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ABSTRACT

Background: Postsurgical
is used to inform return to sport decision-
making for patients after hip surgery.
Understanding  individual differences in
lower extremity functional performance
and patient-reported outcomes at 3 months
postsurgery may provide guidance for return
to sport decisions. Methods: A prospective
case series describing lower extremity func-
tional performance (four hop test battery of
single hop for distance, 6-meter timed hop,
triple hop for distance, and crossover hop
for distance, and the Star Excursion Balance
Test and Vail Hip Sport Test), hip abductor
strength, and patient-reported outcomes in 3
recreationally active women at 3 months fol-
lowing hip preservation arthroscopic surgery.
Findings: At 3 months postsurgery, there
was considerable variability and deficits in
lower extremity functional performance and
strength across participants as well as vari-
ability in patient-reported outcomes. Clini-
cal Relevance: Assuming that a 3-month
postsurgical time point for return to sport-
ing activities is appropriate for recreation-
ally active individuals post hip arthroscopy
may not be a valid assumption. Conclusion:
Based on the patient-reported outcomes and
lower extremity functional performance of 3
recreational athletes, the authors suggest that
patients following arthroscopic hip surgery
may require more than 3 months to return to
sporting activity.

timeframe

Key Words: hip preservation,
femoroacetabular impingement, return to
sport, physical therapy

BACKGROUND AND PURPOSE

Over the past decade, the number of hip
preservation arthroscopic procedures per-
formed has increased from 3.6 per 100,000
in 2005 to 16.7 per 100,000 in 2013." Reha-
bilitation typically follows hip arthroscopic
surgery although there is considerable vari-
ability in  recommended postoperative

physical therapy protocols.? Thus, it is not
surprising that a systematic review of physical
impairments and activity limitations in indi-
viduals presenting with femoral acetabular
impingement concluded that rehabilitation
protocols targeted at restoring postoperative
functional impairments need to be re-eval-
uated, especially with respect to developing
evidence-based rehabilitation programs and
return to sporting activities.’

In contrast with criterion-based rehabili-
tation protocols,” return to sport decision-
making may rely instead on postsurgical
time, commonly between 12 and 20 weeks
after surgery” However, significant indi-
vidual variation complicates return to sport
activity decisions based on the extent of
injury, surgery performed, and the reha-
bilitation process. Understanding individual
patient differences may provide guidance
for return to sport decision-making as well
as provide guidance for rehabilitation proto-
col development. Variability in performance
following hip arthroscopy was the topic of a
recent clinical commentary that outlined an
impairment-based rehabilitation protocol
for use postsurgery that is currently under
testing in a multicenter, international ran-
domized controlled trial.® This protocol is
designed to target known postsurgical defi-
cits and provides clinicians with a systematic
approach to treatment progression through
return to sport.

Recreationally active women are a popu-
lation at risk for future osteoarthritis if not
appropriately managed.” Identifying func-
tional deficits in this population at 3 months
may be useful in elucidating outcome vari-
ability among individuals to help physical
therapists modify such impairment-based
programming as it becomes validated for
individuals facing return to sport decisions.
The purpose of this case series was to describe
lower extremity functional performance, hip
strength, and patient-reported outcomes in
3 recreationally active women 3 months fol-
lowing hip preservation arthroscopy and to
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identify variability in outcomes across indi-
viduals. Findings from this scudy will help
health care professionals such as physical
therapists, athletic trainers, and orthopedic
surgeons to inform coaches and individuals
regarding appropriate time points for allow-
ing return to sporting activities.

METHODS
Patient Description

Three female recreationally active par-
ticipants, 3 months (+2 weeks) following
primary, unilateral hip preservation arthros-
copy volunteered to participate in this study.
Table 1 details their demographic informa-
tion, diagnosis, and surgical procedures. The
Institutional Review Board at Midwestern
University, Downers Grove, IL, approved
this study, and participants provided written
consent to participate. Recreationally active
was defined as engaged in mild, moderate, or
high-intensity physical activity for at least 2.5
but not more than 10 hours per week (prior
to injury).® Participants were patients of an
orthopedic surgeon specializing in hip pres-
ervation surgery. Inclusion and exclusion cri-
teria are listed in Table 2. The first 3 patients
to meet criteria via the surgeon’s chart review
were asked to participate. Participants under-
went a standard rehabilitation protocol with
their respective physical therapists prior to
enrollment into the current study.

Testing Protocol

Each participant attended one 90-minute
testing session in an outpatient physical
therapy clinic. Lower extremity functional
performance was assessed using four hop
tests (single hop for distance, 6-meter timed
hop, triple hop for distance, and crossover
hop for distance),” the Star Excursion Bal-
ance Test (SEBT), and the Vail Hip Sport
Test (VHST). In addition, hip abductor
strength was measured as well as 3 patient-
reported outcome scores. Testing order was
consistent across all 3 subjects to maintain
testing consistency given the small sample
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Table 1. Demographic Data of the Three Recreationally Active Female Participants

Variable Participant 1 Participant 2 Participant 3
Age (years) 25 33 40
Body Mass Index (BMI) 21.5 22 26.5
Weeks Postoperative 13 11.5 14
Preoperative Diagnosis Labral tear Labral tear Labral tear
Hip flexor tendinitis Hip flexor tendinitis Loose body
Internal snapping hip Pincer lesion Pincer lesion
Pincer lesion Cam lesion Cam lesion
Cam lesion Instability Instability
Instability

Postoperative Diagnosis

Labral tear
Iliopsoas bursitis
Hip flexor tendinitis
Pincer lesion

Labral tear
Iliopsoas bursitis
Hip flexor tendinitis
Pincer lesion

Labral tear
Loose body
Ligamentum teres tear
Iliopsoas bursitis synovitis

Cam lesion Cam lesion Pincer lesion
Instability Instability Cam lesion
Instability
Surgical Procedure Labral debridement Labral repair Removal of loose body
Acetabuloplasty Acetabuloplasty Labral repair
Iliopsoas bursectomy and Iliopsoas bursectomy and Ligamentum teres reconstruction
fractional lengthening fractional lengthening Acetabuloplasty
Femoroplasty Femoroplasty Iliopsoas bursectomy
Capsular plication Capsular plication Synovial biopsy
Femoroplasty
Capsular plication
Prior Level of Activity 3-5 hours/week running, 2.5 hours/week flag football, 10 hours/week walking,

hiking, snowboarding

recreational softball

swimming, biking

size. Patient-reported outcomes were the Hip
Outcome Score — Sports Subscale (HOS-
SSS), Nonarthritic Hip Score (NHS), and
the International Hip Outcome Tool (iHOT-
12). Collectively, results from the functional

performance tests, strength test, and patient-

reported outcomes were compared bilaterally

for each participant and across participants.

1.

Hop tests. Four hop tests (single hop
for distance, 6-meter timed hop,
triple hop for distance, and cross-
over hop for distance) were measured
using standardized testing methods.!°
Although there have been no pub-
lished reports on hop testing follow-
ing hip arthroscopy, the 4 hop tests
used in this study have been shown
to be reliable in patients after anterior
cruciate ligament reconstruction sur-
gery and are typically used together."
Participants performed all hop tests
bilaterally, beginning with the non-
surgical limb. Two trials for each
limb were measured with rest allowed
as needed. Means and standard devi-
ations were calculated from the two
trials. The participants were free to
swing their arms to aid in complet-
ing the jump and for balance. During
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the single hop for distance, triple
hop for distance, and crossover hop
for distance tests participants were
required to maintain balance on the
test limb untl prompted to relax.
Failure to maintain balance resulted
in an invalid trial. A toe-to-toe mea-
sure was used for all tests requiring
measurements of the total distance
hopped. Means were calculated for

two trials. Limb symmetry index
(LSI) was then calculated for each
test mean and expressed as a percent-
age (surgical limb/nonsurgical limb x
100).'° An LSI score of at least 90%
was considered as passing.'?

Star Excursion Balance Test (SEBT)
was measured bilaterally using estab-
lished methods."”? Participants per-
formed 4 practice trials to stabilize

Table 2. Inclusion and Exclusion Criteria

Inclusion

Exclusion

Primary unilateral hip arthroscopy

Prior knee or ankle surgeries

Unilateral hip pathology

Evidence of arthritis Ténnis grade 2 or greater based
on pre-operative radiograph by the orthopedic surgeon

Self-reported recreationally active

Gluteus medius tear based on pre-operative MR
arthrogram by the orthopedic surgeon

20-40 years old

Labral reconstruction surgery

Body mass index 18.5-29.9

Microfracture hip procedure

Cleared by physician for jumping and
pivoting activities

Current hip incidence related to workers’
compensation injury case

Vestibular or balance disorders

Current concussion or mild traumatic brain injury
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excursion distances."* To decrease
fatigue, one reach distance was
measured in 4 directions (anterior,
posteromedial, posterolateral, and
medial) on the fifth trial. Reach dis-
tance measurements were normalized
by limb length and expressed as a
percentage score (excursion distance/
limb length x 100).” A composite
score was calculated (mean of the
normalized reach distances in the
anterior, posterolateral, and postero-
medial directions). A passing score of
at least 94% for each reach direction
or the composite score was consid-
ered as passing.'®

The Vail Hip Sport Test (VHST) is

a safe method to observe muscular

strength, endurance, and the ability
to produce and absorb multi-planar
forces without kinetic collapse. Each
portion of the test battery is designed
to stress the hip joint and iden-
tify functional deficits. The VHST
consists of 4 dynamic functional
activities using the resistance of a
Sportcord®. Participants performed
tests bilaterally using methods previ-
ously reported* and earned points for
the successful completion of 4 func-
tional tasks over time. Although the
reliability of this test battery using
the above scoring system has not
been reported, an eatlier study sug-
gested that a VHST score of 17/20 or
better during the final phase of reha-
bilitation following hip arthroscopy
was necessary for athletes to return
to unrestricted practice to train and
prepare for competition.”” Therefore,
a passing score was set at 17/20.
Isometric hip abduction strength was
measured using a hand-held dyna-
mometer (Power Track II™ Com-
mander; JTech Medical, Midvale,
UT) using established methods.’® The
mean of 3 trials was calculated and a
LST of strength was determined. A
passing strength LSI score of 90%
was set.*

Patient-reported Outcome  scores
were the Hip Outcome Score —
Sports Subscale (HOS-SSS), Non-
arthritic Hip Score (NHS), and
International Hip Outcome Tool
(iHOT-12). The maximum score for
all patient-reported outcomes scores
was 100. The HOS has strong con-
tent and construct validity," reliabil-
ity, and responsiveness” in younger

active patients with nonarthritic
intra-articular hip pain.*! The NHS is
used to assess younger active patients
with nonarthritic hip pain and has
content and construct validity and
reliability.? The iHOT-12 measures
health-related quality of life in young,
active patients with hip disorders and
is reliable, shows face, content, and
construct validity, and is responsive
to clinical change.”

FINDINGS

Each of the participants varied in their
functional and patient-reported abilities.
Participant 2 was unable to complete any
of the hop tests on the surgical limb at 3
months postsurgery while the other two
participants achieved passing LSI scores on
some but not all hop tests (Table 3). All 3
participants were able to perform the SEBT
but passed fewer portions of the SEBT on
the surgically operated limb (Table 4). No
participant achieved a passing SEBT com-
posite score. Considering the nonsurgical
limb, participants 1 and 2 were able to attain
a passing score on one component of the
SEBT (Table 4). No participant achieved a
passing score on the VHST (Table 5). Hip
abductor muscle strength also varied among
participants (Table 6) with participant 1
the only participant to show a passing LSI.
Participants 2 and 3 demonstrated LSI hip
abductor muscle weakness. Patient-reported
outcomes also demonstrated large variability
among participants, with 3-month postsurgi-
cal scores ranging from 14 to 89 (Table 7).
When compared with presurgical scores, the
majority (7/9 scores) of outcome scores had
improved 3 months postoperatively for the
3 participants. Only the HOS-SSS score for
participants 2 and 3 was worse at 3 months
compared to the presurgery scores. A score of
100 on any of the patient-reported outcomes
indicates no self-reported limitation. There
is limited evidence to aid interpretation of
any score less than 100 on these self-reported
measures. However, a self-reported normal
score on the HOS-SSS in a small group of
individuals status post hip arthroscopy has
been shown to be 94/100 (range 78-100)."
The highest score achieved on the HOS-SSS
at 3 months in the current study was 63/100
(Participant 1).

DISCUSSION

The purpose of this case series was to
describe the functional performance of 3
recreationally active women 3 months after
hip preservation arthroscopic surgery and to
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identify variability in outcomes across indi-
viduals. There were two main findings. First,
variability across participants was a common
finding in all domains of assessment with
the least variability between participants
ability to pass the VHST (none passed) and
the most variability in their ability to com-
plete hop testing. Second, residual deficits in
functional performance and patient-reported
outcomes were still present at 3 months
postsurgery. However, hip abductor strength
asymmetry was present in 2 of the 3 partici-
pants at 3 months follow-up. These findings
highlight the need for a thorough assessment
of lower extremity function using tests and
measures that represent multiple domains of
function to assist in decision-making regard-
ing return to sporting activity even in rec-
reationally active women and to inform the
need for additional rehabilitation visits to
achieve that goal.

Variability in Performance

Variability in lower extremity functional
performance and patient-reported outcomes
was present among the participants, suggest-
ing that a 3-month postsurgical time point
cannot be expected to lead to stable perfor-
mance outcomes in all patients. Specific to
hop testing, participant 2, who was tested
earliest in her recovery (1% to 2% weeks ear-
lier than the other participants) and had the
lowest presurgery activity level, was unable to
perform any hop tests. In comparison, par-
ticipant 3 with the highest presurgery activ-
ity level achieved a passing score on 3 of 4
hop tests. Variability in performance and
outcomes among participants is consistent
with a previous study that showed bilateral
impairments in individuals who performed
single hop testing 12 to 24 months follow-
ing hip arthroscopy.* Even in the nonsurgi-
cal limb, participants in the current study
showed hop distances lower than those seen
in healthy women of similar age to partici-
pants in this study.” Kollock et al® assessed
young, healthy recreationally active women
whose hop distances were 15% to 70%
greater than the averages recorded for our par-
ticipants” nonsurgical limbs. These differences
may be a result of subjectively reported pain
in the surgical hip during the nonsurgical hop
tests in our participants, possibly due to the
non-stance leg helping to propel the body
forward when hopping. Differences could
also be a result of contralateral weakening of
the nonsurgical limb due to inactivity during
the months prior to or following surgery. The
results of the current study also support that a
battery of hop tests may be necessary to show
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Table 3. Results for the Hop Tests (passing scores in bold type)

Test Categories/Specific Tests Participant Surgical limb Nonsurgical limb Limb Symmetry Index
Hop Tests (passing score is > 90% LSI)
Single hop for distance (cm) 1 90.3 101.3 89.1
2 Unable to complete 85.3 0.0
3 85.0 89.8 94.7
6 meter timed hop (sec) 1 2.8 2.6 92.9
2 Unable to complete 3.1 0.0
3 3.7 3.1 83.8
Triple hop for distance (cm) 1 267.3 286.5 93.3
2 Unable to complete 96.5 0.0
3 260.8 264.0 98.8
Cross-over hop for distance (cm) 1 Unable to complete 253.5 0.0
2 Unable to complete 244.0 0.0
3 252.0 221.8 113.6
Abbreviation: LSI, Limb Symmetry Index

Table 4. Results for the Star Excursion Balance Test (passing scores in bold type)

Test Categories/Specific Tests Participant Surgical limb Nonsurgical limb
Star Excursion Balance Test (passing score is = 94% of limb length)
Anterior (% limb length) 1 92.3 99.0
2 85.6 88.6
3 86.0 85.5
Medial (% limb length) 1 83.5 87.0
2 95.8 92.8
3 93.6 90.3
Posteromedial (% limb length) 1 78.0 89.0
2 99.4 100.6
3 90.3 88.2
Posterolateral (% limb length) 1 76.9 78.0
2 83.8 86.2
3 80.7 81.7
Composite (% limb length) 1 82.4 88.7
2 89.6 91.8
3 85.7 85.1

deficits at 3 months. Participant 1 was unable
to complete the crossover hop for distance
test but was able to pass two of the other 3
hop tests and came close to passing the third.
It is not clear whether the crossover hop for
distance test is testing a different aspect of
functional performance than the other hop
tests or is simply more challenging. This
should be explored in future studies.
Variability in performance was also pres-
ent in the SEBT. The youngest participant,
participant 1, demonstrated the lowest SEBT
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scores over most of the reach directions. On
the other hand, participant 2, who was unable
to perform any of the hop tests, scored high-
est in the medial and posteromedial SEBT
reaches. Regardless, all participants in the
current study would be classified as having
a higher risk of injury based on their SEBT
scores.’ The participants also had less than
a 94% composite reach for their nonsurgi-
cal limbs, identifying a bilateral factor to
their functional performance deficits. Vari-
ability among participants was also seen in
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the VHST scores. None of the participants
in the current study was able to reach the
established passing score suggesting that
the participants were not yet ready to begin
dynamic multi-planar activities, a finding
consistent with the hop and SEBT measure-
ments. Interestingly, the hop test scores and
the VHST scores mapped well together with
participant 2 scoring lowest and participant
3 scoring highest on both tests. The VHST
may therefore capture similar functional con-
structs as the hop tests and this should be



Table 5. Results for the Vail Hip Sport Tests

Test Categories/Specific Tests Participant Surgical limb
Vail Hip Sport Tests (passing scores is > 17 points)
Single Knee Bends (6 max points) 1 6
2 2
3 2
Lateral Agility (5 max points) 1 2
2 1
3 5
Diagonal Agility (5 max points) 1 0
2 1
3 5
Forward Lunge on Box (4 max points) 1 4
2 2
3 4
Total Score 1 12
2 6
3 16

explored since hop testing can be quite ardu-
ous for patients to complete postsurgically.

Variability among participants was also
present for hip abductor strength. Two out
of 3 participants demonstrated isometric
hip abduction weakness. A recent study by
Cobb et al** of 108 healthy men and women
using the same strength testing method used
in the current study found a mean of 0.82
0.20 Nm/kg hip abduction strength. All par-
ticipants in the current study demonstrated
much lower bilateral strength means (see
Table 6). Therefore, caution should be taken
when comparing isometric hip abduction
strength bilaterally. A therapist using limb
symmetry index in the presence of bilateral
hip strength weakness might underestimate
strength deficits. Thus, use of normative
values rather than a limb symmetry index for
interpreting strength deficits may be more
valid for clinical decision-making.

The variability in performance among
participants may partly be explained by
demographic variability of the participants
themselves. However, while it is tempting to
attribute variance in performance to a single
factor such as age or surgical repair, it is likely
that a complex interaction among factors
influenced postsurgical performance. This
complex interaction may impact healing rate
and the need for additional rehabilitation
before recommending return to sport activ-
ity. Careful consideration of such factors and
their potential influence should be a focus in
future studies with a larger cohort of subjects
but should be considered when making dis-
charge decisions for individual patients.

Return to sporting activity decision-
making

Although protocols have been described
to guide postoperative rehabilitation fol-

Table 6. Results for Hip Abduction Isometric Strength (passing scores in bold type)

4172733 ynderstand-

lowing hip arthroscopy,
ing the appropriate time at which to allow
any athlete to return to higher level sporting
activities continues to be challenging. Readi-
ness for return to sport specific activities is
further complicated by the lack of evidence
regarding functional performance in patients
following hip arthroscopy. Differences
between the operated and nonoperated limb
were found across participants in the current
study and were highlighted by non-passing
scores on the majority of hop tests and the
SEBT. Asymmetry is thought to be a driv-
ing factor for poor functional performance in
athletes following surgery®** and may be an
important factor to evaluate before returning
to sport. For example, components of the
SEBT have been shown to be valid predictors
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of lower extremity injury'® and to be influ-

enced by variations in hip joint kinematics

and muscle function.?

Female high school
basketball players with decreased normalized
composite reach distances of less than 94%
have been shown to be 6.5 times more likely

16 However,

to have a lower extremity injury.
an acceptable threshold of asymmetry across
multiple domains of functional performance
before allowing an athlete to return to sport
activity remains unknown. While future stud-
ies may offer insight into return to sport as a
function of the specific sport itself, the small
sample and diversity of recreational sport
activity engaged in by these participants (eg,
swimming, running, softball, snowboarding)
precludes any recommendation at this time.
Using pre- and postoperative compari-
sons of both patient-reported outcomes and
sports-specific activity may provide valuable
information in comprehensively assessing
successful return to sport activity.”” Overall,
participants in the current study reported
varying scores on each outcome tool. In
addition, when compared with preopera-
tive scores, the majority of patient-reported
outcome scores had improved at 3 months.
The two scores that decreased were from

the HOS-SSS for participants 2 and 3. The

Test Categories/Specific Tests Participant Surgical limb Nonsurgical limb LSI
Hip Abduction Isometric Strength
(passing score is = 90% LSI)
Normalized hip abduction strength (Nm/kg) 1 0.52 0.45 115.6
2 0.41 0.55 74.5
3 0.37 0.49 75.5
Abbreviation: LSI, Limb Symmetry Index
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Table 7. Patient-reported Outcomes Pre- and Postsurgery _

Test Categories/Specific Tests Participant | Presurgical Scores | 3-month Scores
Patient Reported Outcomes
Non-Arthritic Hip Score 1 51 89
2 58 68
3 25 54
Hip Outcome Score — Sports Subscale 1 19 63
2 42 36
3 17 14
International Hip Outcome Tool 1 12 87
2 37 38
3 1 29

HOS-SSS represents a patient’s self-reported
ability to perform sports movements such as
cutting and lateral movements. These scores
highlight the participants’ perception that
they were unable or unprepared to perform
these sports-related movements 3 months
postoperatively, which was consistent with
hop and SEBT test results. However, the 3
participants had completed their structured
rehabilitation protocols. Further elucidation
of the instructions and activities that should
fill the gap between the end of structured
physical therapy and return to sport activi-
ties is needed to help guide return to sport
decisions.

Limitations

A limitation of this study lies in the nature
of a case series and that participants were
female. However, participation of females
in sports continues to increase.” To improve
furcher should

consider a more diverse sample that would

generalizability, research
include patients from more than one surgical
practice. A second limitation is that partici-
pants in this study completed all functional
performance and strength tests in the same
testing order. This was chosen to maintain
consistency across subjects in the case series.
However, it is possible that consistently per-
forming the hop test first may have negatively
impacted performance on the other tests.

CLINICAL RELEVANCE

The current study identified varying
bilateral functional abilities in 3 recreation-
ally active women 3 months after hip pres-
ervation arthroscopy, suggesting that a strict
3-month timeframe may not be appropri-
ate to inform return to sport decisions for
patients. To potentially decrease the likeli-
hood of reinjury, physical therapists, athletic
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trainers, and orthopedic surgeons should
recognize that strict adherence to a 3-month
postsurgical timeframe for allowing return
to sporting activities may not be appropriate
for all individuals. Further studies are rec-
ommended to examine an appropriate time
period needed for rehabilitation for patients
after hip preservation arthroscopic surgery.

CONCLUSION

This study suggests that lower extrem-
ity functional performance deficits and
patient-reported outcomes are quite vari-
able 3 months post hip arthroscopy in rec-
reationally active females. Further studies are
warranted to explore this in larger samples,
across sports, gender, and age groups.
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