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mance to maintain balance and quality
of limb movement through a large and
challenging range of motion.>" To bet-
ter understand the relationships among
kinematics, bony morphology, muscle
strength, and HRGP, investigations as-
sessing the performance of movement
tasks of varying difficulty are needed.
Relationships among hip kinematics,
hip muscle strength, and bony morphol-
ogy have not been established. During
daily tasks, hip abductor strength and
external rotator (ER) strength play an
important role, such as maintaining pel-
vic position during stance and provid-
ing stability to the hip."*” Patients with
HRGP have hip muscle weakness,*>*
which may contribute to abnormal hip
kinematics; however, evidence to sup-
port this relationship is limited. Previous
studies that have assessed bony morphol-
ogy and hip kinematics in patients with
HRGP have focused primarily on cam
and pincer morphology associated with
FAIS,>>16 and few have directly assessed
the relationship between bony morphol-
ogy and hip kinematics.®® The relation-
ship between hip kinematics and femoral
version—the relative rotation between
the femoral neck and femoral shaft—and
the femoral neck shaft angle is unclear.
Our primary goal was to compare
3-D hip kinematics during the single-
leg squat and step-down tasks between
patients with HRGP and asymptomatic
participants. We expected that patients
with HRGP would have increased hip
adduction and internal rotation (IR)
motion during both tasks compared to
asymptomatic participants. A second-
ary purpose was to assess the relation-
ships among hip kinematics, hip muscle
strength, and bony morphology among
those with HRGP and asymptomatic
participants. Regardless of participant
group, we hypothesized that larger hip
adduction angles would be associated
with hip abductor weakness, larger femo-
ral neck shaft angles, and smaller lateral
center-edge angles (indicating acetabular
dysplasia); that smaller peak hip flexion
angles would be associated with a larger
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alpha angle (indicating cam morphol-
ogy); and that larger hip IR angles would
be associated with ER weakness and larg-
er femoral version angles.

METHODS

HE STUDY WAS APPROVED BY THE
THuman Research Protection Office
at Washington University School
of Medicine, and all participants signed

an informed-consent statement prior to
participation.

Study Design and Participants

This was a cross-sectional cohort study
to investigate mechanical factors as-
sociated with HRGP. People with and
without HRGP, aged 18 to 40 years, in
the St Louis, MO region were recruited
from the community, health care clinics,
and the Washington University research
registry. Participants with HRGP had to
report groin or deep hip joint pain that
had been present greater than 3 months
and was rated, on average, greater than
3/10 (10 is the worst imaginable) on a
numeric pain scale. Pain had to be repro-
duced with the flexion, adduction, inter-
nal rotation (FADIR) test. Asymptomatic
participants reported no history of hip or
current lower extremity pain and were
matched to those with HRGP one to one
by sex, age (5 years), body mass index (5
kg/m?), and limb side. Exclusion criteria
for both groups were (1) history of hip
surgery or fracture, (2) body mass index
greater than 30 kg/m?, (3) contraindica-
tion to magnetic resonance imaging, (4)
neuromuscular deficits that affected co-
ordination or balance, (5) pregnancy, or
(6) screening exam that indicated pos-
sible lumbar spine radiculopathy.

Testing Procedures

Prior to testing, participants completed
self-report questionnaires, including (1)
demographics and medical history, (2)
the University of California at Los Ange-
les activity score,"* (3) the Hip disability
and Osteoarthritis Outcome Score,* and
(4) the Modified Harris Hip Score.>2°

Hip Muscle Strength Prior to strength
assessment, participants completed a
5-minute warm-up using a stationary
bike or treadmill. A microFET3 (Hog-
gan Scientific, Salt Lake City, UT) hand-
held dynamometer was used to assess
hip muscle strength.® Break tests®!” were
performed to determine maximum force
(Newtons). After familiarization, 3 trials
using maximal effort were collected.

Hip ER strength was assessed in sit-
ting, with the test hip in 90° of flexion,
0° of abduction, and end-range IR. Hip
abductor strength was assessed in sidely-
ing, with the test hip in 15° of abduction,
0° of flexion, and 0° of rotation. For each
strength variable, we averaged 3 maxi-
mal trials and multiplied the value by
the associated moment arm to calculate
torque. Because our study included men
and women, we normalized torque by
weight and height.? Test-retest reliability
of our methods is good for the abductors
(intraclass correlation coefficient [ICC], ,
= 0.94; standard error of measurement
[SEM], 0.47 Nm/Nm) and ERs (ICC, , =
0.89; SEM, 0.39 Nm/Nm).*

Hip Joint Kinematics The primary ki-
nematic variables were hip joint angles
captured at peak hip flexion for each
task.?® Three-dimensional kinematic
data were collected using an 8-camera
motion-capture system (Vicon Nexus;
Oxford Metrics, Yarnton, UK) sampling
at 120 Hz. Retroreflective markers were
placed on anatomical landmarks repre-
senting the pelvis, thigh, and lower leg.?¢
Rigid 4-marker clusters for tracking were
placed at the thigh and lower leg. Par-
ticipants performed the single-leg squat
and then the step-down. For each task,
the participant performed 2 to 3 practice
trials, then 3 trials from which data were
collected. Participants rated the pain that
they experienced during each trial on a
numeric pain-rating scale ranging from
0 (no pain) to 10 (worst pain imaginable).
Single-Leg Squat Participants were in-
structed to place their arms across their
chest, flex the opposite knee to position
their foot behind their body, then squat as
low as possible.'®?¢ For a trial to be valid,
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participants had to squat and return to
standing without losing balance, while
keeping their weight-bearing foot flat on
the floor. No specific cues for trunk posi-
tion were provided.
Step-down Step height was selected ac-
cording to participant height: 15.2 cm for
a height of less than 163 c¢cm, 20.3 cm for
a height of 163 to 180 cm, and 25.4 cm
for a height greater than 180 cm. Partici-
pants were instructed to place their arms
across their chest and step forward off
the step with their opposite limb, “tap”
the floor with their heel, then return. For
a trial to be valid, the participant had to
lightly tap the floor, as visually assessed
by the examiner, and return without los-
ing balance.

Kinematic data were processed by
a blinded research assistant, using Vi-
sual3D software (C-Motion, Inc, Ger-
mantown, MD).?® Marker trajectories
were low-pass filtered using a fourth-
order Butterworth filter with a 6-Hz
cutoff frequency. We used a 6-degrees-
of-freedom model, using the Codamo-
tion model (Charnwood Dynamics Ltd,
Rothley, UK), to define the pelvis, and a
functional hip joint center?*® and femoral
epicondyle markers to define the thigh.
To assess squat depth, excursion of a vir-
tual marker, the midpoint between the
posterior superior iliac spine markers,
was obtained and divided by participant
height. We averaged the 3-D joint angles,
assessed at peak hip flexion, for each par-
ticipant. A priori, we chose to analyze mo-
tion at peak hip flexion, because positions
of hip flexion, combined with hip adduc-
tion and IR, may contribute to HRGP.
We established our test-retest reliability
by performing 2 assessments of the sin-
gle-leg squat, at a minimum of 2 weeks
apart, in 10 asymptomatic participants.
Reliability was excellent for hip flexion
(ICC,, = 0.90; SEM, 4.1°) and moderate
for hip adduction (ICC,, = 0.88; SEM,
1.4°) and IR (ICC, , = 0.86; SEM, 1.4°).
Bony Morphology We have previously
published our methods using magnetic
resonance imaging to determine mea-
sures of bony morphology.” Briefly, a

1.5-T magnetic resonance system (MAG-
NETOM Avanto; Siemens AG, Munich,
Germany) was used to acquire 3-D, fat-
suppressed gradient-echo sequences cen-
tered at the pelvis and distal femora, both
acquired in the coronal plane. Standard-
ized procedures were used to optimize
participant positioning.” The following
imaging parameters were used: slice
thickness, 0.82 mm; repetition time,
15.96 milliseconds; echo time, 6.2 milli-
seconds; field of view, 400 mm at the pel-
vis and distal femora; 512 x 512 matrix.

An independent workstation (LEON-
ARDO; Siemens AG) was used for post-
processing to create 2-D pelvic images
for femoral version angle, femoral neck
shaft angle, alpha angle, and lateral
center-edge angle. To obtain images for
alpha angles at the 12, 1, 2, and 3 o’clock
locations on the femoral head-neck junc-
tion, a radial reformat was performed
along the femoral neck axis at 30° inter-
vals. For each participant, we used the
maximum alpha angle value among the
4 clock-face locations in the analysis. A
blinded research assistant completed
measurements using Analyze 11.0 soft-
ware (AnalyzeDirect, Inc, Overland Park,
KS). Interrater reliability of our methods
has been reported previously” and found
to be excellent for femoral neck shaft an-
gle (ICC,, = 0.96; SEM, 1.1°) and femoral
version angle (ICC,, = 0.97; SEM, 1.1°),
and to be good for lateral center-edge an-
gle (ICC,, = 0.86; SEM, 2.0°) and alpha
angle (ICC,, = 0.78; SEM, 2.6°).

Statistical Analysis

The study had a target enrollment of 80
participants. Using preliminary data col-
lected in our lab, an a priori power calcula-
tion indicated that a sample size of 40 per
group would provide statistical power of
at least 0.80 to detect differences in our
primary variables, including hip adduc-
tion and IR angles during the single-leg
squat and hip abductor strength, with
effect sizes of at least 0.64 at an alpha
of .05 using 2-tailed tests. We used the
Kolmogorov-Smirnov test to assess distri-
bution of data and Levene’s test to assess

equality of variance. Between-group com-
parisons were performed using indepen-
dent-samples ¢ tests and Mann-Whitney
U tests for continuous and ordinal data,
respectively. Pearson coefficient correla-
tions were used to assess the relationships
among kinematics, muscle strength, and
bony morphology. A P value less than .05
was considered significant.

RESULTS

Between-Group Comparisons

IGHTY PARTICIPANTS WERE EN-
Erolled. There were no group differ-

ences in demographic data (TABLE
1). Patients with HRGP demonstrated
smaller peak hip flexion angles (68.8° +
14.6° versus 76.4° £16.8°, P = .03), small-
er knee flexion angles assessed at peak
hip flexion (66.9° + 8.5° versus 71.2° +
9.6°, P =.04), and shallower squat depth
(9.8% =+ 2.2% versus 10.9% * 2.7%, P =
.04) compared to asymptomatic partici-
pants during the single-leg squat. There
were no differences in hip adduction or
IR angles during the single-leg squat and
no differences in kinematics during the
step-down (TABLE 2). Patients with HRGP
were weaker compared to asymptomatic
participants (TABLE 2). There were no dif-
ferences in measures of bony morphology
(TABLE 2).

Correlations

Among patients with HRGP (TABLE 3),
weaker hip abductor strength was associ-
ated with smaller hip flexion angles dur-
ing the single-leg squat (r = 0.47, P<.01).
There were no associations between hip
kinematics and muscle strength during
the step-down task. Bony morphology
was not associated with hip kinematics
during either task.

Among asymptomatic participants
(TABLE 4), there were no associations be-
tween hip muscle strength and hip kine-
matics during the single-leg squat or the
step-down. Smaller peak hip flexion an-
gles during the single-leg squat were as-
sociated with smaller lateral center-edge
angles (7 = 0.33, P = .04). Larger femoral
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neck shaft angles were associated with
smaller hip IR angles during the step-
down (r = -0.43, P<.01).

A Posteriori Assessment

Peak hip flexion angles were similar be-
tween those with HRGP who reported
pain during the single-leg squat (n = 20)
and those who did not (69.7° + 14.3° ver-
sus 68.8° + 14.5°, respectively; P = .85).

DISCUSSION

ATIENTS WITH HRGP HAD SMALLER
peak hip flexion angles, smaller
knee flexion angles, and shallower
squat depth during the single-leg squat
compared to asymptomatic participants.
We found no differences in step-down
kinematics. Despite weakness in hip
abductors and ERs, and reporting long
pain duration, patients with HRGP had

| RESEARCH REPORT ]

similar hip adduction and rotation angles
during both tasks compared to asymp-
tomatic participants. Among those with
HRGP, smaller peak hip flexion angles
during the single-leg squat were associ-
ated with hip abductor weakness.

We are unsure why patients with
HRGP had smaller peak hip flexion
angles, smaller knee flexion angles, and
lesser squat depth compared to asymp-
tomatic participants. Pain during testing
did not appear to influence hip flexion
angles during the single-leg squat. Hip
flexion angles were similar between those
with HRGP who reported pain and those
who did not. The differences may be as-
sociated with other factors, such as hip
muscle weakness, adjacent joint kine-
matics, or other unmeasured variables.

Among patients with HRGP, smaller
hip flexion angles were associated with
reduced hip abductor strength (TABLE 3).

TABLE 1

DEMoGRrRAPHIC CHARACTERISTICS FOR BoTH
GROUPS AND DESCRIPTIVE DATA REPORTING PAIN

AND PATIENT-REPORTED OUTCOME MEASURES IN
PARTICIPANTS WITH HiP-RELATED GROIN PAIN?

HRGP (n=40) Control (n = 40) P Value

Sex, n

Female 83 83

Male 7 7
Age,y 282+49 276+55 62°
Body mass index, kg/m? 241+30 240425 88
UCLA activity score™ 9(3-10) 10 (4-10) 15¢
Pain duration, y¢ 2(0.4-13)
HOOS!

Pain subscale 754+147

Symptoms subscale 719+ 171

ADL subscale 899+112

Sport/ec subscale 7251214

QoL subscale 587+217

"Independent-samples t tests were used.

batics, ballet, heavy labor, or backpacking).
Walues are median (range).

Abbreviations: ADL, function in activities of daily living; HOOS, Hip disability and Osteoarthritis
Outcome Score; HRGP, hip-related groin pain; QoL, quality of life; sport/rec, function in sports and
recreation; UCLA, University of California at Los Angeles.

Walues are mean + SD unless otherwise indicated.

Participants were asked to rate their activity level over the previous 6 months (1, wholly inactive,

dependent on others; 10, regularly participates in impact sports such as jogging, tennis, skiing, acro-

¢The Mann-Whitney U test was performed. One control participant did not complete the UCLA activity score.
Patient-reported outcome measure (100, no disability,).

Due to the cross-sectional nature of our
study, we cannot establish the tempo-
ral relationship between hip abductor
strength and hip flexion angles. We did
not collect muscle activation or kinetic
data. Therefore, we cannot draw conclu-
sions regarding muscle activity or joint
loading patterns. Hip muscle weakness
has been noted among patients with
HRGP,**® and represents a modifiable
target for rehabilitation. We did not as-
sess ankle or trunk kinematics, which
may influence hip kinematics. Given the
modest relationships noted, other factors,
such as fear, anticipation of pain provo-
cation,” or poor neuromuscular control,
may explain the differences.

Unlike the single-leg squat, peak hip
flexion angles during the step-down were
similar between groups. The step-down
requires hip flexion angles smaller than
those required by the single-leg squat
(TABLE 2). Group differences in peak hip
flexion angles might have been observed
if participants had been required to
go through a greater range of motion.
Our findings are in contrast to previous
work's; however, methodological differ-
ences between our study and previous
research might explain the conflicting
results. We matched patients with HRGP
and asymptomatic participants, resulting
in 40 in each group. The previous study'®
compared 20 patients with FAIS to 40
asymptomatic participants. Hip flexion
values in patients with FAIS in the previ-
ous study’® might have approached those
of asymptomatic participants if more pa-
tients had been enrolled. Patients with
HRGP in our study had varied bony mor-
phology; however, exploration of a subset
comparing patients with FAIS to partici-
pants without impingement morphology
(n = 8 pairs) showed a similar trend to
our reported findings for hip flexion. Our
testing methods likely resulted in a more
challenging task by using a higher step
height, analyzing kinematics at larger hip
and knee flexion angles, and potentially
shifting the participant’s center of mass
superoanteriorly by placing the arms
across the chest instead of at the side.
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Each of these methodological differences
could have influenced hip kinematics.

There were no group differences in
hip adduction or rotation angles during
either task. Previous work also found no
differences in hip adduction between as-
ymptomatic participants and those with
FAIS.' There were large standard devia-
tions relative to group means, suggesting
that people in both groups had a wide
range of movement patterns. It is pos-
sible that abnormal kinematics, such as
excessive hip adduction, exists in a sub-
group of people,®**® despite presence or
absence of pain, and may precede injury.
However, to our knowledge, the relation-
ship between hip kinematics and pain
onset has not been studied prospectively.

Among asymptomatic participants,
hip kinematics were associated with bony
morphology, but not hip muscle strength
(TABLE 4). Less acetabular coverage was
associated with smaller peak hip flexion
angles during the single-leg squat, and
larger femoral neck shaft angles were
associated with smaller hip IR angles at
peak hip flexion during the step-down. In
contrast, Souza and Powers* reported no
association between femoral neck shaft
angle and hip IR angles during running
in asymptomatic women. Differences
may be due to the tasks assessed. We did
not find a correlation between hip kine-
matics and cam morphology or femoral
version during either task. We were sur-
prised to observe relationships between
bony morphology and kinematics among
asymptomatic participants but not
among patients with HRGP. Our sample
was relatively small, and bony morphol-
ogy values may not represent the vari-
ability of a larger population. In future,
larger studies may provide insight to the
relationship between bony morphology
and hip kinematics.

Limitations

Our patient sample represents a hetero-
geneous population. While all patients
reported long duration of deep hip joint
and/or anterior groin pain, the source of
their symptoms may vary. To be enrolled,

the patient’s history had to be consistent
with HRGP, and the groin pain had to be
reproduced with the FADIR test. Given
that the FADIR test is sensitive but not
specific,! we collected history informa-
tion and performed screening tests to
rule out pain referred from other sources.
It is possible that groin pain may be due
to other anatomical entities, such as ilio-
psoas-related groin pain.?® Fourteen par-
ticipants (10 with HRGP and 4 who were
asymptomatic) had cam morphology

(alpha angle greater than 60°) or pincer
morphology (lateral center-edge angle
greater than 40°), and 3 (1 with HRGP
and 2 who were asymptomatic) had ac-
etabular dysplasia (lateral center-edge
angle less than 20°). We did not perform
additional diagnostic imaging to deter-
mine whether a labral tear or chondral
lesion was present. Our ultimate goal, to
be pursued in a larger, prospective study,
is to better understand the interaction
of the multiple factors associated with

BETWEEN-GROUP DIFFERENCES IN Hip KINEMATICS,
TABLE 2
MUuUSCLE STRENGTH, AND BONY MORPHOLOGY
HRGP: Control® P Value®
Kinematics®
Single-leg squat
Hip flexion angle, deg 68.8+14.6 76.4+16.8 03
Hip adduction angle, deg 186+67 186+69 98
Hip IR angle, deg 38+75 17+86 25
Knee flexion angle, deg 669+85 712496 04
Knee adduction angle, deg 33+48 19+69 28
Knee IR angle, deg 24468 15174 60
Squat depth, % height 98+22 109+27 04
Time to complete motion, s 31+10 29+09 42
Step-down
Hip flexion angle, deg 571+12.5 597+98 30
Hip adduction angle, deg RSTERST 23.3+6.2 94
Hip IR angle, deg 65+6.7 54181 52
Knee flexion angle, deg 697+81 730164 05
Knee adduction angle, deg 50+£50 40+6.6 A4
Knee IR angle, deg 29+6.6 23+77 72
Time to complete motion, s 40+10 38+11 29
Muscle strength¢
Hip external rotators 35+08 42+11 <01
Hip abductors 69+20 89+17 <01
Bony morphology, deg®
FNSA 1354+45 1337447 13
Femoral version' 91+£93 105+75 45
Maximum alpha angle 537+77 517 +86 32
LCEA 30.3+64 308+6.0 76
Abbreviations: FNSA, femoral neck-shaft angle; HRGP, hip-related groin pain; IR, internal rotation;
LCEA, lateral center-edge angle.
Walues are mean + SD; n = 40 for both groups.
*Independent-samples t tests were used.
Eatracted at the peak hip flexion angle.
dMuscle torque was normalized by body weight x height x 100.
n = 38 for both groups. Due to technical issues, magnetic resonance imaging data were not available for
3 participants; therefore, we included only those matched pairs for which we had imaging data for both
participants.
Larger values indicate femoral anteversion.
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AssociaTioNs AMoNG Hip KiNEMATICS, HIP MUSCLE STRENGTH, AND BONY MORPHOLOGY

TABLE 3 VARIABLES AMONG PATIENTS WITH HiP-RELATED GROIN PAIN
Squat
HipFA  HipAA HipIRA KneeFA KneeAA KneelRA HipERS HipAS  FNSA Fv MA LCEA  Depth
Single-leg squat task
Hip FA 1 0.05 -0.24 0.28 0.13 0.14 0.23 047 -014 0.02 0.07 -0.20 0.30
P value 76 13 .08 A2 39 16 <01 A 91 69 24 07
Hip AA® 1 021 -013 -012 0.36 -0.07 -010 0.01 -0.07 -017 0.08 0.03
P value 20 A2 45 02 68 54 95 66 .30 62 838
Hip IRA® 1 -014 041 -0l -011 -0.23 0.04 017 -0.06 011 -0.07
P value M <01 49 51 16 8l 32 72 51 67
Knee FA® 1 021 0.36 021 012 -013 0.28 0.07 -0.46 0.89
P value 20 02 20 47 45 08 66 <01 <01
Knee AA® 1 043 0.28 0.26 -0.09 -0.09 0.34 -010 0.39
P value <01 .05 10 58 59 04 54 01
Knee IRA? 1 0.02 014 -013 -012 029 -0.07 044
P value 93 .39 43 48 08 67 <01
Strength
Hip ERS? 1 0.50 010 0.07 0.09 -0.29 029
P value <01 56 69 59 08 .06
Hip AS® 1 013 -0.20 010 -0.09 014
P value 42 23 b4 61 .38
Morphology
FNSA 1 -013 -0.07 -0.32 -016
P value 43 67 .05 .35
FVe 1 -0.26 -0.01 012
P value 12 94 A7
MA 1 -0.21 004
P value 21 R4
LCEA 1 -0.52
P value <01
Single-leg squat depth 1
Step-down task
Hip FA 1 0.24 -017 0.47 -013 0.02 -0.10 0.21 0.14 0.06 0.00 -003
P value 13 31 <01 45 89 53 20 A 74 98 85
Hip AA® 1 0.07 0.06 -014 -0.23 0.00 014 022 012 -0.29 -012
P value 68 71 40 17 98 40 19 A7 08 A3
Hip IRA® 1 -0.22 073 0.03 041 -0.01 -0.24 0.24 -0l 014
P value 19 <01 85 .39 97 15 16 95 40
Knee FA® 1 0.07 0.32 031 0.36 020 015 019 -0.50
P value 67 .05 .05 02 23 .38 27 <01
Knee AA® 1 0.37 0.30 019 -0.09 012 019 0.03
P value 02 .06 24 61 47 26 85
Knee IRA? 1 0.08 031 -0.03 -0.21 040 -0.09
P value 63 05 .86 21 01 58

Abbreviations: AA, adduction angle; AS, abductor strength; ERS, external rotator strength; FA, flexion angle; FNSA, femoral neck-shaft angle; FV, femoral ver-
sion; IRA, internal rotation angle; LCEA, lateral center-edge angle; MA, maximum alpha angle.

“Extracted at the peak hip flexion angle.

*Muscle torque was normalized by body weight x height x 100.

‘Larger values indicate femoral anteversion.
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AssociATIONS AMoNG Hip KiNEMATICS, HIP MUSCLE STRENGTH, AND BONY

Iz e MORPHOLOGY VARIABLES AMONG ASYMPTOMATIC PARTICIPANTS
Squat
HipFA  HipAA HipIRA KneeFA KneeAA KneelRA HipERS HipAS  FNSA FV MA LCEA  Depth
Single-leg squat task
Hip FA 1 025 -0.39 041 021 0.04 -0.04 003 -0.03 -0.03 -0.07 033 048
P value 13 01 01 19 82 80 84 85 87 65 04 <01
Hip AA® 1 -0.25 -010 -0.05 -0.37 -0.02 0.09 0.20 0.09 015 0.05 0.05
P value 12 54 74 02 91 57 22 61 .35 75 75
Hip IRA® 1 0.07 058 019 020 -011 -0.31 015 015 -0.05 0.04
P value 65 <01 25 21 52 .06 .36 .35 78 8l
Knee FA® 1 0.39 017 0.35 0.05 -015 017 0.07 -011 091
P value 01 29 03 75 .36 3l 69 bl <01
Knee AA® 1 025 021 0.05 -0.52 -0.01 -0.01 018 044
P value 12 19 76 01 97 96 28 <01
Knee IRA? 1 0.04 0.04 -015 -0.02 -0.24 -0.20 0.09
P value R 8l 37 39 14 21 60
Strength
Hip ERS? 1 053 -0.01 -0.04 0.35 -0.39 031
P value <01 94 82 03 01 05
Hip AS® 1 0.01 0.04 029 -0.29 0.05
P value 95 8l .07 07 76
Morphology
FNSA 1 -0.02 -014 -0.1 -0.16
P value 91 40 51 33
FVe 1 020 -0.04 013
P value 22 79 A4
MA 1 -019 011
P value 24 53
LCEA 1 -0.01
P value 93
Single-leg squat depth 1
Step-down task
Hip FA? 1 054 -0.56 0.09 -0.30 -0.06 -023 0.05 023 -0.03 -010 021
P value <01 <01 58 .06 73 15 76 15 85 55 19
Hip AA® 1 -0.45 -0.22 -0.49 -0.32 -0.21 -0.04 023 012 0.00 -0.04
P value <01 17 <01 .05 19 8l 16 A48 99 82
Hip IRA® 1 -0.08 074 014 018 -017 -043 0.08 -0.06 0.08
P value 61 <01 .39 26 30 <01 63 70 61
Knee FA® 1 015 017 019 -0.01 -0.02 018 -0.05 -010
P value .35 29 24 94 91 27 79 54
Knee AA® 1 0.22 0.30 0.06 -0.54 -012 -0.04 021
P value 18 06 70 <01 48 79 19
Knee IRA? 1 -0.02 0.02 -0.26 -0.07 -0.07 -012
P value 90 92 12 68 66 48

Abbreviations: AA, adduction angle; AS, abductor strength; ERS, external rotator strength; FA, flexion angle; FNSA, femoral neck-shaft angle; FV, femoral version;
IRA, internal rotation angle; LCEA, lateral center-edge angle; MA, maximum alpha angle.

“Extracted at the peak hip flexion angle.

*Muscle torque was normalized by body weight x height x 100.

Larger values indicate femoral anteversion.
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HRGP. We therefore designed our study
to be inclusive of hip joint conditions.

Our small sample of 40 patients with
HRGP limits our ability to adequately as-
sess multifactorial relationships among
patient characteristics (sex, body mass
index, age, etc), hip kinematics, muscle
strength, bony morphology, and patient-
reported activity limitations (Hip disabil-
ity and Osteoarthritis Outcome Score,
Modified Harris Hip Score). Our study
provides preliminary data to assist in
designing a larger study to better assess
these relationships. Strength assessment
was limited to the hip abductors and ERs.
Other lower extremity muscles may play
a role in hip kinematics."'>!? We do not
know whether our kinematic reliability
measures are generalizable to the symp-
tomatic group, because we completed
reliability testing among asymptomatic
participants only. Research investigating
movement variability across a number of
trials for specific tasks, instead of averag-
ing all trials, may provide further insight
to group differences in movement.

CONCLUSION

OMPARED TO ASYMPTOMATIC PAR-

ticipants, patients with HRGP had

smaller peak hip flexion angles,
smaller knee flexion angles, and shal-
lower squat depth during the single-leg
squat. Smaller hip flexion angles during
the single-leg squat were associated with
hip abductor weakness among those with
HRGP. ®

EEKEY POINTS

FINDINGS: Patients with hip-related groin
pain (HRGP) had smaller peak hip flex-
ion angles, smaller knee flexion angles,
and shallower squat depth during the
single-leg squat compared to those
without symptoms. Smaller hip flexion
angles were associated with hip abduc-
tor weakness among those with HRGP.
IMPLICATIONS: Abnormal lower extremity
movement patterns and muscle weak-
ness may be appropriate targets for re-
habilitation among patients with HRGP.

| RESEARCH REPORT ]

CAUTION: The patients with HRGP who
were included in this study represent a
heterogeneous sample, including differ-
ent hip pain conditions such as femoro-
acetabular impingement syndrome and
acetabular dysplasia.

B STUDY DETAILS

AUTHOR CONTRIBUTIONS: All authors
contributed to the study design, data
analysis, interpretation, and manuscript
preparation, including final approval.
Dr Harris-Hayes takes responsibility
for the integrity of the work as a whole,
from inception to the finished article.
She also provided study materials and
patients, obtained funding, and collect-
ed and assembled data. Dr Hillen and
Paul K. Commean also collected and as-
sembled data. Dr Mueller also obtained
funding. Dr Clohisy also provided study
materials and patients.

DATA SHARING: Data may be available on
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hank you to all who read and responded to our call to action in
our first editorial in this series about engaging patients as research
team partners.” We are delighted with the positive response!
The first editorial in the series focused on why researchers
should engage patient partners on research teams. In this, the second
editorial in the series, we concentrate on how to engage patient partners.

Researchers who have had limited op-
portunity or have not yet had the oppor-
tunity to work with patient partners on a
research team may worry about how to
“do it right.” Common concerns include
1. When and how to invite patient part-
ners into a study
2. How patient partners can contribute
to research

3. If, when, and how to offer payment for
patient partners’ contributions

4. How to document patient partners’
role in manuscripts

The following sections highlight a
sample of resources researchers can use to
address their concerns and authentically
engage patients as partners in research.

Deciding Whether Researchers and

Patients Are Ready for Partnership

How do you know if you are “ready” for
patient partnership in research? Clinical
Trials Ontario has developed 2 decision
aids, one for researchers” and another for
patients.® These interactive online tools
lead users through a step-by-step deci-

sion tree to help all parties decide when
it is right to partner on research.

How to Engage Patient Partners

The Action Catalogue (http://actioncata-
logue.eu/) helps researchers identify and
select their preferred method for engag-
ing partners who are not already part
of a research team. Researchers choose
from a list of 32 criteria (eg, intent, level
of engagement, skills, number of partici-
pants, budget, duration, roles, etc) and
57 evidence-based methods that support
inclusive engagement.

The interactive map tool, developed
by the George & Fay Yee Centre for
Healthcare Innovation,' provides ideas
for how to engage patients (and other
stakeholders) in different phases of the
research cycle.
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How Patient Partners Can

Contribute: Defining Roles

Researchers need to collaborate with
patient partners to define how each will
contribute to a research project. Defining
the patient partner’s role should balance
the needs of the project with the knowl-
edge, experience, and skills of the patient
partner. Every partnership is different,
so patient partner roles cannot be pre-
determined by researchers if meaningful
engagement is to occur.

For example, the first step in the
research cycle is to establish the re-
search question. The patient perspec-
tive regarding the research question
can enhance the relevance and mean-
ingfulness of research. Patient partners
can (1) help identify the research ques-
tion to be studied or (2) verify or help
refine a question prespecified by the
researchers.

One resource to guide the discussion
regarding potential roles within each
phase of the research cycle has been
proposed by Izabela Szelest and has
been included in a publication by the
Can-SOLVE CKD Network.® Another
informative resource that illustrates the
complementary roles of patient partners
and researchers throughout the research
cycle is outlined by Moss et al' (FIGURE).

The guiding principle when defining
the patient partner’s role is “meaningful
engagement.” Components of the “Work-
book to Guide the Development of a Pa-
tient Engagement In Research (PEIR)
Plan™? can help the research team ensure
that engagement is beneficial for and val-
ued by all research team members.

How Patient Partners Can Contribute:
Recruiting, Orienting, and Training
Including at least 2 patient partners

who reflect some diversity in the patient
population (consider sex, age, condition/
disease severity, geographical location,
etc) can help to mitigate token patient
engagement. A practical guide is “Patient
Engagement: Heard and Valued.™

There are abundant training resources
for patient partners and for researchers,
including those hosted on the US-based
INSPIRE Research Portal (http://inspir-
eresearch.org/), UK-based INVOLVE
training support,’® and Canadian-based,
patient-oriented primary health care on-
line modules.!

Budgeting for Patient Partners’
Contributions to Research

Respectfully engaging patient partners
in research includes consideration of re-
imbursement for out-of-pocket expenses
such as travel and parking, and compen-
sation for time, effort, and expertise.™

Researchers

Develop research
questions

Prepare funding
application

Gain ethical

approval for study plan and

analyze data

Prepare statistical

Prepare peer-reviewed
papers and video
abstracts

Develop scientifically
appropriate study
design

Develop protocol,
forms, information

Conduct research
study according to
GCP standards

sheets

Provide data to
guideline and policy
makers

Interpret study
results and data

Secure
funding

Research
question

Clinical
problem

Ethical
approval

Circulate
findings

Interpret
findings

Select patient-
oriented outcome

Join study steering

Assist in developing
data-collection forms

Develop strategies to
troubleshoot problems
(eg, recruitment)

committee

interpreting study

Contribute to Shape changes in
local/nhational/

results international policy

Develop funding
Prioritize research applications
questions Become a
coapplicant

Review ethics
application
Develop participant
information literature

Assist in data
analysis

Develop plain language
summaries
Disseminate outcomes
via other media

and Gynaecologists

PPI Representatives

FIGURE. Patients and researchers can collaborate at every stage of the research process. Examples of complementary roles that can be assigned to patients and the public are
illustrated. Abbreviations: GCP, good clinical practice; PPI, patient and public involvement. Reprinted with permission from Moss et al.’? ©2016 Royal College of Obstetricians
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“Should Money Come Into It? A Tool
for Deciding Whether to Pay Patient-
Engagement Participants™ can help
researchers propose appropriate remu-
neration for patient partners. This report
provides a decision tool and questions for
researchers and patient partners to con-
sider in the decision-making process.

If the decision is to proceed with
compensation, helpful tools to assist in
budgeting include the website “budget-
ing for engagement™ and the report
“Peer Payment Standards for Short-term
Engagements.” Collectively, these tools
can provide an evidence-informed and
respectful foundation for developing the
budget for a grant application.

Documenting Patient

Partnership in Research

JOSPT requires authors to include a
statement about how (if at all) patient
partners were involved in the research.
Two resources to guide researchers on
what to report, how to report, and how
much detail to include are the GRIPP2
reporting checklists”” and the article
“Framework for Advancing the Reporting
of Patient Engagement in Rheumatology
Research Projects.™

Summary: Demystifying Patient
Partnership in Research

If including patients as equal partners
in health care research is increasingly
regarded as “the right thing to do,” then
it is important that researchers and pa-
tients “do it right.” The research commu-
nity should be aware of, use, and share
resources that support best practices in
this domain. In this editorial, we high-
lighted a selection of resources to help

researchers and to demystify patient
partnerships in research.

We encourage researchers to ap-
proach local organizations that special-
ize in patient engagement in research
when planning a research project (eg,
the Patient-Centered Outcomes Re-
search Institute [https://www.pcori.
org/], the website “Strategy for patient-
oriented research,”* and INVOLVE
[https://www.invo.org.uk/]).

Ifyou have additional resources, sugges-
tions, questions, or stories about partnering
with patients in research, please reach out
to us via e-mail (jospt@jospt.org) or our
social media channels (@JOSPT).
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FIGURE 1. Anteroposterior radiograph of the pelvis demonstrating a large sclerotic lesion

over the superior aspect of the left sacroiliac joint.
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FIGURE 2. Posterior-view bone scan demonstrating increased uptake of the radiotracer
involving the medial aspect of the left iliac bone.

Diagnosis of Ewing’s Sarcoma

After a Fall

JEREMY D. HOUSER, DPT, OCS, Department of Applied Medicine and Rehabilitation, Indiana State University, Terre Haute, IN.
SCOTT D. CAROW, DPT, DSc, OCS, SCS, Department of Applied Medicine and Rehabilitation, Indiana State University, Terre Haute, IN.

21-YEAR-OLD MALE ARMY BASIC
Atrainee was evaluated in a direct-

access physical therapy clinic for
left-sided low back pain. Symptoms be-
gan 1 week earlier after falling backward
and landing on his left buttock during
a 13-mile loaded march. He described
his pain as unrelenting, even at night.
Past medical history was unremark-
able. There were no other constitutional
symptoms.

Upon examination, active range of
motion of the lumbar spine was full and
pain free in flexion, and slightly painful
at the end ranges of extension. Visual
inspection of the lumbar spine revealed
a marble-sized mass along the lower left
paraspinals that was pain free and mobile

on palpation. Given the acute traumatic
injury, unrelenting night pain in the
lower back, and unusual soft tissue mass,
radiographs were ordered (FIGURE 1). Ad-
ditionally, with the suspicion of stress
fracture, the clinic-specific protocol in-
cluded referral for a bone scan (FIGURE 2).
The radiographic finding of a sclerotic
lesion at the sacroiliac joint, coincident
with increased uptake on the bone scan,
prompted referral for a computed to-
mography scan of the pelvis. Computed
tomography, done 6 days later, charac-
terized an infiltrative soft tissue mass
(FIGURE 3, available at www.jospt.org).
The therapist immediately contacted an
orthopaedic surgeon, who recommended
that the physical therapist order immedi-

ate magnetic resonance imaging (STAT
MRI) (FIGURE 4, available at www.jospt.
org). The patient underwent a tissue bi-
opsy and subsequently was diagnosed
with Ewing’s sarcoma. The patient was
transferred to a cancer treatment facility
for further management.

Two of the most common clini-
cal characteristics of Ewing’s sarcoma
are localized bone pain and a palpable
mass.! This case illustrates the impor-
tance of comprehensive screening, in-
cluding “red flag questions,” as well as
basic skills, including visual inspection
and palpation, which contributed to
timely intervention. ® J Orthop Sports
Phys Ther 2020;50(5):276. doi:10.2519/
jospt.2020.9109

Reference
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| EVIDENCE IN PRACTICE |

STEVEN J. KAMPER, PhD!

Risk of Bias and Study Quality
Assessment: Linking Evidence to Practice

J Orthop Sports Phys Ther 2020;50(5):277-279. doi:10.251%/jospt.2020.0702

vidence-based practice requires use of the best available evidence,
which implies that some evidence is better than other evidence.
Better evidence comes from research findings that are at lower
risk of bias. Recalling an earlier Evidence in Practice article,? bias
means that the results of the study do not reflect the true effect of an

intervention. A biased study can overes-
timate (or underestimate) the size of an
effect or association.

Sorting the good from the bad when
it comes to research evidence requires
assessment of the methods and results
of the study. There are several tools
available to help the reader assess study
quality or risk of bias. Study quality and
risk of bias are overlapping but subtly
different concepts. Risk of bias is how
likely it is that the study findings are bi-
ased, whereas study quality is a broader
concept that includes risk of bias among
other features, such as generalizability*
and appropriate reporting. The items
included in risk of bias assessment tools
are more narrowly focused, whereas
those in study quality tools cover more
ground.

Study quality and risk of bias assess-
ment tools both aim to help the reader
assess how likely it is that the results of a
study are true, and, therefore, the extent
to which the study should inform clinical
decisions.

Measuring Risk of Bias and Study Quality
Researchers have developed checklists,
scales, and domain-based tools that iden-
tify indicators (criteria) of study quality
and potential bias.

e Checklist: a set of criteria that iden-
tify study features that indicate study
quality or risk of bias. Checklists
should not be summed to produce a
total score.

e Scale: a set of criteria that are summed
to produce a total score.

¢ Domain-based tool: a list of types of
bias (domains); assessors make judg-
ments about the risk of each type of
bias.

The principles underlying measure-
ment of study quality and risk of bias
are no different from those measuring
clinical outcomes.>* When using any tool
to assess study quality or risk of bias,
we are most concerned about reliability
(whether different people have the same
scores on the scale/checklist) and validity
(whether the tool actually measures risk
of bias). Not all tools have been tested for
reliability and validity. Place more faith
in established and well-known tools to
guide your assessment.

Assessment Tools

Different study quality and risk of bias
tools apply to different study designs,
because certain types of bias may or may
not be relevant depending on the research
question. For example, identification of,
measurement of, and statistical adjust-

ment for confounders are critical for prog-
nostic studies, but not for randomized
clinical trials (RCTs). Intention-to-treat
analysis is an important feature of RCTs,
but is not relevant to diagnostic studies.
The tool used to measure study quality or
risk of bias must match the study design.

Measurement of study quality is best
developed for treatment-effectiveness
studies. The most common tools are the
Physiotherapy Evidence Database (PE-
Dro) scale and the Cochrane risk of bias
tool. The former is commonly used as a
scale and the latter is a domain-based
tool. The PEDro scale includes a list of
study features that are marked as pres-
ent, absent, or unclear, and the number
of “present” items is summed to represent
the study quality score. The Cochrane risk
of bias tool includes a list of types of bias
(domains), and the rater judges whether
the study is at risk (high, low, or unclear)
of bias. The PEDro scale and Cochrane
risk of bias tool identify many of the same
study features: both include items related
to randomization, concealed allocation,
blinding, and appropriate reporting of
results. While both tools were developed
using robust methods,"$7 there is no
strong evidence that either is more reli-
able and valid than the other.

While numerous assessment tools are
available for most study types, they gen-
erally include similar items, and there
is typically no consensus as to which is
preferred. This is because the most im-
portant features that denote study qual-
ity and lead to bias are well recognized.

1School of Public Health, University of Sydney, Camperdown, Australia; Centre for Pain, Health and Lifestyle, Australia. ® Copyright ©2020 Journal of Orthopaedic & Sports Physical

Therapy®
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Some well-accepted tools for study types
include the Quality In Prognostic Studies
(QUIPS) tool for observational studies in-
vestigating prognostic factors, the Qual-
ity Assessment of Diagnostic Accuracy
Studies-revised (QUADAS-2) for diagno-
sis studies, and A MeaSurement Tool to
Assess systematic Reviews-revised (AM-
STAR-2) for systematic reviews (TABLE).

Reporting Guidelines
Cousins of study quality assessment
tools are reporting guidelines, although

[ EVIDENCE IN PRACTICE ]

they are not designed to assess risk of
bias. Reporting guidelines help authors
ensure that their articles include suffi-
cient information for readers to judge
the quality and applicability of their
research. The items often overlap with
those in study quality checklists, but
they serve a different purpose. Because
reporting guidelines focus on what ap-
pears in the manuscript (rather than
the design of the study), they are often
also used by journal editors to improve
research articles during peer review.

There are specific guidelines for dif-
ferent study designs. The best known
include the CONsolidated Standards
Of Reporting Trials (CONSORT) state-
ment for RCTs, the STrengthening the
Reporting of OBservational studies in
Epidemiology (STROBE) statement
for observational studies, and the Pre-
ferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA)
statement for systematic reviews. The
Enhancing the QUAlity and Transpar-
ency Of health Research (EQUATOR)

TABLE ITEMS IN STUDY QUALITY ToOLS
Study Type  Cochrane Risk of Bias Tool ~ PEDro Scale QUIPS QUADAS-2 AMSTAR-2
RCTs + Selection bias - Eligibility
« Attrition bias + Randomization
+ Performance bias + Concealed allocation
+ Detection bias + Group comparability
+ Reporting bias + Participant blinding
+ Other bias « Therapist blinding
+ Assessor blinding
« Intention-to-treat analysis
* Loss to follow-up
« Statistical comparisons
+ Point and variability measures
Prognosis « Participation
* Attrition
« Prognostic factor measurement
+ Confounder measurement
+ Outcome measurement
+ Analysis and reporting
Diagnostic « Patient selection
tests * Index test
+ Reference standard
« Flow and timing
Systematic + Research question
reviews « A priori protocol

Inclusion criteria

+ Comprehensive search
Justification of exclusions
Duplicate study selection
Duplicate data extraction
Included study description
Risk of bias assessment

+ Impact of bias on interpretation
« Impact of bias on synthesis
Appropriate meta-analysis
+ Funding sources
Heterogeneity

Publication bias

Conflicts of interest

Abbreviations: AMSTAR-2, A MeaSurement Tool to Assess systematic Reviews-revised; PEDro, Physiotherapy Evidence Database; QUADAS-2, Quality Assess-
ment of Diagnostic Accuracy Studies-revised; QUIPS, Quality In Prognostic Studies; RCT, randomized clinical trial.
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network (https://www.equator-network.
org/) keeps an up-to-date repository of
reporting guidelines.

Application

Sifting out the poor-quality research
and paying attention to the good is a re-
quirement of evidence-based practice.
The key to assessing quality is under-
standing how and to what extent bias
may impact study findings. Recognize
which types of bias are most relevant
to the study in question, judge the ex-
tent to which bias should impact confi-
dence in the study findings, and decide
when the risk of bias is so great that the
results should be ignored altogether.
Systematic reviews can be a useful re-
source, because most reviews report risk

of bias or study quality assessments of
the included studies.

Study quality and risk of bias assess-
ment tools can help the reader under-
stand how much confidence one should
place in the findings of a study. However,
the reader must select the right tool for
the job, and proper application requires
an understanding of the principles that
underpin the items in the tool.
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by JOSPT.

JOSPTs website (www.jospt.org) offers readers the opportunity to browse
published articles by Previous Issues with accompanying volume and issue
numbers, date of publication, and page range; the table of contents of the
Upcoming Issue; a list of available accepted Ahead of Print articles; and

a listing of Categories and their associated article collections by type

of article (Research Report, Case Report, etc).

Features further curates 3 primary JOSPT article collections:
Musculoskeletal Imaging, Clinical Practice Guidelines, and Perspectives
for Patients, and provides a directory of Special Reports published
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FIGURE 3. Coronal T2-weighted magnetic resonance image of the right knee showing a 2.1
x 1.5 x 2.9-cm bony lesion on the medial femur (orange arrow). Additionally, the magnetic
resonance image revealed a partial medial collateral ligament rupture and effusion (blue
arrows).

| MUSCULOSKELETAL IMAGING ]

(blue arrow).

FIGURE 4. Sagittal T2-weighted magnetic resonance image of the right knee demonstrating
a bony lesion at the medial femur (orange arrow). Joint effusion can also be visualized

Chondroblastoma of the
Distal Femur in an Adolescent

RYAN KASER, PT, DPT, ProActive Physical Therapy Specialists, Prineville, OR.
WILLIAM J. GARCIA, PT, DPT, OCS, FAAOMPT, California State University, Sacramento, CA.
RICARDO MORALES, PT, Sutter Medical Foundation, Yuba City, CA.

N 11-YEAR-OLD FEMALE WAS RE-
Aferred to physical therapy by her

pediatrician, due to a 3-month
history of right medial knee pain. She
denied a specific injury; however, she re-
ported that her symptoms started after
playing volleyball with family. Her worst
pain occurred in the morning and with
walking. She denied significant night
pain, and general health screening was
noncontributory. The patient’s medical
diagnosis was Osgood-Schlatter disease,
based on radiographs obtained at the
initial pediatrician consultation (FIGURES
1and 2, available at www.jospt.org).

On physical examination, an antal-
gic gait pattern was observed, along with
erythema and effusion at the knee. Knee
active range of motion was significantly

limited (30°-90°), and passive range of
motion revealed an empty end feel. Valgus
stress testing was inconclusive. Palpation
reproduced pain along the medial collater-
al ligament, medial joint line, and femoral
condyle. Initial hypotheses included supra-
patellar bursitis, medial collateral ligament
sprain, or meniscus injury; Osgood-Schlat-
ter disease was not suspected, based on
presentation. Based on tissue irritability, a
negative red flag screen, and pending mag-
netic resonance imaging (MRI) ordered by
the pediatrician, initial treatment focused
on symptom modulation.

An MRI scan was obtained 2 weeks af-
ter starting physical therapy and revealed
a bony lesion near the medial condyle of
the right femur and damage to medial
joint structures (FIGURES 3 and 4).> Osteo-

sarcoma was suspected; therefore, she
was referred to an oncologist and physi-
cal therapy was suspended.

Pathology after open biopsy and curet-
tage of the lesion revealed a chondroblasto-
ma."® The mass was removed 1 week after
MRI, and the patient returned to physi-
cal therapy for 10 weeks. Upon discharge
from physical therapy, she returned to nor-
mal function. One year later, the chondro-
blastoma recurred, requiring additional
surgery. A chondroblastoma is a rare, be-
nign bone tumor found in the epiphysis or
apophysis of long bones in individuals 10
to 25 years of age."? Recurrence can oc-
cur in 8% to 20% of patients, commonly
within 2 to 3 years of surgery.! ® J Or-
thop Sports Phys Ther 2020;50(5):275.
doi:10.2519/jospt.2020.9021
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FIGURE 1. Lateral-view radiograph of the right knee. A slightly prominent tibial tubercle

(arrow) was suspected to represent early onset of Osgood-Schlatter disease or a normal
variant, per radiologist report.

FIGURE 2. Internal rotation-view radiograph of the right knee. No acute abnormalities
were found.
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Statement on Methods in Sport Injury

Research From the First METHODS
MATTER Meeting, Copenhagen, 2019

ports injury researchers

® SYNQ.PSIS: High-_qgality sports'iniury research way. Thi‘s qpprqach i; often a useful alt_ernz_ative have p()werful statistical
can facilitate sports injury prevention and treat- to identifying single risk factors. Investigating . .
ment. There is scope to improve how our field changes in exposure status over time is important software packages at their
applies best-practice methods—methods matter when analyzing sport injury etiology, and analyzing disposal to help answer
(greatly!). The first METHODS MATTER meeting, recurrent injury, subsequent injury, or injury exac- N, T

held in January 2019 in Copenhagen, Denmark, erbation remains challenging. The choice of statis- mcredsmgly SOphlStlLdteq ‘q.ues—
was the forum for an international group of tical model should consider the research question, tions posed by CO&CheS, C]lHlClanS,
researchers with expertise in research methods injury measure (eg, prevalence, incidence), type L

to discuss sports injury methods. We discussed and granularity of injury data (categorical or and athletes. New statistical approaches,
important epidemiological and statistical topics continuous), and study design. Multidisciplinary etiological and causal frameworks, and
within the field of sports injury research. With this collaboration will be a cornerstone for future complex systems theory continue to be
opinion document, we provide the main take-home  high-quality sport injury research. Working outside developed and refined—a gift and a chal-
messages that emerged from th_e meetlng. Meeting professmnall silos in a diverse, multidisciplinary lenge in equal measure. This ongoing de-
participants agreed that the definition of sport team benefits the research process, from the K

injury depends on the research question and formulation of research questions and designs to velopment of methodological approaches
context. It was considered essential to be explicit the statistical analyses and dissemination of study allows for high-quality analyses that
about the goal of the research effort and to use results in implementation contexts. This article has advance the broad field of sports injury
frameworks to illustrate the assumptions that been copublished in the British Journal of Sports research to improve clinical care, injury

underpin measurement and the analytical strategy. ~ Medicine and the Journal of Orthopaedic & Sports
Complex systems were discussed to illustrate how Physical Therapy. J Orthop Sports Phys Ther Two decad . 1 dical
potential risk factors can interact in a nonlinear 2020;50(5):226-233. doi:10.2519/jospt.2020.9876 WO decades ago, 1n general medica

treatment, and injury prevention.”

journals, the proportion of published
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articles with questionable application
of statistical methods reportedly ranged
from 39% to 90%.> Researchers made
so many basic statistical errors that the
late Professor Douglas Altman, a former
Director of the Centre for Statistics in
Medicine in Oxford, declared that the
level of inappropriate use of statistical
techniques in biomedical research was a
scandal.! In the future, it is therefore es-
sential that similar or even worse findings
than those in biomedical research 2 de-
cades ago are not repeated in the present
sports injury research context. After all,
methods matter!™

“How often do we discuss epidemiol-
ogy, causality, and statistical sciences in
sports injury research?” you may ask. To
the best of our knowledge, no specific
community or forum exists on epidemiol-
ogy or statistics in sports injury research.
Training new researchers to conduct
methodologically robust sports injury
research is often limited and inadequate,
and researchers, both experienced and
inexperienced, often employ traditional
methods that may not be ideal for their
type of data and research question. This
limited focus on methodology inspired
the first ‘METHODS MATTER” meeting
for a group of representative researchers.
The goal was to discuss epidemiological
and statistical topics within the field of
sports injury research. With this opinion
document, we provide readers of sports
injury research a summary of discussions
and the main take-home messages that
emerged from the first METHODS MAT-
TER meeting. An overview of these take-
home messages is provided in the TABLE.

METHODS

HE FIRST METHODS MATTER

meeting was held in Copenhagen,

Denmark on January 29 and 30,
2019. Thirty-one researchers from 13
countries were invited and 25 research-
ers from 11 countries attended. The
agenda consisted of 6 preselected top-
ics: (1) injury definition, (2) sports in-
jury data and statistical modeling, (3)

complex systems thinking and compu-
tational modeling, (4) longitudinal data
analyses, (5) recurrent and subsequent
injuries, and (6) causality.

In each session, the key elements were
introduced by 2 or 3 presentations, after
which a discussion followed on the con-
tent of the presentations and other topics
that emerged (for the meeting invitation,
title of presentations, and book of ab-
stracts, see the SUPPLEMENTARY FILE). Each
session-specific discussion was guided
by a scientific facilitator and a modera-
tor. The facilitator was a content expert
who ensured that everyone had a chance
to contribute to the discussion. The fa-
cilitator encouraged discussions around
the table and aimed to provide a concise
2-minute summary at the end of each
session. The moderator kept time.

After the meeting, each facilitator
drafted a summary of the session that
was circulated to the presenters and
moderator associated with that topic for
review. Authors R.O.N. and E.V. merged
the 6 documents and drafted the intro-
duction, methods, and conclusion, which
were then distributed to all authors for a
first round of feedback. After revisions,
the full-text manuscript was circulated
twice for final comments and suggestions
for improvement prior to submission.

The attendees agreed on certain is-
sues (eg, an injury definition depends
on a range of factors) and were chal-
lenged by other issues (eg, how to best
analyze recurrent events). Consequently,
this manuscript should not be regarded
as a consensus statement. We hope it
will serve as a tool for sports science re-
searchers dealing with the complexity
of sport injury epidemiology, causality,
sports biostatistics, and other method-
ological issues.

Our views and take-home messages
are presented under the following 8
headings: (1) No universal sports injury
definition is necessary; (2) Be explicit
about the goal of your research: are you
describing, predicting, or drawing a caus-
al inference? (3) Frameworks can guide
researchers; (4) Analyzing longitudinal

data; (5) Which statistical model should
I choose? (6) Dealing with recurrent
or subsequent injury; (7) Complex sys-
tems; and (8) Need for multidisciplinary
collaborations.

No Universal Sport Injury
Definition Is Necessary
Injury consensus statements across
sports use different definitions of sport
injury’24,25,40,46,57,58,60,74,77 in part because
the definition depends on the con-
text.”7?>76 Researchers planning a sports
injury study need to consider a range of
operational injury definitions. These can
be roughly divided into broad categories
with respect to time loss from sports,
such as any physical complaint, which
includes non-time-loss injuries, and
more narrow definitions (eg, unavail-
able for competition). Studies that use a
broader definition often have greater sta-
tistical power because more injuries are
captured. However, collecting detailed
injury data using a broad definition may
be resource demanding, require criteria
that are more subjective, and capture a
number of injuries with minimal conse-
quences (eg, cuts and bruises). In con-
trast, narrow definitions are generally
based on more objective criteria and fil-
ter out less severe cases. Associations may
exist for a broader definition when none
exist for a narrow definition, or vice versa.
Traditionally, measures such as prev-
alence proportion or incidence rate are
reported in sports injury studies.”* At
the METHODS MATTER meeting, we
discussed the outcomes of injury sever-
ity and injury burden.5?* Currently, there
is no consensus on the definition of in-
jury burden or on how to operationalize
burden in statistical analyses. Creating
a composite burden score (eg, the sever-
ity score from the Oslo Sports Trauma
Research Center questionnaire) from
different outcome measures to collapse
a complex phenomenon into one num-
ber should be considered with caution.
This approach risks omitting important
information (eg, the difference between
prevention and treatment). Still, the
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idea of injury burden is appealing, as
it aims to provide more information on
the consequences of an injury beyond
the classical measures of prevalence and
incidence.

Recording sports injury events in
practice is also contingent on who iden-
tifies the event (ie, whether it is research-
ers, athletes, coaches and managers,
clinicians, or combinations of these).
For instance, loyalty or toughness may
encourage athletes, coaches, and medi-
cal staff to downplay injury symptoms or
hasten return to sport.

The choice of sports injury defini-
tion should also be guided by the re-

[ CLINICAL COMMENTARY ]

search question. For example, studies
of workload and injury risk have typi-
cally recorded only noncontact injuries,
based on an assumption that workload
is unrelated to contact injuries.>> On the
other hand, studies of overuse injuries
in general require broad definitions, as
athletes often continue to participate
in training and competition despite be-
ing injured.®"® In addition, we need to
consider how to capture a sports injury
when it originates from sport, from an
activity of daily living, or from a combi-
nation of the two. A continued discus-
sion on these (and other) aspects related
to injury definitions is needed.

Be Explicit About the Goal
of Your Research: Are You
Describing, Predicting, or
Drawing a Causal Inference?
In causal inference, “...being explicit about
the goal of the analysis is a prerequisite for
good science,”” and we recommend the
practice for sports injury researchers as
well. For such clarification, a 3-fold clas-
sification of the research goal, which was
published recently,?® may be used:

1. Description: for instance, describe in-
jury risk or rate over time in a group
of athletes

2. Prediction: for instance, examine which
athletes are more likely to sustain in-

TAKE-HOME MESSAGES AND RECOMMENDATIONS

FroM THE FirRsTt METHODS MATTER MEETING

Topic

Opinions and Recommendations

No universal sports injury definitionis 1.

necessary 2.
Be explicit about the goal of your 3.
research: are you describing, 4,
predicting, or drawing a causal
inference? 5,
Frameworks can guide researchers 6.
Analyzing longitudinal data 7

There is no need for a single, universally accepted definition of sport injury
Choosing an injury definition is a balancing act between a range of factors, such as level of pain/injury severity, number of cases, research
question, and ease of reporting. As these factors are often competing, we encourage researchers to match their choice of definition to the
study purpose, setting, and design
Be explicit about the research goal (eg, description, prediction, or causal inference)

To ensure that sports injury researchers report the goal of their research in their publications, we recommend coordinated action by sports
science and medicine journals. For instance, the author guidelines could state that authors should explicitly describe their research goal
Define the terms used in research (eg, prediction, causation). Standard language that clinicians and researchers understand will improve
evidence transparency and quality
Clearly outline your assumptions. Specifying your theoretical framework and/or drawing a causal diagram when dealing with a causal ques-
tion is generally very helpful to the reader
As sports injury occurrence is likely a highly dynamic process, investigating changes over time is important. Consequently, sports injury
researchers are recommended to embrace the options that longitudinal data offer
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The choice of the statistical analytical approach depends on various factors, including, but not limited to, research question, injury measure
(eg, prevalence, incidence), type of injury data (categorical or numerical/continuous), and study design

There is no consensus on what constitutes a “healed” injury

There is no consensus on the recommended statistical approach to analyze recurrent injury data, subsequent injury data, or data on injury

As no consensus on what constitutes a recurrent injury, subsequent injury, or injury exacerbation should exist, classifications of recurrent
injury, subsequent injury, and injury exacerbation should be clearly defined in each manuscript

Researchers require at least a basic understanding of what complex systems entail and how to interpret the results to better use complex
system analysis in sports science

Statistical modeling and systems-based modeling approaches that recognize nonlinear complex interactions complement traditional
biostatistical and epidemiological methods

Approaches that combine qualitative and quantitative methods may help investigators better understand how nonlinear complex interac-
tions underpin most sports injuries

Collaboration bridges gaps between statisticians, epidemiologists, sports injury researchers, athletes, and clinical experts

Involve statisticians, epidemiologists, and practitioners early when designing a study, not after data have been collected

Working in diverse, multidisciplinary teams should help to better formulate research questions, identify an appropriate study design, ensure
appropriate and legally acceptable data acquisition, conduct correct statistical analyses, make proper interpretation of study results, and
disseminate them in suitable implementation contexts

Stakeholders in sports injury research are encouraged to intensify their investments in statistical, epidemiological, and methodological
education in our field, such as multisite and interdisciplinary collaborations, training reviewers, providing online opportunities, exchanging
trainees, developing (and extending) guidelines, and including methods content in regular scientific meetings

Which statistical approach should | 8.
choose?
Dealing with recurrent or subsequent 9.
injury 10.
exacerbation
1.
Sports injuries are complex and 12.
contextual
13.
14.
Need for multidisciplinary teams and ~ 15.
collaborations 16.
17
18.
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jury than others—in plain language,

this translates to identifying/predicting

“who” is at high risk of getting injured
3. Causal inference: for instance, exam-

ine the causal effect of an exposure

on sports injury—in layman’s terms,
this translates to examining “why” or

“how” an injury occurs using intrinsic

and extrinsic causes of injury

When identifying the research goal,
it is important to understand that every
true causal factor (if it is well measured) is
a predictor (although sometimes a weak
one), but not every predictor is a causal
factor.*>67 As an example, American foot-
ball players wearing a shirt with an ani-
mal logo had a lower risk of concussion
than players who wore shirts without an
animal logo.” Here, the “who” question
(prediction) was addressed through an
animal logo variable that is not a causal
factor (most likely, changing one’s jersey
will not change risk of concussion).

If the sports injury researcher is aim-
ing to investigate the causal effect of
body weight (or another causal ques-
tion) on sports injury occurrence, he or
she is dealing with a “why” question. In
this case, concepts such as confounding,
effect-measure modification, and media-
tion should be given careful attention and
consideration, as the etiology of sports in-
jury is likely to be multifactorial.*® If the
goal is prediction, attention to subgroup
differences may be needed, depending on
the research question of interest.

At the METHODS MATTER meet-
ing, there was discussion about whether
the terms “why” and “how” cover the
same concept. We did not reach agree-
ment. Clinicians, coaches, and athletes
should be aware that some sports inju-
ry researchers use the “why” and “how”
terms interchangeably. Some may con-
sider “why” and “how” to cover different
aspects (eg, etiology and mechanisms,
respectively”), and others may avoid us-
ing the terms altogether.

Frameworks Can Guide Researchers
Researchers should be encouraged to
disclose the underlying assumptions of

their analyses. Sports injury frameworks
help to illustrate the assumptions under-
pinning who- or why-related questions.
The fundamental rationale and theoreti-
cal basis that a sports injury occurs if the
load applied to a body structure exceeds
its capacity to withstand the load® led to
different frameworks about the causal re-
lationship between workload and injury,
with slightly different assumptions.™495!
For example, a dynamic model of etiology
in sport injury was presented in 2007, in
which the authors argued that “exposure
is a combination of both possessing a risk
factor and then participating (to a greater
or lesser degree) with the risk factor.”
In a sports injury setting, if the aim is
to assess causality, directed acyclic graphs
(DAGS) and other causal diagrams can
help illustrate which variables to include
and adjust for in a statistical analysis. It
has been recommended that sports in-
jury researchers include DAGs in their
publications.®7 Directed acyclic graphs
are useful to understand when to adjust
for confounding variables,**% when an
effect is mediated through another vari-
able, and when adjusting for a variable
introduces new bias rather than minimiz-
ing bias. This is important when trying
to investigate the average/direct/indi-
rect/total causal effect of a certain causal
factor in sports injury occurrence.** For
additional information on DAGs, we re-
fer readers to other published literature.*

Analyzing Longitudinal Data

Longitudinal data may be viewed as
multiple records (eg, injury status) on
1 or more athletes over time. New tech-
nologies make access to such data easier,
but they carry the price of in-depth con-
siderations when analyzing the data.?*
Irrespective of the size of the data set,
researchers must ensure that they collect
appropriate data (in an appropriate man-
ner) to answer specific and clear research
questions, and that they employ correct
statistical tools to handle such data.’® Ath-
letes often change their training schedule
and characteristics. In the 1970s, general
methodologists of science insisted that it

was impossible to measure how health-
related exposures and outcomes changed
over time.?® Researchers interested in the
study of change were encouraged to frame
their questions in other ways.?® Later, this
was identified as poor advice.?°

As sports injury occurrence is a highly
dynamic process,** investigating changes
over time is important. Consequently,
sports injury researchers are recommend-
ed to embrace the options that longitudi-
nal data offer. For instance, longitudinal
data permit the calculation of metrics that
quantify absolute or relative changes in
training load.”** When studying change
over time, time-varying exposures (eg,
change in training load) and time-varying
outcomes (eg, change in injury status) are
2 essential concepts.*® The open question
remains: “Which approach is suitable
for which question and data?” There are
many options (eg, time-to-event meth-
ods,* g-methods,* survival trees,® classi-
fication and regression trees with repeated
events,'® and generalized linear mixed
models™). The most suitable approach
for the research question should be given
greater consideration in sport injury re-
search in the future. At best, sports injury
epidemiologists and sports biostatisticians
should be included when deciding on the
analytical approach.”

Although the advantage of large-scale
longitudinal data must be highlighted,
these data also carry challenges, includ-
ing (1) handling dependencies in these
data due to the repeated measures on
each individual, (2) missing data, which
are often substantial in these studies, (3)
censoring,” (4) competing risk,” and
(5) understanding the complexity of the
statistical analyses required to take full
advantage of the many opportunities
longitudinal data provide. Ignoring these
challenges when fitting models may lead
to biased estimates and misinterpreta-
tion of results.!350:51.80

Which Statistical Approach

Should | Choose?

Injury data are often classified as a di-
chotomous outcome (ie, an athlete is
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either injured or not injured) or as dif-
ferent categorical states that each ath-
lete can inhabit over time. However,
other ways of collecting and handling
injury data exist, as (1) athletes often
move between various states of injury
severity, (2) athletes can have more than
one injury, or (3) researchers are inter-
ested in other injury-related outcomes.
This reality may be better reflected in in-
jury data of greater detail and granular-
ity, which can end up being categorical
or numerical.”! The type and granularity
of injury data have a substantial impact
when choosing the statistical approach.
For instance, log-binomial regression or
logistic regression requires a dichoto-
mous injury outcome, whereas linear
regression requires numerical/continu-
ous data. In addition to the type of in-
jury data, the type of injury outcome
measures (eg, prevalence proportion or
incidence rate) has implications when
choosing statistical models as well.

Different statistical approaches con-
tinue to be integrated in the field, in-
cluding data imputation, time-to-event
analysis, longitudinal data, and clustered
data, among others. Machine-learning
approaches to data, of which prediction
is the main goal, are also being consid-
ered.’?*% Whether the analyses of in-
terest are descriptive or inferential (the
latter can be subdivided into prediction
or causal inference), authors should use
appropriate terms, concepts, and meth-
ods accordingly.5” Study design and out-
comes of interest will play an important
role in deciding the appropriate analytic
approaches beyond the classical regres-
sion techniques.

A common analytical approach is the
generalized linear model.®* This approach
requires independence between observa-
tions of the injury/outcome. However,
these assumptions may be violated in
some situations, such as clustered studies
(outcomes of individuals within a cluster
may be more similar than those of indi-
viduals between clusters) or longitudinal
studies (repeated measures of the same
athletes are analogous to clustering in an

[ CLINICAL COMMENTARY ]

individual). Ignoring nonindependence
of data when fitting the model may lead
to incorrect estimation of standard errors
and erroneous conclusions often due to
overstated statistical significance. The 2
following techniques are often used to ac-
count for correlated data of any type: (1)
adding a “random effect” to account for
clustering (eg, generalized linear mixed
models, frailty models), or (2) incor-
porating a correlation structure for the
observations (eg, generalized estimating
equations).

There is a special interest in recur-
rent event data. The simplest approach
to analysis in this setting is to count the
events observed within a given period.
These counts are usually assumed to fol-
low a Poisson distribution.* Where the
variance of the counts (rates) is not the
same as the mean (ie, data do not follow
a Poisson distribution), a quasi-Poisson
or a negative binomial distribution is
an alternative choice.’®" Another way
of looking at recurrent event data is to
model the time to event. In this case, the
time to event of all individuals may not
be fully observed, as this may be subject
to censoring (eg, dropout from the study
before complete follow-up).

Analyzing data in a “competing risk”
setting (when other outcomes may pre-
clude the outcome of primary interest
and/or change the probability of the
outcome of interest) may be important,
as athletes may sustain multiple inju-
ries over time.**! Some suggested meth-
ods to analyze data in the face of these
challenges include competing risk mod-
els,**! multistate models,* and recurrent
event models with a time-dependent
covariate.?%6.78

Dealing With Recurrent or

Subsequent Injury

There is wide recognition that a subse-
quent injury can be correlated to a previ-
ous injury. When analyzing subsequent
injury, the terms repeat, recurrent, exac-
erbation, or multiple are often used inter-
changeably. To avoid confusion, authors
should clearly define their terminology

in each manuscript. For example, the
answer to “When is an injury consid-
ered healed?” depends on the research
question, and multistate models might
provide a framework for researchers and
clinicians to help decide on the appropri-
ate categorization.”™ Importantly, models
and frameworks should be transparent,
valid, and demonstrate clinical utility
for the end user. Here, valid and reliable
assessment of injury data over time is
important. Momentary assessment was
discussed as a tool to record informa-
tion on recurrent injury, including oc-
currence day and recovery day (however
defined).1536-39.45

Competing risks and analysis of recur-
rent events are major challenges in sport
injury research,?>*6265 and there is consid-
erable uncertainty about how to handle
these. Methods like the Aalen-Johansen
estimator could be a useful alternative to
the Kaplan-Meier estimator in survival
analyses when dealing with compet-
ing risks.” Extra precaution should be
taken when analyzing small data sets, as
these may introduce additional bias and
overfitting.

Sports Injuries Are Complex

and Contextual

As with most health conditions, it is
likely that linear and nonlinear complex
interactions underpin most sports inju-
ries.%**63 A complex systems approach to
sports injuries tries to understand how
relationships between the multitude of
direct and indirect risk factors result
in different paths to being injured.®?**
Further, athletes act within an ecological
context where other determinants of risk
may be important to take into account.
For instance, the finding that the qual-
ity of communication between medical
staff and team managers in professional
soccer clubs was correlated with injury
rates expands the understanding of in-
jury mechanisms because failed com-
munication could lead to inappropriate
workloads for some athletes.?"! The out-
comes of studies performed in the eco-
logical context can immediately be used
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for sports safety promotion interventions
and programs.” To further improve con-
sistency and relevance in recommenda-
tions, research approaches that include
complex systems models or are ecologi-
cal are needed to effectively engage stake-
holders and qualitatively derive relevant
questions to measure quantitatively.

Need for Multidisciplinary

Teams and Collaborations

The presentations and discussions at

the METHODS MATTER meeting

from various methodology-oriented
peers were sometimes contentious but
occurred in a relaxed and friendly at-
mosphere, where open critique was en-
couraged. To reduce the risk of having
the use of statistical techniques in sports
injury research referred to as a scandal,’
we discussed the next steps. Here are

3 considerations regarding multidisci-

plinary collaborations:

+ Collaboration is key to bridging gaps
between statisticians, researchers,
and clinical content experts. Devel-
oping objectives, design, data acqui-
sition, analyses, interpretation, and
dissemination in the most appropri-
ate implementation context requires
collaborative approaches.

+ Different presentations of the same
research project to different statisti-
cians, data scientists, or injury meth-
odologists will often be met with
different recommendations regarding
methods.

* Researchers must collaborate more
with the statistical community and in-
vest in statistical education in our field
(eg, multicenter and interdisciplinary
collaborations, reviewer training, on-
line opportunities, trainee exchanges,
guidelines, methodological content in
meetings).

The next steps in collaboration include
ongoing contribution to educational edi-
torials and reviews to accompany those
previously published in the Journal of
Orthopaedic & Sports Physical Therapy,
British Journal of Sports Medicine, and
Othel' jOurnals.29,344,49-55,68,72,73,79

CONCLUSION

HE GENERAL SENTIMENT AT THE
TMETHODS MATTER meeting was
that defining sport injury depends
on the research question and context. It
is essential that researchers are explicit
about the goal of any research effort (eg,
description, prediction, or causal infer-
ence) and that they use frameworks to
illustrate assumptions underpinning the
analytical strategy. Modeling of complex
systems was brought forward to illus-
trate how the description of interaction
between risk factors can be an alternative
to identifying isolated risk factors.
Investigating changes in exposure
status over time is important when ana-
lyzing sport injury etiology, even though
analyzing recurrent injury, subsequent
injury, or injury exacerbation remains
challenging. Finally, the choice of statis-
tical model should consider the research
question, injury measure (eg, prevalence,
incidence), type of injury data (categori-
cal or continuous), and study design. The
view at the meeting was that multidisci-
plinary collaboration will be the corner-
stone for future high-quality sport injury
science. Working beyond professional
silos in a diverse, multidisciplinary team
benefits the research process. It pro-
motes better research questions, more
appropriate study design, and more rig-
orous statistical analysis. Collaboration
also promotes dissemination of study re-
sults—a step toward implementation! ®
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There Is No Relationship Between Lower
Extremity Alignment During Unilateral
and Bilateral Drop Jumps and the Risk of
Knee or Ankle Injury: A Prospective Study

oncontact ankle and knee injuries are common in team sports
requiring frequent directional changes, accelerations, and de-
celerations.'>!*1>32 These injuries can have substantial negative
effects on the future health of athletes, including predispos-
ing them to osteoarthritis in the injured joint.”** To improve injury
prevention practices, it is important to identify modifiable risk factors.

Controlling lower extremity alignment
during athletic tasks is an essential com-
ponent of movement. Insufficient capa-
bility to control medial and lateral knee

© OBJECTIVE: To investigate the association be-
tween lower extremity alignment during unilateral
and bilateral drop jump tests and the risk of acute
noncontact knee or ankle injuries in young team
sport athletes.

© DESIGN: Prospective cohort study.

© METHODS: A 2-dimensional video analysis was
used to measure the frontal plane knee projection
angle in the single-leg vertical drop jump (VDJ)
and the bilateral VDJ in young team sport athletes.
Out of the 364 athletes (187 male, 177 female), 189
played basketball and 175 played floorball.

© RESULTS: Six male athletes sustained knee
injuries and 23 sustained ankle injuries. Frontal
plane knee projection angle in the single-leg
VDJ or the bilateral VDJ was not associated with

motion can increase the mechanical loads
experienced by soft tissue structures, in-
cluding the knee ligaments.'92%56 There is
conflicting evidence as to whether poor

ankle injuries among male athletes. No statisti-

cal analysis was performed for the knee injuries.
Among female athletes, 28 sustained knee and 41
sustained ankle injuries. Frontal plane knee projec-
tion angle during the single-leg VDJ or the bilateral
VDJ was not a risk factor for knee or ankle injuries.

© CONCLUSION: Lower extremity alignment
during unilateral and bilateral drop jump tests was
not associated with future noncontact knee or
ankle injuries among young team sport athletes.
The findings should be interpreted cautiously due
to the small number of injuries. J Orthop Sports
Phys Ther 2020;50(5):267-274. doi:10.2519/
jospt.2020.9247

@ KEY WORDS: landing, movement control, risk
factors, screening tool, valgus

lower extremity alignment (ie, knee mov-
ing toward valgus) during single-leg and
bilateral landing tasks is a risk factor for
knee injury.6:22.233738

In elite female soccer players, in-
creased knee valgus during a bilateral
landing may reduce the risk of ankle in-
juries.?” Because acute noncontact ankle
injuries are common in team sports,'” ex-
ploring the relationship between lower
extremity alignment during drop jump
landings and ankle injuries is warrant-
ed. Landing on 1 leg from a jump has
recently attracted research focus. Uni-
lateral and bilateral landings differ in
their joint angles,*3>3 joint moments,’
muscle activation,® and energy dissipa-
tion strategies.’ Therefore, the injury
risk profiles of athletes may differ across
landing tasks.’

There is a need to move from labo-
ratory-identified injury risk factors to
techniques that can be implemented into
clinical practice.! Two-dimensional (2-
D) video analysis methods are suitable
for quantifying frontal plane knee mo-
tions.?®3%%3 The equipment is portable
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and easy to set up and use in a clinical or
field setting.

We aimed to investigate whether fron-
tal plane knee projection angle (FPKPA)
during the single-leg vertical drop jump
(VDJ) and bilateral VDJ was associated
with increased risk of acute noncontact
knee and ankle injuries in young basket-
ball and floorball athletes.

METHODS

Study Design and Participants

HIS STUDY IS PART OF A LARGE PRO-
Tspective cohort study.* Teams from

the 2 highest youth league levels
from 3 basketball and 3 floorball clubs
were invited to participate. The inclu-
sion criteria were being 21 years of age
or younger, an official team member,
and free from injury at baseline. Ath-
letes were considered to be injury free if
they did not report injuries in the base-
line questionnaire and were able to fully
participate in baseline testing. Athletes
entered the study during the preseason
of 2011, 2012, and 2013 (FIGURE 1). After

| RESEARCH REPORT ]

baseline testing at the UKK Institute for
Health Promotion Research (Tampere,
Finland), injury registration continued
until the end of April 2014. The average +
SD follow-up time was 16.9 £ 9.5 months,
with 56% of athletes completing at least
12 months, 18% completing at least 24
months, and 14% completing 36 months
of injury registration.

Ethical approval was granted by the
Ethics Committee of Pirkanmaa Hospi-
tal District (ETL code R10169). Informed
written consent was obtained from each
participant or from the legal guardians
of athletes younger than 18 years of age.
The rights of participants were protected
throughout the study.

Unilateral and Bilateral VDJ Procedures
Baseline measurements of standing
height (centimeters), weight (kilo-
grams), and leg dominance (preferred
leg to kick a ball) were recorded. Each
athlete completed a questionnaire about
the lower extremity time-loss injuries
they had sustained during the previous
12 months.*

Invited to participate, n = 474
(3 basketball and 3 floorball clubs)

| Agreed to participate, n = 403 |

Inclusion criteria

« Official team members at baseline
« Free from injury at baseline

+ Age, <21y

Exclusion criterion

= Ongoing major injury at baseline

Declined to participate, n = 71

| —

y
Participated in the baseline
single-leg VDJ and bilateral VDJ,
n=2370
I

Excluded, n =33

+ Had ongoing injury, n = 20

« Did not participate in baseline tests,
n=13

Analyzed, n = 364

Excluded, n=6
+ Did not participate in injury registration

Dropped out, n =145 (included in the
analysis until the time of dropout)
Withdrew, n = 6

Quit playing the sport, n =91
Changed team, n = 31

Injury, n =17

|
FIGURE 1. Flow of participants. Abbreviation: VDJ, vertical drop jump.

The single-leg VDJ and bilateral VDJ
test procedures are based on the work of
Stensrud and colleagues.*® Participants
wore shorts and indoor shoes, and fe-
male participants wore sports bras. For
the 2-D video analysis, square pieces of
sports tape were placed on the right and
left tibial tuberosity and right and left
anterior superior iliac spine (ASIS). As
a standardized warm-up, athletes per-
formed a series of double-leg squats (2 x
8), followed by squat jumps (2 x 5). Par-
ticipants familiarized themselves with
the tests by performing 2 to 3 practice
repetitions prior to testing. For each test,
participants performed 2 or 3 valid trials,
the mean value of which was calculated
for each leg.

In the single-leg VDJ, athletes stood
on a 10-cm box in a unilateral stance,
dropped off the box on the weight-bear-
ing leg, and performed a maximal verti-
cal jump on the same leg. Athletes were
instructed to jump as high as possible
and attempt to touch an overhead target
at an unobtainable height, reaching with
both hands and landing unilaterally. A
trial was invalid when the athlete jumped
instead of dropping off the box, touched
the contralateral leg to the floor, reached
with only 1 hand, or clearly lost balance
or fell during the test. For the bilateral
VDJ, athletes dropped off a 30-cm box
and landed on both feet, then performed
amaximal vertical jump, reaching toward
the overhead goal.

Two-Dimensional Video Analysis

Each trial was recorded with a high-
definition digital video camera (HXR-
NX70E; Sony, Tokyo, Japan) positioned
on atripod at a distance of 7 m.* A single
investigator (J.V.), blinded to the partici-
pant’s injury status, analyzed the video
footage using Java-based computer soft-
ware (ImageJ; National Institutes of
Health, Bethesda, MD). From the initial
landing, knee flexion was visually as-
sessed, based on the lowest point of pel-
vis height.®*® From this frame, the FPKPA
was calculated as the intersection of a
line created by the ASIS and knee joint
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center and the line created by the knee
joint center and the ankle joint center.57!
Neutral alignment was considered 0°,
positive values represented valgus align-
ment, and negative values represented
varus alignment.

Injury and Exposure Registration

A team coach or another designated team
member recorded all acute noncontact
lower extremity injuries that resulted
in an athlete being unable to fully par-
ticipate in training or match play for at
least 24 hours."”® We analyzed knee and
ankle injuries. A noncontact injury was
an injury occurring without direct con-
tact to the injured body part. For injury
registration, the study physicians con-
tacted the team coach or designate on a
weekly basis by phone or e-mail. Next,
each injured athlete was contacted for a
standardized phone interview to record
the injury time, place, cause, type, loca-
tion, and time loss. To report exposure,
the team coach or designate recorded the
athlete’s participation in team practices
and games, and e-mailed the records to
the study group at the end of each month.

Statistical Methods

Analyses were performed in SPSS (SPSS
Statistics 25; IBM Corporation, Armonk,
NY), with the exception of the Cox re-
gression models (R Version 3.5.1, pack-
age coxme*’; R Foundation for Statistical
Computing, Vienna, Austria). Initially,
body mass index,* age,*” sport,** number
of acute lower extremity injuries during
the previous year,”* and level of play'12+3
(defined as playing at the highest adult
league level at least once) were considered
to be potential confounders. Considering
previous research and the characteristics
of the study cohort, potential confound-
ers were rated by importance, and 1 or 2
confounders for each injury type for male
and female participants were entered
into the Cox regression models, follow-
ing the recommendation of not exceed-
ing 10 events per independent variable.*?
Leg was the unit of analysis. Team and
leg were used as random effects. Because

the rates of and risk factors for knee and
ankle injuries differ between sexes, we
performed separate analyses for male and
female athletes.

RESULTS

OMPLETE BASELINE TEST DATA AND

injury data were obtained from 364

athletes. Baseline characteristics by
sex are described in TABLE 1. In the single-
leg VDJ, the FPKPA could not be calcu-
lated in 19 athletes for 1 (n = 15) and 2 (n
= 4) legs, due to the ASIS markers not be-
ing visible during the initial landing or the
athlete landing with too much rotation to
determine the ankle joint center. For the
bilateral VDJ, the FPKPA could not be
calculated in 20 athletes for 1 (n = 13) or 2
(n =7) legs, due to the ASIS markers not
being visible.

During the follow-up, 176 acute non-
contact lower extremity injuries were
registered. A total of 112 (31%) athletes
sustained at least 1 noncontact lower ex-
tremity injury. The ankle was the body
part with the highest percentage of inju-

ries (49%), followed by the knee (22%)
and the hip (9%). The severity of knee
and ankle injuries' is reported in TABLE 2.

Noncontact Knee Injuries
Six male athletes sustained 7 knee inju-
ries: 3 meniscus injuries, 2 hyperexten-
sion injuries, 1 lateral collateral ligament
sprain, and 1 patellar subluxation. Mean
FPKPA in the single-leg VDJ was 9.4°
+ 11.0° for the injured group and 5.4° +
5.2° for the uninjured group. Distribu-
tion of FPKPA values for the single-leg
VDJ is presented in FIGURE 2. In the bi-
lateral VDJ, mean + SD FPKPA was 1.7°
* 9.3° for the injured group and 2.8° +
8.1° for the uninjured group. Distribution
of FPKPA values for the bilateral VDJ is
presented in FIGURE 3. Due to the small
number of knee injuries, it was not possi-
ble to perform statistical analysis of knee
injury risk factors among male athletes.
Twenty-eight female athletes sustained
31 noncontact knee injuries: 17 anterior
cruciate ligament ruptures, 2 medial col-
lateral ligament sprains, 1 meniscus injury,
1 lateral collateral ligament sprain, 1 bone

TABLE 1

BAsic CHARACTERISTICS OF THE ATHLETES?

Characteristic Male (n =187) Female (n =177)
Age,y 160+16 155+20
Height, cm 1785+81 1674+6.2
Weight, kg 689+10.7 60.8+83
Body mass index, kg/m? 215+26 217+27
Time playing the sport, y 81+31 6.3£25

“Values are mean + SD.

TABLE 2

SEVERITY OF NONCONTACT KNEE

AND ANKLE INJURIES?

Minimal (1-3 d) Mild (4-7 d) Moderate (8-28d)  Severe (>28 d) Total
Male
Knee 1 2 0 4 7
Ankle 5 1 B 28
Female
Knee 2 8 20 3l
Ankle 14 9 18 17 58

“Values are number of injuries.
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bruise, 1 knee distortion, 1 hyperextension
injury, and 7 minor knee injuries for which
the athlete did not seek medical attention.
The mean + SD FPKPA for the single-leg
VDJ was 7.4° * 5.2° in the injured group
and 7.5° £ 5.0° in the uninjured group. The
mean FPKPA for the bilateral VDJ was 5.1°
110.9° in the injured group and 8.1° £ 8.4°
in the uninjured group. The distribution
of FPKPAs is presented in FIGURES 4 and
5. The FPKPA for both the single-leg VDJ
and the bilateral VDJ was not associated

| RESEARCH REPORT ]

with risk of knee injury in female athletes
(TABLE 3).

Noncontact Ankle Injuries

Twenty-three male athletes sustained
28 noncontact ankle injuries: 26 lat-
eral ligament sprains, 1 medial ligament
sprain, and 1 bone bruise. Mean FPKPA
for the single-leg VDJ was 4.7° + 5.2°
in the injured group and 5.7° + 5.5° in
the uninjured group. The mean FPKPA
for the bilateral VDJ was 0.8° + 9.0° in

No knee injury
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FIGURE 2. Distribution of FPKPAs in the single-leg VDJ for injured and uninjured male athletes. Abbreviations:
FPKPA, frontal plane knee projection angle; VDJ, vertical drop jump.
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FIGURE 3. Distribution of FPKPAs in the bilateral VDJ for injured and uninjured male athletes. Abbreviations:
FPKPA, frontal plane knee projection angle; VDJ, vertical drop jump.

the injured group and 3.0° £ 8.0° in the
uninjured group. The FPKPA was not
associated with ankle injuries in male
athletes (TABLE 3).

Forty-one female athletes sustained
58 ankle injuries: 54 lateral ligament
sprains, 2 medial ligament sprains, 1
syndesmosis ligament sprain, and 1 ankle
fracture. The mean FPKPA for the sin-
gle-leg VDJ was 6.5° + 5.6° in the injured
group and 7.8° + 4.7° in the uninjured
group. The mean + SD FPKPA for the bi-
lateral VDJ was 6.5° £ 5.6° in the injured
group and 8.2° £ 8.7° in the uninjured
group. There was no association between
FPKPA and new ankle injury (TABLE 3).

DISCUSSION

HERE WAS NO ASSOCIATION BE-
Ttween FPKPA at the initial landing

for the single-leg VDJ or bilateral
VDJ, and no association between FPKPA
and the risk of noncontact knee injury or
ankle injury in youth male and female
floorball and basketball players.

Previous studies using 2-D analysis of
the single-leg VDJ have focused on female
athletes®*® and reported significant dif-
ferences between injured and uninjured
athletes. However, comparisons between
studies are difficult to make, due to the
differences in study methods. In our study,
the FPKPAs for the single-leg VDJ and bi-
lateral VDJ in injured and uninjured play-
ers overlap. The tests failed to separate the
athletes into 2 distinctly different groups,
as one would expect if test performance
were associated with injury risk.

The premise of functional move-
ment tests, such as the single-leg VDJ
and bilateral VDJ, is to identify athletes
who are at high risk of injury.*¢'7 If an
entire team could be easily screened us-
ing simple field tests, injury prevention
efforts could focus on high-risk athletes,
for whom injury prevention programs
are the best prophylactic.** However,
our study does not support the use of the
single-leg VDJ or the bilateral VDJ to
screen for high-risk athletes. A screening
test with high sensitivity to identify ath-
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letes who are most likely to get injured
is crucial.”® A screening test with high
specificity would ensure that only a few
athletes who are not at high risk would be
incorrectly categorized as high risk.

Hewett and colleagues®* reported a
significant association between the bi-
lateral VDJ performance and increased
risk of anterior cruciate ligament injury,
with acceptable specificity and sensitivity.
However, this has not been repeated in
later studies on adult®® or adolescent?* fe-
male athletes. Even with acceptable spec-
ificity and sensitivity, the results of the
injured and uninjured players overlap.?
Considering the multifactorial nature of
sport injuries,” identifying who will get
injured based on a dynamic movement
task seems unattainable. However, as-
sessing the drop jump performance can
provide useful information for the clini-
cian, athlete, and coach.

Instead of large-scale screenings, the
drop jump tests could be used to iden-
tify maladaptive movement patterns, to
assess the results of movement retrain-
ing protocols,* and to assess the athlete’s
readiness to return to play. In the clinical
setting, observation of movement quality
in drop jumps can be a suitable method
to assess the athlete’s movement pat-
terns.*2648 Future studies could use video
analysis methods to explore the possibil-
ity to set return-to-play guidelines using
the single-leg VDJ and the bilateral VDJ,
among other dynamic movement tasks.

The FPKPA in VDJ tests was not asso-
ciated with the risk of ankle injuries. Our
decision to study ankle injuries was based
on a previous finding that poor lower ex-
tremity alignment during the bilateral
VDJ was associated with a lower risk of
ankle injuries.?” Therefore, we were inter-
ested in knowing whether this surprising
finding could be reproduced in a younger
cohort. Limitations in ankle function,
such as limited ankle dorsiflexion range
of motion, contribute to frontal plane*
and sagittal plane™ kinematics during
landings. However, measuring the FPKPA
alone during landing tasks does not seem
to provide valuable information about

ankle function. It is possible that the limi-
tations in ankle function that contribute
to landing kinematics do not increase the
risk of ankle injuries and, rather, contrib-
ute to the increased risk of knee injuries.*”
If the ankle does not adequately help to at-
tenuate energy, then the knee must absorb
more energy, which could make the knee
more susceptible to injury.

We included basketball and floorball
players, as frequent directional changes
are typical in both sports. In floorball,

jumping is very infrequent, and one
could expect floorball players to have a
reduced ability to control lower extrem-
ity alignment during landing tasks when
compared to basketball players, who
are exposed to frequent jumping. How-
ever, youth basketball players may have
greater knee valgus angles in a bilateral
drop jump than youth floorball players.>
Therefore, combining data from floorball
and basketball athletes is unlikely to be a
major source of bias.

FPKPA, frontal plane knee projection angle; VDJ, vertical drop jump.
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Strengths and Limitations
We studied a large cohort with weekly
prospective injury collection over a 3-year
period. A single investigator, blinded to
injury status, completed the video analy-
sis. The 2-D video analysis method has
been previously validated against 3-D
motion analysis and is suitable for mea-
suring movements occurring primarily in
the frontal plane.?® Despite the fact that
transverse plane motions cannot be mea-
sured with a single-camera setup, the 2-D
video analysis method is useful for mea-
suring lower extremity alignment during
functional tasks.®31:3348:54

A limitation is the small number of
injuries and possibility of type II error.
Fifty-six percent of the athletes com-
pleted at least a 12-month follow-up, and
32% were followed for a longer period.
For a risk factor study, 12 months might
be considered a short follow-up; during
a longer follow-up, we would expect a
greater proportion of athletes to sustain
injury, increasing the statistical power.
However, the athlete’s performance of dy-
namic tasks, such as a drop jump, could
change over a long follow-up. Future
studies should consider longer follow-
up periods to account for repeated test-
ing and possibly combining FPKPA with
trunk lateral motion.

Some athletes rotated their body dur-
ing the initial landing as they prepared
for the maximal jump. Trunk rotation

| RESEARCH REPORT ]

can affect the values of the FPKPA. Rota-
tion could have contributed to the large
range of FPKPAs that we observed in the
drop jumps. The ASIS markers were not
always visible during greater knee flex-
ion angles. For these reasons, we chose
to exclude the data of some players from
the injury risk analysis. To assess whether
the excluded individuals were at higher
risk, we compared the proportions of the
excluded athletes in the injured and un-
injured groups and did not detect signifi-
cant differences.

We used the ASIS to mark the line
from the center of the knee joint to the
hip.57% Because the ASIS is located
more laterally than the hip joint center,
our definition of zero alignment differed
slightly from the standard definition,
which uses the hip joint center for marker
placement. As a result, our study mea-
sured higher knee valgus degrees com-
pared with those of studies that used the
hip joint center to measure frontal plane
projection angles.

We used the mean of valid trials in-
stead of the greatest FPKPA. Previous
studies have used visual observation of
functional tasks to rate the movement
based on the poorest performance.****
It is possible that using the mean may
disguise the poorer performances of the
task, which could bias the risk analysis.
Focusing on lower extremity alignment
alone and not considering the kinetic

TABLE 3

HAzARD RATIOS FOR FRONTAL PLANE
KNEE PROJECTION ANGLE DERIVED FROM
SEPARATE Cox REGRESSION MODELS FOR

SINGLE-LEG AND BILATERAL VDJs

Ankle Injuries

Ankle Injuries® Knee Injuries?

Single-leg VDJ 096 (090, 1.02)
Bilateral VDJ 097 (093, 1.01)

098 (093, 1.03)
101 (098, 1.04)

099 (094, 1.05)
099 (096, 1.02)

Abbreviation: VDJ, vertical drop jump.

"Values in parentheses are 95% confidence interval.

dAdjusted for the number of previous injuries.

*Adjusted for age. Due to the small number of male athletes with knee injuries (n = 6), it was not pos-
sible to analyze knee injury risk factors among male athletes.

Adjusted for the number of previous injuries and playing at the elite level at least once.

chain perspective may not comprehen-
sively assess injury risk.>7 In future stud-
ies, the FPKPA should be combined with
measures to assess the control of other
body parts, such as the trunk or the pelvis.

CONCLUSION

angle during unilateral and bilat-

eral drop jumps should not be used
as a screening tool to identify youth ath-
letes at high risk of knee or ankle injury.
These results need to be interpreted
with caution due to the limited number
of injuries. ®

FRONTAL PLANE KNEE PROJECTION

IMKEY POINTS

FINDINGS: Frontal plane lower extrem-

ity alignment during the single-leg or
the bilateral vertical drop jump was

not associated with an increased risk of
acute noncontact knee or ankle injury in
young team sport athletes.

IMPLICATIONS: Two-dimensional video
analysis of lower extremity alignment in
the single-leg or the bilateral drop jump
should not be used to screen athletes for
increased risk of knee or ankle injury.
CAUTION: Due to the small number of
injuries, the association between frontal
plane alignment and lower extremity
injury might have been underestimated.
Future meta-analyses may present evi-
dence to support these findings.
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There Is Limited and Inconsistent
Reporting of Postoperative
Rehabilitation for Femoroacetabular

postoperative rehabilitation programs are

often unclear or inconsistent.61118:25.31
The exponential growth in surgical

intervention rates®® and possible limita-

everal studies have reported the success of surgical intervention
for patients with femoroacetabular impingement (FAI)
syndrome.>#15%1721 The postoperative rehabilitation program is
vital for successful outcome following surgery.? The details of

tions of current postoperative programs?
underscore why it is important to deter-
mine the necessary content of postop-
erative rehabilitation. To appropriately

© OBJECTIVE: To evaluate the reporting of
rehabilitation guidelines in studies of postopera-
tive outcomes of patients with femoroacetabular
impingement (FAI) syndrome and/or labral tear.

© DESIGN: Scoping review.

@ LITERATURE SEARCH: A computer-assisted
literature search was conducted of the MEDLINE,
CINAHL, and Embase databases on June 17, 2018.
Using key words related to FAI syndrome/labral
tear and both open and arthroscopic surgical
outcomes, we identified 169 studies that included
16 675 patients. Separate authors calculated and
verified the prevalence of reported outcomes.

@ STUDY SELECTION CRITERIA: We included
intervention and observational studies that were
prospective or retrospective in design. Studies
must have included patients with a primary diag-
nosis of FAl syndrome and/or labral tear.

©DATA SYNTHESIS: We calculated the mean + SD
prevalence for continuous variables, where possible.

@ RESULTS: Hip arthroscopy was the primary sur-
gical procedure (76% of studies). The mean + SD
age of participants was 34.8 + 9.2 years and the
mean =+ SD follow-up time was 27 + 15.3 months.
Of the 169 included studies, 74 (44%) discussed
phases of rehabilitation, 49 (29%) reported details
on goals between phases, 1in 3 described details
on rehabilitation progression, and fewer than 1

in 10 reported sufficient detail to replicate the
rehabilitation protocol. Weight-bearing and range-
of-motion restrictions were poorly reported and
variable in duration.

© CONCLUSION: Surgical outcome studies do not
provide sufficient detail or consistency for practicing
clinicians to replicate a postoperative rehabilitation
protocol for patients with FAI syndrome/labral tear.
J Orthop Sports Phys Ther 2020;50(5):252-258.
doi:10.251%jospt.2020.9189

©KEY WORDS: femoroacetabular impingement,
hip, rehabilitation, surgery

Impingement Syndrome:
A Scoping Review of 169 Studies

evaluate outcomes following hip arthros-
copy, both the surgical intervention and
the postoperative rehabilitation program
should be considered. While the details
of surgical intervention have been exten-
sively described in multiple sources, the
extent to which postoperative rehabilita-
tion protocols are described and imple-
mented in outcome studies is unclear.

A scoping review can identify gaps in
the literature for the broad topic of FAI
syndrome postoperative rehabilitation
protocols and provide recommendations
for future study. Scoping reviews map the
existing evidence or literature' and are
useful frameworks to collate and sum-
marize information on a broad topic.?
While systematic reviews formally assess
bias and generate a conclusion related
to a focused question, scoping reviews
identify parameters and gaps in a body
of literature without a formal analysis
of the methods or bias in included stud-
ies. The present scoping review explored
the reporting of postoperative rehabili-
tation guidelines for FAI syndrome, for
the purpose of evaluating rehabilitation
protocols in FAI syndrome and labral tear
postoperative outcome studies.

Department of Orthopaedic Surgery, Duke University School of Medicine, Durham, NC. 2Toronto Blue Jays Baseball Club, Toronto, Canada. This research received no specific
grant from any funding agency in the public, commercial, or not-for-profit sector. The study protocol was registered with PROSPERO on June 8, 2018 (CRD42018090686). The
authors certify that they have no affiliations with or financial involvement in any organization or entity with a direct financial interest in the subject matter or materials discussed
in the article. Address correspondence to Dr Michael P. Reiman, Duke University School of Medicine, Department of Orthopaedic Surgery, Duke University Medical Center 2923,
Durham, NC 27710. E-mail: reiman.michael@gmail.com @ Copyright ©2020 Journal of Orthopaedic & Sports Physical Therapy®
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METHODS

E FOLLOWED THE 5-STAGE METH-
WOdological framework! and the
PRISMA Extension for Scoping
Reviews (PRISMA-ScR).? The study

protocol was registered with PROSPERO
on June 8, 2018 (CRD42018090686).

Stage 1: Identifying the

Research Question

Our research question was, “What is the
prevalence and consistency in reporting of
surgical rehabilitation guidelines utilized
in current surgical intervention studies for
FAI syndrome and/or labral tear?”

Stage 2: Identifying Relevant Studies
We conducted a librarian-assisted
search of the MEDLINE, CINAHL,
and Embase electronic databases for
studies examining surgical outcomes
for patients with FAI or FAI syndrome
(with or without labral tear). The sys-
tematic search of electronic databases
was performed on June 17, 2018 from
database inception. Our search strategy
was as follows: (“hip’[MeSH Terms]
OR Hip[tiab] OR hips[tiab] OR
“Hip Joint’[MeSH] OR “coxofemoral
joint”[tiab]) AND (“Femoracetabular
Impingement’[MeSH] OR “Femorac-
etabular Impingement”[tiab] OR “fem-
oroacetabular impingement”[tiab] OR
“Femoral acetabular  impinge-
ment”[tiab] OR FAI[tiab] OR
“femoral impingement”[tiab] OR
impingement[tiab] OR “labral
tear”[tiab] OR “labral tears”[tiab] OR
(acetabular[tiab] AND tear[tiab]) OR
(acetabular[tiab] AND tears[tiab])
AND (“Orthopedics’[MeSH] OR
orthopedic[tiab] OR Surgery[tiab]
OR “surgery’[Subheading]) NOT
(Editorial[ptyp] OR Letter[ptyp]
OR  Case Reports[ptyp] OR
Comment[ptyp]) NOT (animals[mh]
NOT humans[mh]). We adapted the
search strategy to each electronic
database.

As search results frequently omit rel-
evant articles,” systematic reviews and

included articles were also screened to
identify eligible studies that were not
identified by the electronic search.
Screening, Eligibility, and Inclusion Our
search strategy involved a 3-step ap-
proach.?® Step 1 was the initial limited
search. A pilot search was conducted in
April 2018 in the MEDLINE electronic
database using the terms “femoroacetab-
ular impingement” AND “surgery.” Step
2 was to identify key words and index
terms. Title, abstract, and index terms
were analyzed to describe the studies
identified in step 1 to determine appro-
priate key words for inclusion in the final
search strategy previously listed. Step 3
involved executing the final search strat-
egy and further searching references and
citations. Two independent reviewers
completed title, abstract, and full-text
screening, assessing for study inclusion.
Discrepancies were resolved by discus-
sion or by a third reviewer if required.

Stage 3: Study Selection

To be included in the scoping review,

the studies had to satisfy the following

criteria:

e Design: prospective or retrospective
intervention or observational stud-
ies with a population greater than

10 patients, published in the English
language, and published in a peer-
reviewed journal. Systematic reviews,
conference abstracts, case studies,
narrative reviews, and non-peer-re-
viewed studies were excluded.
Population: patients with a primary
diagnosis of FAI syndrome/labral tear
and treated with either arthroscopy or
an open surgical procedure. Patients
may have had concomitant pathology
(eg, any intra- or extra-articular hip pa-
thology reported by an included study).
Studies reporting on hip surgery for a
diagnosis other than FAI and/or labral
tear (eg, only Legg-Calvé-Perthes dis-
ease, slipped capital femoral epiphysis,
hip dysplasia) were excluded. Studies
that included patients with a history of
surgery to the index hip and patients
undergoing peri-acetabular osteotomy
were also excluded.

Intervention: hip arthroscopy and/
or an open surgical procedure for FAI
syndrome/labral tear.

Outcome: prevalence and consistency
of reporting of rehabilitation proto-
cols in postoperative outcome studies
(TABLE1).

Time: all periods reporting postopera-
tive rehabilitation were included.

REHABILITATION CONTENT COLLECTED AND

REPORTED IN THE REVIEW

General Demographic and

Study Information Surgical Procedure Data

Postsurgical Rehabilitation Domains

+ Author and year of study

publication « Osteoplasty
= Country of study origin - Femoroplasty
« Sample size - Acetabuloplasty
+ Demographics (age, sex) - Combined

» Level of evidence for study Concomitant procedures
« Labral procedures
- Resection
- Repair
- Reconstruction
« Chondral procedures
- Microfracture

« Capsular procedures

FAl syndrome procedures

- Closure/imbrication
- Capsulotomy without closure

« Orthosis/brace use

» CPMuse

Derotational boot use

Limitations for brace and CPM use

Range-of-motion limitations

Weight-bearing status and limitations

« Phase progression parameters

- Goals for each phase

- Criteria for progression to the
next phase

Return to activity/work/sport

parameters

.

.

Abbreviations: CPM, continuous passive motion; FAL femoroacetabular impingement.
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Stage 4: Charting the Data

Prior to data collection, the review team
met to discuss data collection and categori-
zation. All members completed a pilot data
extraction to calibrate. Additional meet-
ings were required during data collection
to verify data extraction and categorization.
Two independent reviewers extracted all
data. A third reviewer independently veri-
fied the data. If there was disagreement, a
fourth reviewer resolved the disagreement.

| LITERATURE REVIEW ]

Stage 5: Collating, Summarizing, and
Reporting the Results
We calculated mean + SD values for con-
tinuous variables where possible. Ranges
were also provided where appropriate. All
analyses were conducted in Excel 2016
(Microsoft Corporation, Redmond, WA) .
Demographic information (including
prevalence of specific surgical procedures
and postoperative time frames) and post-
operative restrictions (eg, weight bearing

DETAIL OF REHABILITATION GUIDELINE

DESCRIPTION IN STUDIES

Reproducibility Quality ~ Reproducibility Guidelines® Percentage of Studies
Exceptional All guidelines reported; essentially, you could take it and use it 8%
in the clinic
Moderate 5 of 7 guidelines reported 23%
Minimal <4 of 7 guidelines reported 69%

*Guidelines: 1, Phases (eg, lists number of phases, goals for transition); 2, Exercises or primary prin-
ciples for each phase listed; 3, weight-bearing limitations and time frame; 4, range-of-motion limita-
tions and time frame; 5, brace use/no use and time frame; 6, continuous passive motion use/no use

and time frame; 7, all are discussed relative to adjustment(s) based on surgical procedure performed.

é Assessed for eligibility, n = 3227 Titles and abstracts identified
8 » MEDLINE, n =1704 through hand search, n = 2
= + CINAHL, n =208
3 » Embase, n =1315
| Included for screening after duplicates removed, n = 2229
Z v
5 : _ Excluded, n =1880
8 | Titles and abstracts screened, n = 2229 | - Other hip pathology, n = 1211
@ * Review articles, n =14
> Not FAI surgery or surgical revision, n = 318
+ No reported outcomes, n = 15
« No surgical intervention, n = 56
« Not English language, n = 4
= v « Other, n =262
%D Full-text articles screened, n =349
= Full-text articles rejected, n = 180
« Other hip pathology, n = 51
+ Review articles, n =12
= Not FAl surgery or surgical revision, n = 43
« No reported outcomes, n = 56
= + Not English Ignguage, n=2 N
§ ) 4 « Case study with less than 10 participants,
= Studies included in review, n =169 n=16

FIGURE 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram for study
inclusion. Abbreviation: FAI, femoroacetabular impingement.

and range of motion [ROM]) were col-
lated and recorded in an Excel (Microsoft
Corporation) spreadsheet. Mean + SD val-
ues were calculated in Excel, and data are
represented graphically. We also used the
same procedure to present time frames
for brace, continuous passive motion, and
derotational brace use, as well as ROM
and weight-bearing restrictions for each
surgical procedure type (eg, osteoplasty,
labral repair, and microfracture).

We summarized rehabilitation pro-
gram details (eg, progression criteria,
goals of the rehabilitation phase) using a
stratification scheme that we developed.
We categorized the extent to which the
protocols of the rehabilitation program
would allow the reader to reproduce the
protocol in a format that could be used in
a clinical setting to guide postoperative
treatment (TABLE 2). Protocols categorized
as “exceptional” could reasonably be re-
produced the next day in the clinic setting.

RESULTS

E INCLUDED 169 sTUDIES (FIGURE
WI) involving 16 675 adolescent and

adult patients (47% female), with
amean = SD age of 34.8 £ 9.2 years (TABLE
3). Interrater agreement among reviewers
was moderate (k = 0.60) for title and sub-
stantial (k = 0.71) for abstract and full-
text screening (K = 0.74:).

Study Demographics
Allincluded patients (TABLE 3) were either
adolescents or adults.

Surgical Procedures
Prevalence of surgical procedures per-
formed in the included studies is reported
in TABLE 3. The most common procedure
was arthroscopy (76.3% of studies).
Coexisting pathology (other than
FAI syndrome) was reported in 95%
(160/169) of studies. Labral and chon-
dral pathology was addressed in 34%
(57/169) of the studies; labral pathol-
ogy only in 25% (43/169) of the studies;
labral, chondral, and capsular pathology
in 19% (32/169) of the studies; and labral
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and capsular pathology in 13% (22/169)
of the included studies.

Surgical Follow-up The mean time for
postsurgery follow-up was 27.2 + 15.3
months across the 94% of studies that re-
ported postoperative follow-up. Prospec-
tive and retrospective studies reported
data that included only patients who had
completed follow-up.

Postoperative Reporting

Various levels of postoperative rehabili-
tation reporting were detailed across the
169 included studies (TABLE 2). Of the 169
included studies, 74 (44%) discussed
phases of rehabilitation, 49 (29%) de-
scribed details of goals between phases,
and 53 (31%) described details of pro-
gression to the next rehabilitation phase.
Of the 74 studies that discussed phases
of rehabilitation, 21 (28%) described 4
or more phases of the rehabilitation pro-
gram, and 8% of all studies reported the
protocol in sufficient detail to replicate it
in the clinical setting (TABLE 2).
Postoperative Restrictions Per Proce-
dure In studies reporting postopera-
tive restrictions, there was variability
in weight-bearing (FIGURE 2) and ROM
restrictions (FIGURE 3). Weight-bearing
restrictions were reported in 129 (76%)
studies for osteoplasty, with a mean
t SD duration of 2.96 £ 1.8 weeks.
Weight-bearing restrictions were ex-
amined in 68 studies for microfracture,
with a mean + SD duration of 4.97 +
2.35 weeks. Microfracture surgery re-
quired the longest duration of weight-
bearing restrictions.

FIGURES 2 through 6 present mean du-
ration (confidence interval) of postop-
erative restrictions (eg, weight bearing,
brace use, ROM) for the included stud-
ies. The use of continuous passive motion
had the greatest variability.

DISCUSSION

UR REVIEW PROVIDES AN OVERVIEW
of the prevalence and consistency
of reporting of rehabilitation pro-
tocols for FAI syndrome and labral tear.

Similar to the findings of a postoperative
rehabilitation systematic review in 2015,°
a survey of international hip surgeons,
and a search of online postoperative pro-

tocols,” we found that surgical outcome
studies were limited and inconsistent in
their description of postoperative restric-
tions and rehabilitation protocols.

DEMOGRAPHIC CHARACTERISTICS
OF INCLUDED STUDIES
Measure Value (n =169)
Population?
Adults 123(72.8)
Adolescents 7(41)
Combination of adults and adolescents 37(219)
Not reported 2(L2)
Age, y* 34.8+9.2(96)
Postsurgical follow-up time, mo® 27+15.3(94)
Surgical type?
Open 23(13.6)
Arthroscopy 129 (76.3)
Combined (open and arthroscopy) or mini-open 17 (10.1)
Values are n (percent).
YValues are mean + SD (percent of studies that reported postoperative follow-up).
3.0
Osteoplasty - -
3.0
Labral repair - <>
2.5
Labral reconstruction - @ —
5.0
Microfracture - >
3.6
Chondroplasty - <>
1 2 3 4 5 6 7
Weeks
FIGURE 2. Time frame for utilization of weight-bearing restrictions in included studies.
34
Osteoplasty <>
33
Labral repair - <>
34
Labral reconstruction - ¢
31
Microfracture - -
36
Chondroplasty - -
1 2 3 4 5 6 7
Weeks
FIGURE 3. Time frame for utilization of range-of-motion restrictions in included studies.
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Though surgical outcome studies ap-
propriately focus on surgical outcomes,
they provide extensive details on surgical
procedures®® but lack similar detail about
postoperative rehabilitation. Without suf-
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whether the rehabilitation program pro-
gression was based on functional criteria
and healing times,®83233% or whether it
included the “type, dose and progression
of exercise needed to generate a meaning-
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ficient details, it is difficult to determine ful change in strength and function.

2.3
Brace use - ——
38
CPM use - <>
2.4
Derotational brace - +
3.4
ROM limitation <>
3.0
WB limitation
1 2 3 4 5 6 7
Weeks

FIGURE 4. Specific restrictions, brace use, and CPM use for osteoplasty procedures. Abbreviations: CPM,
continuous passive motion; ROM, range of motion; WB, weight bearing.

Brace use -

CPM use - <>

Derotational brace -

ROM limitation -

w

.0
WB limitation - <>

1 2 3 4 5 6 7
Weeks

FIGURE 5. Specific restrictions, brace use, and CPM use for labral repair procedures. Abbreviations: CPM,
continuous passive motion; ROM, range of motion; WB, weight bearing.

2.6
Brace use A ‘
4.2
CPM use <>
23
Derotational brace - ———’——-
31
ROM limitation <>
5.0
WB limitation
1 2 3 4 5 6 7
Weeks

FIGURE 6. Specific restrictions, brace use, and CPM use for microfracture surgical procedures. Abbreviations:
CPM, continuous passive motion; ROM, range of motion; WB, weight bearing.

Based on current literature, we can-
not ascertain the extent to which post-
operative rehabilitation influences
surgical outcomes, due to limitations and
inconsistencies in the reporting of post-
operative rehabilitation programs. Post-
operative rehabilitation is considered to
be very important by both surgeons and
physical therapists.?” Yet, fewer than half
of included studies discussed phases of
the rehabilitation program. Goals and
criteria for progression to the next re-
habilitation phase were reported in 1 of
3 studies, and fewer than 1 in 10 studies
provided sufficient details of the postop-
erative rehabilitation program to allow for
replication in clinical or research practice.

Because the specific details of surgical
treatments were often unclear (eg, femo-
roplasty versus acetabuloplasty, labral
repair versus labral resection, and micro-
fracture versus no cartilage procedures),
it is difficult to know how tissue load?°
(eg, weight-bearing tolerance of carti-
lage and ROM strain on the labrum) and
other rehabilitation principles should be
appropriately applied to postoperative
care in hip arthroscopy.>* It is also nec-
essary to determine whether restrictions
(eg, weight bearing, ROM) are necessary
for safe and successful outcomes across
all hip surgical procedures.™*

Patients who undergo hip surgery
have poor outcomes when compared with
healthy controls.!** Changes in pain,'®"”
daily and sport function,"** and satisfac-
tion'*? all plateau within 2 years after sur-
gery. The plateau coincides with surgical
failure. While appropriate patient selec-
tion**** and postoperative reporting?6-2*
are justifiably critiqued, postoperative
rehabilitation programs also warrant
criticism. It is unclear whether current
postoperative programs include the type,
dose, and progression of exercise required
for meaningful functional changes in the
patient.’ Our findings support the find-
ings of other studies>?#'2* that indicate a
need for a better and more evidence-based
approach to rehabilitation. Improved re-
porting and examination of postoperative
rehabilitation protocols would help future
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researchers to understand the influence of
rehabilitation programs and their content
on patient outcomes.

Recommendations

It is beyond the scope of this review to
provide detailed and specific study de-
sign and reporting guidelines for future
postoperative rehabilitation studies. The
primary purpose of a scoping review is to
identify parameters and gaps in a body of
literature requiring further examination,
potentially with systematic reviews."??
We suggest that future trials reporting
postoperative outcomes use published
guidelines (eg, Standard Protocol Items:
Recommendations for Interventional
Trials,* CONsolidated Standards Of Re-
porting Trials [CONSORT],* Template
for Intervention Description and Repli-
cation [TIDieR],*® Consensus on Exer-
cise Reporting Template [CERT]?°) for
reporting trial protocols and trial results
and for describing interventions.? Great-
er postoperative rehabilitation detail in
these studies is also required to allow for
clinical and research replication.

Limitations

It is unclear whether the inconsistency
of protocol reporting reflects inadequate
reporting or inadequate use of postopera-
tive rehabilitation. Therefore, the preva-
lence of the findings may not completely
reflect the rehabilitation that the patients

received. Because only studies published
in English were included, there is a risk
of language bias. We did not assess study
quality or risk of bias or heterogeneity,
which is acceptable in a scoping review.
Finally, our novel hierarchy for classifying
rehabilitation program replicability (TABLE
4) has not been validated. We attempted to
provide the reader with an idea of the level
of consistency and extent of the rehabilita-
tion protocols reported in included stud-
ies. It is possible that other classifications
are more appropriate and feasible.

CONCLUSION

URGICAL OUTCOME STUDIES DO NOT

provide sufficient details or consis-

tency for practicing clinicians to
replicate a postoperative rehabilitation
protocol in patients with FAI syndrome/
labral tear. Of 169 postoperative outcome
studies, only 8% reported sufficient de-
tail to replicate the rehabilitation proto-
col and only 44% reported the phases of
rehabilitation.

KEY POINTS
FINDINGS: Fewer than 1 in 10 studies re-
ported sufficient detail to replicate the
rehabilitation protocol. Limitations for
weight bearing and range of motion were
poorly reported and variable in detail.
IMPLICATIONS: Practicing clinicians are
not provided with enough detail or con-

STUDIES EMPLOYING SPECIFIC SURGICAL

PROCEDURES AND REPORTING POSTOPERATIVE
REHABILITATION CONTENT?

Derotational ROM WB
Studies, n Brace Use CPM Use BraceUse  Limitations  Limitations

Osteoplasty 158 234 304 101 376 873
Labral resection 117 22.2 299 94 376 872
Labral repair 128 25.0 289 117 422 891
Labral reconstruction 18 556 611 222 389 1000
Microfracture 78 30.8 269 169 346 910
Chondroplasty 38 237 316 105 316 895
Capsule repair 53 321 321 20.8 509 849

Walues are percent unless otherwise indicated.

Abbreviations: CPM, continuous passive motion; ROM, range of motion; WB, weight bearing.

sistency in postoperative parameters to
replicate rehabilitation protocols. These
inconsistencies and lack of detail also
preclude researchers from determining
best postoperative protocol practice for
outcomes.

CAUTION: Limitations in manuscript size
could preclude reporting of rehabilita-
tion protocol parameters in current
surgical outcome studies. Our novel hi-
erarchy for classifying rehabilitation pro-
gram replicability has not been validated.
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It Is Time to Put Special Tests for Rotator
Cuff-Related Shoulder Pain out to Pasture

linicians use orthopaedic physical examination tests to inform
diagnosis and support decision making. Each region of the
body has a unique set of orthopaedic physical examination
tests (“special tests”). In this Viewpoint, we focus on tests
used to assess rotator cuff-related shoulder pain (RCRSP) (an
umbrella term that includes subacromial impingement syndrome,
rotator cuff tendinopathy, bursa pathology, and atraumatic partial-

and full-thickness rotator cuff tears)."
Patients with RCRSP typically present
with a painful and weak shoulder, most
commonly in external rotation and/or
abduction.

There are more than 70 shoulder spe-
cial tests’® in clinical use that have been
developed to identify labral, rotator cuff,
acromioclavicular, and biceps tendon
pathology, instability, subacromial im-
pingement, and scapular dyskinesis. It is
unclear why the tests are afforded “spe-
cial” status.® The aim of this Viewpoint
is to outline the current use and validity
of shoulder orthopaedic tests used in the
diagnosis of RCRSP. We provide recom-
mendations for how clinicians might con-
sider using shoulder orthopaedic tests for
RCRSP in practice.

Before reading any further, please take

a few moments to reflect on your answers

to the following questions. With respect

to RCRSP:

1. When using clinical tests for RCRSP,
are clinicians capable of identifying the
structure(s) causing the symptoms?

2. Do imaging findings—such as a thick-
ened bursa, acromial spurs, rotator
cuff tendon degeneration and tears,
long head of biceps tendinosis, type
IT superior labrum anterior and pos-
terior (SLAP) tears, and acromiocla-
vicular joint degeneration—explain
the cause of symptoms?

3. When surgeons perform acromioplas-
ties, biceps tenodesis, type II SLAP
repairs, or rotator cuff tendon surgery
for nontraumatic tears, can they be

© SYNOPSIS: “Special tests” for rotator cuff-
related shoulder pain (RCRSP) have passed their
sell-by date. In this Viewpoint, we outline funda-
mental flaws in the validity of these tests and their
proposed ability to accurately identify a pathoana-
tomical source of pain. The potential harm of these
special tests comes in conjunction with imaging
findings that are utilized to inform a structural
diagnosis or recommend invasive procedures. We

offer recommendations for performing a clinical
interview and physical examination for people with
RCRSP that does not include shoulder orthopaedic
tests. J Orthop Sports Phys Ther 2020;50(5):222-
225, doi:10.251%/jospt.2020.0606

© KEY WORDS: diagnostic accuracy, orthopaedic
tests, rotator cuff, shoulder pain, shoulder special
tests

certain they are operating on the tis-
sues causing the symptoms?

Convergent Validity

A valid test is one that tests what it claims
to test. The most common way to investi-
gate the validity of shoulder orthopaedic
tests is to compare the results of the or-
thopaedic test to a method (often called
the gold standard or reference standard)
accepted to be good at detecting the pa-
thology associated with or causing the
symptoms. Common reference standards
for the shoulder are radiographs, mag-
netic resonance imaging, diagnostic ul-
trasound, and direct observation during
arthroscopy. If a test is valid to implicate
a specific shoulder structure, then the test
should be positive when the reference test
demonstrates the pathology, and nega-
tive when the reference test is reported
as normal.

Reference Standards: All

That Glitters Is Not Gold

Validating shoulder orthopaedic tests to
identify structures as causing symptoms
is difficult, because imaging regularly
detects abnormalities of the rotator cuff
and bursa, acromial shape, the glenoid
labrum, and other shoulder structures in
people without shoulder symptoms. In
123 people with unilateral shoulder pain
who had bilateral magnetic resonance
imaging, there were as many abnor-
malities in the symptomatic shoulder as
there were in the pain-free shoulder. Only

!Krannert School of Physical Therapy, University of Indianapolis, Indianapolis, IN. 2School of Health and Social Work, University of Hertfordshire, Hatfield, United Kingdom. 3Central
London Community Healthcare National Health Services Trust, London, United Kingdom. #Department of Physical Therapy and Rehabilitation Science, Qatar University, Doha, Qatar.
The authors received no funding for any portion of this article. Dr Lewis teaches and lectures internationally on the assessment and management of musculoskeletal conditions
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matter or materials discussed in the article. Address correspondence to Dr Paul A. Salamh, Krannert School of Physical Therapy, University of Indianapolis, 1400 East Hanna Avenue,
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full-thickness supraspinatus tears and
glenohumeral osteoarthritis had a 10%
higher incidence in symptomatic shoul-
ders.! Magnetic resonance imaging and
ultrasound are probably poor gold stan-
dard reference comparisons for shoulder
tests. Therefore, at best, it is impossible
to determine the validity of shoulder or-
thopaedic tests for RCRSP.

Isolating Specific Shoulder Structures:
We Are Kidding Ourselves

Special tests designed to identify
RCRSP" rely heavily on the assumption
that a specific structure can be isolated,
and that the pain reproduced with a posi-
tive finding originates from the structure
being tested. For example, it is assumed
that the empty-can test will isolate the
supraspinatus muscle and tendon, and
that the patient’s shoulder pain, if re-
produced by the test, must implicate the
supraspinatus.

Anatomical dissection and histologi-
cal investigations* highlight the interwo-
ven nature of the rotator cuff tendons and
their intimate relationship with capsule,
ligament, and bursa tissue. How could
any clinician expect to isolate an individ-
ual rotator cuff muscle and tendon from
a group of related and interwoven struc-
tures using a shoulder test? To further
support this argument, it is clear that the
empty- and full-can tests cannot isolate
the supraspinatus: during the empty-can
test, 9 shoulder muscles were active; dur-
ing the full-can test, 8 other muscles were
active.” These issues pose a strong chal-
lenge to clinical reasoning to determine
the exact source of symptoms based on
the patient’s report of pain during a spe-
cial test.

If Not the Supraspinatus Tendon,

Where Is the Pain Coming From?

Associating the experience of pain dur-
ing shoulder examination with a specific
structure lacks credibility. During the
inflammatory process, interleukin-15
is released and may contribute to hy-
peralgesia.” The empty-can test com-
presses and stretches highly innervated

bursa tissue that, in people diagnosed
with RCRSP, has high concentrations of
substance P and proinflammatory cyto-
kines.” We appreciate that the experience
of pain, an output of the brain, is much
more complex and may be experienced
without nociception,® further challeng-
ing the validity of shoulder orthopaedic
tests. The empty-can test, and many oth-
ers, might simply be irritating already
sensitive tissue.

If Special Tests Are Not All That Special,
Why Do Clinicians Still Use Them?

The current evidence challenges the
clinical utility of shoulder orthopaedic
tests for RCRSP and questions their
widespread clinical use. There is clearly
an elephant in the assessment room. We
propose 3 reasons for this.

Simplicity Contemporary musculo-
skeletal practice is seemingly obsessed
with finding a structural explanation for
symptoms. There is great allure in taking
a complex and multifaceted examination
process and distilling it into a simple yes/
no question that may be answered by a
special test result.”® A systematic review
and meta-analysis of the literature ex-
amining shoulder tests could not recom-
mend a single test to clinicians.? Out of 11
best-practice recommendations for care
in musculoskeletal pain,'? none included
orthopaedic physical examination (spe-
cial) tests.

Teaching Old Clinicians New Tricks Due
to time constraints and access to re-
search, clinicians may practice as they
were trained to and may be unaware of
contemporary clinical challenges, taking
comfort in an “it’s what we have always
done” approach. Health-related research
may take decades to be incorporated into
practice, and by the time it has been ad-
opted, precious little benefit may reach
the intended recipient.?

Teaching New Clinicians Old
Tricks Students are commonly taught
special tests during undergraduate or
postgraduate training. If attaining a
level of competency is an academic ex-
pectation, students have no choice but

to learn, apply, and rationalize as they
are taught. Students and junior clini-
cians will observe practicing clinicians
use and clinically reason the findings of
shoulder special tests in clinical prac-
tice. For myriad reasons, it is likely that
new clinicians will wish to emulate this
clinical practice.

Evolving the Approach to

Diagnosing Shoulder Problems

We argue that academic institutions and
practicing clinicians should stop teach-
ing and using shoulder special tests re-
lated to RCRSP. The tests have passed
their sell-by date. We are grateful to the
clinicians and researchers who, aiming
to help their colleagues and patients,
have attempted to develop clinical tests
to identify the structure(s) associated
with RCRSP. Given the current evidence,
and until we have a reference system that
can accurately detect the tissues associ-
ated with the experience of pain, clini-
cians and educators need to put special
tests out to pasture. The tests should no
longer be used to inform patients of the
source of their symptoms in surgical and
nonsurgical practice. Continuing to rely
on special test results and imaging to in-
form recommendations for invasive pro-
cedures, such as injections or surgery in
nontraumatic presentations, is arguably
not acceptable practice.

Special tests for RCRSP do not help
clinicians identify the shoulder structure
causing the symptoms, and may discour-
age looking beyond a macropathoana-
tomical explanation for symptoms. It is
feasible to conduct a clinical interview
and physical examination without in-
cluding shoulder orthopaedic (special)
tests to hypothesize that RCRSP is the
likely reason for symptoms (TABLE). If
shoulder orthopaedic tests related to
RCRSP are used, then interpretation
should only relate to reproduction of
symptoms, with no definitive emphasis
on the specific structures associated with
the symptoms.

Given the current evidence surround-
ing RCRSP, what is our answer to the
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TABLE

ExaMINATION ELEMENTS FOR ROTATOR CUFF-RELATED SHOULDER PAIN

Examination Component

Specific Element

Conduct comprehensive interview with
the patient

Screen for serious pathology/ted flags
Use functional disability questionnaires

Assess impairments

Provide patient with education and
advice regarding the condition and
management options

Ifthe management decision is nonsurgi-
cal, then provide care based on find-

« |dentify changes in loading history that may support the clinical hypothesis of RCRSP

|dentify the impact of the symptoms on the individual, his or her beliefs and expectations, and the valued activities the patient wishes to
return to

Identify relevant psychosocial factors, lifestyle factors, current activity levels, medications (prescribed, over the counter), and supplements

Consider comorbidities, risk factors (specifically age, diabetes, and overhead activities), and red flags

General functional disability questionnaires

Shoulder-specific questionnaires

Psychosocial questionnaires

Conduct neurological screening, if appropriate

Exclude referred pain as much as possible

Conduct bilateral assessment

Assess range of motion (active and passive)

Assess strength, repetitions to pain and/or fatigue

Assess response to changes in load on the muscle-tendon units

Assess lower-limb and trunk range of movement and function

Appreciate that nociception is not necessary for the experience of pain

Engage in shared decision making that incorporates harms, benefits, and the requirements of management options for the main manage-
ment alternatives (no intervention, rehabilitation, injections, and surgery)

Aim to encourage low-risk, high-value, evidence-informed care both for the individual and the sustainability of health care provision

Prescribe a graduated rehabilitation progression for at least 3 months, with activity modification as indicated, with the aim to exceed the
patient’s functional expectations
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ings of the examination addressing
physical activity and function

Include all functional activities in rehabilitation: open-chain and closed-chain, precision, and “chaotic” activities
Address lifestyle issues: smoking, nutrition, sleep, stress
Appreciate that there is no cure and that attention to lifestyle, together with a range of whole-body exercises and activities, should be
maintained and, if possible, incrementally increased, with no end date
If not achieving desired outcomes, or if the condition worsens, consider other management options—but only after harms and potential
benefits have been discussed and understood

Abbreviation: RCRSP, rotator cuff-related shoulder pain.

3 questions posed earlier in this View-
point? A resounding “no” on all 3 counts.

Key Points
+ Shoulder “special tests” cannot iden-
tify the structure causing RCRSP
symptoms.
The so-called special tests should only
be considered as pain-provocation
tests. If the individual has reproduced
his or her symptoms during a physi-
ological movement, activity, or func-
tional task, then symptoms produced
during the special tests do not add ad-
ditional information.

» Using special tests to inform indi-
viduals of the specific source of their
symptoms, and then recommending
surgical or nonsurgical intervention
for that structure, is arguably not best,
or even acceptable, practice.

e A comprehensive clinical interview
and physical examination can be used
to inform a working hypothesis to im-
plicate RCRSP without the need for
special tests. ®
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Athletes With Bone-Patellar Tendon-
Bone Autograft for Anterior Cruciate
Ligament Reconstruction Were Slower
to Meet Rehabilitation Milestones and
Return-to-Sport Criteria Than Athletes
With Hamstring Tendon Autograft or Soft

Tissue Allograft : Secondary Analysis From
the ACL-SPORT'S Trial

© OBJECTIVE: Graft choices for athletes undergo-
ing anterior cruciate ligament reconstruction (ACLR)
include bone-patellar tendon-bone (BPTB) and
hamstring tendon (HT) autografts and soft tissue
allografts. The objective was to assess time to meet

clinical milestones by graft type in athletes who com-

pleted a return-to-sport (RTS) program after ACLR.
© DESIGN: Retrospective cohort study.

© METHODS: Seventy-nine athletes enrolled after
ACLR (allograft, n = 18; BPTB, n = 24; HT, n = 37).
Time from surgery to meet (1) enroliment criteria
(12 or more weeks post surgery, 80% or greater
isometric quadriceps strength index, minimal
effusion, and full knee range of motion), and (2) RTS
criteria (90% or greater quadriceps strength index,
hop testing limb symmetry, and patient-reported
outcomes) was calculated. Quadriceps strength,
hop performance, and patient-reported outcomes
were measured before and after training, and at 1
year post surgery. Descriptive statistics, chi-square
tests, and 1-way analyses of variance (a =.05) were
used to analyze differences among graft types.

@ RESULTS: On average, the BPTB group (28.5

+ 7.6 weeks) took longer to meet enrollment
milestones than the HT (22.5 + 76 weeks, P =.007)
and allograft (189 + 5.8 weeks, P<.001) groups. The
BPTB group (44.7 + 15.8 weeks) took longer from
surgery to meet RTS criteria than the HT (32.5+ 99
weeks, P =.001) and allograft (29.3 + 9.0 weeks,
P<.001) groups. After training, the quadriceps
strength index was lower in the BPTB group (86.1%
+11.4%) than it was in the HT (96.1% + 12.9%, P
=.004) and allograft (96.9% + 5.9%, P = .009)
groups.

© CONCLUSION: Athletes with a BPTB autograft
may take longer than athletes with an HT autograft
or a soft tissue allograft to complete postopera-
tive rehabilitation, recover quadriceps strength,
and meet RTS criteria. J Orthop Sports Phys

Ther 2020;50(5):259-266. Epub 27 Nov 2019.
doi:10.251%jospt.2020.9111

@KEY WORDS: ACL reconstruction, knee, out-
come measures, rehabilitation, return to sport

Ithough anterior cruciate
ligament reconstruction
(ACLR) is one of the most
common sports medicine
orthopaedic procedures, graft se-
lection for the surgery is still a
highly debated topic, particularly
for athletes returning to sport.

Many factors can contribute to graft
choice, including age, sex, athlete/
surgeon preference, return-to-activity
goals, patient outcomes, and risk of graft
failure. The most common autograft
choices are bone-patellar tendon-bone
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(BPTB) and quadrupled hamstring ten-
don (HT).15:2649

The BPTB autograft has been the gold
standard for reconstruction® due to graft
stability associated with bone-to-bone fixa-
tion.” However, BPTB grafts are linked to
anterior knee pain, particularly with kneel-
ing,'9*? and clinical, radiographic, and his-
tologic abnormalities at the donor site.””
Quadrupled hamstring tendon autografts
have grown in favor due to larger graft di-
ameter and sparing of the knee extensor
mechanism.”>"” However, HT autografts
are associated with complications includ-
ing tunnel widening, problematic fixation,
increased laxity, and poor postoperative
functioning of the harvested hamstring.5"”

The use of allografts has risen over
the past 20 years due to the lack of do-
nor site morbidity and reduced operative
time.>** However, allografts have fallen
out of favor in the past decade because
of a higher risk of graft failure compared
to autografts among young, active indi-
viduals.?>?*#* Other risks associated with
allograft use include delayed bone inte-
gration and infection."

Medium- and long-term outcomes in
strength, range of motion (ROM), knee
stability, subjective reports, and patient
performance are similar between HT and
BPTB autografts.®71927 Similar results
have also been reported in pain, laxity,
ROM, patient-reported outcomes, and re-
turn to preinjury activity when comparing
autografts to allografts.®® The impact of
graft choice on outcomes, including time-
lines to meet clinical milestones (eg, re-
turn-to-sport [RTS] criteria) or response
to specific rehabilitation protocols, is un-
clear. Clinicians need this information as
they strive to best educate patients regard-
ing postoperative outcomes and timelines,
maximize results during rehabilitation,
and help athletes prepare for the demands
of return to sport.

Given the dramatic influence that
early return to sport has on second injury
risk,*'%2% comparing rehabilitation time-
lines and clinical outcomes at different
postoperative stages is important. There-
fore, the primary purpose of this analysis

| RESEARCH REPORT ]

was to investigate the time taken to meet
postoperative clinical milestones (enroll-
ment and RTS criteria) according to graft
type in athletes who enrolled in an RTS
program as part of the Anterior Cruciate
Ligament-Specialized Post-Operative
Return To Sports (ACL-SPORTS) clini-
cal trial. Our secondary objective was to
compare clinical (functional and patient-
reported) outcomes among these athletes

by graft type.
METHODS

Participants

EVENTY-NINE ATHLETES (40 MEN,

39 women) between 13 and 55 years

of age, who underwent primary
ACLR, were included in this secondary
analysis of a prospective randomized
controlled trial (parent study registered
at www.clinicaltrials.gov; NCT01773317).
Prior to inclusion, all participants gave
written informed consent (or assent,
when younger than 18 years, with parent/
guardian written informed consent). Par-
ticipants were recruited from the Univer-
sity of Delaware Physical Therapy Clinic,
and from the community via physician
and physical therapist referral, newspa-
per advertisement, and word of mouth.
All participants were level 1 (n = 72) or
level 2 (n = 7) athletes" (minimum of
50 hours per year) prior to surgery and
intended to return to their prior level of
sporting activity following ACLR.

Thirty different orthopaedic surgeons
performed surgery using the most com-
mon graft types, including HT autogratft,
BPTB autograft, or soft tissue allograft.
Potential participants were excluded if
they (1) did not meet enrollment criteria
by 9 months, (2) had a history of ACLR,
(8) had a history of a significant lower
extremity injury or surgery, or (4) had a
grade III concomitant ligamentous inju-
ry or large osteochondral defect (greater
than 1 cm?). Early postoperative rehabili-
tation took place at multiple clinics and
was not controlled for in order to form
a more generalizable population. Strict
enrollment criteria were used to ensure

ahomogeneous population at the time of
training.

Enroliment Criteria

Participants were enrolled in the ACL-
SPORTS clinical trial, between 3 and 9
months (mean + SD, 23.5 + 8.0 weeks) af-
ter surgery, when they met all enrollment
criteria. Prior to enrollment, participants
had to achieve the following clinical mile-
stones: (1) full knee ROM, (2) minimal
to no knee effusion, and (3) a quadriceps
strength index (QI) of 80% or greater.
Participants also had to complete a walk/
jog progression prior to enrollment to as-
sess the ability of the athlete’s knee to tol-
erate increased loading without increased
knee soreness or effusion. These stringent
enrollment criteria ensured that each
participant was safe and prepared to be-
gin the higher-level activity required in
the training program.

Interventions
All participants completed 10 sessions of
a comprehensive RTS program over a 5-
to 7-week period (1-2 sessions per week),
either with or without perturbation train-
ing.”® Our program was developed based
on the primary anterior cruciate ligament
(ACL) injury prevention literature**¢ and
included progressive quadriceps strength-
ening, neuromuscular training activities,
plyometrics, and agility exercises. Partici-
pants completed the RTS program under
one-on-one supervision from a licensed
physical therapist in the University of
Delaware’s Physical Therapy Clinic.
Participants progressed through the
10-session ACL-SPORTS protocol.*”
Physical therapists used soreness rules®
and monitored effusion*? to guide clini-
cal decision making for appropriate pro-
gression. Appropriate landing form and
lower extremity biomechanics were em-
phasized throughout the program, with
feedback from the treating physical ther-
apist. Training variables and progression
at each session were adapted based on
participant performance. The final stage
of the program focused on incorporat-
ing distractions and sport-specific skills
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within the activities of the treatment pro-
tocol (eg, stick handling with direction
changes for a lacrosse player).

Half of the cohort also received 10
sessions of perturbation training. There
were no differences following train-
ing in quadriceps strength, hop tests,
and self-reported function between the
participants in our cohort who received
perturbation training and those who did
not.>* Thus, the present study did not in-
clude the perturbation training variable
(ie, perturbation versus no perturbation)
in the analyses.

If participants did not meet the Uni-
versity of Delaware’s RTS criteria at the
posttraining time point, they were edu-
cated on a continued home program to ad-
dress remaining impairments and seen for
additional sessions if deemed necessary
by the testing physical therapist. Partici-
pants returned for follow-up testing until
all RTS criteria were met: 90% or greater
on the QI, the limb symmetry index (LST)
for all 4 hop tests, the Knee Outcome Sur-
vey-Activities of Daily Living Scale (KOS-
ADLS), and the global rating scale (GRS).
Participants returned for testing again at
1year after surgery.

Functional Testing and Patient-
Reported Outcomes
At the time of enrollment (pretraining)
and after finishing the RTS program
(posttraining), all participants complet-
ed a clinical test battery that included
isometric quadriceps strength, single-
leg hop testing, the KOS-ADLS, and the
GRS. Additional patient-reported out-
come measures collected included the
International Knee Documentation Com-
mittee 2000 Subjective Knee Evaluation
Form (IKDC) and the Knee injury and
Osteoarthritis Outcome Score (KOOS).
Quadriceps strength was assessed via
maximal voluntary isometric contraction
using an electromechanical dynamom-
eter (KinCom; DJO Global, Lewisville,
TX or System 4; Biodex, Shirley, NY).
Maximal voluntary isometric contrac-
tions were collected with participants
seated, the hips and knees flexed to 90°,

and the axis of rotation of the knee at-
tachment aligned with the axis of rota-
tion of the knee.*' The participant’s QI
was calculated by dividing the maximal
voluntary isometric contraction of the
involved side by the maximal voluntary
isometric contraction of the uninvolved
side and multiplying by 100.

Hop testing, a reliable and valid per-
formance-based outcome measure fol-
lowing ACLR,***7 was completed using
a series of single-limb hop tests, as de-
scribed by Noyes et al.>? This sequence of
tests was performed on a line 6 m long
and 15 cm wide.?® We measured the single
hop for distance, the crossover hop for
distance, the triple hop for distance, and
the 6-meter timed hop. Each hop was
completed on the uninvolved limb first,
with 2 practice trials followed by 2 mea-
sured trials. This sequence was repeated
on the involved limb. The mean distance
of the 2 measured trials was calculated
for each leg for the single hop, crossover
hop, and triple hop. We calculated the
LSI by computing the ratio of the mean
distance on the involved limb to the mean
distance on the uninvolved limb, multi-
plied by 100. For the timed hop, the LSI
was calculated as a ratio of the unin-
volved-limb mean time to the involved-
limb mean time, multiplied by 100.

Participants completed several pa-
tient-reported outcome measures to as-
sess knee symptoms and function. The
KOS-ADLS is a valid, reliable, and re-
sponsive measurement tool to assess the
functional limitations in a varied popu-
lation with knee injuries and impair-
ments.?” The GRS is a single question
that asks the patient to rate the function
of his or her knee on a scale from 0 to
100, with 100 representing function be-
fore injury.®® The IKDC is a measure of
knee-specific symptoms, function, and
sports activities, and is valid and reliable
for a variety of knee conditions, includ-
ing ACL injury.? The KOOS is a reliable
measure often used in the ACL popula-
tion"*3°4% and consists of 5 subscales as-
sessing patient symptoms, complaints of
pain, function in daily life, function dur-

ing sports and recreational activities, and
knee-related quality of life.>®

Statistical Analysis

Statistical analyses were performed using
SPSS Version 25 (IBM Corporation, Ar-
monk, NY). Primary variables of interest
were the time from surgery to meet enroll-
ment criteria and the time from surgery to
meet RTS criteria. Functional and patient-
reported clinical outcomes of secondary
interest were the QI, LSI on each hop
test, KOS-ADLS, GRS, IKDC, and KOOS
scores at pretraining, posttraining, and 1
year after ACLR. Demographic character-
istics and surgical details were compared
across groups using 1-way analyses of vari-
ance and chi-square tests of proportions
for continuous and categorical variables,
respectively. We used 2 one-way analyses
of variance, with and without the covari-
ates of age and sex, to compare across
groups our 2 primary outcomes of inter-
est: (1) time to meet enrollment criteria
and (2) time to meet RTS criteria. We used
1-way analyses of variance to compare
clinical and functional outcomes across
groups (secondary analyses). Post hoc ¢
tests with Bonferroni corrections were
used to test differences between groups if
the P value for the model was statistically
significant. A priori statistical significance
was set at a = .05 for all analyses. No a
priori power calculation was performed
because this was a secondary analysis of
a pre-existing data set; all available data
were used in the present study, and the
primary analyses of the present study were
adequately powered.

RESULTS

EVENTY-NINE PARTICIPANTS COM-

pleted the RTS program (allograft,

n = 18; BPTB, n = 24; HT, n = 37)
(TABLE 1). The allograft group was older
than the BPTB and HT groups (post hoc,
P<.001), but the HT and BPTB groups
did not differ in age (P = 1.000). There
was an interaction in distribution of sex
and graft type, with more men in the al-
lograft group and more women in the
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BPTB group. There were no between-
group differences for body mass index,
training group, medial or lateral menis-
cus treatment, or preinjury level of sport.

Time to Meet Postoperative
Clinical Milestones
There was a significant effect of graft type
on the time from surgery to meet enroll-
ment criteria in the unadjusted model
(P<.001); graft type remained the only
significant predictor (P = .005) in the full
model, which included the covariates of
age (P=.789) and sex (P = .237). There was
asignificant effect of graft type on the time
from surgery to meet RTS criteria in the
unadjusted model (P<.001); graft type was
the only significant predictor (P = .001) in
the full model, which included the covari-
ates of age (P = .804) and sex (P = .973).
The BPTB group took longer to meet
postoperative clinical milestones for en-
rollment and return to sport (FIGURE 1).

| RESEARCH REPORT ]

The BPTB group took 6 weeks longer than
the HT group (P = .007) and 9.5 weeks
longer than the allograft group (P<.001)
to meet the clinical milestones for enroll-
ment. There was no difference (P = .283)
in time to enrollment between the HT and
allograft groups. Seventy-five participants
met all RTS criteria at some point after fin-
ishing the RTS program. Of the 4 who did
not meet the criteria, 3 had BPTB grafts
and 1 had an HT graft. For time from sur-
gery to meet RTS criteria, the BPTB group
took 12 weeks longer than the HT group
(P =.001) and 15.5 weeks longer than the
allograft group (P<.001), but there was
no difference (P = 1.000) between the HT
and allograft groups.

Clinical Outcomes: Functional Testing

and Patient-Reported Outcome Measures
There were group differences in clinical
outcome measures at enrollment (AP-
PENDIX A, available at www.jospt.org) and

TABLE 1 ATHLETE DEMOGRAPHICS
AND GRAFT TYPE GROUPS?
Allograft BPTB Autograft HT Autograft
(n=18) (n=24) (n=37) P Value
Age at surgery, y 305+105 183+32 185+33 <001
Body mass index, kg/m? 271+33 259+34 256+3.2 298
Sex, n 044
Female 5 16 18
Male 13 8 19
Training group, n 734
SAPP 10 13 17
SAPP plus perturbation training 8 1 20
Medial meniscus treatment® 479
None 10 13 22
Partial meniscectomy 5 1 8
Repair 2 3 7
Lateral meniscus treatment® 915
None 10 8 19
Partial meniscectomy 6 7 13
Repair 1 2 5
Preinjury level of sport 929
Level1 16 22 34
Level 2 2 2 3
Abbreviations: BPTB, bone-patellar tendon-bone; HT, hamstring tendon; SAPP, strength, agility,
plyometric, and secondary prevention.
*Values are mean + SD unless otherwise indicated.
bMeniscus treatment data were not available for 8 athletes.

posttraining (APPENDIX B, available at www.
jospt.org), but not at 1 year after ACLR
(APPENDIX C, available at www.jospt.org).

At enrollment, there were differences
between groups for all hop tests and the
KOS-ADLS. There were no differences
between groups for the GRS, IKDC, or
any of the KOOS subscales.

After completing the RTS program,
79 participants completed strength test-
ing and patient-reported outcome mea-
sures. Sixty-four participants completed
posttraining hop testing; testing was de-
ferred for 15 participants due to knee ef-
fusion, a QI less than 80%, and/or pain
(TABLE 2). The QI was lower in the BPTB
group than in the HT (P = .004) and al-
lograft (P = .009) groups, but there was
no difference (P = 1.000) between the HT
and allograft groups (FIGURE 2). The BPTB
group had a lower KOS-ADLS score than
the HT group (P = .007); there were no
differences between the allograft and
BPTB (P = .479) or the allograft and HT
(P = .548) groups.

Sixty-six participants completed all
testing (strength, hop testing, and pa-
tient-reported outcomes) at 1 year post
ACLR. Among participants with incom-
plete data, 10 completed all testing with
the exception of hop testing, which was
deferred due to pain, a decreased QI,
increased effusion, or second injury (TA-
BLE 2). One participant only completed
patient-reported outcome measures be-
cause she lived out of the area. Two par-
ticipants were lost to follow-up and did
not complete any testing at 1 year. There

70

L Surgery to Enrollment

Surgery to RTS

I Allograft BPTB M HT
|
FIGURE 1. Time to meet enrollment and RTS criteria.
Abbreviations: BPTB, bone-patellar tendon-bone
autograft; HT, hamstring tendon autograft; RTS, return
to sport.
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were no between-group differences for
any clinical variable at 1 year.

DISCUSSION

HE OBJECTIVE OF THIS SECONDARY

analysis was to compare timelines

to meet important postoperative
clinical milestones between athletes
with different ACLR graft types who
enrolled in an RTS program. Athletes
with BPTB grafts took longer to meet
enrollment and RTS criteria than those
who received an HT autograft or a soft
tissue allograft. Accounting for age and
sex, graft type was the discriminating
factor, suggesting that graft type has an
impact on rehabilitation and return-to-
play timelines after ACLR.

Our enrollment criteria encompassed
important late-stage clinical markers that
identify when a patient is ready to move
on to higher-level activity such as run-
ning, agility, and plyometrics. The BPTB
group took 1.5 months longer from ACLR
than the HT group and 2.5 months longer
than the allograft group to achieve these
clinical milestones, indicating that those
with BPTB grafts may take longer to re-
cover full knee ROM, reduce effusion, and
recover quadriceps strength after ACLR.
The BPTB group did not meet RTS cri-
teria until over 10 months after surgery;
the allograft and HT groups met these cri-
teria at 6.5 and 7.5 months post surgery,
respectively. The time difference could not
simply be attributed to the BPTB group
having started the training later than the
other groups, but was also due to the ad-
ditional time it took after completing the
RTS program to meet these RTS criteria.

Our secondary aim was to assess dif-
ferences between graft types with regard
to functional and patient-reported out-
comes at different stages of rehabilitation
(enrollment, posttraining, and 1 year post
surgery). The BPTB group had alower QI
after completing the RTS program, sug-
gesting that athletes with a BPTB graft
may require additional time or interven-
tions to restore quadriceps strength after
ACLR. Clinicians should consider con-

tinuing unilateral quadriceps strength-
ening in the RTS phase of rehabilitation,
focusing on providing appropriate (heavy
resistance) loading to facilitate strength
gains in athletes with a BPTB graft. By
1 year, outcomes did not differ between
groups, indicating that those in the BPTB
group “caught up” to their peers in the
period between posttraining and 1 year.
Our results have important clinical
implications for graft selection, as post-
operative outcomes and timelines for re-
habilitation may inform an athlete’s graft
selection for ACLR. If an athlete is con-
sidering an accelerated return to sport
following ACLR, opting for an allograft
or HT autograft may facilitate faster re-
habilitation and return to play. However,
in light of growing evidence, RTS time-
lines and risk of second injury need to be
considered. At least 1 in 4 young athletes
experience a second ACL injury following

RTS,***#> and these injuries usually oc-
cur early after return, with minimal ath-
letic exposure.® For every 1-month delay
in return to sport up to 9 months, the rate
of knee reinjury can be halved.® In light
of the time frames for each graft type
meeting RTS criteria in this study, ath-
letes in the allograft and HT groups may
be at a higher risk of sustaining another
knee injury when they return to sport, as
they meet RTS criteria earlier than those
in the BPTB group.

Graft rupture rates may not be equiv-
alent between graft types, particularly
among young athletes. The evidence
is clear that the use of an autograft is
preferred over an allograft for primary
ACLR in young, active individuals, due
to the increased risk of revision with
allografts.>**3# The trend toward the
use of allografts in older patients was
reflected in our study by the age dif-

REASONS FOR NoT CoMPLETING HoP TESTING

n=1
+ Pain,n=1

TABLE 2
AT POSTTRAINING AND AT 1-YEAR FoLLOW-UP

Timepoint  Allograft BPTB Autograft HT Autograft
Posttraining  NA » Pain,n=1 « Effusion,n=3

+ Quadriceps strength/activation,n=4  « Quadriceps strength/activation, n = 4

= Combination of pain, quadriceps

strength, and/or effusion, n =3

1y follow-up + Secondinjury, < Effusion,n=1 » Effusion,n=1

Quadriceps strength/activation, n =1

« Quadriceps strength/activation, n =2
« Second injury,n=3

Abbreviations: BPTB, bone-patellar tendon-bone; HT, hamstring tendon; NA, not applicable.
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ference in the allograft group versus
the HT and BPTB groups. However,
our allograft group was highly active.
With regard to differences in autograft
choice, similar mid- to long-term clini-
cal, patient-reported, and performance
outcomes have been reported between
HT and BPTB autografts.'®2649 How-
ever, when comparing HT and BPTB
grafts, failure rates are slightly higher in
HT autografts, and there is a lower risk
of revision with BPTB autografts.!>3940
In the case of our findings, the delay in
meeting RTS criteria gives the BPTB
graft a longer time to incorporate and
may contribute to the lower risk of graft
rupture, as these athletes return to play
later, at a point when the risk of second
injury has declined. Future research
should explore relationships between
second ACL injury and graft type and
timing of return to sport.

There are limitations to this study.
Postoperative rehabilitation prior to
enrollment was not standardized and
many surgeons were involved, but this
also improves the generalizability. All
athletes had to meet common enroll-
ment criteria prior to participating in the
RTS program, ensuring a standardized
starting point. Although many physical
therapists from the University of Dela-
ware treated the participants in the RTS
program, all physical therapists used
the ACL-SPORTS protocol*” to prog-
ress the athletes through the program.
Again, this increases generalizability, as
any clinician could use the protocol to
complete the RTS program. There was
an unequal distribution between groups
in sex and age, with more men in the al-
lograft group and more women in the
BPTB group; the allograft group was
older than the HT and BPTB groups.
However, graft type alone was the dis-
criminating factor when adjusting for
sex and age. Although all participants
completed the comprehensive RTS
program, half also received additional
perturbation training. Participants who
received perturbation training were
equally distributed among the graft
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types. Previously published data from
our clinical trial indicate that there are
no differences in clinical or functional
outcomes in those completing the RTS
program with or without perturbation
training at 1 or 2 years after ACLR.>*

CONCLUSION

THLETES WHO RECEIVED A BPTB

autograft took between 1.5 and 2.5

months longer to meet key reha-
bilitation milestones than athletes who
received an allograft or an HT auto-
graft, and up to 4 months longer to meet
RTS criteria. The BPTB group also had
quadriceps weakness (QI = 86%) after
RTS training, whereas the allograft (QI
= 97%) and HT (QI = 96%) groups did
not. In our cohort, athletes with a BPTB
graft needed additional time to complete
postoperative rehabilitation, recover
quadriceps strength, and meet RTS cri-
teria, delaying their return to the field. ®

IKEY POINTS

FINDINGS: Athletes who received a bone-
patellar tendon-bone autograft took
longer than those who received a soft
tissue allograft or a hamstring tendon
autograft to reach important postopera-
tive clinical milestones, including recov-
ering quadriceps strength and meeting
return-to-sport criteria.

IMPLICATIONS: The increased time to
achieve postoperative clinical and re-
turn-to-sport milestones means athletes
with bone-patellar tendon-bone grafts
returned to sport later after anterior
cruciate ligament reconstruction than
athletes with other graft types; this de-
lay may help protect these athletes from
second anterior cruciate ligament injury.
CAUTION: Anterior cruciate ligament re-
construction was completed by many
(80) orthopaedic surgeons, and early
rehabilitation was not controlled prior
to enrollment. All participants were
athletes planning to return to level 1 to
2 sporting activity, which may limit the
generalizability of these findings to all
athletic populations.
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APPENDIX A

ENROLLMENT (PRETRAINING) CLINICAL OUTCOMES*®
Allograft BPTB Autograft HT Autograft Model P Value
Limb symmetry index
Single hop for distance 75.8+18.6 736+145 845+115 010
Crossover hop for distance 828+143 810+16.4 905+136 034
Triple hop for distance 837+138 824+114 90.4+104 020
Timed hop 897+107 885487 947+78 018
KOS-ADLS 921+48 904+72 949+56 017
GRS 718 +75 784+71 804+10.8 529
IKDC 769+74 774 £107 810£66 124
KOOS
Pain 894+6.6 907+73 93.0+£6.8 156
Symptoms 849+091 86.5+88 83.0+10.3 .388
Activities of daily living 96.7+33 971+37 983+33 217
Sport and recreation 778+137 748+16.4 830+129 086
Quality of life 556 £10.0 547+16.4 62.3+176 130
Abbreviations: BPTB, bone-patellar tendon-bone; GRS, global rating scale; HT, hamstring tendon; IKDC, International Knee Documentation Committee 2000
Subjective Knee Evaluation Form; KOOS, Knee injury and Osteoarthritis Outcome Score; KOS-ADLS, Knee Outcome Survey-Activities of Daily Living Scale.
Walues are mean + SD percent unless otherwise indicated.
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APPENDIX B

POSTTRAINING CLINICAL OUTCOMES?
Allograft BPTB Autograft HT Autograft Model P Value
Limb symmetry index
Single hop for distance 895+13.3 920+110 96.6+9.8 100
Crossover hop for distance 96.4+6.6 955+80 97776 601
Triple hop for distance 95.1+51 940+71 984+6.2 047
Timed hop 975+54 989+83 101.2+72 206
KOS-ADLS 948+38 926£69 969+4.4 009
GRS 873+89 873+55 86.4+96 392
IKDC 844485 84.3+10.3 889+76 072
KOOS
Pain 923458 932458 95.3+6.3 161
Symptoms 851+82 86.0+12.5 846+130 898
Activities of daily living 989+17 988+21 983+32 610
Sport and recreation 8751106 875+135 90.3+120 604
Quality of life 677+129 609+218 711+184 117
Abbreviations: BPTB, bone-patellar tendon-bone; GRS, global rating scale; HT, hamstring tendon; IKDC, International Knee Documentation Committee 2000
Subjective Knee Evaluation Form; KOOS, Knee injury and Osteoarthritis Outcome Score; KOS-ADLS, Knee Outcome Survey-Activities of Daily Living Scale.
Walues are mean + SD percent unless otherwise indicated.
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APPENDIX C

1-YEAR CLINICAL OUTCOMES?

Allograft BPTB Autograft HT Autograft Model P Value

Limb symmetry index

Single hop for distance 94.8+97 976+70 995+73 153

Crossover hop for distance 997 +6.6 981+6.2 1001+£90 656

Triple hop for distance 989+75 974+55 994+6.3 548

Timed hop 1026456 102.3+5.3 1020+70 960
KOS-ADLS 956+59 955+55 980+30 075
GRS 931+88 919+136 95.4+6.7 .370
IKDC 916+99 904+10.2 946+74 181
KOOS

Pain 951+50 95.5+47 970+42 270

Symptoms 86.5+12.3 901+113 90.4+97 441

Activities of daily living 98.4+4.0 990+19 996+10 185

Sport and recreation 931+96 91.3+107 947+89 A12

Quality of life 826+164 764+135 820+173 .347

Abbreviations: BPTB, bone-patellar tendon-bone; GRS, global rating scale; HT, hamstring tendon; IKDC, International Knee Documentation Committee 2000
Subjective Knee Evaluation Form; KOOS, Knee injury and Osteoarthritis Outcome Score; KOS-ADLS, Knee Outcome Survey-Activities of Daily Living Scale.
Walues are mean + SD percent unless otherwise indicated.
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