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ABSTRACT

Background: Returning to a satisfactory activity level is expected by patients after cartilage repair, and may define overall surgical
success.

Purpose: To investigate: 1) the level and improvement in activity in patients at two years after matrix-induced autologous chon-
drocyte implantation (MACI), 2) what factors are associated with post-operative (and improvement in) activity level, and 3)
whether patients are satisfied with their ability to participate in recreational and/or sporting activities.

Study Design: Prospective cohort.

Methods: One hundred and fifty patients that underwent MACI were included in this analysis (83 tibiofemoral and 67 patellofemo-
ral). All patients completed the Tegner Activity Scale (TAS) and the Knee Injury and Osteoarthritis Outcome Score (KOOS) pre-
surgery and at two years (range: 24-26 months) post-surgery, as well as a questionnaire evaluating satisfaction with their ability to
return to recreational and sporting activities.

Results: The TAS significantly improved (p<0.001) from 2.97 (SD 0.92, range 0-7) to 4.09 (SD 1.49, range 0-9), while the KOOS Sport
significantly improved (p<0.0001) from 27.5 (SD 23.1, range 0-95) to 61.1 (SD 27.3, range 0-100). Overall, 88 patients (59%)
improved 21 point on the TAS, while 121 patients (81 %) improved >10 points on the KOOS Sport, previously reported as the mini-
mal detectable change for each. Patient age, duration of symptoms (DOS) and gender were associated with post-operative activity
level, though body mass index (BMI), defect size and concomitant procedures were not. Overall, 128 patients (85%) were satisfied
with their ability to return to recreational activities, with 99 (66%) satisfied with sport participation. The two-year TAS, and TAS
improvement, were significantly associated with satisfaction in performing recreational activities (two-year TAS, rho=-0.42,
p<0.0001; TAS improvement, r=-0.33, p<0.0001) and sport participation (two-year TAS, rho=-0.49, p<0.0001; TAS improvement,
r=-0.37, p<0.0001).

Conclusions: The TAS and KOOS Sport significantly improved after MACI, though only 59% of patients improved >1 point on the
TAS. Despite this, 85% and 66% of patients were satisfied with their ability to return to recreational activities and participate in
sport, respectively. Age, DOS and gender were associated with activity, and overall these findings can be used to provide realistic
activity expectations to patients undergoing MACI.

Level of Evidence: Level 3, prospective cohort study

Keywords: Chondral defect, clinical outcomes, matrix-induced autologous chondrocyte implantation, movement system, patient
satisfaction, return to sport.
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INTRODUCTION

Matrix-induced autologous chondrocyte implanta-
tion (MACI) is a cartilage regenerative procedure
that involves an initial cartilage biopsy, followed
by isolation and cultivation of chondrocytes ex-vivo,
seeding of cells onto a collagen membrane and sub-
sequent re-implantation of the cell scaffold into the
knee. MACI has demonstrated an ability to reduce
pain and symptoms associated with full thick-
ness cartilage defects.'® However, while Zak et al.”
reported that a reduction of symptoms is imperative,
achieving a satisfactory post-operative activity level
is often expected by the athletic patient,® and may
well define the overall success of the surgery.’

A systematic review reported that the rate of return
to sport (RTS) varied from 75-89% after a range of
knee cartilage repair procedures (osteochondral
autograft and allografts, chondrocyte implantation
and microfracture).’” A more recent meta-analy-
sis by Krych et al.'! also reported that overall 76 %
of patients RTS at mid-term follow up (mean 47
months) after cartilage restoration surgery. While
published evidence is relatively scarce on this
topic, particularly with respect to MACI, Zak et al.”
reported that participation in regular sports similar
to pre-injury recreational levels and intensity is pos-
sible for most patients following matrix-associated
autologous chondrocyte transplantation (MACT).
However, a range of factors may affect post-opera-
tive activity level (in addition to ongoing knee prob-
lems), including family and work commitments, as
well as other musculoskeletal and health concerns,
particularly in a community level patient cohort (as
opposed to professional and elite athletes).

Given the limited research that exists on exactly
what level of (and improvement in) activity MACI
patients do attain after surgery, as well as what fac-
tors may affect post-operative activity and whether
patients are indeed satisfied with their level of activ-
ity, this study sought to address these questions. The
purpose of this study was to investigate: 1) the level
of activity that a community level cohort of patients
undergoing MACI attains at two years after surgery,
2) what factors are associated with post-operative
activity level, as well as the improvement in activity
level after surgery, and 3) whether patients are sat-
isfied with their ability to participate in recreational

and/or sporting activities. It was hypothesized that:
1) patient activity level would significantly improve
following MACI, 2) certain factors (including defect
location and size, gender, age) would be associ-
ated with the level of (and improvement in) post-
operative activity level, and 3) a high percentage of
patients would be satisfied with their ability to par-
ticipate in recreational and/or sporting activities at
two years following surgery.

METHODS

Patients

In this prospective study, 160 patients undergoing
tibiofemoral (TF) or patellofemoral (PF) MACI were
referred into a structured research program between
July 2005 and April 2014, and followed for two years
(range: 24-26 months) post-operatively. Patients were
deemed suitable for MACI if they presented with
symptomatic grade II1/IV unipolar chondral lesions,
assessed with the International Cartilage Repair Soci-
ety (ICRS) classification system, were 15-65 years of
age and deemed able to follow a structured rehabili-
tation program. All patients underwent pre-operative
magnetic resonance imaging (MRI) to evaluate the
location, size and severity of the chondral defect, as
well as other soft tissue damage. MACI was contra-
indicated in the presence of ligamentous instability
(unless it was to be addressed surgically at the time of
MACI surgery), prior extensive meniscectomy (>1/3
meniscus), inflammatory arthritis and/or had varus/
valgus lower limb mal-alignment (as indicated by
> 3° TF anatomic angle). Joint mal-alignment was
clinically assessed by the orthopaedic specialist, and
long leg alignment radiographs (Maquet views) were
ordered if the surgeon felt that further investigation
was warranted. PF patients also underwent computed
tomography (CT) imaging to assess the degree (if any)
of patellofemoral knee joint mal-alignment. Patients
underwent surgery by six orthopedic surgeons (with
>8 years experience in orthopedic practice) operating
out of five hospitals (four private and one public).

Of the 160 patients that underwent MACI surgery
and were recruited, 10 patients could not be located
for the two year clinical review, so were excluded
from the analysis. Therefore, 150 patients (93.8%)
were included, including 83 in the TF joint (63 medial
femoral condyle; 20 lateral femoral condyle) and 67
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in the PF joint (35 patella; 32 trochlea) (Table 1). Of
the 150 patients, 92 patients (61.3%) had undergone
prior surgery including arthroscopy (n==88), micro-
fracture (n=4), partial meniscectomy (n=61), ante-
rior cruciate ligament (ACL) reconstruction (n==8),
extensor realignment (n=4) and/or lateral release
(n=15). At the time of MACI, 40 patients (26.7%)
underwent concomitant surgery including ACL
reconstruction (n=>5), posterior cruciate ligament
reconstruction (PCLR) (n=3), partial meniscectomy
(n=10), high tibial osteotomy (n=4) and combined
lateral PF retinacular release and anteromedial tibial
tubercle transfer (TTT) (n=26). All PF realignment
surgeries were undertaken in the PF MACI group.
Ethics approval was obtained from the Hollywood
Private Hospital Human Research Ethics Commit-
tee (HPH145), and the consent of all patients was
obtained and their rights protected.

Knee Surgery

Initially, patients underwent arthroscopic knee sur-
gery to harvest a sample of articular cartilage from
a non weight bearing area of the knee. At this time,
the chondral defect, together with meniscal and

ligamentous integrity, were evaluated. The chondro-
cytes from the cartilage harvest were cultured for
approximately six to eight weeks and seeded onto
a type I/III collagen membrane (ACI-Maix Matricel
GmbH, Germany). In a second stage surgery per-
formed via open arthrotomy, the defect was pre-
pared and the loaded membrane was fixed to the
subchondral bone. On pre-operative CT imaging, 26
patients (all undergoing PF MACI) presented with
lateralization of the tibial tuberosity >9mm, which
was deemed an indication for concomitant lateral
PF retinacular release and anteromedial TTT per-
formed using the Heatley modification'? of the Fulk-
erson technique,' in combination with MACI.

Post-operative Management

Early post-surgery, all patients (PF and TF MACI)
underwent 0-30° continuous passive motion (within
12-24 hours) for a minimum of one hour daily; cryo-
therapy for edema control; ankle pump exercises;
isometric quadriceps, hamstrings and gluteal contrac-
tions; practical education regarding proficient weight
bearing (<20% body weight), and education on how
to fit their hinged knee brace (initially worn 24 hours

Table 1. Patient demographics at the time of surgery, for both the tibiofemoral (TF)

and patellofemoral (PF) patient cohorts.

Variable Measure TF PF
Patients n 83 67
Defect Location n 63 (MFC), 20 (LFC) 35 (patella), 32 (trochlea)
Gender (males / females) n (%) 52(62.7)/31(37.3) 43 (64.2) /24 (35.8)
BMI Mean (range) 26.6 (18.4-36.2) 26.3 (19.4-36.7)
DOS (y) Mean (range) 8.4 (1-26) 7.3 (1-21)
Age (y) Mean (range) 38.2 (15-62) 37.9 (20-65)
15-20 5(6.0) 3(4.5)
21-30 20 (24.1) 17 (25.3)
31-40 31(37.4) 24 (35.8)
n (%)
41-50 20 (24.1) 16 (23.9)
51-60 6(7.2) 6(9.0)
61-65 1(1.2) 1(1.5)
Defect Size (cm?) Mean (range) 3.2(0.7-10.0) 3.0 (0.7-12.2)
<1.0 7(8.4) 9(13.4)
1.1-2.0 18 (21.7) 14 (20.9)
2.1-3.0 14 (16.9) 11(16.4)
n (%)
3.1-4.0 13 (15.7) 6(9.0)
4.1-5.0 9 (10.8) 12 (17.9)
>5.1 22 (26.5) 15(22.4)
MFC = medial femoral condyle; LFC = lateral femoral condyle; BMI = Body Mass Index; DOS = Duration
of Symptoms.
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per day, and progressed as per the recommendations
in Table 2). All patients participated in an out-patient
rehabilitation program over a 12-week period, with
ongoing advice and education provided up until 12
months (and beyond) as required. Supervised by two
primary therapists, rehabilitation over the period was
undertaken by five therapists (Physiotherapists and
Accredited Exercise Physiologists). An overview of the
rehabilitation protocol followed is provided in Table 2.
However, the progression of weight bearing, knee brac-
ing and exercises differed depending on graft location

(TF versus PF) and size, concomitant surgeries (i.e. lig-
ament reconstruction, osteotomy etc.) and individual
patient progression and load tolerance. Furthermore,
while the exercise program consisted of a combination
of supervised rehabilitation sessions (that became less
frequent following the initial three months post-sur-
gery) as well as home (and pool) based supplemental
exercises, the frequency and dosage of each individual
exercise differed based on the exercise (and recovery
time that may be required) and individual patient pro-
gression and tolerance to the exercises.

Table 2. Overview of rehabilitation undertaken by tibiofemoral (TF) and

patellofemoral (PF) patients participating in the research program.

Timeline

Rehabilitation Guidelines

Week 1-2

Week 3-6

Week 7-12

3-6 months

6-12 months

WB: <20% BW

Ambulatory Aids: 2 crutches used at all times

Knee ROM: passive and active ROM restricted to 0-30°

Knee Bracing: hinged brace, 0-30°

Rehabilitation: ankle pump exercises, isometric contractions (of the
quadriceps, hamstrings, adductor and gluteal musculature) and straight leg
exercises (hip flexion, extension, abduction and adduction), passive and active
knee flexion exercises, soft tissue massage therapy, patella mobilization, CPM
and cryotherapy

WB: progress toward 60% BW (TF) and full WB (PF)

Ambulatory Aids : 1-2 crutches dictated by WB status

Knee ROM: progress toward 0-125° (TF and PF)

Knee Bracing: progress toward full permitted knee flexion (TF and PF)
Rehabilitation: continuation and progression (i.e. increasing load) of
isometric/straight leg and passive/active knee flexion exercises, soft tissue
massage therapy, patella mobilization, CPM as needed, cryotherapy. Inclusion
of aquatic therapy exercises (including deep water forwards, backwards and
sideways walking, heel raises, mini squats, straight leg hip flexion, extension,
abduction & circumduction, knee flexion and extension, cycling, scissor
kicks), heel raises, weighted isotonic hip flexion, extension, adduction and
abduction, trunk strengthening (such as supine situps, weight supported
isotonic trunk flexion), hamstring and calf stretches, recumbent cycling

WB: progress toward full WB as tolerated

Ambulatory Aids: 1 crutch as required until full WB achieved

Knee ROM: full active ROM

Knee Bracing: full knee flexion (brace removed from 7-12 weeks)
Rehabilitation: introduction of proprioceptive/balance activities (such as
double and single limb standing exercises on stable and unstable surfaces),
upright stationary cycling, walking, progression of resistance (such as
weighted isotonic knee flexion exercises) and CKC (such as flexed and
straight leg bridging, single limb heel raises) exercises, quadriceps and gluteal
stretches

Rehabilitation: introduction of rowing ergometry and elliptical trainers, OKC
quadriceps-focused (such as terminal, progressing toward full range knee
extension) and CKC (such as leg press, squats, lunges and step variations)
exercises, initiation of plyometric and jump/land exercises relevant to the
patient’s individual activity goals

Rehabilitation: gradual increase in difficulty/demands of
proprioceptive/balance, and resistance during OKC and CKC exercises,
plyometrics, introduction of agility drills relevant to patient’s sport, return to
competitive activity after 12 months

ROM = range of motion; BW = body weight; WB = weight bearing; CPM = continuous passive motion; CKC =
closed kinetic chain; OKC = open kinetic chain.
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Clinical Assessment

Firstly, the TAS' was employed pre-surgery and at
two years post-surgery to grade current work and
sporting activities. This reports on the patient’s activ-
ity level on a 0-10 point scale, ranging from sick leave
or disability (0 points) through to elite competitive
sports (10 points). Patients selected one of the lev-
els of participation that best described their current
activity level. While the minimum detectable change
(MDQ) for the TAS has been reported as 1 point in
patients with ACL injuries and meniscal lesions,!*!
it has not been reported specifically for those with
cartilage lesions or undergoing cartilage repair. Sec-
ondly, the Knee Injury and Osteoarthritis Outcome
Score (KOOS) was employed in all patients. The
KOOS is a knee specific questionnaire which includes
five individual subscales: Pain, Symptoms, Activities
of Daily Living (ADL), Sport and Recreation (Sport)
and Knee Related Quality of Life (QOL)."” Each of
these five subscales is scored from 0 (worst) to 100
(best). The KOOS has proven valid, reliable and
responsive to treatment following cartilage repair.'®
Specifically for this study, the KOOS Sport subscale
was employed to evaluate the improvement in sport-
related activities (i.e. running, jumping, turning/
twisting, kneeling and squatting). While evidence is
lacking to suggest an MDC for the KOOS Sport subs-
cale in patients undergoing cartilage repair, an MDC
of 10 points is commonly employed.'

Finally, at two years post-surgery a patient satis-
faction questionnaire was employed, based on the
Self-Administered Patient Satisfaction Scale (SAPSS)
developed by Mahomed et al.,* though used pre-
viously for patients following MACI.>*? This was
employed to investigate each patient’s level of sat-
isfaction with the MACI surgery overall, as well as
their satisfaction with MACI in relieving knee pain,
improving their ability to perform normal daily activ-
ities, improving their ability to return to recreational
activities and improving their ability to participate
in sport. A Likert response scale was employed
with descriptors Very Satisfied, Somewhat Satisfied,
Somewhat Dissatisfied and Very Dissatisfied.

Data and Statistical Analysis

Firstly, this study sought to investigate outcomes in
community level patients undergoing MACI conco-
mitantly with a range of other surgical procedures

(26.7% of patients in this sample). However, it is ack-
nowledged that these adjunctive procedures could
influence post-operative activity and associated
satisfaction so t-tests were employed to investigate
differences in patient variables (age, BMI, defect size
and duration of symptoms - DOS), the pre-operative
and two-year post-operative TAS, as well as overall
TAS improvement, between patients undergoing
MACI with or without a concomitant procedure. No
significant differences (p>0.05) were observed bet-
ween the groups in any variables, so these groups
were collapsed and the entire cohort was included.

Repeated measures analysis of variance (ANOVA)
was initially employed to investigate the mean
change in the TAS and KOOS Sport subscale across
the entire cohort from pre-surgery to two years post-
surgery. Furthermore, the number of patients that
improved by =1 point on the TAS and >10 points on
the KOOS Sport subscale over the two year period,
considered as the MDCs for these measures, was
reported. T-tests were employed to investigate any
differences in patient demographics (age and body
mass index - BMI), injury and/or surgery history
(defect size and DOS) and the TAS (pre-operative
TAS, post-operative TAS and overall TAS improve-
ment) within the following group comparisons: 1)
TF and PF patients, 2) patella and trochlea cases (in
the PF MACI cohort), 3) males and females, 4) defect
size (<2 and >2 cm?), 5) patient age (< and >40
years), and 6) those undergoing extensor realign-
ment or not (in the PF MACI cohort). Pearson’s
correlations were employed to investigate the asso-
ciation between the TAS and KOOS Sport subscale,
as well as that between the two-year post-operative
TAS (and TAS improvement) and: 1) patient age, 2)
defect size, 3) DOS and 4) BMI.

The level of patient satisfaction with their ability to
1) return to recreational activities and 2) participate
in sport, was reported. Furthermore, the mean (SD)
two-year TAS and mean (SD) TAS post-operative
improvement was presented for each of the four sat-
isfaction domains (Very Satisfied, Somewhat Satis-
fied, Somewhat Dissatisfied and Very Dissatisfied)
across the entire cohort, and ANOVA was employed
to compare the TAS among these four groups. Spear-
man’s correlations were employed to investigate
the association between the two-year post-operative
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TAS (and TAS improvement) and patient satisfaction
with MACI for improving the ability to undertake
recreational activities and participate in sport. Sta-
tistical analysis was performed using SPSS software
(SPSS, Version 19.0, SPSS Inc., USA), while statistical
significance was determined at p<0.05.

RESULTS

Across the entire patient cohort (inclusive of all TF
and PF patients), the TAS significantly improved
(p<0.001) from 2.97 (SD 0.92, range 0-7) pre-surgery
to 4.09 (SD 1.49, range 0-9) at two years post-sur-
gery. A mean improvement of 1.12 (SD 1.55, range
-3-6) TAS points was observed. A total of 88 patients
(59%) improved =1 point on the TAS, including 50
TF patients (60%) and 38 PF patients (57%). Pre-
surgery, a total of 136 patients (91%) reported a TAS
of <3 points. At two years post-surgery, 85 patients
(57%) scored 24 points on the TAS, including 46 TF
patients (55%) and 39 PF patients (58%).

Across the entire patient cohort, the KOOS Sport sig-
nificantly improved (p<0.0001) from 27.5 (SD 23.1,
range 0-95) pre-surgery to 61.1 (SD 27.3, range 0-100)
at two years post-surgery. A total of 121 patients
(80.7%) improved =10 points on the KOOS Sport
subscale, including 74 TF patients (89.2%) and 47
PF patients (70.2%). A moderate though significant
association (r=0.40, p<0.0001) existed between the
improvement in the TAS and KOOS Sport, over the
two year period.

In comparing patients undergoing TF and PF MACI,
there were no significant differences between the
groups in age (p=0.799), BMI (p=0.901), defect size
(p=0.676) and DOS (p=0.200), or the pre-operative
(p=0.455), post-operative (p=0.672) and change
(0.887) in TAS (Table 3). Specifically in the PF
group, patients undergoing MACI for trochlea (ver-
sus patella) lesions had significantly larger defects
(p=0.001); however, while both groups had similar
TAS scores pre-operatively (p=0.918), the troch-
lea MACI group had significantly better TAS scores
(p<0.0001) at two years post-surgery (Table 3). Fur-
thermore, PF MACI patients that required (and hence
underwent) extensor realignment surgery had sig-
nificantly larger chondral defects (TTT = 3.4cm? no
TTT = 2.7cm? p=0.020), compared with patients
that did not require realignment (Table 3). Those that

underwent concomitant extensor realignment had
similar pre-operative TAS scores (p=0.953), though
had significantly lower TAS scores (p< 0.0001) at two
years post-surgery (Table 3).

When comparing males and females, BMI was sig-
nificantly greater (p=0.002) in males, though no
difference was seen in all other demographic and/
or surgical variables (Table 3). There was no signifi-
cant difference (p=0.221) in the pre-operative TAS
based on gender, though males reported significantly
higher TAS scores (p<0.0001) at two years (Table 3).
Patients > 40 years (versus < 40) of age demonstrated
a significantly greater DOS (p=0.017) and defect size
(p=0.008) and, despite similar TAS scores pre-sur-
gery (p=0.451), demonstrated a significantly worse
TAS score (p<0.0001) at 2 years post-surgery (Table
3). While those undergoing MACI with a defect size
>2cm?demonstrated a significantly lower (p=0.013)
DOS than those with a defect size <2cm?, there were
no other differences in patient demographics or pre-
and post-operative TAS scores (Table 3). Correlations
revealed that the TAS was significantly correlated
with patient age (two-year TAS, r=-0.46, p<0.0001;
TAS improvement, r=-0.35, p<0.0001) and DOS
(two-year TAS, r=-0.31, p<0.0001; TAS improve-
ment, r=-0.24, p=0.003), though there was no sig-
nificant correlation with BMI or defect size.

Across the entire MACI cohort, 85% of patients were
satisfied with the ability of MACI to improve their
ability to return to recreational activities, 66% with
the ability of MACI to participate in sport, and 85%
were satisfied with the MACI surgery overall (Table
4). The mean TAS rating at two years post-surgery,
together with the mean TAS improvement, is shown
in Table 4, according to the patient’s satisfaction
level associated with improving the ability to return
to recreational activities, improving the ability to
participate in sport, and overall satisfaction level.
When statistically comparing the mean two-year
TAS (and TAS improvement), across the four satis-
faction responses, in response to whether patients
were satisfied with MACI for improving recreational
activities there was no difference (two-year TAS,
p=0.242; TAS improvement, p=0.957) between the
Somewhat Satisfied (two-year TAS, mean 3.79; TAS
improvement, mean 0.82) and Somewhat Dissatis-
fied (two-year TAS, mean 3.39; TAS improvement,
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Table 3. Patient demographics and between group comparisons: 1) Graft Location, 2) PF graft location (within the PF MACI

cohort), 3) Gender, 4) Defect size, 5) Patient age, and 6) Those undergoing realignment (TTT) or not (within the PF MACI
cohort).

. Defect Size Pre-operative Post-operative Tegner
Group Comparison Group Age (y) DOS (y) BMI (cm?) Tegner Tegner Improvement
TF 382+11.3 84+78 26.6 £4.0 3.1+24 29+ 1.1 40+14 1.1£1.6
(15-62) (1-26) (18.4-36.2)  (0.7-10.0) (0-7) (1-8) (-3-6)
Graft Location PF 37.9+11.3 73+55 263+43 3.0+£2.0 3.0+0.6 4.1+1.6 1.1+1.5
(20-65) (1-21) (19.4-36.7)  (0.7-12.2) (0-5) (2-9) (-1-6)
p value 0.799 0.200 0.901 0.676 0.455 0.672 0.887
Patella 375+11.3 7.8+4.7 25.6+44 26+1.5 3.0+03 38+1.3 0.8+1.3
(25-62) (1-18) (19.7-36.7)  (0.7-6.0) (2-4) (2-7) (-1-4)
PF Graft Location Trochlea 38.7+11.3 7.1+6.3 26.7+4.1 34+25 3.0+0.8 45+1.8 1.5+1.7
(20-65) (1-21) (19.4-36.0)  (1.0-12.2) (0-5) (2-9) (-1-6)
p value 0.620 0.104 0.399 0.001 0.918 <0.0001 <0.0001
Males 37.9+12.1 79+55 27.2+3.7 33+24 3.0£1.0 44+1.5 14+1.6
(15-65) (1-23) (20.2-36.7)  (0.7-12.2) (0-7) (1-9) (-1-6)
Gender Females 38.9+9.7 89+82 25.1+44 29+1.8 29+1.0 3.6+1.2 0.7+14
(22-60) (1-26) (18.4-34.4)  (0.7-8.0) (1-7) (2-8) (-3-6)
p value 0.766 0.453 0.002 0.090 0.221 0.001 <0.0001
<Dem? 38.0+12.3 10.1+8.3 26.0+4.1 1.4+04 3.0£1.1 42+1.5 12+1.7
_ = (15-65) (1-26) (18.4-36.7)  (0.7-2.0) (0-7) (3-9) (-3-6)
Defect Size
~20m? 39.7+10.3 7.0£5.0 26.8+4.0 4.7+2.1 29+0.8 40+13 1.1+14
(17-62) (1-23) (19.5-36.2)  (2.2-12.2) (0-5) (1-7) (-1-5)
p value 0.169 0.013 0.711 <0.0001 0.722 0.190 0.400
<40 30.0+6.3 7.0+5.8 263+3.9 29+22 3.1+09 46+1.6 1.5+1.7
=Y (15-39) (1-26) (19.4-36.7)  (0.7-12.2) (0-7) (2-9) (-1-6)
Age =40 483+7.1 9.9+7.8 26.4+4.3 34+23 29+0.9 35+1.1 07+1.3
¥ (41-65) (1-26) (18.4-36.2)  (0.7-10.0) (0-7) (1-8) (-3-5)
p value <0.0001 0.017 0.829 0.008 0.451 <0.0001 <0.0001
PF MACI 40.3+12.9 9.0+54 259+3.8 27+23 3.0+0.6 44+1.7 14+1.6
(20-65) (1-21) (19.4-36.7)  (0.7-12.2) (0-5) (3-9) (0-6)
PF MACI (withand  pp MACI 372+79 58+5.1 26.5+5.0 34+15 3.0+0.5 3.7+ 14 0.7+14
without realignment)  (with TTT) (23-49) (1-18) (19.5-33.9)  (1.0-6.0) (0-5) 2-7) (-1-4)
p value 0.111 0.001 0.741 0.020 0.953 <0.0001 <0.0001
PF= patellofemoral, MACI= Matrix-Induced Autologous Chondrocyte Implantation, TTT= tibial tubercle transfer, DOS= duration of symptoms,
BMI= body mass index

mean 0.85) domains. This was also observed in
response to whether patients were satisfied with
MACI for improving sport participation, with no dif-
ference (two-year TAS, p=0.748; TAS improvement,
p=0.724) between the Somewhat Satisfied (two-year
TAS, mean 3.80; TAS improvement, mean 0.82) and
Somewhat Dissatisfied (two-year TAS, mean 3.89;
TAS improvement, mean 0.71) domains.

The two-year TAS and TAS improvement, were sig-
nificantly associated with patient satisfaction in
performing recreational activities (two-year TAS,

tho=-0.42, p<0.0001; TAS improvement, r=-0.33,
p<0.0001) and satisfaction in participating in sport
(two-year TAS, rho=-0.49, p<0.0001; TAS improve-
ment, r=-0.37, p<0.0001).

DISCUSSION

Limited research exists on exactly what level of
activity patients do attain after MACI, as well as
whether patients are indeed satisfied with their
post-operative activity level. This study sought to
primarily investigate the level of (and improve-
ment in) activity that a community level cohort of
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Table 4. The mean Tegner Activity Scale (TAS) at two years post-surgery, together with the mean TAS

improvement (pre-surgery to two years post-surgery), according to the patient’s self-reported level of

satisfaction for three outcomes.

Level of Level of
satisfaction with satisfaction with Level of
Satisfaction Question i.II.lpI'OVil’lg the imprQYing the satisfaction with
ability to return to ability to the MACI surgery
recreational participate in overall?
activities? sport?
Very Satisfied (n) 70 45 75
TAS (mean = SD, range) 4.67+1.75,1-9 5.18+1.79, 3-9 459+1.71,1-9
TAS Improvement (mean+SD, range) 1.53+£1.73,-3-6  1.98+1.75,-3-6  1.49 +1.66, -3-6
Somewhat Satisfied (n) 58 54 52
TAS (mean =+ SD, range) 3.79+1.17, 1-9 3.80 £1.22, 1-7 3.83+£1.23,2-7
TAS Improvement (mean+SD, range) 0.82 +1.33,-1-5 0.82+1.39, -1-5 096 +1.41,-1-5
Somewhat Dissatisfied (n) 13 27 13
TAS (mean £ SD, range) 3.39+£0.87,2-6 3.89+1.22,3-7 3.23+0.83, 3-6
TAS Improvement (mean+SD, range) 0.85+1.14,0-3 0.71+£1.12,-1-3 0.39+£1.16, 0-3
Very Dissatisfied (n) 9 24 10
TAS (mean + SD, range) 2.67 £0.50, 2-3 3.00+£0.51, 2-4 3.00+£0.82, 2-4
TAS Improvement (mean+SD, range) -0.33+0.50,-1-0  0.50+1.18,-1-3  -0.30+0.48, -1-0
Overall Satisfied (%) 85.3% 66.0% 84.7%
Overall Dissatisfied (%) 14.7% 34.0% 15.3%
MACI= Matrix-Induced Autologous Chondrocyte Implantation

patients attains at two years after MACI. Second, it
sought to investigate what factors were associated
with post-operative activity level, as well as whether
patients were satisfied with their ability to partici-
pate in recreational and/or sporting activities. The
most important finding from this study is that while
a significant mean improvement was observed in
the TAS and KOOS Sport as a result of MACI, only
59% of patients improved >1 point in the TAS and
only 57% reported =4 points on the TAS at two years
post-surgery. Despite this, 85% of patients were still
satisfied with the ability of MACI to improve their
ability to return to recreational activities, 66% with
the ability of MACI to participate in sport, and 85%
were satisfied overall with their MACI outcome.

This study employed the TAS as the activity-spe-
cific measure, with the KOOS Sport also reflecting
change in sport-related tasks. A systematic review
by Hambly** reported that 88% of cartilage repair

studies demonstrated post-operative TAS improve-
ment, though this spanned all cartilage procedures,
with limited evidence specifically in MACI. The cur-
rent study demonstrated a significant mean group
improvement of 1.12 TAS points; however, only 59%
of patients demonstrated an absolute TAS improve-
ment (similar between TF and PF MACI), despite 81 %
of patients improving >10 points in the KOOS Sport.
Furthermore, only 57% of patients reported >4 points
on the TAS at two years, albeit the majority (91%)
reported a TAS of <3 points before surgery. There-
fore, given prior studies report mean improvement
in the TAS after cartilage repair,® caution is required
in interpreting mean improvement in the absence of
data reporting individual improvement rates.

A number of factors may influence post-operative
activity level. Firstly, this study did not demonstrate
any difference between TF and PF MACI patients.
However, while patients undergoing MACI for
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trochlea (versus patella) lesions specifically in the
PF MACI group demonstrated significantly larger
chondral defects, the trochlea MACI group actually
had significantly better post-operative TAS scores, as
well as overall TAS improvement. This finding was
surprising, and may be related to the variation in
geometry and loading of the two PF surfaces during
movement. Furthermore, PF MACI patients under-
going concomitant extensor realignment surgery
demonstrated significantly larger chondral defects,
compared with patients that were deemed to have
normal alignment undergoing MACI in isolation for
PF cartilage lesions, and also demonstrated an infe-
rior improvement in the post-operative TAS. The
evidence is mixed when evaluating the effect that
prior and/or concomitant surgery (i.e. ligamentous
and/or meniscal repair, TF or PF re-alignment) has
on post-operative activity level and RTS, when per-
formed in combination with a cartilage repair pro-
cedure.”??* A recent study reported similar clinical
and radiological outcomes in patients undergoing
TF and PF MACI (only Level 3 evidence), though it
did not report pre- and post-operative activity.*

Generally, younger patients have a higher likelihood
of returning to sports® and, as expected, the TAS
was significantly correlated with age in the current
study, with patients <40 years of age demonstrating
better post-operative TAS scores and TAS improve-
ment, compared with those >40 years. While no
association was observed between activity and BMI
(or graft size), Pestka et al.* reported that 73% of
patients returned to sport after chondrocyte implan-
tation, though neither defect location nor graft size
were associated with the return to physical activity.
While the pre-operative TAS did not differ based on
gender, largely as a result of patients being evalu-
ated in their symptomatic state, males reported sig-
nificantly higher TAS scores at two years. However,
DOS in this study was significantly correlated with
activity. Mithoefer et al.?*?* reported that the pre-
operative DOS did influence the rate of RTS in an
athletic population. They further demonstrated that
patients with a longer DOS had significantly lower
TAS scores post-operatively. This is in contrary to
Zak et al.” However, these studies appeared to stratify
DOS by either < or > 12 months. This may be fine
if the maximum DOS is two to three years in which

activity level may not change too much for even a
healthy unaffected active individual, though recall-
ing activity over a longer time frame may prove dif-
ficult for many, while expecting activity level not to
naturally change over five years or more, which is
often unrelated to health (rather work, family etc.),
is likely unrealistic. Therefore, in MACI patients it
may not be appropriate to compare pre-injury to
post-operative active level in patients with a longer
DOS as reported in this study (the mean DOS in
this study was 8.3 years and 7.3 years for TF and PF
MACI patients, respectively).

Research reporting return to activity and/or sport
rates after MACI is limited. After a range of carti-
lage repair procedures (osteochondral autograft and
allografts, chondrocyte implantation and microfrac-
ture), 75-89% of patients returned to sports participa-
tion though this systematic review was undertaken
in athletes.’® A more recent meta-analysis by Krych
et al.! also reported that overall 76% of patients
RTS at mid-term follow up after cartilage restoration
surgery, ranging from 58% (microfracture) to 93%
(osteochondral autograft). Particularly in a commu-
nity-level patient cohort (as opposed to professional
athletes), a range of factors will affect post-operative
activity level above and beyond ongoing knee prob-
lems, including family and work commitments, as
well as other musculoskeletal and health concerns.
Erdle et al.?® recently reported that the pre-morbid
level of sporting and recreational activities cannot
be achieved at a minimum of 10 years after first-gen-
eration chondrocyte implantation, though they did
not inquire as to when patients altered their post-
operative activity, nor the reasons behind this. The
current study did not evaluate other factors that can
contribute to post-operative activity, though these
reasons for not attaining a higher activity profile
must be acknowledged. This study therefore aimed
to not only evaluate the actual post-operative activ-
ity level, rather it also assessed each individual
patient’s level of satisfaction with what they could
do, which may take into account these other factors
not otherwise evaluated.

In this study, the TAS was associated with patient
satisfaction in both performing recreational activi-
ties and participating in sport. However, while 59%
of patients in this study reported an improvement in
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the post-operative TAS as a result of surgery, 85% of
patients were still satisfied with the ability of MACI to
improve their ability to return to recreational activi-
ties, and 66% with their ability to participate in sport.
This discrepancy may highlight the aforementioned
issue in employing the TAS itself, whereby patients
may be able to participate in a higher level of activity,
rather they have reduced this due to other reasons.
This may also provide rationale for the difference in
the percentage of patients surpassing the MDC in
the TAS (=1 point, 59%) and KOOS Sport (=10 points,
81%) in the current study, whereby the TAS requires
patients to report their current activity level, though
the KOOS Sport requires patients to report their level
of difficulty in performing sport-related tasks. It was
interesting to note that when comparing the groups
who were either Somewhat Satisfied or Somewhat
Dissatisfied with their ability to undertake recre-
ational activities and/or sport, no group difference in
the TAS existed. This would again suggest that there
are other factors that will influence the patient’s per-
ceived satisfaction toward their ability to be active.

Some limitations are acknowledged in this study.
Firstly, this study employed the TAS as its activity-spe-
cific score. The TAS does not evaluate the reason for
change in activity that may be unrelated to the knee,
and other activity scales such as the Noyes Activity
Score? could be considered in future research. Sec-
ondly, it did not assess the actual time to return to
particular activities or sports, nor the level of pre-
injury activity level, rather only activity level (and
associated restrictions) when symptomatic. There-
fore, this study cannot report on whether patients
returned to their pre-injury activity levels; only that
patients improved from their symptomatic state as a
result of surgery, and whether or not they were satis-
fied with this post-operative level. Again, evaluating
pre-injury activity is difficult in MACI patients given
the often lengthy DOS (as seen in this patient cohort),
unlike those who may undergo ACL reconstruction
almost immediately after an acute ACL injury.

Thirdly, almost 27% of patients in this sample
underwent MACI concomitantly with another surgi-
cal procedure. While this can be seen as a limitation,
a patient sample undergoing various concomitant
surgeries is also a strength given this study sought to
evaluate a community level cohort of patients who

often undergo MACI in combination with a range of
other procedures. A preliminary statistical analysis
also demonstrated no differences in patient factors
or TAS outcomes between those undergoing MACI
alone or combined with another procedure. Further-
more, we acknowledge the range of defect sizes, and
that smaller lesions may be amenable to alternative
procedures such as microfracture. However, MACI
was the preferred method of the treating surgeons
referring patients for the research program. Finally,
given this was a large cohort of patients undergo-
ing MACI for symptomatic knee cartilage defects,
the group was heterogeneous with respect to graft
size and location, concomitant procedures, patient
age and other demographical parameters, diligence
in rehabilitation, pre-operative activity/sport level
and activity level desired post-surgery. However,
this also presents a study strength, given it aimed to
report on post-operative activity level (and satisfac-
tion with) in a community-level cohort of patients
undergoing MACI, as opposed to an elite group of
athletes.

CONCLUSION

The TAS and KOOS Sport significantly improved in
patients two years after MACI, though only 59% of
patients improved >1 TAS point. Despite this, 85%
and 66% of patients were satisfied with their ability
to return to recreational activities and participate in
sport, respectively. Age, DOS and gender were asso-
ciated with post-operative activity. These findings
can be used to provide realistic activity expectations
to patients undergoing MACI.
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Table 4. Functional Outcomes from Re-evaluation and Final Evaluation.

Test Measurement First Second Final RTD
Reassessment Reassessment Testing
Anterior 2.5% 0.57%
Difference
Lower Quarter Inferolateral 3.0% 0.57%
Difference
Y-Balance Inferomedial 4.5 0.57%
Difference
Closed Chain  Range of Motion 871 107%
DF*
Lateral Step Score 0f NT
Down*
Functional Score 13/21 15/217% 16/217%
Movement
Screen
None of these tests were administered during initial evaluation due to phase of rehab/healing
times and thus are compared from middle/re-evaluation to final evaluation
* Performed on injured extremity
t Indicate a positive change in function
TExceeds MDC
RTD= Return to Duty; DF= Dorsiflexion

Table 5. Hop Tests.

Single Leg Hop Triple- Single Leg 3 Hop Crossover
Hop
Standard Values for 90% 90% 90%
LSI¥
Limb Symmetry 91% 89% 82%
Index at Second
Reassessment
Limb Symmetry 98% 96% 94%
Index at RTD
Testing

a 3-rep max trap-bar deadlift, and 300m shuttle
repeat (Table 6).

DISCUSSION

The purpose of this case report is to describe the
application of a system to return a Special Opera-
tions Forces candidate to duty following an ankle
injury sustained during a military static line air-
borne operation while in the Special Forces Qualifi-
cation Course. The largest challenge to this process
was the lack of standardized and validated military
return to duty testing and guidelines in the literature.
An extensive collection of outcome measures was
utilized in this RTD decision and included: CCDF,
LQYB, FMS™ single leg, triple hop, three hop cross-
over for distance, and Human Performance Program
metrics. Positive changes in functional performance

from initial to final assessments were observed in
all outcome measures. Improvements in CCDF,
FMS™, and LQYB exceeded the minimal detectable
change.”* After the first reassessment, the subject
was returned to participation as he trained with
Human Performance Program strength coaches and
athletic trainers on an upper body resistance train-
ing program combined with cardiovascular training.

Returning a soldier to unrestricted duty without ade-
quate motion, strength, or motor control will merely
perpetuate the situation, leaving them at a high risk
for re-injury and reinitiate a massive sequela of
negative physical, operational, and financial con-
sequences. However, there is insufficient evidence
of a standardized return to duty protocol or testing
procedures to aid these clinical decisions among
military populations. Pronouncements to return a
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Table 6. Human Performance Program Metrics.>”

Test Class Averages Standard Deviation Patient Scores
FMS™ 15.5 1.8 16
Deadlift 351 pounds 58 pounds 335 pounds
Broad Jump 93 inches 8.5 inches 92 inches
300 yd Sprint 64.6 sec 3.4 sec 65 sec
5-10-5 Agility 4.95 sec 0.30 sec 5.25 sec
FMST™= Functional Movement Screen™

soldier to full duty rely on the clinical decision mak-
ing of the health care team.

With the contribution of expert opinion in the field
of military physical therapy and evidence from other
musculoskeletal studies, the FMS™, LQYB, CCDF,
Human Performance Program metrics, and three
hop tests were chosen to assist in the return to duty
decision making process of an U.S. Army Special
Forces student status post distal fibular fracture with
ORIF. The FMS™, LQYB, and CCDF were adminis-
tered at the first and second reassessments, four and
five months from surgical date respectively. (Table
1) Final values were compared to mid-point evalua-
tion values, as well as clinically accepted standards,
to gauge progress and performance. The hop tests
were administered at the final evaluation and com-
pared to cutoff values established for male college
athletes for reference.

The subject demonstrated functional improvements
in the FMS™, Y-Balance, and CCDF. The FMS™ score
enhancement brought the subject to the positive side
of the threshold for risk of injury and exceeded his
peers’ averages.”? Lower Quarter Y-Balance scores
also improved, meeting the MDC criteria. By decreas-
ing side-to-side differences, the subject demonstrated
an increased symmetry between each lower extrem-
ity and therefore may have reduced his overall risk
of re-injury.® The improvement in anterior reach
direction may be partially explained by the improved
closed chain dorsiflexion range of motion. Improve-
ments in CCDF were also noted by the isolated mea-
surement which adds to the overall reduction in
injury risk for this subject. For the purpose of this
case report, the lateral step down served as an objec-
tive way to quantify quality of motion into simpli-
fied categories. While not directly related to risk of
injury, the lateral step down tests lower kinetic chain

kinematics in a functional weight bearing position
until increased load could be applied.? With this sub-
ject'simprovement in quality of movement, as tested
by the lateral step down, it is reasonable to extrapo-
late a carry over for reduction in injury.

When compared to male college athletes, the sub-
ject was deficient across all three hop tests during
the initial administration, suggesting a lack of lower
extremity power and balance due to residual lower
limb asymmetries. However, upon final testing, limb
symmetry for all hop testing surpassed the set 90%
limb symmetry index threshold reaching 94 - 98%
depending on the test.

All aforementioned outcome measures demonstrated
improvement in lower extremity function and pro-
vided valuable information regarding the remaining
deficits which assist in the discharge planning. To
return to the intense and rigorous physical activity of
a Special Forces student, the subject needed to per-
form at least as well as the average in his cohort. Ide-
ally, pre-injury assessment would provide a baseline;
however, compared to peers and as demonstrated by
Table 6 above, the subject was well within acceptable
ranges for all physical performance metrics at final
RTD testing 10 months post injury. At this point, the
subject was returned to duty and entered the return
to tactical performance stage 10 months after initial
injury - being physically comparable to his cohorts
and being sound to complete all military require-
ments. One month later, the subject completed Robin
Sage - the austere training phase where the initial
injury was sustained - successfully and graduated the
Special Operations Forces Qualification Course.

This case report provides an example of return to
duty decision making with the use of functional tests
chosen from evidence available for similar athletic
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populations and their interpretation to assess per-
formance. Due to lower extremity asymmetries, cer-
tain tests initially selected for return to duty testing
were not performed at every assessment to ensure
the safety of the soldier being tested. This case may
assist physical therapists who need to make similar
decisions for military athletes.

The outcome measures discussed in this case report
provided objective and salient information regard-
ing this soldier’s performance ability which assisted
in the return to duty decision making. A limitation
of this case report research is the inability to extrap-
olate results and decisions to all military personnel.
Future research needs to be geared towards estab-
lishing baseline cutoff values for these and other
outcome measures for various military occupational
specialties to further guide decision making. This
research would be best formatted using a large sam-
ple size using either a prospective or retrospective
design with outcomes related to successful return
to duty. Lack of testing among military populations
using these outcome measures is a limitation of this
case report. Additionally, there may be other mea-
sures that reflect occupation specific requirements.

CONCLUSION

Return to duty testing is lacking in research, thus
leaving such decisions up the discretion of the medi-
cal team involved in the soldier’s recovery. This case
report provides a system to determine readiness to
return to duty following an ankle fracture. Similar
methods could be used for other lower extremity
injuries, as few of the aforementioned tests are exclu-
sively used for evaluation of the ankle. One valu-
able lesson learned throughout this process was to
keep the subject’s safety as a top priority. Although
certain functional tests were initially selected to be
tested, when the subject did not display a sufficient
functional capacity, these tests were deferred until
later when deemed safe. This further supports the
need for sound clinical decision making for return to
duty determinations. This case report also provides
a guide to returning a subject to participation, duty,
and tactical performance training with a core back-
ground in clinical decision making that is supported
by evidence-based outcomes. This system should be
considered for all military personnel returning to
duty and other tactical athlete populations.
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APPENDIX 1

Table 1. Physical Performance Metrics

Activity System Tested Description
5-10-5 Pro- Agility Start at in the middle of a 10m line. When told to do so, sprint to the
Agility right Sm, back to the left 10m, then back to the starting position 5m to
the right as fast as possible. Repeat, starting from the left.

300m Shuttle Anaerobic Sprint 300m for time. Allow 1 min rest. Sprint 300m again for time.
Repeat Endurance
3RM Trap-Bar | Strength Perform a deadlift using a trap-bar equivalent to a 3 rep-max.
Deadlift
Broad Jump Lower Body With both feet evenly planted behind the start line, jump as far

Power forward as possible. The jumper must stick the landing without losing

balance or taking steps forward to count attempt. Record farthest
distance jumped on 3 attempts.

*Allow proper warm up prior to all activities.

APPENDIX 2

Table 2. Phase 1 and 2 of 4-Phase Running Program

Phase 1: Impact Tolerance/Running for Appreciation (2-4 weeks)

Perform a walking warm up/light dynamic warm up and proper recovery. Perform every other day with a
maximum of 2 consecutive days pending soreness.
Guidelines: <60% max HR or 6/10 RPE

2 min jog/2 min walk x 5 reps

20 min total: 10 min running

3 min jog/2 min walk x 5 reps

25 min total: 15 min running

4 min jog/2 min walk x 5 reps

30 min total: 20 min running

5 min jog/2 min walk x 5 reps

35 min total: 25 min running

5 min jog/2 min walk x 6 reps

42 min total: 30 min running

Criteria to Progress: No pain, no swelling, normal mechanics.

Phase 2: Endurance Building/Volume Tolerance (2-4 weeks)

Perform a walking warm up/light dynamic warm up and proper recovery/ Perform every other day with a
maximum of 2 consecutive days pending soreness. Gradually build pace with each step below and repeat 2 — 3

sessions prior to progressing.

Guidelines: <75% max HR or 7/10 RPE [Finish 8/10 RPE as able]

10 min jog/1-2 min walk x 3 reps

36 min total: 30 min running

2 miles consecutive X 1 rep

Pace dependent

2.5 miles consecutive x 1 rep

Pace dependent

3 miles consecutive x 1 rep

Pace dependent

Criteria to Progress: No pain, no swelling, normal mechanics. Able to run 30 minutes continuously at least

2x/week.
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ABSTRACT

Background: Tsokinetic testing of the trunk is ubiquitous in the literature and with training, however, there is a lack of normative
data for adolescents and adult athletes.

Purpose: The purpose of the current review is to present and summarize data about isokinetic trunk strength assessment relative
to young, adolescent and adult athletes. Testing position variations, reliability values by age groups, utilization of strength mea-
sures and normative data by age groups have been discussed. The information presented within this review are of practical impor-
tance for assessment of isokinetic trunk strength to appraise the athlete’s current strength level and provide suitable conditioning
training program.

Study design: Literature review

Methods: NCBI-PubMed, Web of Science, and SPORTDiscus were searched to identify relevant correlation and intervention stud-
ies/trials related to isokinetic testing of the trunk. Forty-two studies meeting the inclusion criteria were included in this literature
review.

Evidence synthesis: The validity of isokinetic trunk measures (i.e. peak torque; flexion/extension ratios) can be affected by a
number of factors including whether the individual is tested in seated or standing position, which can alter the muscle length-ten-
sion relationship. Reliability is excellent for some strength measures and moderate to high for muscle endurance. Extension and
concentric measures tend to have better reliability than flexion and eccentric measures respectively, while females show typically
higher reliability scores than men due to the difficulty in controlling men’s body position when testing. Normative data for various
populations are provided.

Conclusions: Muscle assessment methods using an isokinetic dynamometer are considered reliable with high correlations to peak
strength values and flexor/extensor ratios over age groups. However, caution should be exercised when interpreting position-spe-
cific isokinetic test results that measure trunk flexion (standing vs seated position). Still, there are indications that low-velocity
movements are more reliable for measuring trunk strength. In adolescence, boys appear stronger than girls, with higher values for
trunk extensors. Trunk flexors and extensors ratios decrease with growth. Data of isokinetic trunk muscle performance seems to
be correlated not only to anthropometric parameters but also to sports discipline and training volume. The effects of sport on the
muscular strength of the trunk may have both a preventive factor and a possible risk factor for low back pain. There is evidence
for an association between high physical workloads and back injury.

Level of Evidence: 5

Key words: core, endurance, isokinetic reproducibility, trunk strength testing, sport

! Higher Institute of Sport and Physical Education, Ksar-said,
University of Manouba, Tunis, Tunisia.

* Tunisian Research Laboratory “Sports Performance

Optimization”, National Center of Medicine and Science in

Sports (CNMSS), Tunis, Tunisia. CORRESPONDING AUTHOR
¥ Department of Medicine Physical and Functional Prof David G. Behm
Rehabilitation of the National Institute of Orthopedics “M.T. ) . . .
Kassab” Tunisia. School of Human Kinetics and Recreation
* School of Human Kinetics and Recreation, Memorial Memorial University of Newfoundland
University of Newfoundland, St. John'’s, Newfoundland, ,
Canada, St. John’s Newfoundland, Canada, A1C 5587
> PVF Football Academy, Hang Yen, Vietnam. E-mail: dbehm@mun.ca

The International Journal of Sports Physical Thervapy | Volume 15, Number 1 | February 2020 | Page 160
DOI: 10.26603/ijspt20200160




INTRODUCTION

Trunk flexion is ubiquitous in daily activities, such
as walking or sit-to-stand,' and in different sports
performance actions, such as overhead throwing*?
or hitting a ball.* Authors have demonstrated the
importance of trunk strength for preventing inju-
ries in the spine®® and knee,”® such as the low back
pain and anterior cruciate ligament injuries that fre-
quently occur in sports and the workplace.*!"°

Strength testing of the trunk muscles plays an impor-
tant role in functional evaluation. Initial discussion
on trunk strength testing dates back to the 1940s
and since then numerous testing procedures have
been introduced into clinical practice. One of these
procedures is isokinetic testing. Although isokinetic
dynamometers are commonly used in clinical prac-
tice for testing of the extremities, only a few find-
ings regarding the reproducibility of trunk strength
testing exist." Isokinetic measurements are based on
the principle of testing strength capacity under con-
stant rotational or linear motion velocities and are
considered the ‘gold standard’ for assessing strength
capacity.!? Current dynamometers are capable of
measuring isometric, concentric and eccentric con-
traction modes for clinical, performance and sci-
entific applications. Isokinetic dynamometry is a
well-accepted tool for assessing strength of the upper
and lower extremities as well as trunk muscles, and
isokinetic strength testing is a useful approach to
assess trunk extension and flexion in healthy indi-
viduals as well as in patients with low back pain.®In
order to assess isokinetic trunk strength, many dif-
ferent devices have been developed for standing® or
sitting positions.'* Isokinetic (peak torque (PT) and
work (W)) and isometric parameters (PT and rate of
force development or rate of torque development)
can be assessed. Furthermore, isokinetic measure-
ments can be used to identify strength deficits in
individuals with and without pathologies. In addi-
tion, the evaluation of the outcomes of preventive
and rehabilitative interventions is important. The
measurement of PT is commonly used as a proxy
measurement of trunk strength and serves as a valid
outcome parameter for reporting trunk extension
and flexion strength in both healthy subjects and
patients with low back pain. Moreover, it is used
to define deficits in specific pathologies, as well as
to evaluate effectiveness of training and therapy.®

Strength is essential for stability (ability to compen-
sate for perturbations to balance) in healthy individ-
uals and those with back conditions (i.e. low back
pain [LBP]) and performance of the core (trunk)."”
Research on isokinetic assessments of lateral flex-
ion and rotation are quite rare and reproducibility
in these two planes (lateral flexion/rotation) has not
been sufficiently analyzed.®

The functional applicability of isokinetic measure-
ment still remains questionable. Some scientists
agree that isokinetic movements are “unnatural”
and the motion involved is not related to that which
occurs during sporting performance”.!® In addition,
it has to be emphasized that what is being measured
is not internal muscle tension but the torque/force
output of complex muscle systems especially when
assessing the spine. Isokinetic dynamometry is con-
sidered a valid and reliable device used to determine
the force, or torque, generated by a muscle group
for a specific action,’® having good-to-excellent relia-
bility. Isokinetic dynamometry, however, is not
universally accessible and is rarely used clinically
owing to its high cost, requirement for considerable
user expertise, and protracted testing time.'”

There is great benefit in using trunk isokinetic dyna-
mometry to reliably assess strength parameters.'*'®
There is a lack of normative data of trunk flexors
and extensors muscle strength in the literature.
Particularly, there is a lack of normative data from
asymptomatic adolescent and adult athletes. Unlike
the arms and legs that can compare or normalize
the strength of a limb to the contralateral limb, the
trunk does not present this possibility. In this way,
the comparison of the trunk strength of an individ-
ual always will need to be compared with population
normative data or parameters of normality.'?

The purpose of the current review is to present and
summarize data about isokinetic trunk strength
assessment relative to young (children), adolescent
and adult athletes. Testing position variations, reli-
ability values by age groups, utilization of strength
measures and normative data by age groups have
been discussed. The information presented within
this review are of practical importance for assess-
ment of isokinetic strength of trunk and condition-
ing professionals in appraising their athlete’s current
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strength level and providing accurate condition-
ing training programs. Typically, isokinetic trunk
assessments examine joint range of motion, mus-
cular strength, power and balance between agonists
and antagonists muscles, as all of these variables
are considered crucial for optimal performance
whilst playing a role in reducing an athlete’s risk of
injury. Muscle strength ratios are commonly tested
to describe unilateral antagonist to agonist strength
properties, functionality and imbalances

METHODS

The present literature review was conducted in
accordance with the recommendations of the “Pre-
ferred Reporting Items for Systematic Reviews and
MetaAnalyses” (PRISMA).%

Literature Search

The literature review was performed with the data-
bases of PubMed, Web of Science, and SPORTDiscus;
for correlation and for intervention studies. The fol-
lowing search terms were included in search strate-
gies: “isokinetic and trunk”, “isokinetic and low back
pain”, isokinetic and trunk and healthy”, “isokinetic
and trunk and athletes”, “isokinetic and trunk and
adolescent”, “isokinetic and trunk and therapy”,
“isokinetic and trunk and prevention”, “isokinetic
and trunk and training”, “isokinetic and trunk and
exercise”, “isokinetic and trunk and validity”, “peak
torque and trunk”, “peak torque and trunk and
healthy”, “peak torque and trunk and athletes”, “peak
torque and trunk and adolescent”, “peak torque and
trunk and prevention”, “peak torque and trunk and
training”, “peak torque and trunk and exercise” and
“peak torque and trunk and validity”. By using the
filter criteria of the respective databases, the search
was limited to full-text availability, publication dates
(2000 to 2018), humans, ages (i.e., 16-44 years), and
English language. Further, the reference lists of the
included studies as well as relevant review articles
were screened for titles in order to identify addi-
tional suitable studies for inclusion.

RESULTS

The search strategy revealed 224 references among
which 42 presented relevant isokinetic strength
measures derived from testing of healthy subjects
without pathologies, athletes and/or adolescents.

Most frequently, data for trunk extension and flexion
strength were evaluated with cross-sectional designs
(31 papers for flexion/extension, three for rotation,
and none for lateral flexion). Nine out of the 31 ‘sagit-
tal’ studies reported isokinetic measures for patients
with low back pain (PLBP), 29 for healthy subjects/
others and seven involved both healthy subjects and
PLBP. Studies investigating prevention, therapy or
training effects (eight total) or using isokinetics as
an intervention were rare.

Results revealed that standing flexion elicited signifi-
cantly greater PT, W and power (P) values than sit-
ting, at both velocities tested, whereas no differences
were noted in trunk extension. When testing sagittal
plane trunk strength in the upright posture, Guilhem
et al’® found torque values ranging between 152 and
453 N.m in trunk extension, and between 99 and 263
N.m in trunk flexion, which is in accordance with the
values reported for healthy subjects tested in similar
conditions.”! Previous studies demonstrated a 30%
increase of flexor torque from supine to standing posi-
tion, which is closer to the functional configuration of
daily or sport tasks.?? Moreover, the upright configu-
ration has been shown to reduce the contribution of
muscles crossing the hip joint, thus leading to lower
torque variations compared to the supine position.*

In a recent review on pediatric strength testing, De
Ste Croix** stated that test-retest-variability in iso-
kinetic strength testing in children ranges between
5 and 10% regardless of joint tested. Furthermore,
De Ste Croix* deduced in his review that extension
movements were more reliable than flexion move-
ments, concentric muscle action was more reliable
than eccentric work and that reliability was reduced
with increased testing velocity. With adolescents,
Carvalho et al.* reported questionable as well as
clinical acceptable to excellent reproducibility in
adolescent basketball players for isokinetic strength
testing (ICC: 0.72-0.99). Lindsay et al.*® reported an
acceptable reproducibility in the adolescent cohort
with isokinetic trunk rotation and endurance at a
testing velocity of 30°/s (ICC: 0.86-0.87). Miiller et
al." found excellent reliability (0.91-0.94) with ado-
lescents’ isokinetic trunk strength testing.

Test-retest reliability of isokinetic PT measure-
ments for trunk flexors and extensors data exhibited
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very low mean differences (610 N-m), and excel-
lent ICC and SEM values. Although trunk extensor
concentric torque showed slightly lower ICC and
higher SEM values than eccentric, reliability was
comparable between 60°/s and 120°/s angular
velocities.'® Test-retest reliability results were also
excellent for trunk flexor muscles, with ICC above
0.90 and SEM values below 8% for all the experi-
mental conditions, which are similar to or better
than previous reliability analyses conducted with
other studies.?”*

Concerning endurance variables, studies found
moderate-to-high ICC values for the drop in the per-
formance within sets (0.57 < ICC < 0.82), in healthy
young male and female volunteers.??¢ Recently,
Roth et al.” found very good ICC’s ranging from 0.85
to 0.96 in adults for isokinetic trunk extension and
flexion.

Ben Moussa Zouita et al.*® found that mean of the
trunk extension and flexion torques is 208 Nm
(range: 121-360 Nm) and 176 Nm (range, 111-296
Nm), respectively with a ratio of trunk flexion to
extension of 0.84 (range, 0.54-1.16). Also, the aver-
age trunk flexion to extension ratios varied between
52.6% to 69.7% and 43.9% to 58.6% respectively, in
the non-athlete and athlete groups.

DISCUSSION

The purpose of the current review is to present and
summarize data about isokinetic trunk strength
assessment relative to young, adolescent and adult
athletes. Testing position variations, reliability values
by age groups, utilization of strength measures and
normative data by age groups have been discussed.
The information presented within this review are
of practical importance for assessment of isokinetic
trunk strength and conditioning for professionals in
appraising their athlete’s current strength level and
providing accurate conditioning training programs
that correlate with physical performance. Also this
data, may serve as reference for prevention of low
back pain.

VALIDITY OF ISOKINETIC TRUNK

MEASURES

Isokinetic dynamometry can measure trunk flexion
and extension strength at various angular velocities

and contraction modes (isometric, concentric, and
eccentric), and has been found to be safe, reliable,
valid and sensitive enough to detect muscle weak-
ness.”*® Findley et al.** postulated that isokinetic
trunk extension and flexion have traditionally been
measured in either the sitting or standing position.
However, these positions may produce dissimilar
levels of PT, work, and power of isokinetic concen-
tric trunk extension and flexion at 60°/s and 120°/s
in the sitting and standing positions. They suggested
that trunk musculature, including some synergist
muscles can partly contribute to external torque
differences seen during trunk flexion or extension
between sitting and standing positions.'”* Between
positions there is likely different recruitment of hip
muscles and variation in range of motion.

Although the angle of the hip joint was much dif-
ferent, the anatomical ROM measured in the sit-
ting position was from 100° of extension to 30° of
flexion whereas in the standing position ROM was
from 190° of extension to 120° of flexion. Changes
between sitting and standing isokinetic exercise in
the sagittal plane alters the muscle activation-per-
formance relationship, thereby shifting the zone of
optimal performance, described as the inverted-U
torque production curve.** In essence, data are being
produced in two completely different ROM’s in the
different positions.

Szpala et al.** compared trunk extensor’s torques
and spinal muscles activity during sitting and lying
body positions. They found significantly higher
electromyographic (EMG) activity in erector spi-
nae muscles during lying, whereas PT values were
higher during the sitting position. Therefore, cau-
tion should be exercised when interpreting position-
specific isokinetic test results that measure trunk
flexion.

Reliability of isokinetic trunk

measures (Table 1)

Due to the importance of trunk strength, clinicians
and coaches must know whether changes in strength
over time reflect a real gain or loss, or are the result
of the measurement error.*® Therefore, the validity
and reliability of data are important when assessing
strength. The validity of data concern how an indi-
vidual’s test performance reflects true performance
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Table 1. Previously reported reliability statistics of isokinetic trunk measures.

Youth
Subjects Peak torque (N.m) Ratio%
. . Test
Study Characteristics n V&:le(lgg)h t Cm::::ic:'on vel:;iity Ext Flex F/E
60 101 94 0.93
F H 40 90 79 80 1.01
Merati 120 59 68 1.15
et al. Adolescents Con
(2004) M | H 44 60 135 109 0.81
90 118 105 0.89
120 107 96 0.90
Mueller et Adolescent F H 22 63 161 111 0.69
al. athletes Con 60
(2011) M 48 67 219 146 0.67
Con 30 211 147 0.70
Adolescents F Flex/Ext 60 214 138 0.66
athletes Rot 120 187 129 0.71
.. 15.9 year
Miiller et | 1 30-10, H 13 69 Ece 30 R: 81 L: 87 0.94
al. (2014)
Soccer=1,
Swimming=1 M Flex/Ext 30 282 146 0.53
gymnastics=1
Rot 30 81 38 0.94
Miiller et Young athletes | All 377 140 97 0.71
al. (2014) 11 -15 years M/ F 51.6 | Flex/Ext 60°/s
M 233 149 102 0.69
F 144 125 89 0.73
Adults
Yahia et al. 60 145 123 0.85
(2011) H 30 68 Con 76 102 1.34
Normal adults | M/F | | pp 30 71 90 132 12 0.85
67 90 1.34
Ba(;; Ie;)al. Norn:;illztictwe 13 73 60 260 212 082
adults M i c 120 237 207 0.87
Race car 3 . on 60 283 181 0.64
cee 120 248 191 0.77
driver
Miiller et al. 26 66 Con 60 207 173 0.84
o1y | Normaladults | M/F{ H 120 190 169 0.89
High-level 60 440.05 297.34 58.6
Athletes 90 433.66 261.53 50.1
(mean 23.3 120 345.26 211.98 43.9
Ben years) 18 74.1
Moussa Boxing
Zouita Wrestling M H n=8 Con 60 373.01 249.23 66.2
tal Weightlifters n=5 90 365.46 261.0 69.7
o ar Nonathlete n=5 120 344.10 190.10 52.6
(2018)
control 747
(mean 22.3 ’
years)
Dervisevic 30 211 128 0.61
Con 60 201 116 0.58
(;to Zli) Normal adults M H 27 78 Ecc 30 249 249 057
60 256 256 0.52

F= female, M= male, H= healthy, LBP= Low Back pain, Con= concentric contraction, Ecc= eccentric contraction, Flex= flexion,

Ext=extension, Rot: Rotation, L= left side, R= right side, F/E= Flexion/extension ratio;
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and the reliability measures in tests and retests
concern the repeatability of the data observed in a
sample.*

Previous studies regarding the reproducibility of iso-
kinetic trunk strength have focused mainly on the
relative parameters, predominantly correlation coef-
ficients.?® Relative reliability indicates how similar
the rank orders of the participants in the test are to
the retest.*” The main problem with relative reliabi-
lity is that it depends on the variability of the sample.
However, absolute reliability is related to the consi-
stency of individual scores;*® the smaller the varia-
tion, the higher the reliability.* In addition, they are
not variance dependent. Among those indices, the
most commonly used are the standard error of mea-
surement, the coefficient of variation of standard
deviation and Bland Altman plots.*® CV and SEM
reflect the magnitude of the differences between
two measures.* Since they are expressed in units
that are readily interpretable, extrapolation to new
individuals as well as comparison between different
measurement tools is possible.** Blande Altman plots
showed no systematic biases when most of the points
are very close to the line of equality. Ultimately,
there was good agreement between results from dif-
ferent equipment, without any identifiable trend.

From a practical standpoint, muscle assessment
methods using an isokinetic dynamometer are con-
sidered reliable and reproducible, with correlation
coefficients between 0.93 and 0.99 for peak force
values and between 0.91 and 0.96 for total workload
values.** Isokinetic trunk flexion/extension strength
reliability with adults has been reported to be clini-
cally acceptable to excellent with testing velocities
of 60°/s and 120°/ (ICC 0.74 - 0.91)" and 30°/s and
60°/s (ICC: 0.78-0.91).* Miiller and colleagues' sug-
gested that isokinetic trunk flexion and extension
angular velocities higher than 120° /s could increase
the error between sessions and large ranges of
motion could result in a misalignment between the
biological axis of the trunk and the mechanical axis
of the dynamometer.

The high reliability of the isokinetic testing of the
trunk (high ICCs) is presumably related to several
factors, including the standardization of the instruc-
tions, the adoption of familiarization procedures,

the adjustment of the fixed seat platform according
to the size of the members of each individual, the
fixed order of the tests, and the supervision of expe-
rienced evaluators. Overall, the results of all these
studies indicate the robustness of isokinetic mea-
sures in assessment of trunk muscle strength.

Despite the efforts made in the field of isokinetic
trunk assessment, there is no evaluation protocol to
determine the appropriate velocity and through what
range of movement the evaluation should be perfor-
med,* even though there have been attempts.* Still,
there are indications that low-velocity movements
are more reliable for measuring trunk strength.'**
Different authors have analyzed the test reliability
using peak force,*** but it has not been shown
which strength manifestation (peak force or mean
force) is more reliable for assessing trunk strength.
However, the reliability of strength test results is
crucial to assess the level of adequate performance
and develop a successful rehabilitation or training
program?® for all age groups.

Youth

Trunk isokinetic torque of youth has been measured
in a few studies.*®* The use of isokinetics for study-
ing muscle torque in children and adolescents is
fully accepted and reliable .>** Studies on the exten-
sion/flexion torque ratio in limbs and trunk as well
as upper and lower body (knee vs. elbow) extension
and flexion torque ratios with increasing age in both
sexes seem to be sparse.®

Godhe et al.*® suggest that from the youngest ages
to adolescence, peak absolute (N.m) and normalized
(N.m/kg body mass) torque increases in all mea-
sures with highest increase in the trunk activities.
For trunk activity, the sex differences start at age
14 years. However, trunk extension/flexion ratios
are mainly unchanged with increasing age with no
differences between sexes. Normalizing data (N.m/
body mass) reduces the rate of increase in all mea-
surements in both sexes but does not change the
rank order.

Choice of isokinetic testing protocols with pediatric
populations may be influenced by participants, test
equipment availability, cost and specificity of testing.
There are numerous generic protocol considerations

The International Journal of Sports Physical Therapy | Volume 15, Number 1 | February 2020 | Page 165




specific to paediatric groups such as adaptation of
equipment, stabilization and technique, habituation
and learning effects, and safety. Some dynamom-
eters can be ordered with paediatric specifications
such as adjustable seat length to accommodate the
short femurs of children and short attachments.>

In a recent review on pediatric strength testing, De
Ste Croix** stated that test-retest-variability in iso-
kinetic strength testing in children ranges between
5 and 10%. Furthermore, De Ste croix * deduced in
his review that extension movements were more
reliable than flexion movements, concentric muscle
action was more reliable than eccentric work and
that reliability was reduced with increased testing
velocity, regardless of joint tested. With adolescents,
Carvalho et al.?® reported questionable as well as
clinically acceptable to excellent reproducibility in
adolescent basketball players for isokinetic strength
testing (ICC: 0.72-0.99). Lindsay et al.” reported an
acceptable reproducibility in the adolescent cohort
with isokinetic trunk rotation and endurance at a
testing velocity of 30°/s (ICC: 0.86-0.87). Miller et
al.> found excellent reliability (0.91-0.94) with ado-
lescents’ isokinetic trunk strength testing.

Sex differences

Isokinetic strength variables in flexion and exten-
sion efforts showed high ICC values in both males
and females (0.74 < ICC < 0.91).* These results
differ from those by Dvir and Keating®” and Keller
et al.® who found higher isokinetic trunk extension
reliability values for females and males, respec-
tively. Dvir & Keating® found partially clinical
acceptable reproducibility of an isokinetic test pro-
tocol (concentric/eccentric; 10°/sec, 40°/ sec) mea-
suring trunk extension strength in healthy men and
women with women (ICC: 0.70-0.87) showing higher
ICCs than men (ICC: 0.52-0.78). The test-retest cor-
relation coefficients were generally lower in males
(0.52-0.78) than in females (0.70-0.87) probably
as a result of a higher difficulty in controlling the
males body position during the protocol. Hence, the
greater anthropometric dimensions and the higher
experience in maximum efforts of some males may
have allowed them to exert higher forces.* So inap-
propriate strapping could have changed the initial
position, affecting the pelvic axis alignment.*

Normative data (Table 2)

Childrven and adolescents

With children and adolescent athletes, isokinetic
testing is often applied to describe and evaluate indi-
vidual and population specific characteristics like
age- or sex-related changes in strength over growth
and maturation.? However, there are difficulties
in assessing maximum strength in adolescents
due to their inexperience with producing maximal
strength.?* 5657

Balague” et al.*® observed that peak low back torque
extension is at its maximum level in 12-year-old girls
and in boys, from the age of 14 years it increases
constantly. Among the 14 tol6-year-olds, on the
other hand, whether they are healthy or not, the
boys appear stronger than the girls, with higher val-
ues for the trunk extensors and flexors. In a study
involving 62 school children with an average age of
12 years. Mérati et al.’® found that isokinetic perfor-
mances pertaining to peak torque, total workload
and mean power for trunk extensors at 60°/s and at
90° /s were higher for boys.

Bernard et al.*® suggests that in populations of chil-
dren and adolescent (11-16 years), they could not
deduce reference values for the trunk isokinetic
parameters; all they could do in this respect was
establish frameworks for values that would be
adjusted as the series of tests increase in number.
For girls, the maximum moment of force (MMF) and
mean power (MP) values for the trunk flexors and
extensors ranged from 1.7 to 2 and 2 to 2.8 times body
weight respectively. For 11 to 13 year old boys, MMF
and MP values for the trunk flexors and extensors
ranged from 1.4 to 2 and 1.7 to 2.7 times body weight
respectively, and for 14 to 16-year old boys 2.4 to 2.8
and 2.4 to 3.5 times the body weight, respectively.
In boys, trunk flexors and extensors ratios normal-
ized to body weight, decreased with growth from
0.72-0.91 to 0.67-0.77. While, the girls show more
elevated trunk flexors and extensors ratios, ranging
from 0.81-0.94 to 0.75-0.95 for the controls. Bernard
et al.®® observed that values for trunk concentric
peak moment were higher than those found by Del-
itto et al.®* An accurate comparison of these values
between studies is hampered by the lack of data on
range of motion and age groups of the individuals.
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Table 2. Normative data.

Study Subjects Evaluation Joint Movment Type O_f Velocity (%/sec) Values
contraction
Delitto et al. Extension 0.74-0.88
(1991) Flexion 60, 120, 130 0.74-0.88
Dvir and Keating | Healthy Men . Concentric 10 acceptable reproducibility
(2005) and Women Trunk Extension Eccentric 40 ICCs: 0.52-0.78
ICCs: 0.70-0.87
5 and 10%.
Extension Reduced with Extension movements were
De Ste Croix ‘ Test-retest- ' Concentric 1ncreased'test1ng more reliable than flexion
(2012) Children ariabilit Flexion velocity, movements
v Y Eccentric regardless of Concentric muscle action
joint tested. was more reliable than
eccentric work
14 to 16-year- Concentric
C"’v‘slo"lole’ @ | ld basketball | Reliability | Trunk ICC from 0.72 to 0.99
(2011) players Eccentric
Lindsay et al. Trunk .
(2006) Adolescent rotation 30 (ICC: 0.86-0.87).
Healthy Twice Trunk Rotation Concentric 30 Between 0.65 — 0.90.
Miiller et al adolescents Flexion / Extension 120 (0.94)
(2014) (N=13) Extension Concentric and 30 (0.91)
Eccentric
Dervisevic et al. 27 young TWIC-e over Flexion / Concentric/ 30 acceptable to e?(?ellent
(2007) healthy male | aperiod of | Trunk Extension reproducibility
(21.3+3.7 yrs) | one week Eccentric 60 (ICC between 0.78-0.91)
S Lith:tiltgzits 60 Excellent Relative reliability
Roth et al. P Extension and (ICC: 0.85-0.96)
(8 female and Trunk . , .
(2017) Flexion very good ICC's ranging
7 male) aged 150
from 0.85 to 0.96
21to 26
Absolute and
57 healthy and relative peak
Garcia-Vaquero a(r:)tlilx}flzl;zllzg 4 rials of o l?nd'ttl(:tal o
- work wi :
etal. (2016) men (n =28) maxlirsnum Trunk Flexion— Concentric 120 Moderate to high ICC values
and women Extension (0.57 <ICC <0.82).
(n=29)
Endurance ratio
Keller et al. Flexion NA
(2001) Trunk Extension 60 0.80-0.98
F= female, M= male, H= healthy, LBP= Low Back pain, Con= concentric contraction, Ecc= eccentric contraction, Flex= flexion,
Ext=extension, ROT: Rotation, L= left side, R=right side, F/E= Flexion/extension ratio

It has been shown that growth and the resulting
anthropometric parameters are directly related to
motor performance in young people and that the lat-
ter stabilizes at the end of growth.®" Philippaerts et
al.5? followed prospectively for five years, the growth
in size and weight of 33 young footballers, initially
aged 12.2 (£ 0.7) years and found a correlation
between peak growth and trunk muscle strength,
the endurance of the upper body muscles, balance
and speed of running among other measures of
physical performance.

However, Godhe et al.* presents a complete set of
different ratios trunk activities in both sexes and all

age groups from 8 to 15 years. For the trunk, a sex
difference is only seen at 15 years for extension and
at 14 and 15 years of age for flexion. For trunk exten-
sion and flexion higher PT normalized values are
found in boys compared to girls only at three points
with regard to age groups; at the 12th and 15th year
age groups for flexion and in the 12th year age group
for extension. The increase in average absolute
(N.m) values from the 8th to the 15th year age group
is highest in the trunk.

Isokinetic assessment in pediatric populations has
been utilised to describe the age and sex associated
changes in strength,%°?* to explore the growth and

The International Journal of Sports Physical Therapy | Volume 15, Number 1 | February 2020 | Page 167




maturational effects on strength,®% to examine
the effectiveness of training studies.5*%¢ Pediatric
researchers are starting to move from beyond using
isokinetic assessments in isolation, and for simply
descriptive study, but are now trying to integrate iso-
kinetic data with other forms of data to explore the
complex changing mechanisms that are involved in
the development of dynamic strength with age.

Adults

In healthy adult subjects, trunk strength is typically
greatest with sagittal plane extension followed by
sagittal plane flexion. It is clear that athletes tend to
show the highest trunk strength values, but also the
smallest ratio of trunk flexion to extension.?” Elite
athletes show a capacity of between 150-240 Nm
for trunk flexion and between 200-450 Nm for trunk
extension.”® In this respect, adult athletes (row-
ers, wrestlers) have higher PT values compared to
non-athletes and relatively higher trunk extension
strength torques (reduced flexor/extensor ratio).*
Ratios of trunk flexion to extension in healthy
untrained adults usually range between 0.7-0.9 but
in athletes, the ratio tends to be between 0.5-0.7,
which occurs in tandem with increased trunk exten-
sor strength.® However, few previous investigations
have directly compared trunk flexion and extension
strength and ratios between athletes and non-ath-
letes, and explored the impact of angular velocity on
trunk flexion and extension strength and ratios.

To summarize, previous studies indicate differences
in isokinetic PT for trunk sagittal and transverse
efforts as a function of age, subject populations (e.g.
trained vs. untrained) and sex.*® Moreover, athletic
subjects show more muscle capacity than sedentary
subjects.”” A normal flexor/extensor ratio is lower
than 1, ranging from 0.80 to 0.85 according to Gre-
mion et al.”” without correction for gravity.

Recently Ben Moussa Zouita et al.*® compared maxi-
mal concentric isokinetic trunk extension and flex-
ion torques, power and trunk extension and flexion
torque ratios between high-level athletes and a
control population. In general, there were trends
for increasing trunk extension and flexion torques
and power with increasing angular velocity in both
groups, although the effect was more marked for
trunk extension in the athlete group than in the

non-athlete group. Additionally, it was found that
the trunk extension torque of athletes was signifi-
cantly higher than the non-athlete group at 60°/sec
and 90°/sec but not at 120°/sec, and also that the
trunk extension power of athletes was significantly
higher than the control group at 90°/sec and 120"/
sec but not at 60°/sec. In contrast, there was no dif-
ference between the athlete and control groups for
trunk flexion power at any angular velocity.

Both athletes and non-athletes displayed greater
torque and power in trunk extension, at all angular
velocities versus trunk flexion. This is in accordance
with previous reports that the trunk extensors are
stronger than the trunk flexors.® Athletes displayed
greater trunk extension torque and power than non-
athletes, but that there was no difference between
athletes and non-athletes in relation to trunk flexion
torque and power. In accordance with previous liter-
ature, athletic subjects display greater lumbar mus-
cle capacity than sedentary subjects.” Few studies
have previously assessed the torque-angular veloc-
ity and power-angular velocity relationships for the
trunk flexor and extensor muscles. Van Damme et
al.” found that the angular velocity of isokinetic
trunk extension exercises influences the recruit-
ment of the back muscles.

The ratio of the PT of the flexors to the extensors
can serve as a parameter to assess the muscular bal-
ance of a joint. Simbala et al.”” assessed a group of
asymptomatic sedentary individuals, and reported a
ratio of the PT of the flexors to the extensors of 81 %
for males.

Relation of isokinetic trunk strength, sport
and performance (Table 3)

The contribution of the trunk musculature to many
sports (e.g. tackwondo, judo, tennis, golf, baseball,
handball, rowing, etc.)® and daily life activities, has
aroused considerable interest in trainers, clinicians,
and researchers.” In the field of sports, it is thought
that increases in the ability to exert the maximum
trunk muscle force (trunk muscle strength), as well
as the ability to exert trunk muscle force repeatedly
or continuously over a long period of time (trunk
muscle endurance), can improve athletic perfor-
mance *® and help prevent and treat back disor-
ders in individuals with trunk muscle weakness.”
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Table 3. Relation of isokinetic trunk strength, sport and performance.

Study Contractio Test Peak
Subject Characteristics n mode velocity torque Physical Correlation
(con/ecc) °/s N.m performane
Ext Flex
146 Sit-up tests: Repetitions correctly Con/Robertson Curl-up
Con : . -
Ece 169 performed in 1 min) r=-0.41
Hall et al. 23.1 years M 23 | 731 - Kraus-Weber Test 39 Ecc Robe:’tsoiz Curl-up
(1992) - Robertson Curl-up 76 r=-0.38
o
15° /s o5 - AAHPERD 49 Con/k Weber T
on/Kraus-Weber Test.
222 years F 28 | 61.7 %2: 111 - Kraus-Weber Test. 33 r=0.42
- Robertson Curl-up Test 63 Ecc /Kr aus{—)VZZber Test
r=0.
AAHPERD 42 Ecc /JAAHPERD r=0.32
Measurements of strength, power,
Elite level tennis speed and agility, endurance and
Roeter players 60 flexibility: range 0.47-0.82,
et al. (1996) ) 60 Con The correlated ‘measurements ) )
Junior 120 included the total distance thrown | which were used in the field a
on a forehand, backhand, | a measurement of power (P
13 and 17 years overhead, and reverse overhead | 0.01)
medicine ball toss
Statistically highest significan
Voluntary Sprints (10m, 20m, 30m, and correlations have been found
40m) between V40m and isokinetic
Athletes a non-motorized treadmill. V10m, trunk flexion-extension peak
Kale and V20m, V30m, and V40m) torques (30°.s-1, 90°.s-1, and
Kirkaya from 30 120°.s-1)
(2013) 191 647 Con 90 r=0.846
different 120 . ) Thgre were mgmﬁcant
Horizontal ground reaction forces relationships of horizontal
sports (HGRF-10m, HGRF-20m, ground reaction forces with
HGRF-30m, and HGRF-40m) isokinetic trunk extension-
20.9 year flexion peak torques at 30°.s-1
90°.s-1, and 120°.s-1
0.542<r< 0.798
Snatch/weight demonstrates
moderate positive correlation
significantly with back
Xiong et al. Elite The . extensor
(20121g ) relative Snatch an;i clean and jerk The clean and jerk/weight and
Weightlifters' M 12 Con peak s periormance the relative peak torque value
subjects'snatch/weight,Clean and .
torque of Jork weight/weight of jerk trunk extensor have
the trunk & & significantly moderate positiv
correlation with the relative
peak torque values of the kne
extensor
M 9 76.0 Trunk Performed 100 meters There was a strong correlation
International level extensors monofin surface swim (p<0.05) between swimming
Kunitson et monfin Con and time and trunk flexors (r =-
al. (2015). swimmers flexors at 0.77
16.9- 17.6 year F 60°/sec at angle 20°) in male
8 68.6 swimmers
Barbado et | International Judokas | M 11| 744 461 231| Sudden loading, to assess trunk | Few and low (r < 0.512
al. (2016) responses to unexpected external | significant correlations wer
National judokas 120 perturbations; found  between  strength
Con stable and unstable sitting, to endurance and stabilit
14 | 752 400 | 229| assess the participants’ ability to | parameters
control trunk balance.
Thevenon Healthy subjects M 25 Finger to floor -a negative relation between
120 — Lumbar Schober index: finger to floor distance
and 28.2year 90 — Dorsal Schober index: and maximal torque and work
60.7 Con 60 Assessment of hamstring of trunk flexors at
Blanchard w 25 30 extensibility 30, 60 and 90¢/s.r= —0.54
— Assessment of hip flexors — a negative relation between
(2003) extensibility lumbar Schober index

and trunk extensors maximal
torque and work at all speeds,
r=—0.42

-a positive relation between
lumbar Schober index and
flexors/extensors ratio at all
speed. r=0.61

— a positive relation between
hamstring extensibility

and work of trunk flexors at
30, 60 and 90 °/s. 1= 0.53

F=female, M= male, H= healthy, LBP= Low Back pain, Con= concentric contraction, Ecc= eccentric contraction, Flex= flexion,
Ext=extension, L= left side, R= right side, F/E= Flexion/extension ratio, AAHPERD= The American Alliance for Health, Physical Education,
Recreation and Dance
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For these reasons, many field and laboratory pro-
tocols have been developed to assess trunk muscle
strength and endurance in sport, fitness, clinical and
research settings.

Based on findings from 15 correlation studies,
Prieske et al.” observed only small-sized relation-
ships between measures of trunk muscle strength
and physical performance. In addition, the results
of 16 intervention studies indicated only small-to-
medium-sized effects of core strength training com-
pared with no training or regular training on proxies
of physical performance. Of note, Prieske et al.”
discussed a major limitation of their findings and
questioned the external validity of the applied trunk
muscle strength tests. Most included studies mea-
sured trunk muscle strength by means of a trunk
muscle endurance test using an isometric plank
test. Prieske et al.” postulated that these tests do not
appropriately evaluate maximal force production
capacities in dynamic sport-specific activities.

Zinke et al.”® suggest that isokinetic trunk rotator
training (8 weeks) in conjunction with canoe-specific
training resulted in increased isokinetic trunk rota-
tor torque (concentric) at slow and fast movement
velocities. In addition, a strong relationship was
found between peak isokinetic torque and peak pad-
dle force (canoe-specific performance parameter).

Isokinetic Assessment Relationship to Low Back
Pain (LBP) Risk

Typically, isokinetic trunk assessments examine
joint range of motion, muscular strength, power and
balance between agonists and antagonist muscles,
as all of these variables are considered crucial for
optimal performance whilst playing a role in reduc-
ing an athlete’s risk of injury. Muscle strength ratios
are commonly tested to describe unilateral antago-
nist to agonist strength properties, functionality and
imbalances.”’®® An increased antagonist/agonist
imbalance may demonstrate failure of the antago-
nist muscles to produce enough strength to deceler-
ate agonist maximal torque actions during a required
movement, increasing the likelihood of muscle and
ligament injuries during sports performance and
functional activities.”®”*#® Therefore, unilateral imbal-
ances have also been investigated as possible causes
leading to a low back pain (LBP) condition.” Some

authors have detected an association between the epi-
sodes of BP and decreased truck muscle strength.®*
8 Some authors attributed this to the endurance of
the trunk extensor muscles.?*® However, other rese-
archers failed to find any correlations between trunk
muscles strength and back pain.*® Thus, the rela-
tion between trunk muscles strength and back pain
occurrence need to be investigated. Trunk muscles
strength cannot be accurately examined with con-
ventional methods.*> The isokinetic dynamometer
provides objective assessment of muscle function
and can be used to study the relationship between
the back pain and trunk muscles.?® Flexor/extensor
imbalances have been tested as a possible cause of
BP##¥ The normal flexor/extensor ratio ensures that
the flexor muscles produce sufficient contraction to
decelerate the extensor muscles during trunk move-
ments preventing ligament and muscle injuries
during explosive or daily activities.?89%

Gabr and Eweda® obtained greater trunk flexor/
extensor ratios at 120°/s among patients group, this
means that trunk extension movements may result
in more prominent trunk flexion strength than
extension, resulting in a trunk strength imbalance.?
Likewise, Lee and his colleagues,® revealed a sig-
nificant difference in the trunk flexor/extensor ratio
between the healthy subjects and the BP sufferers.
In contrast, Ripamonti and colleagues® suggested
that the flexor/extensor ratio cannot be considered
as a predictive factor in patients with back pain.

CONCLUSION

Due to the importance of trunk strength, clinicians
and coaches must know whether changes in strength
over time reflect a real gain or loss, or are the result
of the measurement error. Muscle assessment meth-
ods using an isokinetic dynamometer are considered
reliable and reproductible, with high correlations
to peak strength values and flexor/extensor ratios
in children, adolescent, and adults. Therefore, the
validity and reliability of data are important when
assessing strength. However, caution should be exer-
cised when interpreting position-specific isokinetic
test results that measure trunk flexion (standing vs
seated position). Still, there are indications that low-
velocity movements are more reliable for measuring
trunk strength.

The International Journal of Sports Physical Therapy | Volume 15, Number 1 | February 2020 | Page 170




In adolescence, boys appear stronger than girls, with
higher values for trunk extensors. Trunk flexors and
extensors ratios decrease with growth. Data of iso-
kinetic muscle performance of the trunk seems to
be correlated not only to anthropometric parameters
but also to sports discipline and training volume.
It seems that the effects of sport on the muscular
strength of the trunk have both a preventive factor
and a possible risk factor for low back pain. There is
evidence for an association between high physical
workloads and back injury.

For adults, trunk strength is usually greatest with
sagittal plane extension versus flexion. Athletes dis-
played greater trunk torque and power than non-
athletes. In terms of relationship to sports practice,
the current literature has shown the principle of
training specificity indicates that exercise choice
should match the movement patterns and muscle
actions of the sport as closely as possible if one is to
achieve optimal levels of transfer. The sport-specific
trunk motions involved in each sport can induce dif-
ferent muscular adaptations in the corresponding
trunk muscles.
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