1:1 with a coach from 
different ranges (short to long) and angles (no slapshots) 

4.2 Ice hockey 
training drills 
with controlled 
contact 

Participation in team training with controlled contact situations (checks on players, checks on 
boards) 
Progressively increase intensity in all training drills 
For goalkeepers: all movements; drills with players shooting (incl. slapshots) on goal from 
different angles 

5 Full contact 
practice (team 

Following medical clearance, participate in normal team training 

a. Cardiovascular exercise on stationary bike; 25-40 min including warm up and cool down; controlled 

activities, low to moderate intensity (ca. 70% HR max); control for stable head/neck position while 

exercising 

b. Mobility/stretching, stabilization and controlled balance (double and single stance) exercises 

a. Introduce interval training on stationary bike (or elliptical; treadmill not first choice because of head/

neck impacts); 25-40 min including warm up and cool down; controlled activities, moderate intensity 

(ca. 70-80% HR max); control for stable head/neck position while exercising 

b. Body training (no resistance/light elastic resistance) 

◦ Mobility and stretching exercises 

◦ Neck stabilization exercises (no resistance) 

◦ Trunk strength/stabilization exercises (no resistance; no explosive movements) 

◦ Basic lower/upper extremities strength exercises (light elastic resistance) in the 3 planes 

of movement 

◦ Balance exercises (double and single stance) on unstable surfaces 

a. Warm up -free skating- for 10 min at low/moderate intensity 

b. Basics skating with rotation/changing of direction 

c. Technical training with the stick/puck (1:1) 

◦ Skating forwards, backwards, sideways, stop & go (not explosive) 

◦ Skating in the face-off circle, figure of 8 between the two face-off circles 

◦ Basics: stickhandling, short/long passing; easy shooting on targets 

a. Cardiovascular training on the ice 

b. Technical training (with small group of players) 

c. Body training (incl. elastic resistance) 

d. Strength training 

◦ Warm up -free skating- for 10 min at moderate intensity 

◦ Interval skating at higher intensities (ca. 90% HR max) with sufficient breaks 

◦ Cool down for 5-10 min at low intensity 

◦ Small size game 

◦ Short/long passing 

◦ Shooting on goal 

◦ Selected drills with passing/shooting 

◦ Agility and reactive quickness drills 

◦ Mobility and stretching exercises 

◦ Neck stabilization exercises (elastic resistance) 

◦ Trunk strength/stabilization exercises (incl. free weights) 

◦ Basic lower/upper extremities strength exercises (elastic resistance; free weights) 

◦ Balance exercises (double and single stance) on unstable surfaces 

◦ Agility and reactive quickness drills 

◦ Keep resistance below about 80% 1RM, no classic weight lifting or exercises with head be-

low the level of the hips (e.g. back extensions on a bench) 

◦ Progressively increase external resistance for multi-joint exercises 

a. Cardiovascular training: to be continued 
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training) 

6 Return to play Normal match play 

HR max = maximum heart rate, min = minutes, RM= repetition maximum 

b. Body and strength training: regain usual routine training (unrestricted) 

c. Assess and assure psychological readiness 

(and the coaches can observe) whether they are experienc-
ing symptoms during these movements on the ice or not 
(Figure 6). The ability to master these drills on the ice with-
out symptoms improves the player’s confidence and raises 
the chances that they will be able to resume non-contact 
team practice efficiently. 

Ice hockey is a fast-paced, contact team sport that re-
quires high levels of reaction time and decision making, 
and athletes after SRC need to master motor and cognitive 
skills concurrently. Affected players usually experience dif-
ficulties with quickness and reactivity drills, which confirms 
recent findings on impaired reaction times during sports-
related movement tasks.21,22 The inclusion of cognitive re-
active agility drills with dual or multitasks (e.g. visuomotor 
reaction time training with the FITLIGHT® system) is 
therefore an important element in the “training to perform” 
part of Stage 4 and beyond (both in the gym and on ice).23,24 

(Figure 7, 8) In addition to strength and conditioning train-
ing, these cognitive reactive agility drills are also necessary 
to minimize subsequent injury risk.25,26 

At Stage 5 of our proposed RTS strategy, the player 
needs, on average, 4 to 5 full team training practice sessions 
(including unrestricted contact) before they can be consid-
ered completely mentally and physically ready for partici-
pation in competition games. As previously mentioned, this 
process is highly individual and should be based on both the 
athlete’s response and staff judgement of the athlete’s per-
formance during training. The psychological readiness for 
competition is crucial, and the use of the Injury-Psycholog-
ical Readiness to Return to Sport (I-PRSS) tool is helpful 
to assess the player’s confidence in performing at the last 
stages of the RTS scheme.27,28 Neurocognitive testing (not 
discussed here) should also be used as part of the RTS deci-
sion-making process.11 Depending on the position, role and 
importance of the player within the team, the coaching staff 
often plan a number of games with increasing ice time (usu-
ally with the farm team) to allow the progressive return of 
the player to competition. With appropriate monitoring of 
the player’s training progression and close interaction with 
the player, the medical and technical staff can best support 
the athlete in the “training to perform” stage of the RTS 
program, which should ideally be a shared decision-mak-
ing process among these stakeholders.6 Ultimately, RTS af-
ter SRC should only occur with medical clearance from a li-
censed healthcare provider who is trained in the evaluation 
and management of concussion.13 

CONCLUSION 

Sport-related concussion is a severe and complex type of 
injury requiring specific rehabilitation management and a 

Figure 2. Balance/stabilization on board with 
stickhandling and moving the puck between two 
plates (duration/sets to be adapted) 

RTS protocol following the CISG guidelines. While respect-
ing these principles, the supporting team comprising a 
sports physical therapist and athletic trainer should work 
with the athlete to restore function as well as optimize and 
enhance their performance. The athlete is constantly su-
pervised by the medical team during this process. Elite ice 
hockey players post-SRC should not only be symptom-free 
and able to participate in unrestricted practice and games, 
they should also be optimally ready at both physical and 
mental levels to perform with minimal re-injury risk. This 
clinical commentary has described a comprehensive RTS 
ice hockey program, which can help injured elite players in 
reaching this goal. 
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Figure 3. Moving on the slide board with an 
oculomotor task (fixing objects at various distances) 
(duration/sets to be adapted) 

Figure 4. Isometric neck stabilization (lateral 
muscles) against a Swiss ball (duration/sets to be 
adapted) – Stage 3 (Table 2) 
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Figure 5. Reactive neck stabilization against elastic resistance, on an instable surface (duration/sets to be 
adapted) – Stage 4 (Table 2) 

Figure 6. Scheme of basic moves on ice: 1) Bully circle, skating one/other directions; 20-30 sec per each 
direction; 2-3 sets with increased speed (stick only/ stick & puck) 2) Figure 8 skating, ½ forwards & ½ 
backwards; 20-30 sec per each direction; 2-3 sets with increased speed (stick only/ stick and puck) 3) A: 
circling 2x => B) accelerate to the boards, stop and back => A) + C) accelerate to boards, stop and back => 
continue (stick only) (duration/sets to be adapted) 
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Figure 7. Visuomotor reactive training on the “Speed Court” (GlobalSpeed GmbH, Hemsbach, Germany). The 
player moves quickly form plate to plate reacting to the given signal on the screen placed on the wall in front 
of him. Drills of about 20-30-40 sec duration (sets to be adapted). Photo courtesy of Steven Lingenhag (Hockey 
Club Davos). 

Figure 8. Several cones on the bully circle line and one in the middle. Player skates quickly and randomly 
between cones (stick/stick and puck). Progression: Fitlights are placed on the cones, and the player skates 
quicky to the cones reacting to the given light signal (stick only). Drills of about 20-30 sec duration (sets to be 
adapted) 
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With InternalBrace (in weeks)

Standard repair (in weeks)

0
5 10 15 20 25

13.3

17.5

InternalBrace surgical technique is intended only to support the primary repair and is not 
intended as a replacement for the standard of care using biologic augmentation in a primary 
repair. InternalBrace surgical technique is intended only for soft-tissue-to-bone fixation and is 
not cleared for bone-to-bone fixation.



HydroWorx now has options  
designed for existing facilities  
and treatment areas.
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u Patients and athletes who walk in a HydroWorx pool are  
better equipped to transfer what they learn to land than their 
counterparts who engage in self-directed shallow water walking. 

u	 Aquatic	therapy	is	bene昀cial	to	achieve	threshold-intensity	
training while lowering the stress on the joints that is caused 
by land running.

u	 The	bene昀ts	of	water	therapy	on	the	underwater	treadmill	
included	reduced	soreness,	body	fat	and	in昀ammation	while	
also	improving	muscle	mass	and	strength	performance.

u Clinical results show that athletes who participate in water 
rehabilitation	and	land-based	post	rehabilitation	have	 
better scores on postural sway, indicating better balance  
and fewer episodes of re-injury.

u	 Bene昀ts	of	hydrotherapy	exercises	included	a	lean	body	 
mass	increase	with	underwater	treadmill	training,	with	 
gain	seen	mainly	in	the	legs.
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