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ABSTRACT

Background and purpose: Second anterior cruciate ligament (ACL) injury rates continue to be high, with
a majority of injuries occurring soon after return-to-play, potentially because athletes may not be ready for
the external load demands of the sport. Load metrics, tracked through wearable technology, may provide
complementary information to standard limb symmetry indices in the return-to-play decision making
process. The purpose of this case report was to quantify and monitor load using innovative technology
during physical therapy rehabilitation after ACL reconstruction (ACLr) and compare to normative sport
participation data.

Case Description: The subject was a 12-year-old female soccer player that suffered an ACL injury followed
by surgical reconstruction with a hamstring autograft and standard rehabilitation. Single-leg hop perfor-
mance, isokinetic strength, and external loads (using wearable technology) were measured longitudinally
during rehabilitation and analyzed at the time of return-to-play.

Outcomes: The subject successfully achieved >90% LSI for isometric quadriceps strength (week 14), single
leg hop battery (week 23), and isokinetic hamstrings (week 26) and quadriceps (week 31) strength by the
time of return-to-play (week 39). At the time of return to play, external load metrics indicated that the
subject’s most intense rehabilitation session consisted of 36% less frequent movements, 38% lower total
distances, and activity durations that were 29% lower than the expected demands of a match.

Discussion: Standard rehabilitation may underload patients relative to required sport demands. Measuring
external load during the rehabilitation period may help clinicians adequately progress workload to the
necessary demands of the patient’s sport. With the current emphasis on restoring limb symmetry, clini-
cians may need to shift focus towards load preparation when returning a patient to their sport.

Level of Evidence: 4
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BACKGROUND

Anterior cruciate ligament (ACL) injuries can be
devastating because of the significant short- and
long-term physical, psychological, and financial con-
sequences.'? Most ACL ruptures are treated surgically,
followed by long-term intense rehabilitation. Despite
successful efforts to prevent these injuries,® incidence
rates remain high and continue to grow. In the United
States, the rate of ACL reconstruction (ACLr) reached
73.6 reconstructions per 100,000 person years in
2014, up 22% over a 10-year span.® ACL injuries are
particularly high in multi-directional women’s sports
like soccer, which has an incident rate of 2.0 injuries
per 10,000 athletic exposures.” These numbers indi-
cate that the rehabilitation of individuals after ACLr
will continue to be common practice in orthopaedic
and sports physical therapy settings.

A majority of the population that suffer ACL inju-
ries participate in sports and desire to return to their
pre-injury sport. Rehabilitation can take 6-24 months
before athletes are released back to participate in their
sport. However, only 83% of athletes return to some
level of sport after surgery,® 65% return to their pre-
injury levels of activity, and 55% return to competitive
sport.” For those that do return to sport, the risk of a
second ACL injury is high. Re-rupture of the surgical
graft occurs 5.2% of the time,® and up to 20% of individ-
uals suffer a secondary tear of the contralateral ACL.%
Moreover, many of these secondary injuries occur
shortly after return to sport, with 30% occurring within
the first 20 athletic exposures and 52.2% occurring
within the first 72 exposures.® These data may indicate
that current rehabilitation and return to play proce-
dures are not optimally preparing athletes for return
to play or identifying athletes incapable of a safe and
successful return. Clinicians commonly use a testing
battery that consists of self-report functional outcome
measures (i.e. International Knee Documentation
Committee Questionnaire [IKDC], the Knee Injury
and Osteoarthritis Outcome Score [KOOS]), symme-
try measures from single-leg hopping, and isokinetic
strength tests. However, poor outcomes®" and second
injury incidence in such close proximity to return to
play®'? indicates the need for continued efforts to opti-
mize rehabilitation and return to sport practices.

Workload management in a hot topic in the field of
sports medicine. External workload, or the mechanical

work done by an athlete, is an often overlooked com-
ponent of rehabilitation, despite evidence that links
workload to injury risk.’* The 2016 consensus state-
ment on return to sport from the First World Congress
in Sports Physical Therapy emphasizes load manage-
ment and progression as key components of return to
sport practice.'* Current return to sport practices with
individuals after ACLr encompass self-rated func-
tional and neuromuscular performance symmetry
tests, but do not account for the on-court or on-field
demands associated with the sport to which an athlete
is returning. Sports have varying demands of straight
line running, jumping, directional changes, accelera-
tions, and decelerations.'> Not having the requisite fit-
ness to return to the full demands of the sport, or the
inability to display biomechanical control throughout
the duration of a practice or competition could con-
ceivably factor into the high second ACL injury rate.
Thus, the purpose of this case report was to quantify
and monitor workload using innovative technology
(e.g. wearable technology) during physical therapy
rehabilitation after ACLr and compare to normative
sport participation data. Data from this case report
will attempt to shape future directions for incorpo-
rating load measures into rehabilitation and return to
play clinical decision making.

CASE DESCRIPTION

History

The subject was a 12-year-old female club soc-
cer player with no significant past medical history.
On the day of injury, the subject was playing as an
attacker in a competitive match. In the second half
of the match, she was running (self-reported 60-70%
speed) after a loose ball with two defenders in close
pursuit. As the subject tried to split the defenders, she
lunged for the ball and attempted to cut to the left
and received a slight lateral perturbation to her trunk
from an oncoming defender. The subject landed with
a relatively straight knee that immediately buckled
into a valgus position and caused the subject to fall.
She experienced immediate pain, joint effusion, and
muscle inhibition and was assisted off the field and
subsequently sought medical care. An MRI completed
two days after injury revealed a complete acute ACL
tear, lateral femoral and posterior tibial condyle con-
tusions, moderate joint effusion, and a low-grade
sprain of the proximal posterior cruciate ligament.
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The subject attended four sessions of pre-operative
physical therapy over four weeks prior to surgery.
These sessions focused on reducing joint effusion,
regaining range of motion, promoting neuromuscu-
lar control of the quadriceps, hamstrings, gastrocne-
mius, and hip musculature, and patient education in
a home exercise program.

Surgical Intervention

The subject’s surgery consisted of arthroscopically
assisted ACL reconstruction using a hamstrings auto-
graft with suspensory fixation at the femur and tibia.
The graft measured 9mm at the femoral attachment
and 9.5mm at the tibial attachment.

Examination

The subject’s initial post-operative physical therapy
evaluation was performed four days after surgical
intervention. The subject had been prescribed oxy-
codone as needed but ceased taking at five days
post-op and subsequently managed pain with Tyle-
nol and ice. All incisions were appropriately healing
with no signs of infection. Physical examination find-
ings were unremarkable and consistent with post-
operative norms. Specifically, she presented with the
following impairments: moderate pain (3/10), mod-
erate joint effusion (2+ stroke test), and reduced
knee range of motion (flexion= 80 degrees, exten-
sion= -3 degrees). Functionally, per the surgeon’s
protocol, the subject was limited to 50-75% weight
bearing for two-weeks post-operatively with the
use of bilateral axillary crutches. She wore a hinged

knee brace (Telescoping TROM Advance Post-op
Knee Brace, DJO Global, Inc, Dallas, TX, USA) that
immobilized the knee at 0 degrees for the first two
weeks after surgery. Instructions from the physician
allowed the brace to be unlocked as tolerated at two-
weeks post-op and progress from 50% to full weight
bearing as tolerated. These impairments and limita-
tions restricted her participation in age-appropriate
social and sports activities. Her primary goal was to
return to soccer at her full pre-injury level.

The subject and her family agreed to participate in
a research study aimed at incorporating wearable
technology into rehabilitation after ACLr. The lead
physical therapist (JBT) informed her and her family
that rehabilitation would follow standard physician-
given and evidence based protocols'® as performed
in conventional post-operative rehabilitation. The
wearable technology would allow the clinical team
to monitor her progress, but because of the lack of
evidence regarding their use, would not drive clini-
cal decision making in her case. The family provided
written informed consent and the child provided
written assent to participate in the study and allow
the collected data to be submitted for publication.
The study was approved by the High Point University
Institutional Review Board prior to patient treatment.

Rehabilitation

Rehabilitation procedures (Table 1) and decision
making were performed in the context of the phy-
sician-given post-operative protocol, guidelines

Table 1. General overview of rehabilitation program emphasis by phase

e Strengthening ..

Early Rehabilitation and Control Advanced Training Return-to-Sport
Effusion Management XXX X X X
Gait Normalization XXX XXX XX X
ROM XXX XX X X
Neuromuspular Control / XXX XXX XX X
Re-education
Strength XX XXX XXX XX
Proprioception XX XXX XX XX
Endurance XX XXX XXX
Plyometric / Agility X XXX XXX
Sport-Specific X XX XXX
XXX — emphasized
XX — performed, not emphasized
X —not emphasized, used when indicated
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reported by the MOON group,'® and other current
evidence.'” During the immediate post-operative
phase (weeks 0-2), interventions were prescribed
and performed to normalize gait, regain knee exten-
sion range of motion to neutral and knee flexion
range of motion to 120 degrees, reduce effusion,
care for surgical wounds, and introduce neuromus-
cular re-education of the lower extremity muscu-
lature (quadriceps focus). The early rehabilitation
phase (post-operative weeks 2-6) focused on regain-
ing full knee joint range of motion and progress-
ing neuromuscular retraining to achieve functional
strength and control in daily activities and a global
rating of function > 70%. The strengthening and
control phase (post-operative weeks 7-15) empha-
sized maintaining full knee joint range of motion
and introducing more moderate impact functional
activities such as running, jumping and landing.
During the advanced training phase (post-opera-
tive weeks 16-20), the focus of rehabilitation was
running, jumping, and agility progressions. The
final stage of rehab, the return-to-sport phase (post-
operative weeks 21 to return to sport), continued to
progress reactive, power, and sport-specific activi-
ties in the context of symmetrical lower extremity
strength. The plan of care consisted of formal physi-
cal therapy 2x/week for 30 weeks, 1x/week there-
after until return to sport. The subject’s treatment
duration was not limited by any factor, with each
session lasting for an average of 68 minutes. Over-
all, the subject completed 57 physical therapy reha-
bilitation sessions, equating to 1.7 visits per week.
Because of the research focus of her patient care,
the rehabilitation was not subject to reimbursement
or treatment time constraints typical of traditional
clinical settings.

OUTCOMES
The subject’s rehabilitation timeline milestones are
reported in Table 2.

Traditional outcome measures

Self-perceived functional outcome measures.
The subject completed a number of standard self-
report functional psychological questionnaires every
four weeks throughout her rehabilitation (Figure 2).
Functionally, scores on the Knee Injury and Osteoar-
thritis (KOOS) Activities of Daily Living (KOOS-ADL)

Table 2. Timeframes associated with rehabilitation

milestones.

Measure Goal (‘;; eset{(o:)cel:;et‘i/:g)
Gait Unassisted Week 2.5
Controlled single-leg squat >70 degrees Week 8
Double-leg jumping Initiation Week 12
Single-leg hopping Initiation Week 13.5
Isometric quadriceps strength >90% LSI Week 14
Running Initiation Week 14.5
Hop battery >90% LSI Week 23
Isokinetic hamstrings strength >90% LSI Week 25
Isokinetic quadriceps strength >90% LSI Week 31
Sport Medical Clearance Week 39
Sport Unrestricted Week 49

Figure 1. Top row shows MRI sagittal slices of the subject’s:
a) ACL rupture and b) bone bruise pattern. Bottom row
shows operative images of- a) ACL rupture and b) recon-
structed ACL.

and KOOS-Sport scale reached greater than 90% at
week 10 and 22, respectively. The Anterior Cruci-
ate Ligament-Return to Sport after Injury (ACL-RSI)
score, a measure of a patient’s perception of readiness
to return to sport, showed dramatic increases after
week 25 and was greater than 90% at week 39. Fear
avoidance and kinesiophobia perceptions increased
from surgery to week 10. As the subject grew more
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Figure 2. Self-report a) functional and b) psychological
questionnaires.

confident, both scores showed consistent reductions
throughout the rest of rehabilitation, bottoming out at
9% for the Tampa Scale for Kinesiophobia-11 (TSK-11)
and 0% for the Fear-Avoidance Belief Questionnaire
(FABQ) at the time of return to sport.

Hop battery. Standard single-leg hop battery test-
ing was initiated at week 22 when the physical
therapist decided the subject could safely perform
the procedures. Repeat testing was then performed
every two to four weeks thereafter to monitor the
subject’s progress. The battery consisted of the
single-leg hop for distance, timed single-leg 6m
hop, single-leg triple hop for distance, and single-
leg crossover hop for distance tests. Limb symme-
try indices (LSI) were calculated by dividing the
involved limbs data by the uninvolved limb. 90%
LSI were achieved for all single-leg hopping tests
by week 23.

Movement quality. Movement quality was
assessed weekly using the drop vertical jump test
(Figure 3). The subject stood atop a 31-cm with her

' =

BX F AT N B VA VANAVA

]

Figure 3. Landing biomechanics from a) drop land at 12
weeks (notice asymmetry in attempt to unload the left limb),
and b) drop vertical jump at 37 weeks.

feet shoulder width apart. She was instructed to
drop off the box with both feet at the same time,
land bilaterally and subsequently perform a verti-
cal jump for maximal height. Quality was assessed
qualitatively by observation in real-time with two-
dimensional video. Specifically, components of the
Landing Error Scoring System (LESS), such as land-
ing symmetry, knee flexion, and frontal plane knee
control were observed. The subject needed verbal
cueing for knee flexion and minor cueing with a
mirror for landing symmetry before consistently
exhibiting proper biomechanics for the remainder
of rehabilitation.

Strength Testing. Isometric strength testing of
the quadriceps was initiated at week 8 in 90, 60
and 30 degrees of knee flexion using an isokinetic
dynamometer (Humac NORM, CSMi, Stoughton,
MA, USA). The subject’s quadriceps strength pro-
gressed from ~55% LSI to >90% LSI at all angles
by week 14. Because of the graft type, the subject
performed conservative hamstring strengthening
during this time and did not complete maximal iso-
metric loading. Isokinetic strength testing at 60 and
180 degrees/sec was initiated for the quadriceps at
week 16 and the hamstrings at week 24. The subject
achieved >90% LSI for the quadriceps at week 31
and for the hamstrings at week 25.
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Figure 4. External workload demands of: a) step count and estimated distance during rehabilitation (blue) and throughout the
day (gray), b) active minutes during rehabilitation, ¢) jump count during rehabilitation, and d) jump height during rehabilitation.

Traditional Workload Measures

Session Rating of Perceived Exertion (sRPE). At
the end of each rehabilitation session, the subject
was asked to rate the intensity of the session as a
SRPE. sRPE’s were fairly consistent over the first six
weeks of rehabilitation at 3-4/10, increased to 6-7/10
between weeks 7-17, and finished at 7-8/10 for the
final 22 weeks.

Novel Workload Measures

Steps and distance. To track the number of steps taken
during rehabilitation sessions, a wearable activity
tracker (Actigraph, Pensacola, FL, USA) was worn at
waist level (weeks 7-39) throughout the duration of
the rehabilitation session. Session step counts (Figure
4a) were highly variable and were dependent on the
goal for the session and the time since surgery, with
a maximum of 5,553 steps during the most intense
rehab session in week 38. For the purpose of compar-
ison to existing literature that has reported distance
travelled in soccer matches, step count was converted
to distance using her average step length (78.3 cm)
during five self-paced walking trials, collected using
standard 3D motion analysis techniques. Additionally,

the subject wore the activity monitor during all waking
hours outside of rehabilitation to quantify total daily
loads (Figure 4a). On days of post-operative physi-
cal therapy, rehabilitation step count accounted for
26.5+8.9% of total daily steps (maximum = 45.2%).

Activity duration and distance rate. During
rehabilitation, the subject also wore a tri-axial accel-
erometer around her waist (VERT, Mayfonk Athletic,
Fort Lauderdale, FL, USA)."® Figure 4b shows the
number of active minutes (number of minutes in
which the accelerometer recorded an acceleration
> 1G) during the most intense rehabilitation session
of each post-operative week. Active minutes consis-
tently increased from week 13 (12 mins) to week 21
(54 mins). Duration was relatively stable from week
20 to 37 (mean = 50.0 + 6.4 minutes), before reaching
the maximum of 65 minutes in week 38. Distance
rates were calculated for weeks 20-38 by dividing the
total estimated distance in a rehabilitation session
by the active minutes (mean=>59.1+11.2 m/min,
max="77.9 m/min).

Jump workload. The accelerometer also measured
the frequency (count) and intensity (height) of each
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jump that exceeded the minimum threshold of 15.2
cm (6 inches) during the rehabilitation sessions.
Figure 4c illustrates jump frequency for the most
intense rehabilitation session of each post-operative
week (weeks 13-39). As plyometric progressions
were introduced, the jump frequency increased rap-
idly and peaked at week 23. At week 23, the physical
therapist determined that the subject exhibited good
movement quality and fitness with the plyometric
progressions, thus reducing the volume of jumping
and transitioning loads to more sport-specific explo-
sive maneuvers like direction changes and cutting.
Jump performance (Figure 4d) gradually increased
from week 13 (maximum jump height = 29.2 cm)
to a maximum in week 35 (66.3 cm). It is worth not-
ing that maximum jump height was not the primary
focus at each rehabilitation session.

Relationship of workload measures to sport
demands. Normative values from a youth (U15)
women’s soccer match were extracted from a previ-
ous study and compared to the data collected during
rehabilitation.'® Rehabilitation workload was consider-
ably lower than the expected workload in a normal
match. When compared to normative values of total
distance travelled during a competitive soccer match
(6961 m),"” the rehabilitation session with the larg-
est estimated distance (4348 m) equated to only 62%
of the workload that would be expected when fully
immersed in return to play. In respect to activity dura-
tion, the average rehabilitation session was only 71.4%
of the expected activity duration of a game (70 mins).
Similar under-loading was seen in distance rate, as the
average and maximum distance rate achieved during
rehabilitation was 49% and 64% of average distance
rates recorded in a match.' Conversely, because of
the progressive plyometric program incorporated into
the advanced phases of rehabilitation, the subject sig-
nificantly over-performed jump loads relative to game
demand averages (1-4 jumps)."?

Discharge/Return To Sport

The subject was medically cleared (joint decision by
physician and physical therapist) for restricted return
to sport at post-operative week 37 after all standard
tests were passed (Table 2) and the surgical graft had
at least nine months to heal. The physical therapist
was in constant contact with the subject’s coach and
family to ensure a progressive return to activity in

training sessions and matches. The subject began
with non-contact activities throughout practice and
was slowly incorporated into contact drills within
two weeks of return. After two weeks of full practice,
the subject was cleared to return to game action for
10 minutes a half for the first month, increasing play-
ing time by five minutes per half every 1-3 weeks
until full safe participation was attained.

DISCUSSION

These data represent the progression of rehabilitation
in an adolescent female subject after ACL reconstruc-
tion with an extremely successful short-term outcome.
Results illustrate how to incorporate and quantify con-
ventional physical performance, functional, and psy-
chological measures with novel internal and external
load measures during rehabilitation. Wearable technol-
ogy is becoming more affordable, and in turn, acces-
sible to clinical settings. While this type of technology
does not currently allow for the collection of data as
robust as what may be collected in a laboratory setting,
it can provide clinicians unique internal and external
load information that is not currently captured in con-
ventional physical therapy settings. This case report
may have immediate inexpensive translation to the
clinical setting as some patients are fortunate enough
to own their own wearable technology (i.e. Fitbit,
iPhone) that can provide clinicians with reliable infor-
mation (i.e. steps, distances) to help understand work-
load volume and tolerance to assist in clinical decision
making,20 while other wearable technology can be
purchased for nominal costs that are consistent with
other physical therapy related equipment.

External workload data from this case report indicated
significant under-loading of the subject during rehabili-
tation, despite successful outcomes. With ever-increas-
ing demands on therapists’ time and consistently
decreasing reimbursement rates, a rehabilitation para-
digm shift may be necessary. Late-stage rehabilitation
in the return-to-sport phase may need to shift out of the
clinic and towards the field, court, or athlete’s training
facility. The rehabilitation team, including the patient,
physician, physical therapist, family, and coach, may
need to collectively develop clear plans to re-integrate
the patient from a relatively low load clinical setting to
a high load training session. This subject received clini-
cal care that did not have the typical constraints that
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most clinics have. Fortunately, this case was part of a
research study and did not require health insurance
reimbursement to cover the cost of care. The physi-
cal therapist did not have a standard patient case load
and was able to spend as much individualized time as
needed with the subject and was able to give care in
an 18,000 ft? facility that did not lack for clinical space.
Therefore, the differences observed between rehabili-
tation load and expected game load during “gold stan-
dard” care are likely conservative estimates compared
to traditional care settings. Results may suggest that
other clinicians might also be severely under-loading
athletes after ACL reconstruction during rehabilita-
tion, despite thinking that their protocols and progres-
sions significantly intensify over time.

In this case, clinicians did not use the workload data for
clinical decision-making during rehabilitation progres-
sions, but these data clearly indicate the need to incor-
porate workload measures in rehabilitation to ensure
sufficient progressions and comparisons to bench-
marks of patients’ sports. For example, jump count and
performance can be tracked in real-time. While most
clinicians track plyometric progressions in terms of
repetitions or sets, a total jump or impact count may
provide richer data more analogous to pitch counts in
upper extremity rehabilitation. While the system used
to track steps taken did not provide real-time data, cli-
nicians could easily obtain these results post-session.
Progressions for impact counts, steps, or distances can
also allow the clinician to track the acute:chronic work-
load ratio” to ensure no sudden spikes in workload for
which the patient has not yet developed the requisite
fitness capacity to safely incur.

Workload measures may also prove beneficial in
return-to-play decisions. Current standard physi-
cal tests look at limb symmetry indices during
strength and performance tests, but do not account
for the demands that an athlete will need to incur
when they return to sport. In this case, rehabilita-
tion helped the subject successfully pass the con-
ventional testing battery in an appropriate amount
of time and its hopeful that the subject will have
excellent long-term outcomes. However, despite
relatively consistent implementation of these tests
in clinical settings, the incidence of second ACL
injury is around 25%, with 30% of second injuries
occurring in the first 20 exposures after return to

play.? These athletes may have exhibited sym-
metrical strength and power, adequate movement
quality, and good perceived function, but may not
have adapted to the levels needed in their sport.
Previous studies have linked large spikes in work-
load (particularly total distance) to lower extremity
injury,’® which could be representative of an ath-
lete that returned to sport after relatively low load-
ing in physical therapy. Clinicians could consider
incorporating simulated games? as part of the in
clinic or home exercise program and monitor load
both in and out of rehabilitation.

A major limitation to incorporating workload moni-
toring into rehabilitation is the amount of time and
space needed. In this case example, 70 minutes of
activity and approximately 7000 m of distance would
be recommended to simulate the demands of the sub-
ject’s sport.!” While having the subject obtain these
loads unsupervised on a treadmill might meet the tar-
get, this single type of loading does not incorporate
the multi-directional demands of the sport and does
not allow the clinician to provide adequate feedback
or movement quality that has been shown to pre-
dict second ACL injury.? Future work is needed to
monitor workload during rehabilitation in a cohort of
patients with various clinicians and settings to verify
the findings from this case report and validate these
measures as a potential risk factor for second injury.

CONCLUSIONS

The results of this case report suggest that standard
rehabilitation, though effective at achieving limb
symmetry goals, may underload patients relative to
their required sport demands. Measuring external
load during the rehabilitation period may help clini-
cians adequately progress workload to the necessary
demands of the patient’s sport. With current clini-
cal emphasis on restoring limb symmetry, clinicians
may need to shift focus towards load preparation
when returning a patient to their sport.
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ABSTRACT

Background and Purpose: Postural Restoration Institute® (PRI) theories and rehabilitation techniques focus on
restoring balance to anatomical systems. Common postural asymmetries can present in athletes as dysfunctions and
limitations. The purpose of this case report was to examine the use of PRI exercises and theories to address pelvic
alignment, along with core stabilization, during treatment of shoulder dysfunction in a collegiate volleyball player.

Case Description: A 22-year-old female volleyball athlete reported unresolved right rotator cuff tendinopathy. She
presented with bilateral rib cage flare, anterior pelvic tilt, and bilateral ROM differences in hip and shoulder internal
and external rotation. PRI® special test findings included a positive left and right Adduction Drop Test (ADT), positive
left Extension Drop, and Hruska Adduction Lift test (left=2, right=3) indicating posterior exterior chain (PEC) pat-
tern of dysfunction. The traditional shoulder rehabilitation program from the previous season was eliminated and a
PRI based intervention was performed. Intervention exercises included the 90/90 dead bug diaphragmatic breathing,
90/90 hamstring hip lift, and right sidelying respiratory left adductor pull back. Exercises were performed as three
sets of ten diaphragmatic breathing repetitions, a minimum of three times weekly prior to activity.

Outcomes: Likert scale ratings of pain decreased from a six pre-intervention to two. The left hip gained 10° of internal
rotation and the right hip gained 14° of external rotation. Right shoulder internal rotation increased 15°. Hruska
Adduction Lift improved to a four bilaterally (right by day 24, and left by day 31). Left extension drop test was negative
following day 17.

Discussion: PRI® exercises focusing on core and pelvic stability translated to improved hip and shoulder ROM, and
decreased shoulder pain associated with rotator cuff tendinopathy. By treating pelvic alignment with the PRI® exer-
cises, the ROM imbalance and pain at the shoulder joint were addressed.

Conclusion: Incorporating PRI exercises and theories into the rehabilitation program of a volleyball player was useful
in addressing underlying imbalances throughout the kinetic chain.

Level of Evidence: 3b

Keywords:: Breathing exercises, Postural Restoration, rotator cuff pathology, shoulder, volleyball
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BACKGROUND AND PURPOSE

Many overhead athletes experience generalized
shoulder pain due to repetitive terminal external
rotation, with abduction and elevation. Common, and
often successful, rehabilitation programs for shoulder
pain focus on strengthening, mobility, and sport spe-
cific movements targeting the involved joint.! How-
ever, some athletes continue to report unresolved
chronic shoulder injuries, indicating potential under-
lying dysfunction away from the primary anatomical
site of pain generation.? These underlying patholo-
gies could provide necessitate use of an alternative
treatment approach for those athletes who are unre-
sponsive to traditional treatment methods.

Treatment paradigms by Ron Hruska at Postural
Restoration Institute® (PRI) integrate posture-based
intervention programs for the management of mus-
culoskeletal injuries and asymmetries assumed to be
present due to postural adaptations.** PRI theorizes
that common postural asymmetries can present in
athletes as dysfunctions and movement limitations
and incorporates multiple systems (musculoskeletal,
nervous, and respiratory) to influence movement
patterns.** Postural restoration treatment (PR) aims
to restore balance and variability to these anatomi-
cal systems.** Once these dysfunctional adaptations
are corrected, patients can perform activities with
greater efficiency, even without direct intervention
to the affected joint or region.** In theory, if these
postural adaptations are corrected, then dysfunction
is decreased throughout other systems in the body.
Despite the increased use of PRI theories by sports
medicine clinicians, there is limited, but promising,
published evidence on PR treatment outcomes.>”
The purpose of the current case report is to evaluate
the use of a PR treatment intervention to address
chronic shoulder pathology that failed to be allevi-
ated using traditional intervention methods.

CASE DESCRIPTION

A 22-year-old, female, Division I volleyball player,
with 14 years of competitive experience, was seen
for generalized right shoulder pain mid-way through
the fall competitive season (in-season). She sought
treatment due to her rehabilitation plan from the pre-
vious volleyball season no longer effectively treating
her chief complaints of right shoulder pain and rota-
tor cuff weakness/fatigue. She was diagnosed during

the previous competitive season (season one) with
right rotator cuff tendonitis. Previous medical his-
tory revealed no prior orthopedic surgery, but the
athlete reported hip dysplasia that required her to
be in a Pavlik harness for two months after birth by
cesarean section due to breech positioning. No other
previous orthopedic issues were documented prior
to the shoulder pain. She was treated throughout
season one with a traditional rotator cuff tendon-
itis rehabilitation plan, which included strengthen-
ing, mobility, and range-of-motion (ROM) exercises.
She was given a list of thirteen exercises and com-
pleted the program by choosing any four exercises
at 3 sets of 10 repetitions, four times a week (Table
1). She was instructed to cycle through the exercise
options and not repeat the same exercise in consecu-
tive days. Modalities supplemented the program for
pain modulation including interferential stimula-
tion, thermal therapy, and cryotherapy. The athlete
reported continued use of the rehabilitation plan.

The athlete’s playing time increased from the season
one to season two, the competitive season in which
the case report took place. Despite being a middle
blocker, she had multiple games during season two
where she played the full rotation and served for her-
self throughout the whole year. Differences in game
activity between seasons are presented in Table 2.
Strength and conditioning session participation was
team based in both years and remained relatively

Table 1. Traditional Treatment Plan and Volleyball

Warm-Up

Traditional Rehabilitation Exercises to Address Rotator Cuff
Tendinopathy”
Shoulder flexion, extension, abduction & adduction with elastic
resistance band
Dumbbell shoulder press
Shoulder front raises
Standing, bilateral Y's, I's, T's with 3-5 pound dumbbells
Seated dumbbell shoulder external rotation
Dumbbell proprioceptive neuromuscular facilitation D1 & D2 patterns
Body Blade through proprioceptive neuromuscular facilitation patterns
Body Blade shoulder flexion
Rows with elastic resistance band
Latissimus dorsi pull down with elastic resistance band
Dumbbell weighted shoulder flexion with manual perturbations
Scapular push up
90/90 plyometric ball toss with clinician as partner
Volleyball Warm-Up Exercises with Elastic Resistance Band™"
Scapular rows
Combination movement of high row followed by shoulder ER to 90°
Thumb down (empty can) shoulder V-raises
Shoulder internal rotation, elbow at side
Shoulder external rotation, elbow at side
Simulated arm swings each side
*Performed during season one, fPerformed during season two
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Table 2. Volleyball Performance Statistics for Subject

Season One Season Two
Volleyball Match Sets Played 121 130
Assists Per Set 0.07 0.22
Total Digs 74 160
Digs Per Set 0.61 1.23
Serve Receptions 3 207
Aces Per Set 0.17 0.14
Blocks Per Set 1.07 1.00
Total Attacks 723 667
Kills Per Set 221 1.90

consistent with the previous year’s volume. She was
seeking new treatment options mid-season two, as
she felt her shoulder pain was hindering her per-
formance. Her treatment goal was to play pain-free.

CLINICAL IMPRESSION #1

The subject’s chief complaint of chronic shoulder
pain, despite continued rehabilitation for over one
year, indicated that the rotator cuff tendinitis was
likely not resolved. Furthermore, it was believed
that underlying pathologies needed to be explored.

EXAMINATION

During the season two examination to globally eval-
uate the shoulder girdle, the subject presented with
bilateral rib cage flare and anterior pelvic tilt dur-
ing standing shoulder flexion in the scapular plane.
Range of motion (ROM) evaluation revealed hip and
shoulder internal and external rotation asymmetries
(Table 3). Manual muscle testing performed on the
shoulder revealed the subject’s strength was 5/5,
bilaterally, in all planes of motion. The subject had
positive test results for Hawkins-Kennedy and Neer
Impingement special tests on the involved shoulder;
all other orthopedic special tests were unremark-
able. PRI* recommended special tests performed by

the PRI trained clinician included: Adduction Drop
Test (ADT), Extension Drop Test (EDT), and Hruska
Adduction Lift Test (HAdLT).

The ADT (Figure 1) and EDT (Figure 2) were per-
formed as described by Masek.? The ADT has the
subject placed in a side-lying position with the both
legs positioned in 90° of hip and knee flexion (Figure
1).* The clinician stands behind the subject to pas-
sively flex, abduct, and extend the hip, while the knee
remains in 90° of flexion.* The hand of the clinician

Figure 2. Extension Drop Test (EDT) A: Negative EDT, B:
Positive EDT.

Table 3. Active Range of Motion Measures

Pre- Treatment Treatment Treatment Treatment Treatment
Intervention Day 10 Day 17 Day 24 Day 31 Day 38
Left Right | Left Right | Left Right | Left Right | Left Right | Left Right
Hip Range of Motion
Flexion | 100°  110° | 104° 110° | 106° 111° | 107° 112° | 108> 112° | 108° 111°
Extension | 10° 6° 10° 8° 12° 11° 12° 13° 12° 14° 11° 14°
Adduction | 18° 20° 20° 21° 21° 21° 22° 23° 22° 23° 23° 24°
Abduction | 34° 29° 37° 30° 42° 36° 45° 42° 49° 47° 49° 48°
Internal Rotation | 23° 38° 26° 36° 27° 35° 28° 34° 32° 33° 33° 35°
External Rotation | 35° 20° 35° 22° 36° 25° 35° 27° 34° 32° 34° 34°
Shoulder Range of Motion*
Extension | 50° 47° 52° 50° 54° 52° 56° 56° 58° 56° 59° 58°
Internal Rotation | 60° 50° 61° 55° 64° 58° 65° 60° 66° 62° 66° 65°
External Rotation | 84° 95° 85° 95° 86° 96° 85° 96° 87° 95° 88° 94°
*The right shoulder was the involved, painful limb
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Figure 3. Right Hruska Adduction Lift test (HAALT) A:
Grade zevo, B: Grade one, C: Grade two, D: Grade three.

not completing passive ROM maintains the position of
the top innominate.* A positive test is indicated when
the knee of the upper leg is unable to contact the table
when the knee is release and hip position is main-
tained; this finding indicates a restriction of the piri-
formis muscle or transverse ligament, or impact of the
posterior inferior femoral neck on the posterior inte-
rior rim of the acetabulum blocking adduction.* The
subject was found to have a positive left and right ADT.

The EDT has the subject positioned on the end of
the table with both knees to the chest, mirroring the
setup of Thomas test (Figure 2).* The tested leg is
passively lowered by the clinician while holding the
subject’s untested leg close enough to the chest to
maintain contact of low back with the table.* The
clinician then lowers the testing limb downward,
ensuring that the hip does not abduct, which results
in a false negative position.* A positive test is pres-
ent when the testing leg thigh is unable to touch the
table, indicative of a restriction in hip extension.*
The subject demonstrated a positive left EDT.

The HAdLT (Figure 3) is performed with the subject
positioned in sidelying with the back slightly rounded
forward.*® The ankle of the upper leg rests on the
clinician’s shoulder, which indicates the side being
tested.*® For example, if the subject is lying on his/
her right side with his/her left leg on the clinician’s
shoulder it would be considered a Left HAdLT. In this
position the hip should be in a neutral alignment and
the knee fully extended. This test is graded by the cli-
nician’s evaluation of the movements accomplished
successfully. The progression of movement is as fol-
lows: 1) the subject was asked to raise the ankle of
the flexed lower leg to knee of the leg resting on the

shoulder of the clinician, 2) the knee of the lower leg
is raised off the table while the ankle maintains con-
tact with the knee, and 3) the subject was asked to
raise the lower hip of the table while maintaining the
first two positions.*? If at any time during this move-
ment the athlete was unable to accomplish or hold
the previous position the test was stopped.*®

The HAdIT test is graded on a zero to five scale
and the ability to accomplish the movements is the
criteria for grading. For a zero grade the subject is
unable to raise the lower leg to the knee present-
ing as obturator weakness. Grade one occurs when
the subject can raise the ankle, but is unable to raise
the knee. This reflects weakness in the external rota-
tor muscles of femoral acetabular (FA) joint more
commonly, or weakness of the active extremity
stabilizing muscles of the acetabular femoral (AF)
joint. The FA and AF joint are the same joint, dis-
tinguished by the leading listed bone moving on the
second listed bone. Grade two is the ability to raise
the lower knee while maintaining ankle positioning.
The current subject received a two grade on her left
side, indicating instability of the AF joint and weak-
ness of adductor magnus, and obturators; or there
being a forward rotated pelvis with FA joint internal
weakness.* Grade three rating indicates the subject
is able to hold Grade two while slightly raising his/
her hip off the table.* The current subject received
a grade three on her right side. Inability to do this
reflects weakness of the FA joint stabilizers on the
extended leg, and the possibility of bilateral AF joint
stabilizers weakness.* Grade four rating is the sub-
ject’s ability to raise the hip off the table to the level
of his/her shoulder and the clinician’s shoulder.*
The inability to accomplish this task reflects a weak-
ness in lumbopelvic strength and a general weak-
ness of the obliques bilateraly.* Grade five rating is
the ability to raise his/her hip above the clinician’s
shoulder and his/her own shoulder. The inability to
accomplish this task reflects the lack of strength and
proprioceptive ability to shift his/her hips.*

Clinical Impression #2

Evaluation findings, particularly the positive ADT
bilaterally, indicated a Posterior Exterior Chain (PEC)
pattern. The PEC pattern, unlike many of the move-
ment patterns defined by PRI, is a bilateral pelvic
alignment compensation. In this pattern, both ilia
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are anteriorly tilted increasing lordotic curvature in
the lower back. This pelvic tilt is commonly associ-
ated with a bilateral rib cage flare; which in turn cre-
ates an inability to expand the lower portion of ribs
to full capacity while taking a deep breath, as well
as abdominal oblique disuse. Successful PR-based
intervention would reduce asymmetries in hip and
shoulder internal and external rotation ROM, and
result in negative PRI special test findings.

INTERVENTION

The timeline reported in this case study began mid-
way in season two with pre-intervention measure-
ments and initial implementation of the program.
The final follow-up measurements were performed 38
days later. At that time the athlete was unable to com-
plete the intervention program three times during
the remaining two weeks of regular season because
of a partial Achilles tendon rupture shifting the focus
of care. While she continued to play the remainder of
the season, ankle pain management and strengthen-
ing was priority became the priority of rehabilitation.

The athlete’s former traditional shoulder rehabilita-
tion program was eliminated at the onset of PR treat-
ment program. A heat pack on the right shoulder
was used by the athlete prior to competition and
practices as part of her own warm-up routine. Addi-
tionally, the athlete completed a traditional, team-
based volleyball bilateral shoulder warm-up routine
at one set of fifteen repetitions prior to practice and
competition (Table 1).

Information gained from the pre-intervention assess-
ments of the athlete allowed for a development and
implementation of a PR intervention program (Table
3). This included one adapted intervention using
PRI° theories and two specifically recommended
interventions by PRI®. The interventions included
an adapted 90/90 dead bug diaphragmatic breath-
ing, 90/90 hip shift with hemi-bridge, and right side-
lying respiratory left adductor pull back (Figure 4).
The exercise order was chosen to address the sagit-
tal plane compensations, followed by frontal plane
compensations. Each intervention exercise was per-
formed in three sets of ten repetitions of diaphrag-
matic breathing. The subject was instructed and
given direct feedback for an initial two-week period.
Feedback consisted of tactile and verbal cues while

Figure 4. Postural Restoration Treatment Intervention Exer-
cises A: 90/90 Dead bug diaphragmatic breathing, B: 90/90
Hip shift with hemi-bridge, C: Right side lying respiratory left
adductor pull back.

completing the intervention program. Cues correct-
ing her positioning and breathing patterns were
used to ensure proper form and muscle activation
was achieved. After two weeks, she was allowed to
perform the intervention program without direct
supervision, while still reporting completion. The
intervention program was completed three times a
week prior to activity, at minimum, with a full reas-
sessment at the start of each week.

PR Treatment Intervention Exercises

For the 90/90 dead bug position, the athlete posi-
tioned herself into 90° of hip flexion, 90° of knee
flexion, feet shoulder width apart, 90° of shoulder
flexion, and a rolled towel under her neck to open
the airway (Figure 4A). The athlete was instructed to
inhale as much air in as she could using her abdomi-
nal and diaphragm musculature. She was told to
pull the air down into her belly and torso achiev-
ing maximum lung volume every inhalation. This
allowed her diaphragm to create a negative pressure
in the thorax cavity and force air into the lungs.**
When she exhaled through her mouth, she was
cued to imagine she was blowing a balloon up. As
she exhaled, the lower portion of the rib cage would
position itself down and rotated toward midline.
This breathing pattern helps engage the core mus-
culature and the diaphragm to expand the lungs to
achieve maximum volume with each breath.*!® PRI
recommends the physical use of a balloon to engage
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core musculature throughout the breathing pattern.*
Howepver, this exercise was adapted to visualizing a
balloon due to inaccessibility.

The PRI" recommended 90/90 hip shift with hemi-
bridge was completed as described previously, with
minor modifications (Figure 4B).**!" The modifications
included a rolled towel placed underneath her neck
to aid in opening her airway, the breathing was com-
pleted without a balloon, and a foam roller with the
same diameter was placed between her legs instead of
a small ball due to lack of recommended equipment.
This exercise was completed bilaterally because the
pre-intervention examination showed an anteriorly
tilted pelvis on both the left and right side. The posi-
tioning is the same and the movements are reversed
for the right side compared to the left. These move-
ments include a downward drive of the heels to con-
tract the hamstring, activation of the adductor of both
legs to hold the foam roller in place, and then a slight
lift off of the contralateral leg that was being targeted.
For example, if the subject is targeting the left ham-
string the right heel would lift slightly off the wall.

The PRI®° recommended right sidelying respiratory
left adductor pull back was completed as described
previously,*'* with minor modifications (Figure 4C).
Modifications included the rolled towel underneath
her neck and a foam roller. For this exercise the
clinician must ensure the bolster between the feet
causes the left knee to fall below the left hip. This
exercise’s main goal is to shift the femoral head more
congruently into the socket of the acetabulum.*!'?
This is done by activating and cueing the subject
to first pull their left femur back towards their left
ilium.'? Once this is done, he/she is instructed to
hold that position and drive their left knee down
into the towel placed between the knees.'” This pull
back and downward drive of the left knee will acti-
vate the left adductor, gluteus medius, semimembra-
nosus, and semitendinosus muscles.!?

Outcome Measures

Measures to evaluate overall progress of the inter-
vention program included both subject and clinician
reported outcome measures. A 10-point Likert-pain
scale rating was used as a patient reported outcome.
This rating was reported verbally by the athlete
after each completion of the intervention program.

Clinician reported outcome measures comprised of
PRI recommended special tests, including the ADT,
EDT, and HAdL, and hip and shoulder active ROM.

The ADT was completed bilaterally after each com-
pletion of the intervention program. This ensured
that proper pelvic neutrality was achieved by the
athlete. This special test was chosen because of the
direct feedback obtained by the clinician about the
exercises’ effect on pelvic alignment.

The shoulder ROM measurements were taken bilat-
erally and included flexion, extension, internal rota-
tion, external rotation, abduction. Hip included the
same ROM listed for shoulder along with adduction.
All ROM measurements were taken by the same cli-
nician as described in Starkey et al.,'* with the excep-
tion of shoulder extension. Shoulder extension was
modified and measured from a standing position
with her elbow flexed to 90° then actively moved
posteriorly into extension.

OUTCOME

The verbal, Likert pain scale rating for the subject
showed an overall decrease from pre-intervention
(6/10). Pain was reported to be a 2/10 or lower from
day 11 of the intervention to the end of the evalua-
tion period. The athlete’s ROM improved throughout
the intervention program as seen in Table 3. Shoul-
der forward flexion and abduction were not included
in this table as the athlete had 0-180° of ROM, bilat-
erally, throughout the course of intervention. Her
right shoulder gained 15° of internal rotation. The
athlete’s left hip gained 10° of internal rotation,
while her right hip gained 14° of external rotation.

PRI* recommended special tests indicate improve-
ment throughout the intervention program. ADT
was negative following each treatment session, indi-
cating treatment success. The right EDT was nega-
tive for the athlete pre-intervention and did not
change. The left EDT was positive pre-intervention,
and improved to negative following intervention day
17. The Right HAdLT improved to a four on inter-
vention day 31, while the Left HAALT improved to a
four on intervention day 24.

During the exit physical upon the completion of the
athlete’s collegiate playing career, an MRI was per-
formed on her right shoulder. Diagnostic imaging
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indicated minor blunting and fraying of the postero-
inferior labrum, and mild diffuse tendinosis along
the rotator crescent. These findings are consistent
with the subject’s chronic tendinopathy and con-
firmed no major underlying pathological damage as
the cause of the right shoulder pain.

DISCUSSION

The presentation of the PEC pattern in this athlete
was typical, as described by PRI*. PEC is theorized
to cause the right and left hip to position in external
rotation, abduction, and flexion resulting in bilat-
eral rib cage flare and anterior pelvic tilt.®*!'*!> Cur-
rent literature has shown that lumbopelvic and core
weakness/instability negatively affects the upper
extremity in patients, resulting in dysfunction.'®”
The PEC pattern present in this athlete reflected
lumbopelvic and core weakness/instability. This
information gained from the assessment led to the
clinical reasoning that underlying lumbopelvic
and core weakness/instability was contributing to
the athlete’s shoulder dysfunction. Thus, by using
PR treatment to address the lumbopelvic and core
weakness/instability the subject’s shoulder pain
could potentially be addressed.

Structuring the athlete’s intervention to target the
pelvis’s dysfunctional patterns was the main focus
of the program. The adapted 90/90 dead bug dia-
phragmatic breathing was used to activate the core
muscles, postural stabilization muscles, address the
sagittal plane needs and prime the breathing pattern
of the athlete for the remainder of the intervention
program. During activity the body has increased
respiratory demands to meet the basic needs of the
athlete. This respiration increases activation of pos-
tural stabilization muscles.'®'® The 90/90 dead bug
was always completed first, to cue the athlete to focus
on core activation and the diagrammatic breathing
pattern throughout her therapeutic exercises.

The 90/90 hip shift with hemi-bridge targeted the
anterior pelvic tilt and activation of the adductor
muscle group. This athlete’s ADT showed a bilateral
anterior tilted pelvis. The 90/90 hip shift was used
to target unilateral hamstring activation."! The ipsilat-
eral activation of the hamstring pulls on the ischial
tuberosity creating a posterior translation of the
pelvis. This unilateral activation decreases lumbar

lordosis and increases anterior rib depression.'* Once
the pelvis is in a more neutral position the femoral
head should adduct more freely because it will not
come in contact with the cotyloid rim of the acetab-
ulum." The right sidelying left adductor pull back
targeted the external rotation of the pelvis and con-
gruence of femoral head into the acetabulum. This
intervention promotes hip adduction and left femoral
internal rotation on acetabulum.'? During the inhala-
tion process the diaphragm forces the pelvic floor to
open the AF joint specifically, easily allowing inter-
nal rotation, decreasing limitation of movement, and
addressing the frontal plane compensations.'?

The PRI based intervention program’s significant
effect on symptom resolution could be attributed to
the ROM gained at both the hip and shoulder. Rates
of shoulder injuries in baseball pitchers are inversely
correlated to hip rotational ROM and decreased hip
rotation ROM has been correlated to increased shoul-
der external rotational torque.'*® The athlete in this
case study drastically improved her left hip inter-
nal rotation ROM over the course of the PRI inter-
vention. In theory, this hip ROM improvement may
have decreased the torque on her shoulder, and thus
decreased right shoulder joint musculature demands.

A possible confounding factor noted in this case was
the athlete’s hip dysplasia at birth. Having minor dys-
plasia that goes undetected or is improperly treated
in infant and adolescent years can lead to greater
morbidities later in life.” These morbidities result
from abnormal hip biomechanics leading to more
anatomical abnormalities because of the improper
movement patterns.” Whether the athlete’s hip dys-
plasia was truly corrected as an infant, and if the
irregular movements developed subsequently due
to her sport or movements being expressed as dys-
functional postural patterns are related to this previ-
ous medical history is unknown.

There are some potential limitations to the current
case report. In this specific case report, outcome
measures to assess shoulder strength, beyond man-
ual muscle testing, or fatigue of the athlete were not
evaluated. The use of hand-held dynamometry would
have enhanced the assessment of strength. The ath-
lete did subjectively report that throughout her inter-
vention shoulder fatigue decreased as she progressed
further into the program. This information though not
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assessed shows an area for future studies to assess the
effects of postural restoration interventions on shoul-
der fatigue and strength. The current case used a
single-item patient-reported outcome (Likert scale) to
evaluate pain. However, a validated multi-item scale,
such as the Disabilities of the Arm, Shoulder and Hand
(DASH), would have provided a more complete view
of the subject’s pain and function. Lastly, well designed
research evaluating the PRI interventions are neces-
sary, as case reported are limited in their generalizabil-
ity and assessment of causal relationships.

CONCLUSION

The results of this case report suggest that PRI®
exercises focusing on core and pelvic stability can
translate to improved ROM and decreased shoul-
der pain associated with rotator cuff tendinopathy,
even when traditional interventions are removed.
PR based interventions address postural asymme-
tries in the kinetic chain that present as movement
dysfunction. By treating pelvic alignment with the
PRI" exercises and theories, shoulder pain and ROM
measures in this overhead athlete were improved.
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