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Psychometric Properties of the Dance
Functional Outcome Survey (DFOS):
Reliability, Validity, and Responsiveness

ue to the functional impact of injury on dancers, improved
prevention, timely triage, and intervention are critical to
optimizing their recovery, performance, and well-being.
Outcomes measures are important for clinical research and the
assessment of patients’ physical and emotional function, perceptions
about their condition, ability to execute daily activities and tasks, and
change in health status over time. Outcome measures may also guide

Downloaded from www.jospt.org at on October 18, 2024. For personal use only. No other uses without permission.

Copyright © 2019 Journal of Orthopaedic & Sports Physical Therapy®. All rights reserved.

Journal of Orthopaedic & Sports Physical Therapy®

© BACKGROUND: There are no outcomes
measures that focus on the unique functional
requirements of dancers.

© OBJECTIVES: To evaluate test-retest reliability,
internal consistency, construct validity, sensitivity,
and responsiveness of the Dance Functional
Qutcome Survey (DFOS) in professional and
preprofessional adult dancers.

© METHODS: This prospective cohort study
examined test-retest reliability of the DFOS in 198
healthy and injured dancers over 2 weeks, using
intraclass correlation coefficients (ICC,,). Ina
sample of 725 healthy and injured dancers, the
following were examined: (1) construct validity,
by comparing the DFOS to the Medical Outcomes
Study 36-Item Short-Form Health Survey (SF-36)
using Pearson correlations; (2) exploratory factor

analysis and internal consistency; and (3) sensitiv-

ity, by generating receiver operating characteristic
curves and determining area under the curve
(AUC). In a subgroup of 47 injured dancers, we
determined internal responsiveness across 4
time points using repeated-measures analysis of
variance (P<.05). Injured dancers’ scores were
analyzed for floor and ceiling effects.

© RESULTS: The DFOS demonstrated high
test-retest reliability (ICC>0.93). Single-factor
loading in exploratory factor analysis supported
unidimensionality of the scale, with high internal
consistency (a =.96). The DFOS total score and
activities-of-daily-living (ADL) and dance technique
subscores had strong construct validity compared
with scores on the SF-36 physical component
summary (r=0.77). This study found excellent
sensitivity, with high AUC values (AUC>0.91). There
were significant differences across time for DFOS
scores (P<.001), demonstrating responsiveness to
change. There were no floor or ceiling effects.

© CONCLUSION: The DFOS demonstrates accept-
able psychometric performance as an outcome
and screening measure for dancers. The DFOS is a
useful tool to monitor both healthy state and func-
tional limitation following lower extremity or low
back injury in adult ballet and modern dancers.
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the development of new interventions.
Questionnaires with adequate psycho-
metric properties can assist in assessing
injury severity, recovery, an individual’s
well-being and function, performance
readiness for athletic activities, planning
injury prevention strategies, and guiding
the rehabilitation process.'>*° Outcomes
measures in general health care and or-
thopaedics may be generic, body region
specific, or population specific.
Previously, we published a prelimi-
nary analysis of a new instrument, the
16-item Dance Functional Outcome
Survey (DFOS).*** The DFOS was de-
veloped to be a self-report functional-
outcome questionnaire for ballet and
modern dance populations, applicable
to musculoskeletal injuries of the low
back and lower extremities, the most
commonly affected regions of dance in-
juries.?®7 Following item generation of
a 20-item questionnaire, we submitted
the DFOS to an expert panel of dance
medicine health care providers, dance
educators, professional dancers, and
an outcomes development specialist for
face validity assessment. Based on their
feedback, we shortened the DFOS to 16
items and tested for internal consistency,
test-retest reliability, equivalence reli-
ability (Likert scale versus visual analog
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scale), and concurrent validity compared
to 3 established orthopaedic outcomes
instruments.

Comparison of the DFOS Likert
scale and visual analog scale found
high equivalence reliability (r = 0.74),
internal consistency (a = .90), and
test-retest reliability (7>0.90). Both
the Likert scale and visual analog scale
demonstrated acceptable construct va-
lidity compared to the Cincinnati Knee
Rating System, Foot and Ankle Ques-
tionnaire, and Oswestry Disability In-
dex. Investigation of individual DFOS
items revealed that elimination of 2
items resulted in improved correlations
with the 3 orthopaedic instruments.
Dancers and administrators preferred
the Likert scale due to its ease of use,
intelligibility, scoring, and interpreta-
tion. Therefore, the DFOS Likert scale
was selected for further study.

The revised 14-item DFOS required
further reliability and validity testing.
The Medical Outcomes Study 36-Item
Short-Form Health Survey (SF-36) was
selected for validation purposes. The SF-
36 is a widely used self-report measure
of general health and function in clinical
trials. Considered a generic instrument
to assess quality of life in the general
population, the SF-36 is available in
more than 170 languages®? and has been
studied across multiple diagnoses, dis-
ease severities, and musculoskeletal
injuries. It is frequently used as the prin-
cipal measure for comparisons with new
instruments.! The physical component
summary (PCS) and related subscales
have demonstrated acceptable construct
validity compared to lower extremity
and back instruments,221619:23:2446 while
the mental component summary (MCS)
and related subscales have demonstrat-
ed divergent evidence."9**

The aims of this study were to inves-
tigate test-retest reliability, construct
validity, internal consistency, sensitivity,
and internal responsiveness of the revised
DFOS in adult dancers with and without
musculoskeletal injury to the low back or
lower extremities.

METHODS

Instruments

HE DFOS 1S A DANCE-SPECIFIC,
Tlower extremity and low back

functional outcome measure. The
14-question DFOS assesses the dancer’s
ability in areas of activities of daily liv-
ing (ADL, 40 points) and dance tech-
nique (technique, 50 points) (APPENDICES
A and B). Total points are normalized to a
percentage, with 100% representing full
function without limitations.

We assessed construct validity of the
DFOS with the SF-36, a self-adminis-
tered questionnaire that measures 8 do-
mains of health-related function, testing
both physical and mental health. The
domains of the SF-36 include physical
functioning, limitations due to physical
problems (“role physical”), bodily pain,
general health perceptions, vitality, social
functioning, limitations due to emotional
problems (“role emotional”), and mental
health. Each domain is scored as a z score
ranging from 0 to 100, with O represent-
ing severe disability and 100 representing
no disability.*® Standard procedures were
used to obtain a PCS score, consisting
primarily of the physical functioning, role
physical, bodily pain, and general health
perceptions domains, and an MCS score,
consisting primarily of the vitality, social
functioning, role emotional, and mental
health domains. Scores for the 2 compo-
nent summary scores were normalized,
such that the mean + SD value of each
composite score is 50 = 10 for the US
general population. Norm-based scoring
equates all scores, so scores above 50 are
better than the general population aver-
age for all scales and summary measures,
whereas scores below 50 are worse.*’

Protocol

Healthy adult dancers from dance com-
panies and preprofessional dance schools
and injured dancers from dance medicine
physical therapy clinics were recruited
to participate in this series of studies.
For healthy dancers, inclusion criteria
were (1) a minimum of 3 years of dance

training, including ballet and/or modern
dance; (2) an intermediate to expert skill
level; (3) 18 years of age or older; and (4)
no low back or lower extremity injury in
the previous 3 months. For injured danc-
ers, inclusion criteria were new referral
for musculoskeletal injury to the low back
or lower extremity. For all dancers, the
exclusion criteria were (1) non-English
speaking, (2) pregnancy, (3) current ac-
tive disease processes, and (4) musculo-
skeletal injury anywhere other than the
low back or lower extremity.

All participants gave written consent
according to guidelines approved by the
Long Island University, Northeastern
University (IRB 13-08-28), and Boston
Children’s Hospital Institutional Review
Boards. Upon enrollment, dancers an-
swered a demographics questionnaire,
the DFOS, and the SF-36. If they took
part in the reliability portion, then they
filled out the DFOS a second time within
4 to 9 days.

Subjects

A priori analysis was conducted to de-
termine sample size for test-retest reli-
ability with 1 group (including “healthy”
and “injured” dancers), 2 measurements
(test-retest), an effect-size change of
0.25, power of 0.95, and a significance
level of a = .05,° resulting in 54 subjects
(APPENDIX C). A sample of 198 dancers was
used in this analysis. To assess construct
validity with 1 group, with an effect-size
change of 0.25, power of 0.95, and a sig-
nificance level of a = .05, a sample of 197
was required. For factor analysis, 10 to
15 participants per item or a minimum
of 300 subjects are recommended.!®%
Therefore, with 14 items, a sample of 140
to 210 subjects was estimated. A sample
of 725 dancers was used in the construct
validity and factor analyses.

To assess differences between healthy
and injured groups in receiver operating
characteristic (ROC) analyses, sample-
size estimation was conducted using a
predetermined level of sensitivity of 80%
(alternative hypothesis [H,] = 0.80, null
hypothesis [H,] = 0.50, a = .05, power
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of 0.95).%" A sample of 52 per group or
a total sample of 104 was necessary. The
same sample of 725 dancers was used in
this analysis.

To assess instrument responsiveness
to change, a priori analysis for sample
size was conducted using a 1-group re-
peated-measures analysis of variance
over 4 time points: healthy (T},q,), in-
jured at intake (T,;,.q), at discharge (T,
eharge)s and at 3-month follow-up (T, ).*
With a small effect-size change of 0.25, a
= .05, and power of 0.95, a total sample
of 36 was required. A sample of 47 danc-
ers who sustained 60 injuries was used in
this analysis.

Data Analysis
Demographics, DFOS, and SF-36 data
were entered into an Excel 2011 data-
base (Microsoft Corporation, Redmond,
WA). Incomplete questionnaires missing
more than 2 items were eliminated. For
those missing 1 or 2 items (less than 5%
of the sample), values were filled in us-
ing mean imputation.*® The DFOS total
score and ADL and technique subscores
were obtained by summing individual
question scores. The SF-36 scores for the
8 domains and composite MCS and PCS
scores were obtained using standard pro-
cedures.*® Higher scores for both ques-
tionnaires reflected higher function.
Test-retest reliability analysis sepa-
rately compared combined, healthy, and
injured groups for the DFOS total score
and ADL and technique subscores us-
ing the intraclass correlation coefficient
(ICC,,), calculated in SPSS Version 23
(IBM Corporation, Armonk, NY). The
ICC values of 0.49 or less were consid-
ered low, 0.50 to 0.69 moderate, 0.70 to
0.89 high, and 0.90 to 1.00 very high.>
For test-retest reliability, we hypoth-
esized high correlations (ICC>0.70).
Absolute reliability, defined as variability
of scores from measurement to measure-
ment reflecting measurement accuracy,
was measured using the standard error
of measurement (SEM).5% The SEM, ex-
pressed in the units of original measure-
ment, was calculated from the standard
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deviation of measurement error, with the
assumption that measurement error is
normally distributed: SEM = SD x \1 - r
, where 7 is the coeflicient alpha.

To determine construct validity of
the DFOS versus the SF-36, DFOS total
score, subscores, and items were com-
pared to SF-36 PCS, MCS, and domain
scores using Pearson correlation coefli-
cients in SPSS (IBM Corporation). Con-
vergent correlations between the SF-36
PCS and DFOS (Pearson 7>0.50) and di-
vergent correlations between the DFOS
and SF-36 MCS (Pearson r<0.49) were
hypothesized, with correlation strength
interpreted as weak (0.49 or less), mod-
erate (0.50-0.69), or strong (0.70-1.00).°

Exploratory factor analysis (EFA), a
variable reduction technique, was con-
ducted to identify the number of latent
constructs and underlying structure us-
ing parallel analysis, eigenvalues, scree
plots, suppression of small coefficients,
and rotation to determine DFOS fac-
tor structure.”>*> Cronbach’s alpha was
calculated to estimate internal item con-
sistency. The EFA and Cronbach’s alpha
were conducted in open-source software
(JASP Version 0.8.1.2; University of Am-
sterdam, Amsterdam, the Netherlands).
We hypothesized a single-factor model,
with item correlations of 0.70 or greater
and a Cronbach’s alpha of .70 or greater.

To conduct sensitivity analyses in the
healthy group and injured group, the
researchers conducted a ¢ test for equal
variances not assumed, due to unequal
sample sizes for each group (healthy, 638;
injured, 87) and a significant Levene test
(P<.001). Predictive accuracy or sensi-
tivity was measured by generating ROC
curve, area under the curve (AUC), and
associated 95% confidence interval (CI)
for the 3 DFOS scores (total score, ADL
and technique subscores) in SPSS. The
ROC curves used DFOS scores as test
variables, with the binary state or out-
come variable coded as O (healthy) and
1 (injured). Sensitivity and specificity for
cutoff values were determined.

To determine internal responsiveness,
we examined differences in DFOS and

SF-36 scores in injured dancers across
4 time points using repeated-measures
(time) analysis of variance in SPSS. For
all analyses, Mauchly’s test was used to
assess the assumption of sphericity. In
the case of significance, the Huynh-Feldt
correction was applied to the degrees of
freedom and F value if the epsilon value
was 0.75 or greater, and the Greenhouse-
Geisser correction was used if epsilon was
less than 0.75. In these cases, epsilon and
corrected values (eg, degrees of freedom
and F values) are reported. Pairwise com-
parisons were conducted where there was
a significant main effect. Given the num-
ber of dependent variables, a conservative
level of significance was set at a = .001.
We hypothesized pairwise differences
across time points.

Internal responsiveness was defined
in 4 ways: SEM, minimal detectable
change at the 95% CI (MDC,,), stan-
dardized response mean (SRM), and ef-
fect size, using the following equations:
MDC,, = 1.96 x V2 x SEM; SRM = mean
change in score/SD of change scores;
effect size = mean change scores/SD of
baseline scores.

The SEM, MDC,,, SRM, and effect
size were calculated for the DFOS total
score and subscores and for the SF-36
PCS and MCS. We anticipated SRM val-
ues of 0.80 or greater, demonstrating
high responsiveness,?** and large effect
sizes (greater than 1.0). Effect-size values
between 0.20 and 0.50 were considered
small, 0.51 to 0.80 medium, and greater
than 0.80 large.”* Floor and ceiling ef-
fects were determined by the percentage
of dancers who achieved the lowest and
highest DFOS scores, respectively, within
the injured group. Floor and ceiling effects
of less than 15% of respondents were con-
sidered acceptable.*

RESULTS

Test-Retest Reliability
NE HUNDRED NINETY-EIGHT DANC-
Oers participated in DFOS test-retest
reliability analysis (130 female, 68
male; mean + SD age, 24.56 * 6.22 years;

66 | FEBRUARY 2019 | VOLUME 49 | NUMBER 2 | JOURNAL OF ORTHOPAEDIC & SPORTS PHYSICAL THERAPY



Journal of Orthopaedic & Sports Physical Therapy®
Downloaded from www.jospt.org at on October 18, 2024. For personal use only. No other uses without permission.

Copyright © 2019 Journal of Orthopaedic & Sports Physical Therapy®. All rights reserved.

range, 18-51 years) (TABLE 1). One hundred
thirty-seven dancers (69%) were profes-
sionals, representing 8 modern and ballet
companies, and 61 dancers (31%) were
enrolled in preprofessional programs. One
hundred six dancers (54%) were catego-
rized as healthy and 92 (46%) as injured.

For combined groups, test-retest reli-
ability values of the DFOS total score and
ADL and technique subscores were very
high (ICC,, = 0.99) (TABLE 2). Investigation
at the item level found that test-retest reli-
ability of all items was high (ICC, >0.93).
The SEM values were 2.31 (DFOS total),
1.29 (ADL), and 1.86 (technique).

Healthy-group test-retest reliability
values of the DFOS total score and ADL
and technique subscores were high (ICC,
=0.95, 0.89, 0.92, respectively). Item cor-
relations for the DFOS were high (ranging
from ICC,, = 0.70 to 0.93), with the excep-
tion of rond de jambe, which was moder-
ate (ICC,, = 0.67). The SEM ranged from
0.58 to 0.86. Injured-group reliability was
high for all DFOS scores and items. The
SEM ranged from 1.72 to 3.22.

TABLE 1 DEMOGRAPHICS (TEST-RETEST RELIABILITY)
Demographic/Group Male Female Total
Subjects, n (%)* 68 (34) 130 (66) 198 (100)

Professional dancers 60 (30) 77 (39) 137 (69)
Preprofessional students 8(4) 53 (27) 61 (31)
Age, yt 24.69 +5.26 2397 +6.61 24.56 +6.22
Dance training, yt 12.54 +5.26 16.17 £ 696 1492 +6.55

Dance training, n (%)*
Ballet 7(3) 23(12) 30 (15)
Modern 25(13) 31(16) 56 (28)
Modern/ballet 36 (18) 76 (38) 112 (57)
Professional experience, y! 473+509 411+6.19 467 +5.87
Status, n (%)*
Healthy 35(18) 71(36) 106 (54)
Injured 33(17) 59 (30) 92 (46)
Ethnicity, n (%)*
African American 46 (23) 43(22) 89 (45)
Caucasian 14(7) 68 (34) 82 (41)
Hispanic 3Q) 2@ 5@3)
Asian 3(Q) 10(5) 13(7)
Other 0(0) 6(3) 6(3)

*All percentages are out of the total n.

"Values are mean + SD.

Relevé balance
Rond de jambe
Kneeling
Turning
Jumping
Grand allegro

096 (095, 097)
099 (099, 099)
099 (098, 099)
098 (098, 099)
099 (099, 099)
094 (092, 095)

079 (071,0.85)
067 (051,077)
076 (067, 0.83)
081(073,087)
0.85(079,090)
0.85 (078, 0.89)

093 (0.89, 095)
099 (098, 099)
098 (098, 099)
096 (094, 097)
098 (098, 099)
072 (060, 0.80)

TABLE 2 TEST-RETEST RELIABILITY OF THE DFOS*
T T

Measure IcC SEM IcC SEM IcC SEM
DFOS total 099 (099, 099) 231 095 (092, 096) 0.86 098 (0.94,099) 322
ADL 099 (098, 099) 129 0.89 (0.84,092) 0.74 097 (0.86, 099) 172

Overall activity 097 (096, 097) 072 (061, 0.80) 092 (0.87,095)

Movement quality 097 (096, 098) 073 (063, 0.81) 093 (0.89, 096)

Walking 093 (0.89, 095) 077 (068, 0.84) 090 (073, 096)

Stairs 096 (0.95,097) 0.71(0.60, 0.79) 094 (091, 096)

Stabilitysymptoms 097 (097,098) 0.80(0.72, 0.86) 096 (094, 098)

Pain 093 (091, 095) 070 (0.59, 0.79) 0.89 (0.78,094)
Technique 099 (0.99,099) 1.86 092 (0.88,094) 0.58 096 (094, 097) 2.66

Plié 095 (094, 097) 093 (090, 095) 090 (0.85,094)

Développé 097 (097,098) 078 (068, 0.85) 097 (096, 098)

Abbreviations: ADL, activities of daily living; DFOS, Dance Functional Outcome Survey; ICC, intraclass correlation coefficient; SEM, standard error of measurement.
*Values in parentheses are 95% confidence interval. All correlations were significant (P<.001).
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Construct Validity

A combined subject pool comprising 761
dancers was included in the factor analy-
sis and analyses of internal consistency,
construct validity, and sensitivity. Danc-
ers with incomplete questionnaires (more
than 2 missing items) were eliminated, re-
sulting in 725 participants (95%) (TABLE 3).
The group consisted of 45% professional
dancers, rehearsal directors, choreogra-
phers, and teachers and 55% preprofes-
sional students. Professionals were from
17 dance companies (12 modern and 5
ballet). Students represented 10 prepro-
fessional programs.

Strong Pearson correlations were
found between the SF-36 PCS and DFOS
total score (r = 0.79) and subscores (ADL,
7 = 0.79; technique, 7 = 0.77) (TABLE 4).
Individual ADL items were compared to
PCS domains (physical functioning, role
physical, and bodily pain), with correla-
tions ranging from 7 = 0.50 to 0.69. Indi-
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vidual DFOS items were best correlated
to physical functioning, ranging from r
= 0.66 to 0.69. In contrast, weak corre-
lations were found between the SF-36
MCS and the DFOS total score (r = 0.26)
and subscores (ADL, 7 = 0.31; technique,
r = 0.26). Individual ADL items were
compared to MCS domains (vitality,
social functioning, mental health, role
emotional), with correlations ranging
from 7 = 0.10 to 0.34. Individual DFOS
items were best correlated to social
functioning but remained weak, ranging
from r = 0.32 to 0.34.

Factor Analysis and Internal Consistency

Data from the same group of 725 partici-
pants were used in EFA and to determine
internal consistency (Cronbach’s alpha).
Initial parallel analysis produced a root-
mean-square error of approximation of
0.80 and a Tucker-Lewis index of 0.962,
with 4 factors and item loadings ranging

from 0.32 to 0.91. The EFA was rerun, us-
ing Kaiser’s criterion of eigenvalues great-
er than 1 point of inflection within a scree
plot (FIGURE 1), suppression of coefficients
less than 0.30, and rotation to determine
best fit using oblique oblimin rotation for
correlated variables.”® Interitem correla-
tions loaded from 0.74 to 0.90 and result-
ed in single-factor loading (TABLE 5). The
Kaiser-Meyer-Olkin value was 0.96, indi-
cating sampling sufficiency. Single-factor
loading accounted for 72% of the common
variance, with an eigenvalue of 10.116.
There were no coefficients less than 0.80
and no cross-loadings; therefore, no items
were eliminated. Cronbach’s alpha values
were high for all 14:items (a = .96), for the
6 items within the ADL portion (a = .90),
and for the 8 items within the technique
portion (a = .92).

Sensitivity
Data from the same 725 participants
were also used in sensitivity analyses. Sig-
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nificant differences were found between
TABLE 3 FfjxiGiziféglss(\i?;Dégé) healthy (85.75 + 5.65) and injured (32.11
’ + 24.54) dancers for DFOS total score
(tyes = 19.97, P<.001), ADL subscore
Male Female Total (healthy, 37.80 + 2.75; injured, 16.85 +
Subjects, n (%)* 221(30) 504 (70) 725(100) 10.91; t,,,, = 17.53, P<.001), and tech-
Professional dancers 145 (20) 154 (21) 299 (41) nique subscore (healthy, 47.89 + 3.52;
Teachers, choreographers, directors 9() 19(3) 28 (4) injured, 15.50 + 14.52; f,,,, = 20.360,
Preprofessional students 67 (9) 331 (46) 398 (55) P<.001). There were also differences
Age,y! 2399+6.65 21864709 2251+702 between groups for SF-36 PCS scores
Dance training, y* 1141+6.14 1437 £718 13.48 +701
Dance training, n (%)*
Ballet 27 (4) 49 (7) 76 (11) 100+
Modern 33(4) 64 (9) 97 (13)
Modern/ballet 161 (22) 391 (54) 552 (76) 754
Professional experience, y* 437+611 245+551 3.03+576 ®
Status, n (%)* § 504
Healthy 189(26) 449 (62) 638 (88) g
Injured 32(4) 55 (8) 87 (12)
Ethnicity, n (%)* 251
African American 123 (17) 183 (25) 306 (42)
Caucasian 60 (8) 238(33) 298 (41) 0.0+ D-nnnnann g
Hispanic 18(3) 31(4) 49 (7) : 3
Asian 13(2) 37(5) 50(7) Factors
Other 7() 152) 2(3) # Data
Abbreviation: ROC, receiver operating characteristic. Simulated (95th quantile)
:‘;Zf anertt;if:f;g tof the total n. FIGQRE 1. Scree plot. Cutoff reflegts point of inflection
for eigenvalues greater than 1 (1 eigenvalue = 10.116).
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(healthy, 65.78 + 10.04; injured, 25.32 +
18.58; t,4 4 = 18.51, P<.001), but not for
MCS scores.

The ROC curves resulted in AUC values
0f 0.94(95% CI: 0.92, 0.96) for the DFOS
total score, 0.91 (95% CI: 0.87, 0.94) for
ADL subscore, and 0.94 (95% CI: 0.92,
0.96) for technique subscore, suggesting
a high level of accuracy (FIGURE 2). Cutoffs
were 77.5 for the DFOS total score (based
on sensitivity and specificity values of 0.92
and 0.82, respectively), 35.5 for ADL sub-
score (sensitivity and specificity values of
0.85 and 0.82, respectively), and 43.5 for
technique subscore (sensitivity and speci-
ficity values of 0.91 and 0.81, respectively).

Internal Responsiveness

Forty-seven dancers (24 female, 23 male;
mean + SD age, 27.60 + 6.26 years) par-
ticipated in the internal responsiveness
part of this project after sustaining 60
injuries (all were initially screened as
healthy dancers). The majority were pro-
fessional dancers (87%), representing
3 companies. Most injuries were to the
foot (32%), followed by the leg (17%) and
knee (17%) (FIGURE 3).

Mauchly’s test of sphericity was not
significant; therefore, sphericity was
not violated. There were significant dif-
ferences across time for the DFOS total
scores (F, ,, = 97.295, P<.001), ADL sub-
scores (F, ;, =102.579, P<.001), and tech-
nique subscores (F, ,, = 69.815, P<.001)

1,59

1.0
0.8 /
= 0.64
._E
& 044
0.2
0.0 : T T T
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1 - Specificity
— ADL Technique — Total — Reference
]
FIGURE 2. Graph of the receiver operating characteristic
curve. Abbreviation: ADL, activities of daily living.

TABLE 4 VALIDITY ANALYSIS OF DFOS VERSsus SF-36
Score PCS I mCS e

DFOS total PCSt 079 (076, 0.82) MCS 0.26(0.19,0.33)
ADL PCSt 079 (076, 0.82) MCS 0.31(0.24,0.38)
Overall activity PFt 069 (0.65, 0.73) VTt 0.14(0.07,0.22)
RPt 054(0.48,059)  SFf 0.34(0.27,0.40)
Movement quality PFt 067 (062, 071) MH: 0.10(0.02, 0.17)
RP 0.52 (0.46, 0.57) SF 0.33(0.26, 0.40)
Walking PFt 0.66 (0.61, 0.70) SFt 0.33(0.26,0.39)
Stairs PFt 067 (062, 071) SF 0.32(0.25,0.39)
Stability BPt 051 (0.45, 0.56) SFt 0.34(0.27,0.40)
Pain BPt 050(045,056) VTt 0.21(0.13,0.28)
REf 0.22 (014, 0.31)
SFt 0.33(0.26,0.42)
Technique PCSt 077 (0.74,0.80) MCS 0.26(0.19,0.33)
Plié PFt 065(0.60,069)  SFt 0.32(0.25,0.39)
Développé PFt 055(0.50,060)  SFt 0.25(0.18,0.32)
Relevé balance PFt 057 (051, 0.62) SF 0.28 (0.21,0.35)
Rond de jambe PFt 0.58 (0.53, 0.63) SFt 0.23(0.15,0.30)
Kneeling PFt 059 (0.53, 0.63) SF 0.29(0.21,0.36)
Turning PFt 0.63(0.58, 0.67) SFt 029 (0.22, 0.36)
Jumping PFt 063(0.58,068)  SFt 0.30(0.23,0.37)
Grand allegro PFt 0.66 (0.62, 0.70) SFt 0.31(0.24,0.38)

Abbreviations: ADL, activities of daily living; BP, bodily pain; DFOS, Dance Functional Outcome
Survey; MCS, mental component summary; MH, mental health; PCS, physical component summary;
PF, physical functioning; RE, role emotional; RP, role physical; SF, social functioning; SF-36, Medical
Outcomes Study 36-Item Short-Form Health Survey; VT, vitality.

*Values in parentheses are 95% confidence interval.

'PCS correlations and individual MCS subscores significant (P<.001).

iP =.014.

TABLE 5 FacTtor LoADINGS
Item Content Factor 1
Overall activity 090
Movement quality 0.87
Walking 0.87
Stairs 0.85
Stability/symptoms 0.86
Pain 077
Plié 0.86
Développé 074
Relevé balance 0.81
Rond de jambe 079
Kneeling 079
Turning 0.88
Jumping 0.88
Grand allegro 090
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(FIGURE 4, TABLE 6). Pairwise comparisons
were also significant for Ty 5, Tiyjureas
and Ty (P<.001) for DFOS total
scores and ADL and technique subscores,
but not for T, versus T, . There were
significant differences across time for SF-
36 PCS (F, ,; = 13.565, P<.001) and MCS
(F, ;6 = 21.229, P<.001) scores. The PCS
pairwise comparisons were significant
for Ty .amp Tinjurea and T, (P<.001),
but not for T, versus T; . No MCS
pairwise comparisons were significant.
For DFOS and SF-36 scores over 4 time
points, SEM values were highest at T, ,.q
and lowest at T, and T, . The MDC,,,
SRM, and effect size displayed a pattern
of decreasing from large values at T4
to small values at T, . All SRM values
were greater than 1.0, with the exception
of those of the MCS, while all effect sizes

L

Back Pelvis Hip Thigh Knee Leg Ankle Foot
Body Regions
]
FIGURE 3. Injuries categorized by body region (percent).
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FIGURE 4. Mean + SD DFOS and SF-36 scores across
4 time points. Abbreviations: ADL, activities of daily
living; DFOS, Dance Functional Outcome Survey;
MCS, mental component summary; PCS, physical
component summary; SF-36, Medical Outcomes
Study 36-Item Short-Form Health Survey.

Healthy

| RESEARCH REPORT ]

exceeded 1.0 at T4 and Ty, With

the exception of those of the MCS.

Floor and Ceiling Effects

Within the injured group, DFOS scores
were examined for floor and ceiling ef-
fects. One percent (1/87) of injured in-
dividuals had the minimum DFOS total
score, and none had the maximum score.
Therefore, no ceiling or floor effects were
considered to be present.*

DISCUSSION

LL STUDY HYPOTHESES WERE SUP-
Aported. The DFOS scores demon-

strated high test-retest reliability,
high internal consistency, strong con-
struct validity compared with the SF-36
PCS, high AUC values, high internal re-
sponsiveness across time, and no floor or
ceiling effects. Exploratory factor analysis
determined single-factor loading, sup-
porting unidimensionality of the scale.
Each of these findings is discussed below.

Test-Retest Reliability
Reliability correlations were high for
DFOS total scores and subscores for com-
bined, healthy, and injured groups, sup-
porting the hypothesis of an ICC>0.70.
Individual item correlations were high
as well (ICC>0.70), with the exception of
ronde de jambe in the healthy group. Not
all modern dancers take ballet classes
regularly; therefore, this question may be
difficult for them to answer. However, the
item reflects a unique dance movement
that reveals knee function. Additionally,
Likert scale wording is not always suffi-
cient to describe the subjective percep-
tion of a condition.>

Within the 1- to 2-week period of
test-retest analysis, dancers may quali-
tatively view fluctuations as changes
in their ability to perform these move-
ments. Minor pains may cause these
fluctuations, even with no time loss due
to injury. Similarly, a dancer experienc-
ing pain might stop or modify jumping;
however, the correlation across test-re-
test for jumping was high.

We calculated the SEM for each group.
The injured group reflected higher SEM
for all DFOS scores. By their second physi-
cal therapy visit, function may improve
following treatment and scores may reflect
this. These values are comparable to those
reported for injured groups using the Foot
and Ankle Ability Measure.

Construct Validity

Construct validity was examined by ana-
lyzing the strength of correlation of DFOS
scores with those of the SF-36. Although
the SF-36 is considered a generic outcome
instrument, it is used to assess outcomes
in musculoskeletal conditions, including
back, hip, knee, ankle, and lower extrem-
ity conditions. 1518192324303 The SF-36
also includes a psychological component,
whereas the DFOS does not, and therefore
may provide additional useful informa-
tion. As an indicator of convergent valid-
ity, strong correlations were found with the
PCS and its domains (Pearson 7>0.50), as
hypothesized. In contrast, supporting the
hypothesis of divergent validity, we found
weak correlations between the DFOS
and the MCS and its domains (Pearson
7<0.50). Within the PCS, the physical func-
tioning domain correlated best to most
DFOS ADL and technique items. Similar
patterns of convergent and divergent rela-
tionships between musculoskeletal ques-
tionnaires and the SF-36 PCS and MCS
have been reported for the Hip Outcome
Score, Hip Sports Activity Scale,* Cincin-
nati Knee Rating System,* Foot and Ankle
Ability Measure,” and Lower Extremity
Functional Scale,! further supporting the
DFOS as a patient-specific outcome tool.

Factor Analysis and Internal Consistency
The EFA found that all 14 items loaded
onto 1 factor, indicating that a single di-
mension was reflected in the DFOS. All
factor items were 0.74 or greater, there-
fore none were considered for elimination.
The high Cronbach’s alpha (.96) indicated
excellent internal consistency. The Cron-
bach’s alpha is grounded in the assumption
that each test item measures the same la-
tent trait of the construct.* Factor analysis
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with 1-factor loading confirms this as-
sumption. Furthermore, high loadings of
the factor items on the predicted factor,
accounting for 72% of the variance, indi-
cated convergent validity. Although EFA
indicated single-factor loading, in order
for the clinician to interpret the impact
of injury on ADL versus technique and
to make clinical decisions in rehabilita-
tion progression, we stress that clinicians
should review both ADL and technique
subscores in addition to DFOS total scores.

Sensitivity

The ROC analysis is used in clinical epi-
demiology to quantify how accurately
medical diagnostic tests can distinguish
between 2 states—in this case, healthy

and injured.?®**> The ROC curve plots
sensitivity against 1 minus specificity
across the full range of values. The AUC
assesses the overall diagnostic accuracy,
or discrimination, by summarizing the
entire location of the ROC curve rather
than depending on a specific operating
point. An AUC value of 0.94, found here,
is considered excellent.”

Both the DFOS total scores and sub-
scores and the SF-36 PCS scores demon-
strated discrimination between healthy and
injured dancers. No differences were found
between groups in SF-36 MCS scores.

Internal Responsiveness
The majority of musculoskeletal injuries
in dance are reported to be at the foot

and ankle.??%6%7 The injured group sus-
tained the greatest number of injuries at
the foot. Injuries ranged from herniated
discs, iliopsoas strains, and hip labral
tears proximally to fifth metatarsal frac-
tures, plantar fascia ruptures, and plantar
plate tears distally. These diagnoses rep-
resented typical musculoskeletal injuries
seen in this population.

Internal responsiveness was examined
using SRM, effect size, and other sensitivi-
ty-to-change measures across the spectrum
of states from healthy, injured, recovery at
discharge, to 3 months post discharge. All
DFOS scores declined from T, 0 T e
and improved at Ty, and Ty, post dis-
charge. Scores at T, were similar to danc-

3mo

ers’ healthy baseline scores (T,
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TABLE 6 RespPoNSIVENESS OF THE DFOS anp SF-36
Time DFOS ADL DFOS Technique DFOS Total PCS MCS
Healthy
Score* 38.57£194 4847 +£2.40 8703+3.80 53.64 +£4.95 5128 £924
SEM 041 0.50 0.80 104 194
MDCyg 113 140 221 2.838 5.37
Injured
Score* 13.23+£958 1010 +1177 23.33+2012 3375+824 44.86 +11.85
SEM 201 247 422 173 248
MDCys 557 6.84 117 479 6.89
Change (healthy - injured) 25.33 38.37 637 19.89 6.42
SRM 2.57 319 3.07 2.35 0.44
ES 13.04 1596 16.76 4.02 0.69
Discharge
Score* 3198 +5.56 36.48 £10.52 68.47 +15.47 44.39+710 5175+10.52
SEM 117 221 325 149 221
MDC,, 324 6.12 899 413 6.12
Change (injured - discharge) 1875 26.38 4513 19.87 6.22
SRM 193 193 212 2.26 0.50
ES 358 498 4.89 187 0.022
3mo
Score* 3748 +£2.57 4675+3.31 84.23+541 53.62+3.80 54.43+5.60
SEM 0.54 0.69 113 0.80 118
MDCos 149 193 315 221 3.26
Change (discharge - 3 mo) 55 10.27 1585 923 3.36
SRM 117 102 113 139 0.37
ES 0.56 071 071 <001 -0.34
Abbreviations: ADL, activities of daily living; DFOS, Dance Functional Outcome Survey; ES, effect size; MCS, mental component summary; MDC,,, minimal
detectable change at 95% confidence interval; PCS, physical component summary; SEM, standard error of measurement; SF-36, Medical Outcomes Study 36-
Ttem Short-Form Health Survey; SRM, standardized response mean.
*Values are mean + SD.
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The DFOS SEMs in healthy and in-
jured dancers were comparable, and the
MDC,, was similar to, or smaller than,
those of other instruments, such as the
Lower Extremity Functional Scale,*%
Foot and Ankle Ability Measure,”
Lysholm knee score,> Hip Outcome
Score,?? and Oswestry Disability Index.**
The SEM and MDC,, values increased
from Ty, g, 10 Tjureq decreased at T
and returned close to baseline at T, .

This pattern has been reported in
other instruments,’ demonstrating
the importance of considering the time
frame when selecting an MDC. The
change from T, ., at the start of treat-
ment to Ty g, 18 likely the most impor-
tant to consider, and was approximately
3 points for the DFOS total scores. Again,
this is comparable to that reported for the
Lower Extremity Functional Scale®! and
lower than the Foot and Ankle Ability
Measure.” The SRM values demonstrat-
ed high responsiveness or large effect,
as hypothesized, throughout the 4 mea-
surements. We also calculated a modified
Cohen threshold, which still resulted in
a large effect, substantiating this find-
ing.?6 The SRM exceeded those reported
for the Cincinnati Knee Rating System,>*
Lysholm knee score and Tegner activity
scale,> Hip Sports Activity Scale,*® Hip
Outcome Score,” and International Hip
Outcome Tool.*”

Effect size was large for all DFOS and
PCS scores for T, ..q and Ty, change
scores. We anticipated a minimal effect
size when comparing Ty to T
scores. In contrast, effect size was insub-
stantial for the MCS at all time points.
In general, effect sizes for DFOS scores
were 4 times those of the PCS, and larger
than effect sizes reported for other mus-
culoskeletal questionnaires.>?9°°4> This
suggests that the DFOS may be most re-
sponsive to reflecting the functional sta-
tus of dancers.

discharge,

3mo

Floor and Ceiling Effects

Floor and ceiling effects exist when pa-
tients score at extremes, either minimum
or maximum scores. Extreme scores per-

| RESEARCH REPORT ]

mit no measurement of change, whether
to reflect improvement or worsening
function. A floor or ceiling effect of great-
er than 15% is considered unacceptable
and indicates limited content quality.**
The DFOS total score within the injured
group did not reflect floor or ceiling ef-
fects, supporting the clinical usefulness of
the DFOS in assessing change over time
following injury.

Limitations

The DFOS has only been assessed for
adult dancers aged 18 years or older.
Future studies will examine adoles-
cent dancers, as they comprise a large
proportion of injured dancers seen in
dance medicine clinics. Although paper
questionnaires were checked for com-
pleteness, responses were occasionally
missing. Currently, we use online ques-
tionnaires that do not permit the par-
ticipant to progress to the next question
without answering. This has eliminated
missing data and data-entry error, as the
data are downloaded directly into Excel.

CONCLUSION

able psychometric performance as

an outcome and screening measure
for dancers. The DFOS is a useful tool to
monitor health state and functional limi-
tation following lower extremity or low
back injury in adult ballet and modern
dancers. ®

THE DFOS DEMONSTRATES ACCEPT-

IKEY POINTS

FINDINGS: The Dance Functional Out-
come Survey (DFOS) demonstrates
acceptable psychometric performance
as an outcome and screening measure
for adult ballet and modern dancers.
The DFOS demonstrated excellent reli-
ability, sensitivity, internal responsive-
ness, and validity when compared to
the Medical Outcomes Study 36-Item
Short-Form Health Survey.
IMPLICATIONS: The DFOS is a useful
tool to monitor both healthy state and
functional limitation following lower

extremity or low back injury in adult
ballet and modern dancers. The DFOS
focuses on dance-specific movements
that are unaddressed in other sport or
generic questionnaires and provides an
important tool for investigating clinical
efficacy.

CAUTION: The analyses were performed
on professional and elite-level prepro-
fessional dancers and may not apply to a
broader population of dancers.
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APPENDIX A

DANCE FUNCTIONAL OUTCOME SURVEY

Name: Today’s date

Please answer every section, and mark in each section the one statement which most applies to you. We realize that two statements in any one section
may relate to you, but just mark the one which most closely describes your level now. These questions are based only on what you can do at this time.
Do not compare yourself to other dancers. If a section is not applicable, please skip it.

ACTIVITIES OF DAILY LIVING

1.  Overall Activity Level

___I'have no limitations. | am able to do everything, including strenuous dancing and exercise.
___lcandance, but at a lower level. | must guard myself and limit the amount of heavy dancing.
___ Light dancing is possible with occasional problems. | must avoid certain movements.

__ Nodancing is possible. Daily activities are possible with occasional problems.

__ Daily activities cause moderate problems.

___ Daily activities cause severe problems.

2. Movement Quality

___ Ifeel confident that | can perform at the same level and quality as prior to my injury. | am able to articulate my limbs with 100% certainty or clarity.

__ | feel confident that | am almost at the same level and quality of performance as prior to my injury. | am able to articulate my limbs with 80% cer-
tainty or clarity.

___ l'am improving but have a ways to go before | am back to the level and quality | was prior to my injury. | am able to articulate my limbs with 60%
certainty or clarity.

____l'am improving but can only control my movement quality some of the time. | am able to articulate my limbs with 40% certainty or clarity.

___lam improving but only beginning to focus on movement quality. | am able to articulate my limbs with 20% certainty or clarity.

____lam improving but am working on basics and not able to focus on quality at this time.

3. Walking

___ Normal and unlimited, including hills.

___ Slight problems, relatively unlimited distances.

__ Mild problems, most surfaces, up to half a mile or 10 blocks.

___ Moderate problems, flat surfaces, no more than 1/4 mile or 5 blocks.
___ Severe problems, only 1/8 mile or 2-3 blocks.

____ Severe problems, need cane or crutches.

4. Stairs

___ Normal, unlimited up and down stairs.

___Slight problems, need to be careful, particularly (circle one) up/down stairs.

____ Mild problems, have to go slowly, particularly (circle one) up/down stairs.

___ Moderate problems, only 10-15 steps possible, particularly (circle one) up/down stairs.
___ Severe problems, require a banister for support, particularly (circle one) up/down stairs.
__ Severe problems, only 0-5 steps with support, especially (circle one) up/down stairs.

5. Stability and Symptoms

___lcando everything without symptoms of: giving out, locking, catching, grinding, or feeling weak.

____ | only have symptoms (of giving out, locking, catching, grinding, or feeling weak) with strenuous dancing or exercise.

___lonly have symptoms (of giving out, locking, catching, grinding, or feeling weak) with moderate dancing; it limits my vigorous activities.

__ Because I have symptoms (of giving out, locking, catching, grinding, or feeling weak) with light dancing, it limits almost all of my dancing. |
occasionally have symptoms with walking or light household work.

___ I 'have symptoms frequently with simple activities such as walking. | must guard my injury at all times.

___ I 'have severe problems with symptoms (of giving out, locking, catching, grinding, or feeling weak). | can’'t do much of anything without having
symptoms.
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6. Pain

___Ihave no pain.

___I'have occasional pain with strenuous dance or exercise. | don't think that things are entirely back to normal. Limitations are mild and tolerable, if |
am careful.

___There is occasional pain with moderate dancing or light exercise.

___I'have pain with any dancing, exercise, or light recreational activities. Occasional pain is brought on by daily activities.

___ Painis a significant problem with activities as simple as walking. The pain is relieved by rest. | can't participate in dancing or exercise.

___I'have pain at all times, even during walking, standing, or light household work.

TECHNIQUE

7. Plié

___ Able to fully perform grand plié in all positions, including fourth and fifth.
____ Able to perform grand plié in first and second only.

___ Able to perform grand plié in second position only.

___ Cannot grand plié, but can demi-plié in all positions.

___ Have some difficulty with demi-plié.

___ Cannot demi-plié.

8. Développé

____lamable to fully perform all parts of développé to the front or side without a problem.

___ I'have slight problems performing développé to the front or side.

___I'have mild problems fully extending my leg in développé to the front or side, and must développé at a lower height.

__ | 'have moderate problems fully extending my leg in développé to the front or side and must mark it, but | can fully passé.
___|donot développé to the front or side at all, but can do a full passé.

___ |l cannot perform a full passé.

9. Relevé Balance (if you do pointe work, indicate whether you can perform the indicated level on pointe)
___ Able to attain and maintain my balance in relevé/pointe on the involved side without a problem.
___Able to attain and maintain my balance in relevé/pointe on the involved side with only slight problems.
___Able to attain and maintain my balance in relevé/pointe on the involved side with moderate difficulty.
___ Able to relevé but can’t maintain the balance on the involved side without barre assistance.

___ Able to maintain my balance on flat foot, but cannot balance in relevé.

___ Cannot relevé or maintain my balance on the involved side on flat foot.

10. Rond de Jambe

___ Able to fully perform as much and as often as required, at 90°: grand rond de jambe en l'aire a la seconde (rotational movements of the leg in
the air).

___ Able to perform at reduced speed: rond de jambe en l'aire a la seconde (rotational movements of the leg in the air).

___ Able to perform with mild problems such as reduced number and speed: rond de jambe en laire a la seconde (rotational movements of the leg in
the air).

___ Able to perform with moderate problems such as reduced number, speed, and height (at 45°): rond de jambe en I'aire a la seconde (rotational
movements of the leg in the air).

___I'mark or avoid all rond de jambe en I'aire type movements (rotational movements of the leg in the air).

___lamunable to perform rond de jambe en l'aire a la seconde (rotational movements of the leg in the air) at all.

11. Kneeling/Floorwork

___ Able to fully perform floorwork or kneeling activities, without limitations.

___ Able to perform floorwork or kneeling activities, with mild limitations.

___ Able to perform floorwork or kneeling activities, with moderate limitations.

___ Able to perform floorwork or kneeling activities, with more moderate limitations: may require less repetitions or slight modification.
__ Severe problems, require support or modification.

___ Severe problems, unable to do.
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12. Turning

___ Ableto fully perform unlimited multiple turns of all kinds, on either leg (to the extent you were able prior to your injury).
___ Able to perform, but not quite fully, turns of all kinds, on either leg (to the extent you were able prior to your injury).
___ Able to perform, with slight problems, turns of most kinds, on either leg. | have to be careful about placement.

___ I'have moderate problems with turning. | am able to do single inside and outside turns on the involved side.

___ Severe problems, no turning. | only do turn preparation and balance in relevé on the involved side.

__ Severe problems, unable to balance on the involved side.

13. Jumping

___ Ableto fully perform everything: all grand and petit allegro (big and small jumping) combinations, including beats (to the extent you were able
prior to your injury). Take-off power is normal and unlimited. Able to maintain my balance when landing from a jump or hop.

___ Able to perform, but not quite fully, grand and petit allegro (big and small jumping) combinations (to the extent you were able prior to your injury).
Take-off power and ability to maintain my balance when landing is pretty good.

___ Able to perform with slight problems and some guarding: grand and petit allegro, and balance when landing from jumps or hops. | avoid most dif-
ficult jumps. Unable to do repeated jumps.

__ I have moderate problems with jumping. | am only doing simple jumps in the center.

__ Severe problems, affects all jumping in center floor. Can do simple jumps at the barre.

___ Severe problems, no jumping activity possible.

14. Grand Allegro/Across the Floor/Traveling/Running

___ Ableto fully perform all traveling combinations (change of direction, pivots, quick stops and starts, or run) at full speed.

___ Able to perform, but not quite fully, all traveling combinations (change of direction, pivots, quick stops and starts, or run).

___ Able to perform, with slight problems, traveling combinations (change of direction, pivots, quick stops and starts, or run) at reduced speed.

___ I have moderate problems, and must move slowly and carefully in traveling combinations (change of direction, pivots, quick stops and starts, or
run).

___ | 'have severe problems, and must avoid most traveling combinations. | stick to barre and adagio (or center floor).

| avoid all traveling combinations.

©S. Bronner, ADAM Center, Brooklyn, NY.
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APPENDIX B

DANCE FUNCTIONAL OUTCOME SURVEY SCORING
A. Activities of daily living
1. Overall Activity 10
2. Movement Quality 10
3. Walking 5
4. Stairs 5
5. Stability and Symptoms 5
6. Pain b
Subtotal 40
B. Technique
7. Plié b
8. Développé 5
9. Relevé Balance 5
10.Rond de jambe 5
11. Kneeling/Floorwork 5
12.Turning 5
13.Jumping 10
14.Grand Allegro/Across the Floor/Traveling/Running 10
Subtotal 50
Total 90
Total score = % (eg, 90/90 = 100%).
If a question is unanswered, take a ratio of the answered questions.
Last question: As a healthy dancer, or compared to before my injury, if I had to give my dancing
performance a grade from O to 100, with 0 being the worst and 100 being the best, I would give myself
;l?ecause this question is out 0of 100, it is a percentage.
©S. Bronner, ADAM Center, Brooklyn, NY.
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STARD FLOW DIAGRAM

Test-retest analysis: potentially Construct validity, factor
eligible participants analysis, internal consistency,
+ Healthy group, n =140 ROC analysis: potentially

* Injured group, n =120 Lost to follow-up eligible participants, n = 761
———————®{ * Healthy participants, n = 34 —P' Incomplete data, n = 36
v » Injured participants, n = 28 v
« Healthy participants, n =106 « Healthy participants, n = 638
« Injured participants, n = 92 « Injured participants, n = 87
Responsiveness

« Injured participants, n = 87

—Pi Lacked 4 time points, n = 40

A 4
+ Injured participants (4 time
points), n = 47

Abbreviation: ROC, receiver operating characteristic.
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Patient-Reported Outcome

Measures: Best Is the Enem

of Good (But What if Good
s Not Good Enough?

J Orthop Sports Phys Ther 2019;49(2):39-42. doi:10.251%/jospt.2019.0602

atient-reported outcome measures (PROMs) are increasingly
important in research and clinical practice and to monitoring
the efficiency of health care services.? The selection process of a
PROM is fundamental to ensure that what matters to patients
is captured in a valid, reliable, responsive, and feasible manner.*
However, selecting a fit-for-purpose PROM is not always an easy task,
as many clinimetric and sociological factors can play a role. In this

Viewpoint, 2 different perspectives on
PROM selection are presented and de-
bated, and a few key suggestions are
provided to improve PROM develop-
ment and assessment. The measurement
of physical functioning in patients with
low back pain (LBP) is used as a recur-
ring example.

Guidance on How to Select a PROM

Prinsen et al'é proposed consensus-based
guidance in selecting an outcome mea-
sure in the context of a core outcome
measurement set (FIGURE). Such guid-
ance is applicable to PROMs and can be
used in other measurement contexts (eg,
clinical trials, clinical practice). Three
primary steps are involved: (1) making

conceptual considerations, (2) identify-
ing existing outcome measures, and (3)
assessing the quality of the measures.
The first step is to determine which
outcome domains to measure and to iden-
tify the population of interest,'s which
should be undertaken before searching
for measures. A domain is an aspect of
health that can be measured, and lists
of potentially measurable domains can
be found in existing health frameworks,
such as the International Classification of
Functioning, Disability and Health and
the Wilson and Cleary?? model of health-
related quality of life. When choosing a
domain, it is fundamental to establish
whether it is relevant to be measured as
an outcome. This could be determined

based on personal clinical experience or,
more appropriately, by looking at studies
investigating relevant stakeholders’ opin-
ions on outcome domains.

For example, there is consensus among
researchers, clinicians, and patients that
physical functioning is the most impor-
tant outcome domain to be measured in
patients with nonspecific LBP.® It is also
important to reflect whether the domain
is unidimensional (ie, measures a single
aspect) or multidimensional (ie, includes
various aspects). A domain like physical
functioning includes various subdomains
(eg, mobility, dexterity, axial function,
and the ability to carry out daily activi-
ties®); therefore, one may wish to mea-
sure it with a single PROM covering the
whole domain or with multiple PROMs
for each subdomain. The population of
interest should be defined primarily in
terms of sociodemographic (eg, age, sex)
and disease (eg, diagnostic criteria, dura-
tion) characteristics.

Having established what to measure,
the second step is to retrieve existing

Department of Epidemiology and Biostatistics, Amsterdam Movement Sciences Research Institute, Amsterdam UMC (VUmc), Amsterdam, the Netherlands. 2Department of General
Practice, Erasmus MC, University Medical Center, Rotterdam, the Netherlands. The author certifies that he has 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 Alessandro Chiarotto, Department of Epidemiology
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» Outcome domain

- Target population

Step 2

Finding existing measures in
+ Biomedical databases

+ Outcome measure databases
« Systematic reviews

Step 3

Assessing quality of the measures, in terms of
» Measurement properties
« Feasibility

|
FIGURE. Selection process for a patient-reported
outcome measure.

measures. Ideally, all existing PROMs
for a given domain should be identified.®
Biomedical databases and PROM-specific
databases (eg, Rehabilitation Measures
Database) can be systematically searched
for this purpose. At this stage, it is im-
portant to establish whether the focus
should be only on disease-specific mea-
sures or also on generic ones. Grotle et
al* retrieved 36 disease-specific PROMs
to measure functioning in LBP, a number
that would substantially increase were ge-
neric (and newer) measures to be added.

The third step consists of assessing the
quality of the potentially eligible PROMs
in the target population, in terms of mea-
surement properties and feasibility."s Con-
sidering the large variety of measurement
properties and definitions, the COnsen-
sus-based Standards for the selection of
health status Measurement INstruments
(COSMIN) initiative reached consensus
on definitions for 9 measurement prop-
erties.”” Among these properties, content
validity should be the first measurement
property assessed, as it allows one to
make a clear link between the content of
a domain and that of the PROM.'® More
specifically, a PROM with sufficient con-
tent validity would be expected to include
aspects that are relevant, comprehensive,
and comprehensible for the targeted (sub)
domain(s) and population.”

[ VIEWPOINT ]

The second measurement property to
evaluate is structural validity, which de-
termines whether the dimensionality of
a PROM is aligned with that of the do-
main.'® For example, the total score of a
PROM is expected to be unidimensional
if the domain it purports to measure is
unidimensional as well. Assessment of
other measurement properties should be
performed only if an outcome measure
meets these first 2 criteria.’s

Feasibility of a PROM should be de-
termined for practical characteristics
like interpretability, ease of administra-
tion, length, completion time, ease of
standardization, costs, copyright, and
ease of score calculation.’ Based on mea-
surement properties and feasibility, one
can select the best available PROM for a
given (sub)domain and population.

The Best PROM Is the Enemy
of a Good PROM
“Best is the enemy of good” is the English
translation of an ancient Italian quote (“17
meglio ¢ nemico del bene”) included in a
book on Italian proverbs from 1603. The
French philosopher Voltaire subsequent-
ly popularized this quote, and it can also
be found in a few books of Shakespeare.
One of the most common interpretations
of this quote is that trying to do some-
thing the best possible way can represent
a barrier for doing it well, because trying
to reach perfection is very often impossi-
ble and counterproductive. Applying this
statement to the world of PROMs may
mean that expecting a “perfect” PROM
is simply unrealistic. Nevertheless, evi-
dence on the best available PROM to use
may come from head-to-head compari-
son studies, in which different measures
are administered to the same patients.”
The Oswestry Disability Index and the
Roland-Morris Disability Questionnaire
(RMDQ) are the most frequently used
measures to assess physical function-
ing in LBP.”® A systematic review sum-
marized the findings of head-to-head
comparisons of these 2 PROMs and
found that it was not possible to deter-
mine which one had better measurement

properties.” Moreover, this and other re-
views have identified that these and other
PROMs for physical functioning in LBP
are far from “perfect.”°!® The Oswestry
Disability Index and the RMDQ (pub-
lished in the early 1980s) have been criti-
cized by some to be outdated, with the
suggestion that other physical function-
ing PROMs should be used or that new
measures should be developed.” While
it is true that these measures were not
developed through qualitative methods
involving patients and using advanced
psychometric methods," it is also true
that there is no consistent evidence show-
ing that other measures perform better
than these 2.

Thus, the evidence generated so far
on PROMs for physical functioning in
LBP seems to support the statement that
a best measure is not available. Recent
reviews on PROMs for other domains
and/or musculoskeletal conditions seem
to suggest the same.>"" Consistent with
these results, the Outcome Measures in
Rheumatology (OMERACT) initiative
suggests that “good” measures are suf-
ficient for a core outcome measurement
set, because the development of a core set
of measures can continue despite the lack
of “perfect” measures.’

When Is a Good PROM Good Enough?

The quote “Best is the enemy of good” is
based on the simple assumption that the
good is good enough. This means that, to
be considered good, a PROM should not
display major pitfalls, such as high-qual-
ity evidence for insufficient measurement
properties, as suggested by the OMER-
ACT initiative.” Moreover, it was pro-
posed that a PROM should be selected
only if it displays high-quality evidence of
sufficient content validity and sufficient
internal consistency.’® In contrast with
this guidance, recent high-quality evi-
dence has demonstrated that the 24-item
RMDQ has insufficient comprehensive-
ness of its content and insufficient uni-
dimensionality of its total score.'® These
issues clearly indicate that content and
structural validity of this measure are
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suboptimal (ie, not good enough?), and,
therefore, according to current recom-
mendations on PROM selection,>' that
this long-standing measure should prob-
ably not be used anymore.

This perspective of discarding PROMs
that are not good enough is consistent
with the philosophy of the proponents
of item response theory (IRT) Rasch
modeling.?® Concisely, this is a math-
ematical model that satisfies some ba-
sic measurement requirements (eg, the
theory of conjoint measurement) that
can be applied to a data set of PROM re-
sponses. According to these proponents,
a PROM is “good” only when it fits the
Rasch model, as this is the only model
that may be able to provide interval-level
measurement data, similar to those used
in the exact sciences.?® This is a valu-
able perspective; however, it has been
criticized because other IRT models
can also provide data that approximate
interval-level measurement, and because
Rasch modeling may pose a threat to a
PROM'’s content validity.”? Additionally,
the results of Rasch analysis often lead to
different versions of the same PROM,"
which may be difficult to pool in cross-
cultural comparisons.

Despite being aware of the aforemen-
tioned measurement limitations, a major-
ity of researchers and clinicians recently
decided to endorse the 24-item RMDQ
as a core outcome measure for physical
functioning in LBP clinical trials.” This
decision clearly shows that the selec-
tion of a PROM goes beyond a confined
and close look at measurement aspects.
A possible explanation is that the mea-
sure was considered good enough in the
absence of a “perfect” PROM. Another
consideration is that an old, widely used
measure should be discarded only when
another (newer?) measure clearly proves
to be better. Such comparative evidence
against the 24-item RMDQ is not cur-
rently available.*'® Therefore, only new
head-to-head comparison studies will be
able to inform on whether this and other
frequently used measures are, at least,
good enough.

What Is Next in the Field of PROMs?
Because content validity is the first mea-
surement property to consider in PROM
selection,' and because it is understud-
ied,'*™'® a major effort should be made to
assess it. High-quality evidence on struc-
tural validity of several PROMs is also
needed, and various psychometric meth-
ods are available (eg, [bi-]factor analysis,
parametric and nonparametric IRT analy-
sis) to assess this property. Both properties
are crucial in PROM development* and
for existing tools. Head-to-head compari-
son studies will help to establish if there is
a tool that best measures the (sub)domain
of interest, consistent with its content and
dimensionality. For instance, such com-
parison would help to establish whether
the 24-item RMDQ limitations are really
worse than those of other physical func-
tioning PROM:s for LBP.

Another measurement property that
is almost never assessed is cross-cultural
validity, which evaluates whether the per-
formance of a PROM’s items is similar in
different samples, cultures, and languag-
es'’; this property is essential to deter-
mine whether data on the same PROM
can be pooled from different samples.
High-quality comparative evidence on all
the other measurement properties should
also be generated.

Future head-to-head comparisons
should include PROMs other than “the
usual suspects,” and possibly also generic
measures. Generic PROMs can facilitate
comparisons across health conditions,
and, considering the substantial volume
of comorbidities,' they may be better for
those patients for whom it is difficult to
attribute their complaints to a single dis-
ease. For example, the Patient-Reported
Outcomes Measurement Information
System (PROMIS) initiative has devel-
oped generic, patient-reported, domain-
specific item banks and short forms that
can be used with all health conditions.®
Item banks are large sets of items de-
veloped to measure an ample range of
“levels” of a domain. For physical func-
tioning, this range may go from a person
not able to get out of bed to an Olympic

athlete. However, before widespread use,
PROMIS tools should demonstrate mea-
surement properties at least similar to
those of the most frequently used disease-
specific PROMs.

A broader use of computerized adap-
tive testing (CAT) may help to improve
PROM assessment. Computerized adap-
tive testing is based on an item bank and
IRT models.”” Generally speaking, IRT
analysis calibrates the difficulty and dis-
crimination level of every item. Patients
completing a CAT survey are adminis-
tered items based on their responses to
previous items, and a score of the pa-
tient’s level on the domain is generated.
Computerized adaptive tests are less
time consuming than standard PROMs
because fewer items are required to ob-
tain the same measurement precision. A
potential disadvantage of a CAT survey
is that it requires the use of a computer
and specific software, potentially reduc-
ing feasibility. The PROMIS item banks
can be administered as CAT surveys as
well.¢ To date, there have been few stud-
ies assessing whether a generic, domain-
specific CAT instrument can outperform
and replace standard PROMs.

Summary

Because a best or perfect PROM is real-
istically never available, PROMs that are
good in terms of measurement properties
and feasibility should be used. However,
existing evidence suggests that several
widely used PROMs for conditions like
LBP and neck pain may not meet mini-
mum good requirements. These potential
limitations cannot be ignored, and a ma-
jor effort by the scientific community is
necessary to develop and to find PROMs
that have at least sufficient content and
structural validity for the target domain
and population.

Key Points

* Selecting the best available PROM
for a given domain may be a daunt-
ing task, as comparative evidence of
competing PROMs is very often not
available.
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+ Selecting a “good” PROM for a given
domain means finding a tool with (at
least) high-quality evidence of suf-
ficient content validity and no high-
quality evidence against any property.

* Some recent summaries of the evi-
dence on widely used PROMs in the
musculoskeletal field found a lack
of content validity assessment and
high-quality evidence against some
properties.

» Content validity (ie, qualitative re-
search with patients) and structural
validity (ie, quantitative psychomet-
ric assessment) are the measurement
properties that require priority in
PROM development and assessment.

e Future high-quality head-to-head
comparison studies may help to de-
termine whether a best PROM is
available for a given domain, and
whether limitations of some PROMs
currently in use should prevent their
future recommendation. @
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Comparison of 2 Forms

of Kinetic

Biofeedback on the Immediate
Correction of Knee Extensor Moment
Asymmetry Following Total Knee
Arthroplasty During Decline Walking

ndividuals recovering from unilateral total knee arthroplasty (TKA)
exhibit interlimb asymmetries characterized by higher dynamic
knee stiffness, decreased limb loading, and reduced knee extensor
moments (KEMs).'#294145 These asymmetries persist despite
improvements in perceived functional performance and knee pain,’
and are evident for years following a the surgical limb and abnormal over-
successful postoperative recovery.?*?6#> loading of the nonsurgical limb.!223

Chronic knee interlimb asymmetry has Interlimb asymmetries also have been
been shown to lead to muscle disuse in  shown to predispose patients to pain in

©BACKGROUND: Individuals with total knee asymmetry was obtained during both nonbio-
arthroplasty (TKA) display interlimb knee exten- feedback and biofeedback decline walking trials 3
sor moment (KEM) asymmetry during level months following TKA.

yvalking that is gxacerpate(_i as task demands are ® RESULTS: Significant interlimb asymmetry
!ncregsed. Studies using blofeedpack to correct in peak KEM was observed in both groups
interlimb KEM asymmetry following TKA have during the nonbiofeedback condition (KEM, P =
reported mixed results. .02; VGRF, P<.01). The KEM biofeedback group
© OBJECTIVE: To compare the immediate effect demonstrated an immediate improvement in

of 2 forms of real-time kinetic biofeedback—verti- ~ Peak KEM asymmetry (P =.42). No change in
cal ground reaction force (VGRF) or KEM—on peak KEM asymmetry was observed in the VGRF

improving interlimb peak KEM symmetry during biofeedback group (P =.01).

the weight-acceptance phase of decline walkingin ~ © CONCLUSION: Knee extensor moment biofeed-
persons who have undergone TKA. back has an immediate effect on improving peak
©METHODS: In this cross-sectional, controlled KEM asymmetry 3 months post TKA. J Orthop
laboratory study, 30 participants (17 men; mean+  SPOrts Phys Ther 2019;49(2):105-111. Epub 20 Aug
SD age, 619 + 8.5 years; body mass index, 28.4+ 2018 d0i:10.251%jospt.20197800

3.7 kg/m?) were allocated to either a VGRF or KEM @ KEY WORDS: biomechanics, GRF, KEM, knee,
real-time biofeedback group. Peak KEM interlimb TKA, walking

other joints, functional limitations, and
arthritic changes over time."

Knee interlimb asymmetry in per-
sons who have undergone TKA has been
reported during sit-to-stand,®*** level
walking,"** and stair climbing."”* How-
ever, the magnitude of knee interlimb
asymmetry varies, as more physically
demanding activities (eg, sit-to-stand)
result in greater compensatory strategies
compared to lower-demand activities (eg,
level walking).?® Several clinical factors
(eg, pain, swelling, muscle weakness, etc)
limit the restoration of functional mobil-
ity,>?®36 and addressing these modifiable
risk factors is important to normalizing
knee joint mechanics.'+29

Eccentrically biased mobility tasks
have been shown to be the most physi-
cally demanding and commonly reported
functional limitation following TKA."
However, the degree of knee interlimb
asymmetry during more physically de-
manding tasks, such as decline walking,
has been understudied in this popula-
tion. Decline walking is a commonly per-
formed gait task that requires greater
KEMs compared to other activities of daily
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living.**1%%° As such, an understanding of
the degree of knee interlimb asymmetry
during this task and how biofeedback can
assist in correcting this asymmetry dur-
ing the early recovery period following
TKA is needed.

Real-time biofeedback using vertical
ground reaction force (vGRF) has been
studied as a means of correcting gait
asymmetry following TKA.6%4 Studies
have reported that vGRF biofeedback
is effective in correcting knee interlimb
asymmetry during level walking. For ac-
tivities requiring a larger knee extensor
demand, such as sit-to-stand, however,
results are conflicting, as the use of vVGRF
biofeedback to correct KEM asymmetry
has been reported to be successful** and
not successful. It is possible that vGRF
as a biofeedback variable is suboptimal
during high-demand activities, as it is
unable to provide knee-specific kinetic
information.

An alternative biofeedback option is
use of the KEM, as this variable can pro-
vide knee-specific kinetic information to
the patient. This form of biofeedback may
be more effective in correcting knee mo-
ment asymmetry compared to vGRF bio-
feedback, which is not knee specific. The
purpose of the current study was to com-
pare the immediate effects of 2 forms of
kinetic biofeedback (vGRF versus KEM)
on improving interlimb peak knee mo-
ment symmetry during decline walking
following unilateral TKA. The authors
hypothesized that KEM biofeedback
would be superior to vGRF biofeedback
in reducing peak knee moment asymme-
try 3 months following surgery.

METHODS

Participants
ATIENTS WHO HAD PREVIOUSLY UN-
Pdergone primary unilateral TKA (n
= 30) participated in this study (17
men; mean * SD age, 61.9 £ 8.5 years;
body mass index [BMI], 28.4 + 3.7 kg/
m?). All participants underwent a pri-

mary unilateral TKA and met the follow-
ing inclusion criteria: between 45 and 75

| RESEARCH REPORT ]

years of age; BMI of less than 40 kg/m?;
University of California, Los Angeles
(UCLA) activity scale score of greater
than or equal to 3; nonsurgical knee
pain of less than or equal to 4/10 on a
visual analog scale; no comorbidities
that would influence balance or walking
ability; no current diagnosis or treat-
ment of neurological conditions; no pri-
or knee joint replacement procedure to
either limb; and no plans of undergoing
a TKA on the contralateral limb within
12 months after the initial procedure. All
surgical procedures were performed by 1
of 3 orthopaedic surgeons who were re-
cruited from a single academic medical
center (Salt Lake City, UT). The study
was approved by the University of Utah
Institutional Review Board, and all sub-
jects consented to participation prior to
enrollment.

Each participant was assigned to 1 of
2 biofeedback groups (TABLE 1). Fifteen
participants underwent a single session
of gait symmetry training using vGRF
biofeedback, and were compared to an
age- and BMI-matched TKA group of
15 participants who underwent a single
session of gait symmetry training us-
ing KEM biofeedback. Nonrandomized
matched assignment was conducted, with
the first 15 participants being enrolled in
the vGRF group. Fifteen matched par-
ticipants were then enrolled in the KEM
group. The matching criterion was de-
fined as less than a 10% participant dif-
ference based on age and BMI.

An a priori sample-size calculation
conducted based on an effect size of 1.1°

indicated a minimum of 15 participants
to detect between-group differences
(80% power with a 2-sided alpha of .05).
For within-group differences, 15 par-
ticipants were required to achieve 80%
power and detect an effect size of 0.78.

Procedures
All testing was completed at the Mo-
tion Capture Core Facility at the Uni-
versity of Utah Department of Physical
Therapy and Athletic Training. Motion
analysis was performed using a 10-cam-
era motion-analysis system sampling at
200 Hz (Vicon; Oxford Metrics, Oxford,
UK). Kinetic data were obtained using a
dual-belt instrumented treadmill (Bertec
Corporation, Columbus, OH,) sampling
at 1000 Hz. Kinetic and kinematic data
were recorded and synchronized using
Nexus 2.1.1 software (Oxford Metrics).
Each participant was fitted with com-
pressive clothing and a safety harness
and instrumented with 50 retroreflective
markers (14 mm), allowing for the track-
ing of 8 body segments. Prior to data col-
lection, the motion-analysis system was
calibrated, and a standing calibration
trial was obtained to determine joint
centers and to create a segment coordi-
nate system. The modified Plug-in Gait
marker set (Oxford Metrics) defined 1
combined head, arms, and trunk seg-
ment, 1 pelvis segment, 2 thigh segments,
2 shank segments, and 2 foot segments.
Marker locations were used for attribut-
ing coordinate systems for each segment
and were positioned on the seventh cer-
vical spinous process, the manubrium

DESCRIPTIVE CHARACTERISTICS
TABLE 1 *
OF PATIENTS BY GROUP
Variable VGRF (n =15) KEM (n = 15) P Value
Age,y 61.6+89 62.1+82 90
Sex (male), n (%) 8(53.3) 9 (60.0) 14
Mass, kg 875+191 8l5+129 46
Height, m 173+01 171+0.1 67
BMI (kg/m?) 292+36 279+3.8 54
Abbreviations: BMI, body mass index; KEM, knee extensor moment; vGRE, vertical ground reaction force.
*Values are mean + SD unless otherwise indicated.
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of the sternum, the inferior body of the
sternum, bilaterally on the anterior and
posterior superior iliac spines, the right
spine of the scapula, iliac crests, greater
trochanters, acromions, medial and later-
al epicondyles of the femurs, medial and
lateral malleoli, first and fifth heads of
the metatarsals, dorsum of the feet, and
calcaneal tuberosities. One rigid cluster
with 4 noncollinear markers was placed
at the base of the lumbar spine, and 2
nonrigid clusters with 4 noncollinear
markers were placed at the lateral side of
each thigh and shank.*

Gait Symmetry Training

Participants underwent a single session
of biofeedback training, based on their
group assignment, 3.3 + 0.5 months fol-
lowing TKA. All participants walked shod
on a10° decline slope at a constrained ve-
locity of 0.8 m/s. The constrained veloc-
ity was used to control the task demands
across conditions (nonbiofeedback and
biofeedback). A decline angle of 10°
has been shown to require greater knee
joint demand than level walking and is
a common slope encountered within the
community.*® Participant gait analysis
was conducted under 2 conditions: (1)
nonbiofeedback trials, in which partici-
pants were instructed to walk “as nor-
mal as possible, as if walking downhill,”
without exposure to any form of visual
biofeedback, and (2) biofeedback trials,
in which participants were instructed to
use the visual kinetic biofeedback provid-
ed to assist in correcting knee interlimb
asymmetry.

Technical instructions were provided
to all participants prior to biofeedback
data collection using the following script:
“For the next downbhill walking series, you
will see 2 signals on the monitor. One
will represent the signal of your surgi-
cal limb and the other your nonsurgical
limb. Your goal is to attempt to make the
2 signals you see on the screen as equal
and symmetrical as possible.” Depending
on the assigned biofeedback group, each
participant was educated on the kinetic
signal variable he or she would be receiv-

ing, so that he or she could understand
the context of the visual representation.
Participants assigned to the vGRF
group received biofeedback via real-
time tracing of both lower-limb signals
through commercial software (Oxford
Metrics). Participants assigned to the
KEM group received biofeedback via
real-time kinetic computation of the sag-
ittal plane KEM signal through Visual3D
software (C-Motion, Inc, Germantown,
MD) (FIGURE 1). Visual biofeedback for

both groups was displayed on a 101.6-cm
monitor positioned approximately 1.0 m
anterior to the treadmill (FIGURE 2).
Initially, a 3- to 5-minute warm-up
period was provided at the constrained
speed and slope angle to allow the par-
ticipants to become comfortable walking
on the instrumented treadmill. Once par-
ticipants confirmed they felt comfortable
with the task, they were asked to walk at
the constrained speed as the nonbiofeed-
back trials were collected (approximately

Moment, Nm

Time

nonsurgical limb).

FIGURE 1. Visual illustration of each biofeedback variable. (A) Knee extensor moment signal (white signal, surgical
knee; red signal, nonsurgical knee). (B) Vertical ground reaction force (blue signal, surgical limb; green signal,

Force, N

Time

FIGURE 2. Experimental setup for real-time biofeedback training during decline walking.
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3-5 minutes of data collection). Partici-
pants were provided a 5- to 10-minute
rest period prior to beginning the bio-
feedback trials. As the participants began
the biofeedback training, they were in-
structed to maintain symmetry between
the surgical and nonsurgical limbs by us-
ing the kinetic biofeedback provided on
the monitor.

A trial, defined as 10 successful steps,
was considered acceptable if all markers
were visible and the participant’s foot
landed successfully on the instrumented
treadmill force platforms without any
disturbance to gait. Trials in which par-
ticipants lost their balance, used their up-
per limbs for support on the surrounding
bars, or stepped onto the adjacent force
platform were excluded. For each walk-
ing condition, 10 successful steps were
averaged and used for statistical analysis.

Data Processing

Postprocessing and extraction of biome-
chanical variables were acquired using
Visual3D Version 6.00.27 (C-Motion,
Inc). The raw marker and force data
were filtered using a fourth-order, low-
pass Butterworth digital filter at a cutoff
frequency of 6 Hz (trajectory) and 25 Hz
(analog). The cutoff frequency was de-
termined by residual analysis and visual
inspection.®

Data Analysis

Knee extensor moments were comput-
ed using inverse dynamics equations in
Visual3D (C-Motion, Inc) and normal-
ized to body mass (kilograms). The peak
KEM was identified within the weight-
acceptance phase of the gait cycle. This
phase of gait was evaluated because it
has been shown to be more mechanically
demanding for the knee and to be appro-
priate for identifying knee joint asym-
metry.*74° For both the nonbiofeedback
and biofeedback trials, the difference
in the peak sagittal plane KEM of each
limb (surgical versus nonsurgical) was
calculated. A value equal to zero signified
perfect symmetry, while values greater or
less than zero indicated asymmetry.

| RESEARCH REPORT ]

Statistical Analysis
Participant demographics were evalu-
ated using descriptive statistics. To com-
pare between-limb differences in the
peak KEM within each group prior to
exposure to biofeedback, paired-samples
t tests were used. To compare between-
limb differences in the peak KEM within
each group after exposure to biofeedback,
an analysis of covariance (ANCOVA)
was conducted, controlling for baseline
between-limb differences. To compare
between-group differences in correcting
interlimb peak KEM differences, a sepa-
rate ANCOVA was conducted, controlling
for the baseline asymmetry. The ANCO-
VA model was initially fit, and marginal
estimation was used to obtain adjusted
means and mean differences.?”> We did
not examine normality or homogeneity
of variance, as ¢ tests and ANCOVAs are
known to be robust to those assumptions,
even with sample sizes as small as 4.9
Effect sizes were computed as par-
tial correlations (Cohen’s f2)*; for the
adjusted model, Cohen’s f* equal to or
greater than 0.02 represents a small ef-
fect, a value equal to or greater than 0.15
represents a medium effect, and a value
equal to or greater than 0.35 represents a
strong effect.”*® Data were analyzed using
Stata Version 14.1 (StataCorp LLC, Col-
lege Station, TX).

RESULTS

ESCRIPTIVE STATISTICS REVEALED
Dthat the groups were comparable

with respect to age, sex, and BMI
scores (TABLE 1). The within-group analy-
sis revealed significant interlimb differ-
ences in peak KEM in both groups during
the nonbiofeedback baseline condition
(TABLE 2). Following the biofeedback tri-
als, significant interlimb differences in
the peak KEM (P = .01; Cohen f* = 0.24)
remained in the vGRF biofeedback group
(TABLE 2). In contrast, no significant inter-
limb differences in the peak KEM were
observed in the KEM biofeedback group
following the biofeedback condition (P =
.42) (TABLE 2). The between-group analy-
sis revealed that the between-limb dif-
ference in peak KEM post biofeedback
was larger in the vVGRF group compared
with the KEM group (P = .01; Cohen f? =
0.24) (TABLE 3).

DISCUSSION

HE PURPOSE OF THIS STUDY WAS TO
Tcompare the immediate effects of 2

forms of kinetic biofeedback (vGRF
or KEM) on improving interlimb KEM
symmetry during decline walking follow-
ing TKA. The principal findings of this
study were that (1) significant interlimb

TABLE 2

UNADJUSTED AND ADJUSTED WITHIN-
GrouP COMPARISON OF THE PEAK KEM
DuriNG BoTH THE NONBIOFEEDBACK AND
B1oFEEDBACK CONDITIONS FOR EAcH GROUP*

Surgical Nonsurgical Surgical Nonsurgical
Condition/Variable Knee Knee P Value Knee Knee P Value
Nonbiofeedback
Peak KEM, Nm/kgt  061+006  079+0.06 <0l 052+005 072+0.06 024
Biofeedback
Peak KEM, Nm/kg?  070+0.07  0.87+0.07 Ol 081+009  0.89+0.09 42

tUnadjusted values based on the t test model.
Significant between-limb difference (P<.05).

Abbreviations: KEM, knee extensor moment; vGRF, vertical ground reaction force.
*Values are mean + standard error between the surgical knee and nonsurgical knee.

SAdjusted values based on the analysis of covariance model.
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asymmetry in peak KEM was present
in both biofeedback groups prior to ex-
posure to either form of gait symmetry
training, and (2) KEM biofeedback re-
sulted in improvement in peak KEM
symmetry, while vGRF biofeedback did
not improve peak KEM symmetry, dur-
ing high-demand decline walking.

Correcting knee interlimb asym-
metry 3 months after unilateral TKA is
important to address in postoperative
rehabilitation, as chronic asymmetry
can accelerate arthritic changes, lead to
muscle weakness, and lower functional
performance.®2229344 Patients with TKA
demonstrate reduced speed, single-leg
stance time, knee flexion excursion, and
weight-acceptance loading on the surgi-
cal limb compared to the dominant limb
of healthy adults during decline walking
at time points greater than 12 months
following surgery.>>*” Moreover, knee
interlimb asymmetry does not appear
to resolve over time, as residual defi-
cits continue to persist even during less
physically demanding tasks such as level
Walking.l,S,QO,ZlAAS

Gait symmetry training, as it pertains
to interlimb KEM symmetry, could be
an important addition to post-TKA re-
habilitation protocols. However, stud-
ies using gait symmetry training with
visual, auditory, and tactile biofeedback
have reported mixed results in correcting
knee interlimb asymmetry and improv-
ing functional performance.®'®** One
potential explanation for these inconsis-
tent findings is that vGRF or equivalent
variables of biofeedback do not provide

knee-specific kinetic information that
could more precisely assist in correcting
asymmetry, especially during tasks that
require larger KEM demands (ie, decline
walking, descending stairs, stand-to-sit).

The findings of the present study are
clinically relevant in that simply provid-
ing vGRF biofeedback does not appear
to result in immediate attenuation of
knee interlimb asymmetry, particularly
during tasks that require higher knee
demands.®** Knee extensor moment bio-
feedback has not been studied as a com-
ponent of motor training, possibly due
to the complexity of computation of the
real-time moment signal. To date, achiev-
ing accurate KEM biofeedback requires
a sophisticated gait laboratory, robust
marker-set model, synced communica-
tion between software, and patient com-
prehension, which can be challenging for
most rehabilitation settings. However, as
many as 80% of patients with TKA ex-
hibit sagittal plane knee moment asym-
metry following surgery compared to
healthy peers.?°

Additionally, knee interlimb asym-
metry has been linked to quadriceps
weakness, degradation of the contra-
lateral limb, and poorer functional per-
formance.>?7?94142 In the current study,
KEM biofeedback training resulted in
an immediate change in knee moment
asymmetry during a higher-demand task
3 months following surgery, compared to
vGRF biofeedback training.

Most studies investigating knee in-
terlimb asymmetry have investigated
mobility tasks that require fairly low

mechanical demand at the knee (ie, lev-
el walking).20232943 Tnvestigating more
physically challenging mobility tasks with
TKA patients is necessary to detect po-
tential compensation strategies that may
not be detectable during lower-demand
tasks.”” As the number of joint arthro-
plasty procedures continues to increase
in younger and more active individu-
als,'>?1%% investigating more physically
demanding mobility tasks is needed to
provide valuable information on move-
ment behaviors and potential asymme-
tries that could be mitigated through
postoperative rehabilitation. However,
a more pragmatic way to provide KEM
biofeedback is needed in the clinic, and
further research is required to assist in
developing this technology within the
rehabilitation setting.

The finding of peak KEM asymmetry
prior to biofeedback training supports
the premise that compensatory strategies
remain after successful recovery follow-
ing TKA. Although immediate improve-
ments in knee interlimb symmetry were
observed using KEM biofeedback, these
changes were a result of motor adapta-
tions during a single treatment session,
and further investigation is needed to
determine whether these results are re-
tained over time. Further, a longitudinal
cohort study is also needed to determine
whether motor training using KEM bio-
feedback can be effective at long-term re-
tention and ultimately lead to improved
functional performance.

This study has several limitations that
should be noted. No long-term follow-up

TABLE 3

ADJUSTED BETWEEN-GROUP COMPARISON OF THE EFFECT OF

B1oFEEDBACK ON INTERLIMB PEAK KEM ASYMMETRY AFTER
CONTROLLING FOR THE NONBIOFEEDBACK CONDITION

Variable

VGRF Group (n =15)*

KEM Group (n = 15)* Mean Difference’

Effect Size, Cohen f2 P Value

Post biofeedback interlimb difference in
peak KEM, Nm/kg

017+0.02

0.08+0.02

0.09+0.03(0.01, 0.19)

024 01

Abbreviations: KEM, knee extensor moment; vGRF, vertical ground reaction force.
*Values are adjusted postbiofeedback mean + standard error between the surgical knee and the nonsurgical knee. Mean values equal to zero signified perfect
symmetry and values greater than zero signified higher asymmetry.
Values are mean difference + standard error (95% confidence interval) from the analysis of covariance model and marginal estimation.
“Effect-size categories: 0.02, small; 0.15, medium; 0.35, large.
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measures were obtained following bio-
feedback training. Although the authors
were able to draw conclusions regard-
ing immediate correction in peak KEM
asymmetry in the short term, future stud-
ies should assess knee interlimb asymme-
try in joint mechanics with larger sample
sizes and longer follow-up. Despite the
increases in peak knee interlimb symme-
try seen using KEM biofeedback, these
findings were observed during single
treatment sessions of training, and fur-
ther research is needed to determine
whether longitudinal training can lead
to long-term retention.

Although the authors studied the ef-
fectiveness of 2 forms of biofeedback in
correcting peak knee interlimb asymme-
try during a more physically demanding
mobility task, there are many factors (eg,
surgeon, implant design, strength, knee
motion, etc) that could influence KEM
asymmetry. Furthermore, no random-
ization of group assignment or inclusion
of a control group might have led to bias
in the results. Data from this study can-
not determine the cause of the knee in-
terlimb asymmetry, and it is important
to note that causes of asymmetry can be
multifactorial in nature. Last, the clini-
cal relevance of using a laboratory-based
biofeedback option is a concern, as most
rehabilitation clinics do not have access
to this type of technology. However, de-
termining the influence of a joint-specific
kinetic form of biofeedback is a necessary
first step before more practical variables
of training can be implemented.

CONCLUSION

NEE EXTENSOR MOMENT BIOFEED-

back training reduced interlimb

peak KEM asymmetry 3 months
post TKA. In contrast, vVGRF biofeedback
training did not change peak interlimb
KEM asymmetry. These findings indicate
that patients 3 months post TKA can im-
mediately mitigate interlimb KEM asym-
metry during a higher-demand mobility
task; however, this is dependent on the
type of biofeedback provided. ®

| RESEARCH REPORT ]

INKEY POINTS

FINDINGS: Knee extensor moment bio-
feedback was effective at correcting in-
terlimb peak knee moment asymmetry
3 months post total knee arthroplasty
when compared to vertical ground reac-
tion force biofeedback.

IMPLICATIONS: Correcting interlimb knee
extensor moment asymmetry could
result in improved overall recovery of
the surgical limb, leading to improved
longevity of independent living and rec-
reational opportunities.

CAUTION: Only the immediate effects of
biofeedback training were evaluated.
Further research to explore the reten-
tion of prolonged training beyond this
study’s single treatment session design
is warranted.
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Cost-Effectiveness Evaluation of Manual
Physical Therapy Versus Surgery for
Carpal Tunnel Syndrome: Evidence

From a Randomized Clinical Trial

© BACKGROUND: Carpal tunnel syndrome
(CTS) results in substantial societal costs and
can be treated either by nonsurgical or surgical
approaches.

© OBJECTIVE: To evaluate differences in cost-
effectiveness of manual physical therapy versus
surgery in women with CTS.

©METHODS: In this randomized clinical trial,
120 women with a clinical and an electromyo-
graphic diagnosis of CTS were randomized through
concealed allocation to either manual physical
therapy or surgery. Interventions consisted of 3
sessions of manual physical therapy, including
desensitization maneuvers of the central nervous
system, or decompression/release of the carpal
tunnel. Societal costs and health-related quality
of life (estimated by the European Quality of Life-5
Dimensions [EQ-5D] scale) over 1 year were used
to generate incremental cost per quality-adjusted
life year ratios for each treatment.

© RESULTS: The analysis was possible for 118
patients (98%). Incremental quality-adjusted life
years showed greater cost-effectiveness in favor of
manual physical therapy (difference, 0.135; 95%
confidence interval: 0.134, 0.136). Manual therapy

was significantly less costly than surgery (mean
difference in cost per patient, €2576; P<.001).
Patients in the surgical group received a greater
number of other treatments and made more visits
to medical doctors than those receiving manual
physical therapy (P = .02). Absenteeism from
paid work was significantly higher in the surgery
group (P<.001). The major contributors to societal
costs were the treatment protocol (surgery versus
manual therapy mean difference, €106 980) and
absenteeism from paid work (surgery versus man-
ual physical therapy mean difference, €42 224).

© CONCLUSION: Manual physical therapy,
including desensitization maneuvers of the central
nervous system, has been found to be equally ef-
fective but less costly (ie, more cost-effective) than
surgery for women with CTS. From a cost-benefit
perspective, the proposed CTS manual physical
therapy intervention can be considered.

@LEVEL OF EVIDENCE: Economic and decision
analyses, level 1b. J Orthop Sports Phys Ther
2019;49(2):55-63. Epub 30 Nov 2018. doi:10.2519/
jospt.2019.8483

@KEY WORDS: carpal tunnel syndrome, cost-
effectiveness, physical therapy, surgery

arpal tunnel syndrome
(CTS) is considered the
most common entrap-
ment neuropathy of the
upperextremity, withaprevalence
ranging from 6.3% to 11.7%.*
Because CTS wusually affects
middle-aged active workers,* it
is associated with substantial health care
costs and economic burden, including
loss of work productivity. For instance,
the income loss per patient over a pe-
riod of 6 years has been estimated to be
$45000 to $89000."° The overall cost
associated with CTS in the United States
exceeds $2 billion annually.?® Addition-
ally, a recent study has shown that CTS-
associated burden extends beyond direct
costs to include adverse financial impacts
and household disruption.’
Management of CTS includes both
nonsurgical and surgical approaches, but
there is no consensus on which therapeutic
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strategy is more beneficial.”* Because there
is limited evidence supporting the use of
nonsurgical treatments (eg, exercise and
mobilization techniques,?® splinting,* or
ultrasound?®”), surgery continues to be the
intervention most often recommended,’
as differences with nonsurgical treatment
are sometimes smaller than expected.’7*?
Additionally, the vast majority of patients
with CTS usually attempt to avoid sur-
gery.”” Because carpal tunnel release shows
the highest use rate of surgical procedures
performed in the United States for the up-
per extremity,'® an analysis of the econom-
ic impact of the different interventions for
CTS is needed.

Several studies have reported slight
differences in costs among the various
types of surgery (ie, open or endoscop-
ic20:3641); however, only 2 articles have
compared the cost-effectiveness of non-
surgical interventions versus surgery for
CTS. Korthals-de Bos et al** found simi-
lar health costs for individuals with CTS
receiving surgery (mean cost per patient,
€2126) or receiving splint therapy (cost
per patient, €2111). Similarly, in a retro-
spective study, Pomerance et al®' also ob-
served similar costs between individuals
receiving surgery (mean + SD cost, $3068
* $983) and those receiving nonsurgical
treatment consisting of splint and/or lo-
cal corticoid injections (mean + SD cost,
$3335 = $2097). Because both studies
also reported outcomes that were supe-
rior for the surgery group, the incremen-
tal cost-utility ratio was slightly favorable
for surgery.!9%!

A recent study investigating the effects
of manual therapies, including desensiti-
zation maneuvers of the central nervous
system, versus surgery in a sample of
women with CTS found that 3 sessions of
manual physical therapy resulted in bet-
ter short-term outcomes (1 and 3 months)
and similar long-term effects (6 and 12
months) on pain intensity and function
compared to surgery.® This trial provides
promising results for the nonsurgical
management of CTS; however, there is
currently no published study comparing
health care costs between manual physi-

| RESEARCH REPORT ]

cal therapy and surgery, as previous trials
only examined local treatments such as
splints or local injections.'?! Therefore,
the purpose of the current analysis was to
evaluate the cost-effectiveness of manual
therapy compared with that of surgery in
women with CTS, undertaken alongside
the aforementioned clinical trial.®

METHODS

Study Design

N ECONOMIC EVALUATION WAS PER-

formed alongside a randomized

clinical trial® in a general hospital in
Madrid, Spain, to evaluate the cost-effec-
tiveness of manual physical therapy, in-
cluding desensitization maneuvers of the
central nervous system, versus surgery for
women with CTS. Full details of the trial,
participants, interventions, and results of
the clinical outcomes are reported else-
where.® Differences in the analysis and re-
porting of clinical efficacy and economic
evaluation reflect the different research
objectives of these efforts. This study was
approved by the Hospital Universitario
Fundaci6én Alcorcén Institutional Review
Board (P101223-HUFA12/14), and the
original clinical trial was registered with
ClinicalTrials.gov (NCT01789645).

Participants

Women who were diagnosed with CTS,
according to clinical and electrophysi-
ological findings from a local regional
hospital (Madrid, Spain), were consecu-
tively screened for eligibility criteria. To
be included in the analysis, patients had
to exhibit the following clinical signs:
pain and paresthesia in the median nerve
distribution, increasing symptoms during
the night, positive Tinel sign, and posi-
tive Phalen sign. Symptoms had to have
persisted for at least 12 months. Further,
the electrodiagnostic examination had
to reveal deficits of sensory and motor
median nerve conduction, according to
the guidelines of the American Associa-
tion of Electrodiagnostic Medicine, the
American Academy of Neurology, and the
American Academy of Physical Medicine

and Rehabilitation.”” Patients were ex-
cluded if they exhibited any of the follow-
ing: (1) sensory/motor deficit in the ulnar
or radial nerves, (2) older than 65 years of
age, (3) previous hand surgery or steroid
injection treatment, (4) multiple diagno-
ses on the upper extremity, (5) cervical,
shoulder, and/or upper extremity trauma,
(6) any systemic disease causing CTS (eg,
diabetes mellitus, thyroid disease), (7)
comorbid musculoskeletal medical con-
ditions (eg, rheumatoid arthritis and/
or fibromyalgia), (8) pregnancy, or (9)
presence of depressive symptoms (Beck
Depression Inventory-II score greater
than 8 points). All participants signed an
informed-consent form prior to their in-
clusion in the study.

Interventions
Patients were randomly assigned to re-
ceive manual physical therapy or a surgi-
cal procedure, as previously described.*
Patients allocated to the manual physi-
cal therapy group received 3 treatment
sessions of manual therapy, including
desensitization maneuvers of the central
nervous system of 30-minute duration,
once a week. Briefly, the desensitization
maneuvers consisted of soft tissue mo-
bilization, including manual techniques
directed at anatomical sites of potential
entrapment of the median nerve. Addi-
tionally, lateral glides were applied to the
cervical spine, and tendon- and nerve-
gliding exercise interventions were also
included. Finally, patients received an ed-
ucational teaching session on performing
the tendon- and nerve-gliding exercises
at home. Full description of this interven-
tion can be found elsewhere.®

Patients randomly allocated to the sur-
gery group underwent open or endoscopic
release of the carpal tunnel. For pragmatic
reasons, and because there is no evidence
supporting one particular surgical proce-
dure, surgery was based on both surgeon
and patient preference.** Patients allo-
cated to this group also received the same
educational session for performing ten-
don- and nerve-gliding exercises that the
manual physical therapy group received.®
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Economic Evaluation

A societal perspective, including direct
health care costs, direct non-health care
costs, and indirect costs due to CTS, was
used as the basis for the economic evalua-
tion.? Direct health care costs included the
costs of each treatment (ie, number of ses-
sions, number of visits to manual physical
therapists), additional visits to health care
providers (ie, medical specialist or other
health care professional), additional re-
ceived treatments, prescribed medica-
tions, and professional home care. Direct
non-health care costs included only costs
of over-the-counter medications, time
spent visiting a health care provider, and
travel expenses. Indirect costs of lost
productivity due to CTS-related absence

from work were also included in the main
analysis.

Data were collected by patients in a
diary, where they registered the number
of visits to medical doctors, medication
intake, other treatments received, and
any other circumstance or action taken
related to their CTS during the follow-up
period." This cost diary was returned to
aresearch assistant for analysis. To more
accurately represent the health care costs
of the entire country, direct health care
and non-health care costs were estimat-
ed by averaging official costs of 5 repre-
sentative regions of Spain (Comunidad
de Madrid,?* Cataluna,? Pais Vasco,?*® An-
dalucia,? and Castilla-Le6n?*). All health
care costs used in this study were those

officially published for each geographical
region. Indirect costs of lost productivity
for paid work were also calculated based
on the current employment status of the
participant at the time of the trial.* Fi-
nally, national prices of other daily costs
were also consulted (see TABLE 1).

Outcomes

Health-related quality of life was mea-
sured at baseline and at each follow-up
period (1, 3, 6, and 12 months after treat-
ment), using the 5-level version of the
European Quality of Life-5 Dimensions
scale (EQ-5D-5L)"" in written form,
distributed by an examiner blinded to the
treatment allocation of the participants.
Responses were converted to an overall

TABLE 1 HearLTH CARE AND NON-HEALTH CARE COSTS
Cost Type/Modality Unit Cost n Total Cost n Total Cost Difference P Value
Per-protocol treatment
Manual therapy?323+3 €10+€6 180 sessions (60 £€1800 0 €0
x 3 5essions)
Surgery?323439 €1813 £€76 0 €0 60 €108780
Total £€1800 €108780 £€-106980 <001
Direct health care
Other treatments 13
Yes 15 (26%) 10 (17%)
No 43 (74%) 50 (83%)
Type
Wrist band* €31+€5 6 €186 1 €31 €155
Extra physical therapy?3234° €10+€6 41 sessions €410 234 sessions £€2340 £-1930
Local infiltration?32343 €2 6 €12 0 €0 €12
Total €608 €2371 €-1763 001
Medical consultation 15
Yes 17 (29%) 59 (98%)
No 41 (71%) 1(2%)
Type
Primary care?%3233° €44 +€7 5 €220 4 €176 €44
Traumatologist + NL + EMG#3234%9 £€63+€18 32 £€2016 70 €4410 £-2394
Urgent care?3343 €193+ €72 2 €386 0 €0 €386
Total £€2622 £4586 £€-1964 02
Direct non-health care
Neobrufen 600 mg €0.05
Number of tablets’ 196 (35%) €10 358 (65%) €20
Total €10 €20 €-10 25
Table continues on page 58.
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TABLE 1 HEALTH CARE AND NON-HEALTH CARE COSTS (CONTINUED)
Cost Type/Modality Unit Cost n Total Cost n Total Cost Difference P Value
Travel via public transport (EMT) €150
Number of trips* 148 (32%) €222 316 (68%) €474
Total €222 €474 €-252 08
Indirect
Absence from paid work €13 001
Yes 4 (7%) 52 (87%)
No 54 (93%) 8 (13%)
Absence from paid work, d* 112 €1456 3360 £43680 001
Total €1456 €43680 £-42224 <001
Subsequent surgery?323:39 €1813+€76
Yes 3(5%) 4 (7%)
No 55 (95%) 56 (93%)
Number of surgeries?32343° 3 £€5439 4 reoperated £7252
Total £€5439 £€7252 €-1813 32
Societal
Excluding work absence
Yes 0(0%) 0(0%)
No 58 (100%) 60 (100%)
Total €0 €0 €0
Total costs €12147 €167143 £-154996 <001
Abbreviations: EMG, electromyography; EMT, emergency medical technician; NL, neurologist.
*(1) http://tienda.fisaude.com; (2) hitp://www.efisioterapia.net/tienda/; (3) hitp://www.lacasadelfisio.com/#; (4) hitp://www.cramersportsmed.com; (5)
hitp://www.lacasadelmasajista.com; (6) hitp://www.quirumed.com/es/fisioterapia-y-masaje?gclid=CjwKEAIA6YDBBRDwipTQnYzx5lASJAC570bMBoOnTJ
KoEO0cc8Skds-_mZMf -0yiUiyZ8DGph-Cl5BoCuBPw_wcB.
"Por el que se regula el sistema de precios de referencia y de agrupaciones homogéneas de medicamentos en el Sistema Nacional de Salud y determinados siste-
mas de informacion en materia de financiacion y precios de los medicamentos y productos sanitarios, Real Decreto 177/2014, 21 de marzo (2014.).
‘hitp://www.emtmadrid.es/ViajarenBus/ Titulosytarifas.

utility score by applying cross-walk in-
dex values for Spain.** Quality-adjusted
life years (QALYs) were estimated for
each participant using area-under-the-
curve analysis, with linear interpolation
between observations resulting from the
fitting-the-curve exercise.?

The QALY combines length and qual-
ity of life into a single index number be-
tween O and 1, where O corresponds to
a health state judged to be equivalent
to death and 1 corresponds to optimal
health.?” A graphical analysis of the utility
results measured in QALYs was conduct-
ed throughout the study follow-up peri-
ods. The scatter plot was fitted to a curve
for each group, by comparing the trends
of both groups and creating a curve to fit
the measurement points. This process is

more realistic than using a linear evolu-
tion of the quality-of-life data (FIGURE 1).

Subsequently, an incremental cost-ef-
fectiveness analysis was undertaken us-
ing the EQ-5D-5L, to calculate the cost
per additional QALY gained over the
treatment period.

Statistical Analysis

Sample size was based on changes in the
intensity of hand pain at 1-year follow-
up.® An incremental cost-effectiveness
analysis was hence performed.® To com-
pare health costs between both groups,
the authors calculated a deterministic
cost-utility value and a probabilistic one
using bootstrapping techniques and com-
puting confidence intervals (CIs). The
95% CIs were obtained by bias-corrected

and accelerated bootstrapping, choosing
1000 iterations.

The primary outcome was the incre-
mental cost-effectiveness ratio, calcu-
lated by dividing the incremental costs
by the incremental QALYs. Uncertainty
was explored by graphical display of cost-
effectiveness planes and acceptability
curves.®

A 1-way sensitivity analysis, calculat-
ing the results of the evaluation using a
value above and below that used in the
base case, was used to explore the uncer-
tainty around each parameter by examin-
ing the changes in the results in the range
of parameter values.* Statistical analysis
was performed using Stata Version 13.1
(StataCorp LLC, College Station, TX). Cost-
effectiveness planes and acceptability
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FIGURE 1. Progression in quality of life in both
groups. Abbreviation: EQ-5D-5L, 5-level version of the
European Quality of Life-5 Dimensions scale.

curves were generated using Excel Ver-
sion 16.0 (Microsoft Corporation, Red-
mond, WA).

RESULTS

F 120 PATIENTS INITIALLY INCLUD-

ed in the trial and randomly allo-

cated to the manual therapy group
(n = 60) or the surgery group (n = 60),
113 (94%) were included in the final
clinical analysis® and 118 (98%) were in-
cluded in the economic analysis. Within
patients allocated to the manual physi-
cal therapy group, 3 individuals were ex-
cluded from the clinical analysis because
they received surgery to the study hand.
Within patients allocated to the surgery
group, 4 received surgery to the contra-
lateral hand but were included in the
economic analysis. The flow of partici-
pants leading to the economic analysis
is illustrated in FIGURE 2. Demographic
features did not differ between groups
at baseline (TABLE 2).

Costs

TABLE 1 summarizes and compares the
direct health care and non-health care
costs of each group. The researchers
found a significant between-group differ-
ence for per-protocol costs: the surgery
group was significantly more expen-
sive (P<.001) than the manual physical
therapy group. Additionally, patients in

Patients with carpal tunnel syndrome screened
for eligibility criteria, n = 200

h 4

Excluded, n = 80

« Previous surgery, n = 35

« Previous steroid injections, n = 20
« Previous whiplash,n =9

« Pregnancy,n=38

« Cervical radiculopathy, n =8

Pain and BCTQ

Baseline measurements, n =120

|

| Randomized, n =120

v

| Allocated to manual therapy, n = 60 |

| 1-mo follow-up, n = 60 |

| 3-mo follow-up, n = 60 |

6-mo follow-up, n = 58
+ 2 lost to follow-up: personal reasons

y

Economic analysis, n =58 (ITT
analysis)

+ 2 excluded from analysis: insufficient
cost data from those who were lost
to follow-up

Boston Carpal Tunnel Questionnaire; ITT, intention to treat.

|
FIGURE 2. Flow diagram of participants from randomization to economic analysis (98%). Abbreviations: BCTQ,

v

| Allocated to surgery, n = 60 |

| 1-mo follow-up, n = 60 |

| 3-mo follow-up, n = 60 |

6-mo follow-up, n = 60

!

Economic analysis, n = 60 (ITT
analysis)

the surgery group also received a greater
number of other treatments, mostly com-
plementary manual physical therapy (P =
.001), and also made more visits to their
orthopaedic surgeon and/or neurologist
(P =.02) than those in the manual physi-
cal therapy group.

Total indirect costs consisted mainly
of lost productivity (work absenteeism)

within the surgery group, and surgery

or second surgery within the manual
therapy and surgery groups, respective-
ly (see TABLE 1). Absenteeism from paid

work was significantly higher within the

surgery group than in the manual physi-

cal therapy group, both in terms of the
number of individuals missing work (n
=52 [86.7%] versusn = 4 [6.9%]; P =
.001) and the number of days off from
work (mean, 65 versus 28 days; total,
3360 versus 112 days; P = .001). The
major contributors to societal costs were
treatment protocol (surgery versus man-
ual physical therapy; mean difference,
€106 980; 68% of societal costs overall)
and absence from paid work (surgery
versus manual therapy; mean difference,
€42 224; 28% of societal costs overall).
Mean cost (including work absence)
was €12147 for manual physical therapy
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BASELINE CHARACTERISTICS
TABLE 2
AT THE BEGINNING OF THE TRIAL*
Manual Therapy (n = 60) Surgery (n = 60)

Age,y 47+10 46+9
Years with pain 31127 35+31
Occupation, n (%)

Work at home 33(55) 35(58)

Secretary/office 27 (45) 25 (42)
Symptom distribution, n (%)

Unilateral, right side 10 (17) 15(25)

Unilateral, left side 3(5) 5(8)

Bilateral 47 (78) 40 (67)
CTS severity, n (%)

Minimal 16 (27) 17 (28)

Moderate 23(38) 20(33)

Severe 21(35) 23(38)
Pain intensity (NPRS, 0-10)

Average 48+15 49+22

Worst pain in the last week 66+17 70+20
BCTQ (1-5)

Functional status subscale 23+£05 24+06

Severity status subscale 25+07 27+06
BDI-II (0-21) 42+29 38+27
EQ-5D-5L (0-1) 0.61+0.09 0.66 +0.05
Abbreviations: BCTQ, Boston Carpal Tunnel Questionnaire; BDI-II, Beck Depression Inventory; CTS,
carpal tunnel syndrome; EQ-5D-5L, 5-level version of the European Quality of Life-5 Dimensions
scale; NPRS, numeric pain-rating scale.
*Values are mean + SD unless otherwise indicated.

and €167143 for surgery. Similarly, mean
cost per participant (including work ab-
sence) was statistically higher in the
surgery group than in the manual physi-
cal therapy group (€2785 versus €209,
P<.001) (TABLE 3). Therefore, significant
incremental costs were observed for the
surgery group (P<.001).

Quality of Life

Utilities estimated over the follow-up
were 50.15 QALYs for the manual physi-
cal therapy group and 44.3 QALYs for the
surgery group in the deterministic set of
results (TABLE 3). Incremental QALYs
showed significantly greater benefit for
the manual physical therapy group (mean
difference, 0.135; 95% CI: 0.134, 0.136).
Baseline EQ-5D-5L score was a signifi-
cant independent predictor of 1-year QA-
LYs (mean difference, 0.05; P = .92).

Cost-Effectiveness

The deterministic incremental cost-
effectiveness ratio revealed a domi-
nant position of the manual physical
therapy group; that is, it was less costly
(€-154996) and more effective (5.844
QALYs) than the surgery group. The
probabilistic result using bootstrapping
was similar to the result of the deter-
ministic analysis: a dominant position
of manual physical therapy as less costly
(mean cost difference, €-137378; 95%
CI: €-146 531, €-128 225) and more ef-
fective (mean QALY difference, 8.13;
95% CI: 7.1, 9.16) than surgery. The
cost-effectiveness plane is graphically
represented in FIGURE 3. Bootstrapped
cost-utility pairs fell within the southeast
quadrant, indicating cost savings and
increased effectiveness of manual physi-
cal therapy compared to surgery. Thus,

manual physical therapy was more likely
to be cost-effective than surgery, with
100% of the iterations falling within the
dominant area.

The constructed model was robust for
all analyses of univariate sensitivity where
there were no significant changes in the
direction of the results, because manual
physical therapy proved more effective
but cheaper than surgery (incremental
cost-effectiveness ratio). The results of
the univariate sensitivity analysis showed
the parameter of “urgency” to be the most
uncertain parameter, with an incremen-
tal cost-effectiveness ratio ranging from
€26 606 to €26782, and the parameter
of “medical specialist” to be the second
most uncertain parameter, ranging from
€26 666 to €26714.

DISCUSSION

HE CURRENT STUDY IS THE FIRST
Tcost—effectiveness analysis to com-

pare manual physical therapy to
surgery in women with CTS. The results
revealed that manual physical therapy
was more cost-effective than surgery,
with incremental QALYs showing great-
er benefit from manual physical therapy.
Additionally, the direct health care costs
and absenteeism from employment
within the surgery group were signifi-
cantly greater than in the manual physi-
cal therapy group. A previous publication
found that the same protocol of manual
physical therapy results in better clinical
outcomes for pain and function in the
short term, but similar clinical effects in
the long term, compared to surgery.® The
results from the current paper further
complement the results from that study,
as the authors found that manual physi-
cal therapy, including desensitization ma-
neuvers of the central nervous system, is
also more cost-effective than surgery in
women with CTS.

Two studies have examined the cost-
effectiveness of nonsurgical interventions
compared to surgical intervention in pa-
tients with CTS,**! the findings of which
differ considerably from the current cost-
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TABLE 3 MEeAN CosTs PER INDIVIDUAL (INCLUDING WORK ABSENCE) BETWEEN GROUPS
Manual Therapy Surgery Difference Manual Therapy Surgery Difference
Deterministic analysis
Costs €12147 €167143 £-154996 €209 £€2785 £€-2576
QALYs 50148 44,304 5844 0.87 074 0.13
ICER -26684.81 -19944.61
Probabilistic analysis
Costs €11002 €148380 €-137378 €190 £€2473 £-2283
QALYs 52.35 44.22 813 090 073 017
ICER -16899.64 -16307.14
Abbreviations: ICER, incremental cost-effectiveness ratio; QALYs, quality-adjusted life years.
effectiveness analysis. Pomerance et al® 3000 More costly
found that the direct costs of surgical care
were no greater than those of splinting 2000 1
and exercises, and that the incremental
cost-effectiveness ratio was in favor of ® 1000 1
surgery. The study by Korthals-de Bos et 3
al” found no between-group differences 3 Less effective Benefit: surgery More effective
for direct costs and reported a 90% prob- g 0Td2 i 010 -005 040 005 010 015 020
ability that surgery was more cost-effec- 5 Benefit: manual therapy
tive than splinting. iy
Several explanations may account for
the differences between these 2 studies ~2000 7
and the current research. One possible
explanation is that the Pomerance et al*! =3000 . L.ess o
. Incremental QALYs in Relation to Surgery Group
study was retrospective and, by nature,
inherently had numerous limitations, one ) Manual therapy
of the most crucial being lack of internal |
9. . . . FIGURE 3. Bootstrapped cost-effectiveness pairs fell in the southeast quadrant, indicating cost savings and increased
validity. Another difference is that inter- effectiveness of manual physical therapy compared to surgery. Abbreviation: QALYs, quality-adjusted life years.

ventions between previous studies and the
current study were different. Pomerance et
al® and Korthals-de Bos et al*¥ compared
surgery to a nonsurgical intervention that
was directed solely at the wrist and hand.

In the current study, the manual phys-
ical therapy approach included soft tissue
mobilization and nerve/tendon-gliding
techniques directed at the entire involved
upper extremity, according to current no-
ciceptive pain theories on CTS.® In fact,
the majority of published trials examin-
ing the effectiveness of physical therapy
versus surgical interventions for CTS
have used interventions that solely tar-
get the hand, which have demonstrated
minimal benefits."1725273743 Traditionally,

CTS has been considered to be a pathol-
ogy associated with a peripheral nerve
lesion, but there is evidence suggesting
that it is a more complex disorder with
potential central sensitization process-
es.”* It has been suggested that manual
therapy techniques used in the current
trial may have an impact on sensitization
mechanisms.??* It is possible that manu-
al physical therapy interventions have the
potential to decrease sensitization, which
could result in an overall improved qual-
ity of life, contributing to greater incre-
mental QALYs and cost-effectiveness.
The authors of the current study
found that manual physical therapy had

the greatest cost savings associated with
work absenteeism, which resulted in a
difference of approximately €468 per pa-
tient (total difference, €42 224). A pooled
analysis reported an incidence rate of
CTS of 2.3 cases per 100 persons and a
prevalence of 7.8% in a working popula-
tion.? Atroshi et al” found that individuals
with CTS experienced significantly more
missed days from work than people with-
out CTS. Therefore, it seems imperative
not only to identify the most effective
therapeutic options for the management
of CTS, but also to identify treatment op-
tions that can reduce the amount of work
absenteeism.
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Previous data suggest that the dura-
tion of sickness absence from work in
women with CTS after surgery ranges
from 30 to 60 days.>*®** In this study,
the surgery group showed a mean of 65
days of work absenteeism, whereas the
manual physical therapy group showed a
mean of 28 days (P<.01). Although return
to work after CTS surgery has been as-
sociated with different social, economic,
psychological, and occupational factors
that were not controlled for in the cur-
rent study,®® the most remarkable dif-
ference was the number of participants
who were off work in the surgery group
compared to the manual physical therapy
group (52 versus 4, respectively). There-
fore, reduction in work absenteeism costs
was mostly related to the number of par-
ticipants rather than the number of days.

Although this is the first cost-effective-
ness analysis comparing manual physical
therapy versus surgery in a population
with CTS, there are a few limitations that
should be considered when generalizing
the results. First, the data were collected
in Spain, and it is uncertain how these
results may be applied to different coun-
tries with different health care systems
and costs for manual physical therapy
and surgical treatments. Second, the au-
thors did not include a nonintervention
control group and could not, therefore,
compare manual physical therapy or sur-
gery to the natural course of the condition
in terms of QALYs and cost-effectiveness.
Last, this economic evaluation was based
on outcomes at 12 months after therapy
and, therefore, did not investigate short-
or medium-term costs.

CONCLUSION

HE PRESENT STUDY IS THE FIRST TO
investigate the cost-effectiveness
of manual physical therapy com-
pared to surgical intervention in women
with CTS. The results demonstrated that
manual physical therapy resulted in low-
er direct and indirect health care costs.
Manual physical therapy also resulted
in significantly less work time loss. Ad-

| RESEARCH REPORT ]

ditionally, incremental QALYs showed
greater benefit in favor of manual physi-
cal therapy. Manual physical therapy can
be considered a first treatment option for
CTS, as it is both clinically effective and
cost-effective. ®

INKEY POINTS

FINDINGS: Manual physical therapy, in-
cluding desensitization maneuvers of the
central nervous system, was as effective
but less costly (ie, more cost-effective)
for women with carpal tunnel syndrome
compared to surgery, as it resulted in
lower direct and indirect health care
costs and less work time loss.
IMPLICATIONS: Manual physical therapy,
including desensitization maneuvers of
the central nervous system, may be an in-
tervention option for patients with carpal
tunnel syndrome as a first line of man-
agement prior to, or instead of, surgery.
CAUTION: The generalizability of the
results may be limited, as only women
from a single hospital were included and
the study was conducted in a particular
health system. Further, there are no
available data on the proper dosage for
the manual therapy protocol applied.
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FIGURE 1. Lateral radiograph demonstrating C5-6 inter-
spinous fanning (arrow), suggesting posterior longitudinal
ligamentous disruption with probable fracture.

| MUSCULOSKELETAL IMAGING ]

FIGURE 2. Axial computed tomography image demon-
strating bilateral C6 lamina fractures.

FIGURE 3. Sagittal, T2-weighted magnetic resonance im-
age demonstrating complete disruption of the interspinous
and supraspinous ligaments at C5-6.

Cervical Fracture With Posterior
Ligamentous Injury While Skydiving

WARREN FLAUTT, PT, DPT, SCS, CSCS, US Army, Fort Eustis, VA.
ROBERT ROWLAND, PT, DPT, OCS, RMSK, CSCS, EXOS, Phoenix, AZ.
RICHARD B. WESTRICK, PT, DPT, DSc, OCS, SCS, MGH Institute of Health Professions, Boston, MA; US Army Research Institute

46-YEAR-OLD MALE SOLDIER RE-
Aported to an emergency depart-

ment with severe acute neck pain
immediately following a hyperflexion in-
jury from an unusually rapid parachute
opening during recreational skydiving.
He was evaluated in the emergency de-
partment, including radiographs, and
released with a diagnosis of “acute neck
strain.” Six days after the injury, he fol-
lowed up with a primary care provider,
presenting with continued neck pain
(rated as 10 on the numeric pain-rating
scale), and was sent for a same-day con-
sultation with a physical therapist. The
physical therapist evaluation found ex-
quisite tenderness with light palpation
over the C5-6 spinous process and in-
ability to actively rotate the neck more

of Environmental Medicine, Natick, MA.

than 45° bilaterally. The patient denied
neurologic symptoms, and the neurologi-
cal exam was unremarkable.

Although neck pain is a relatively
common complaint following parachute
opening shock in skydivers, the patient’s
levels of severity and irritability were in-
consistent with those of typical skydiving
or military airborne patients. Due to lack
of access to the original radiographs, the
dangerous rapid hyperflexion mechanism
of injury, midline tenderness, and limited
active cervical rotation, the physical thera-
pist ordered cervical spine radiographs,’?
which revealed findings consistent with
cervical fracture and ligamentous disrup-
tion (FIGURE 1). The radiologist contacted
the physical therapist with the results and
recommended computed tomography,

magnetic resonance imaging, and a neu-
rosurgery consultation. The computed
tomography and magnetic resonance im-
aging confirmed bilateral C6 lamina frac-
tures and multiple ligamentous disruption
at C5-6 (FIGURES 2 and 3). Sixteen days fol-
lowing the injury, the patient underwent
open reduction internal fixation surgery,
with posterior tension band and supraspi-
nous ligament repair (FIGURE 4, available
at www.jospt.org). One month following
surgery, he began physical therapy and a
modified strength and conditioning pro-
tocol, while wearing a rigid cervical col-
lar for 12 weeks. Eight months following
surgery, he returned to full military duties
and deployed to combat operations. ®
J Orthop Sports Phys Ther 2019;49(2):113.
doi:10.2519/jospt.2019.8360
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FIGURE 1. Sagittal plane images. (A) Cervical computed tomography showing intracanal stenosis by exostosis at the C1-2 level (arrow). The exostosis came off C2. (B) T2-weighted
magnetic resonance imaging showing spinal cord compression. (C) Postoperative, T2-weighted magnetic resonance imaging 6 months after surgery showing small foci of residual high

T2 signal in the spinal cord.

Cervical Cord Compression

by Exostosis

MICHAEL GRELAT, MD, Department of Neurosurgery, Dijon University Hospital, Dijon, France.
CARLOS GIMENEZ, MD, Department of Neurosurgery, Dijon University Hospital, Dijon, France.
RACHID MADKOURI, MD, Department of Neurosurgery, Dijon University Hospital, Dijon, France.

51-YEAR-OLD, LEFT HAND-DOMINANT
woman presented to physical ther-
apy with complaints of weakness
in her left arm, progressive numbness in
both hands, and mild progressive neck
pain radiating into the left upper arm.
She reported that her condition had
started after playing in an amateur ten-
nis tournament 4 weeks prior and pro-
gressed to inability to play tennis.
Examination findings were an absence
of proprioception in the left arm (wrist
and elbow), impaired light touch in all
the fingers of her left hand, and inability
to discriminate pain and temperature in
the right upper extremity and lower ex-
tremity consistent with Brown-Sequard
syndrome. The patient had no bowel or
bladder problems. The patient’s pain

increased with active bilateral cervical
spine rotation. No significant upper ex-
tremity strength deficits were found. She
reported no personal or familial history
of neurological disorders.

The patient was referred to her phy-
sician, who ordered magnetic resonance
imaging of the spine, which showed a
bony exostosis at C1-2 with myelopa-
thy (FIGURE 1; FIGURE 2, available at www.
jospt.org). The patient was referred to
a neurosurgical center, where electro-
physiological testing indicated normal
nerve conduction velocity but detected
a reduced evoked potential amplitude
in both legs, with no abnormalities of
evoked potential amplitudes in her upper
extremities. Two weeks after her physical
therapy evaluation, the patient under-

went surgical excision of the exostosis via
a posterior-approach C1-2 laminectomy
without fusion.

One week post surgery, the patient
reported improved cervical and left up-
per arm pain. At 3 months post surgery,
this patient had a complete recovery
from her sensory loss and her weakness.
These rare spinal exostoses have been
documented in patients with a history
of hereditary multiple exostosis.! Im-
mediate referral to initiate imaging, in
the presence of an abnormal neurologic
examination, promoted timely inter-
vention and minimized the potential
adverse consequences of a compres-
sive myelopathy.> ® J Orthop Sports
Phys Ther 2019;49(2):112. doi:10.2519/
Jospt.2019.7942
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[ EVIDENCE IN PRACTICE |

STEVEN J. KAMPER, PhD!

Fundamentals of Measurement:
Linking Evidence to Practice

J Orthop Sports Phys Ther 2019;49(2):114-115. doi:10.2519/jospt.2019.0701

easurement is fundamental to science, which means that

physical therapists must engage with measurement if the

profession wishes to call itself scientific. However, while it

is simple enough to agree that measurement is a good idea,
there is more to measurement than meets the eye.

From the researcher’s point of view,
the reason for measuring various demo-
graphic, personal, and clinical factors is
self-evident: scores on the measures an-
swer the research question. In the clinic,
physical therapists collect measurements
(often informally) from the beginning of
the clinical encounter, whether by asking
a question like, “What is bothering you
today?” or by observing the way the pa-
tient gets out of a chair and walks. This
information guides further assessment
and management. Clinicians and re-
searchers both face similar issues when it
comes to interpreting the measures they
collect. To do this accurately, understand-
ing some basic concepts about measure-
ment is necessary.

Constructs and Measures

A construct is what you are interested in
measuring. A measure (sometimes called
a tool or an instrument) is how the con-
struct is measured. For example, you may
be interested in the construct of “disabil-
ity” in a patient with shoulder pain, and
choose to use the Disabilities of the Arm,
Shoulder and Hand questionnaire as the
measure. There may be several different
measures for the same construct; for ex-
ample, the Shoulder Pain and Disability
Index and the Shoulder Disability Ques-

tionnaire are also measures of disability
in people with shoulder pain (FIGURE).

Purpose

There are many reasons to measure
something, and any number of avail-
able measures. Screening measures are
designed to estimate how likely it is that
a healthy person will have a certain con-
dition in the future, and whether further
investigations (eg, screening for cardio-
vascular risk) should be pursued. Diag-
nostic measures (tests) are designed to
determine whether someone does or does
not have a certain condition, an example
being the Lachman test for anterior cru-
ciate ligament rupture. Prognostic tools
are designed to help predict whether or
when a patient will recover, such as the
Orebro Musculoskeletal Pain Question-
naire. Treatment-based classification

tools are designed to direct a patient to-
ward a certain type of treatment, such as
the STarT Back tool. Outcome measures
are designed to track the level or pres-
ence of a symptom, function, or disease
marker, for example, the Patient-Specific
Functional Scale. Some measures might
serve several purposes; for example, pain
intensity measured on a numeric rating
scale may form part of a diagnostic test,
inform likely prognosis, and be tracked
over time as an outcome measure.

Subjective and Objective Measures

A common mistake is to call measures
rated by the patient “subjective” and
those rated by an observer “objective.”
Subjectivity refers to the extent of per-
sonal judgment involved in taking a mea-
sure, and the personal judgment could be
on behalf of the patient or the observer;
for example, a physical therapist’s rating
of the amount of swelling is also subjec-
tive. Further, it is better to consider mea-
sures as more or less subjective—along
a hypothetical continuum—rather than
wholly subjective or objective. Another

Measure

Construct

Shoulder
disability

FIGURE. Constructs, measures, and scores.

Score
Less disabled More disabled

——{0 20 40 60 80 100 |
— 0 20 40 60 80 100 |
— 0 20 40 60 80 100 |
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mistake is to automatically consider more
objective measures as being superior to
more subjective measures, based on the
assumption that objective measures are
more reliable and valid. Research has
shown that reliability and validity do not
depend on how objective or subjective
a measure is. Finally, it is important to
recognize that some constructs are inher-
ently subjective, such as a person’s pain
experience, and in such cases a more sub-
jective measure will be the most valid.

Methods of Measurement

There are many ways of collecting mea-

surements, and some of the most com-

mon types are listed below:

o Patient-reported measures. As the
name implies, these are ratings pro-
vided by the patient. This might
involve filling out a written question-
naire or answering questions verbally.
Patient-reported measures are com-
monly used to rate symptom sever-
ity, the impacts of a condition, or to
measure psychological constructs
like quality of life, depression, and
self-efficacy.

o Observer-rated measures. These
measures involve observations made

by the clinician. They may include
physical capacity measures like
strength or range of motion, move-
ment quality, or the ability to per-
form particular tasks. They may also
include observations such as the ex-
istence of scoliosis, muscle activation
levels, gait characteristics, and the re-
sults of clinical tests. Note that many
of these measures assess not only
physical performance, but also the
motivation of the patient. Note that
these meausres also involve subjec-
tive judgment of the clinician.

e Scans, images, tests, and monitor-
ing devices. These may be used for
screening, diagnosis, or measurement
of constructs like habitual physical
activity. Even though these types of
measures are typically toward the
more objective end of the spectrum,
their fit for purpose, reliability, and va-
lidity should not be automatically as-
sumed. For example, interpretation of
scans and images is highly subjective,
and findings may not have important
functional consequences.

o Administrative data. These are most
commonly used in research, and in-
clude metrics such as hospital atten-

dance, work absence, insurance claim
data, and death.

Patient Relevance

Another aspect of interpreting measures
is determining patient relevance. This
involves judgment as to how important
the outcome construct is to your patient.
For example, a study might conclude that
an intervention is effective because it im-
proves strength, but strength itself may
not matter too much to a patient unless
it translates to ability to perform impor-
tant tasks.

Conclusion

The options for measurement are limited
only by the imagination, but using poor or
inappropriate measures has critical con-
sequences for both clinical practice and
research. When reading research, it is im-
portant to check that the construct matches
the study question. From a clinical perspec-
tive, being able to clearly articulate why you
want to measure a certain construct is key.
Having decided on the appropriate con-
struct, you need to select the best measure.
This involves consideration of reliability
and validity, which will be the subject of the
next Evidence in Practice article. ®

by JOSPT.
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MICHAEL P. REIMAN, PT, PhD, ATC* ¢ TIMOTHY C. SELL, PT, PhD**

The Association Between Passing
Return-to-Sport Criteria and Second
Anterior Cruciate Ligament Injury Risk:
A Systematic Review With Meta-analysis

nterior cruciate ligament (ACL) injury is a common knee
injury sustained by athletes.5*#6:6983 Patients seeking
return to activity commonly undergo anterior cruciate
ligament reconstruction (ACLR) to re-establish me-

chanical knee stability.” The impact of ACL injury includes time

away from activity; lifelong financial, socioeconomic, and emotional

©BACKGROUND: There is no consensus on the
components of return-to-sport (RTS) testing fol-
lowing anterior cruciate ligament (ACL) reconstruc-
tion or whether passing RTS criteria can reduce a
patient’s risk of reinjury.

© OBJECTIVES: To determine whether impartial,
criteria-based RTS decisions are associated with
less risk of a second ACL injury (either graft failure
or contralateral ACL injury).

© METHODS: In this systematic review with meta-
analysis, the authors conducted an electronic
literature search in PubMed/MEDLINE, Embase,
CINAHL, SPORTDiscus, and ProQuest Disserta-
tions and Theses Global using database-specific
vocabulary related to ACL reconstruction and
return to sport. Individual study quality was
assessed using the modified Downs and Black
checklist, and overall quality of evidence was
determined with the Grading of Recommenda-
tions Assessment, Development and Evaluation
scale. Pooled risk difference (passed versus failed
RTS criteria), injury incidence proportion, and the
diagnostic accuracy of each RTS criterion were
calculated.

@ RESULTS: Four studies met the selection crite-
ria. Overall, 42.7% (95% confidence interval [CI]:
18%, 69%) of patients passed RTS criteria, and
14.4% (95% Cl: 8%, 21%) of those who passed
experienced a second ACL injury (graft rupture or
contralateral ACL injury). There was a nonsignifi-
cant 3% reduced risk of a second ACL injury after
passing RTS criteria (risk difference, -3%; 95%

Cl: -16%, 10%; I? = 74%, P = .610). The evidence
rating of the Grading of Recommendations Assess-
ment, Development and Evaluation scale was “very
low quality,” due to imprecision and heterogeneity
of the pooled risk difference estimate.

© CONCLUSION: Passing RTS criteria did not
show a statistically significant association with
risk of a second ACL injury. The quality-of-evidence
rating prevents a definitive conclusion on this
question and indicates an opportunity for future
research.

@©LEVEL OF EVIDENCE: Prognosis, Level 2a-.
J Orthop Sports Phys Ther 2019;49(2):43-54.
Epub 30 Nov 2018. doi:10.2519/jospt.2019.8190

@ KEY WORDS: functional testing, knee, reinjury
risk, return to play

burdens; psychological stress;
disability; and the development
of osteoarthritis.!6:10-12.40.5783

The risk of a second ACL in-
jury (either ACL graft failure or
a contralateral ACL injury) is a
significant concern for those who return
to sport.233-3639:5166.67.69.83 The incidence
of second ACL injury ranges from 3%
to 37% and depends on such factors as
age, physical demands of the sport, and
Competition level'23,33-36,39,51,66,67,69,83 Wig_
gins et al®* determined that second ACL
injury incidence is 23% in individuals
younger than 25 years of age; however,
they did not require studies to use objec-
tive return-to-sport (RTS) criteria.®® Pa-
tients younger than 20 years of age have a
second ACL injury incidence of approxi-
mately 1 in 3,428 with ACL graft rein-
jury and native contralateral ACL injuries
showing similar incidences.®

A second ACL injury tends to occur
within the first 6 months to 2 years fol-
lowing return to sport.?>*%7 Available
literature demonstrates that there are
deficits in strength, landing kinemat-
ics, proprioception, psychological readi-
ness, and perception of knee function
that persist at 2 years following ACLR

The Ohio State University Wexner Medical Center, Columbus, OH. 2Specialists in Sport and Orthopedic Rehabilitation, Overland Park, KS. *Duke University Medical Center
Library, Durham, NC. *Department of Orthopaedic Surgery, Duke University, Durham, NC. *Michael W. Krzyzewski Human Performance Laboratory, Duke Sports Medicine, James
R. Urbaniak Sports Sciences Institute, Duke University Health System, Duke University, Durham, NC. This study did not require Institutional Review Board approval or public
trials registry. There were no funding sources. 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 Justin M. Losciale, The Ohio State University Wexner Medical Center, 410 West
10th Avenue, Columbus, OH 43210. E-mail: jlosciale8@outlook.com ® Copyright ©2019 Journal of Orthopaedic & Sports Physical Therapy®
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and may continue for up to 20 years
after surgery.5,3I,38,46,52,54,55,61»64‘,72,73,77 Psy_
chological readiness and perception of
knee function have garnered increasing
attention as potentially vital components
when determining readiness to return
to sport.2>13935779 Visual motor process-
ing compensations and central nervous
system connectivity alterations follow-
ing ACL injury may predispose patients
to abnormal biomechanics and increase
ACL injury risk.'s+2

Successful RTS criteria should reduce
the risk of a second ACL injury. However,
despite substantial research,!6:23.33:55:46.69.74.78
there is contradictory evidence asso-
ciating RTS criteria and safe return to
sport.”® Conflicting evidence for the RTS
timeline'®+65% and optimal decision met-
rics?>35.69768082 confound this issue. In
2011, Barber-Westin and Noyes® reported
the prevalence of RTS objective-measure
utilization in published ACLR outcome
studies. Although objective functional as-
sessments had been reported, there were
no studies investigating the association of
these assessments with reinjury.? Addi-
tional studies to assess whether resolving
lower-limb functional deficits is effective
in reducing ACL reinjury were recom-
mended.’ Investigators further advocated
multifactorial RTS criteria, with study of
the validity of these criteria to identify safe
return to sport.’>%?

The current review sought to deter-
mine the utility of RTS decisions based
on objective criteria and to aggregate the
data from studies that resulted in deci-
sions to release patients to unrestricted
activity based on their performance dur-
ing objective RTS testing. The primary
purpose of this systematic review was to
assess whether objective criteria-based
RTS decisions are successful in reducing
the risk of a second ACL injury. Addition-
al aims were to (1) report and categorize
the criteria used for RTS testing, (2) re-
port passing cutoff scores, (3) determine
pass/fail incidence, (4) identify ACL graft
and native contralateral ACL injury inci-
dences, and (5) assess the diagnostic ac-
curacy of each RTS criterion. The authors

| RESEARCH REPORT ]

hypothesized that successfully meeting
RTS criteria would result in decreased
risk of a second ACL injury, with the goal
that further understanding RTS criteria
and associated second ACL injury risk
might assist clinicians in determining
factors to use in RTS testing to decrease
subsequent ACL injuries.

METHODS

Protocol

HE PRESENT REVIEW AND META-

analysis followed the Preferred

Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA)
guidelines.*” The PRISMA statement
includes a 27-item checklist that is de-
signed for reporting systematic reviews
of randomized trials,* but the checklist
can also be applied to multiple forms of
research methodologies.” A MeaSure-
ment Tool to Assess systematic Reviews,
version 2 (AMSTAR 2) was used to criti-
cally appraise this review.%

Literature Search

A medical librarian was consulted to
perform a computer-assisted literature
search in the PubMed/MEDLINE, CI-
NAHL, Embase, SPORTDiscus, and Pro-
Quest Dissertations and Theses Global
databases from inception to March 2018,
using database-specific vocabulary and
key words related to ACLR and return to
sport. The search strategies for all data-
bases are listed in APPENDIX A (available at
wWww.jospt.org).

Selection Criteria

To be included, studies were required
to (1) involve patients recovering from
ACLR with any graft type (may have con-
comitant meniscus lesion and/or medial
collateral ligament lesion), (2) include
patients who were between the ages of 10
and 50 years, (3) use clearly defined ob-
jective criteria to make the RTS decision,
(4) determine and report the number of
patients who passed versus failed RTS
criteria, (5) track patients for subsequent
ACL injury following return to sport, and

(6) be written in English. A study was
excluded when (1) the patients’ average
age was 9 years or younger or 51 years or
older; (2) patients had posterior cruci-
ate ligament, lateral collateral ligament,
or bilateral ACL injury; (3) patients had
nonsurgical treatment of ACL injury; (4)
data were not reported between 6 months
and 10 years post surgery; (5) it was a
systematic review, meta-analysis, clinical
commentary, or abstract; and (6) it was
not written in English.

Titles and abstracts were indepen-
dently screened by 2 authors. Full-text
studies were retrieved if the abstract pro-
vided insufficient information to estab-
lish eligibility or if the study passed initial
eligibility screening. Disagreements were
resolved by a third author.

Data Extraction

Two authors independently extracted
data using identical customized tem-
plates. A third author verified data
collection prior to statistical analysis.
Discrepancies were resolved by con-
sensus between the 2 initial authors. If
further data clarification was required,
contact with the corresponding author(s)
was attempted. The population size, sex,
age, and ACLR characteristics were re-
corded from each study.

Regardless of surgical procedure used,
patients were dichotomized into either
hamstring graft or bone-patellar tendon-
bone graft, as these were the only 2 graft
types used in included studies. All grafts
were autografts unless otherwise stated.
The researchers further extracted the fol-
lowing information: RTS criteria, ipsilat-
eral ACL injury incidence, contralateral
ACL injury incidence, total second ACL
injury incidence, pass/fail incidence, and
second ACL injury incidence for those
who did and did not pass RTS criteria.

Assessment of Study Quality and
Overall Strength of the Evidence
The Oxford Centre for Evidence-Based
Medicine Levels of Evidence tool was
used to assess the level of evidence for
each study based on research design.*
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Study quality assessment was performed
by utilizing the modified Downs and
Black' scale, which has been shown to be
areliable assessment for case-control and
cohort studies. The highest total score for
the modified version is 16, with a strati-
fied score ranking of 12 or greater as high
quality, of 10 to 11 as moderate quality,
and of 9 or less as low quality.*>+
Strength of the evidence included in
this review was determined using the
Grading of Recommendations Assess-
ment, Development and Evaluation
(GRADE) scale, which shows the overall
certainty of the evidence for the outcome
being reviewed (APPENDIX B, available at
www.jospt.org).”*® The GRADE scale as-
sesses 5 factors concerning risk of bias,
inconsistency (calculated heterogeneity),
indirectness (evidence addresses review
question), imprecision (width of confi-
dence intervals [CIs]), and publication
bias.” These factors lead to a reported
score of high, moderate, low, or very low
quality.” The GRADE scale was applied
to assess the evidence regarding the as-
sociation between passing RTS criteria
and risk of a second ACL injury. Two au-
thors independently reviewed and scored
each study, with disagreements settled
through discussion and consensus.

Statistical Analysis
Studies were statistically pooled when 2
or more studies examined the same index
test. Data from each study were extracted
and dichotomized into categorical vari-
ables of “pass” for those who successfully
met RTS criteria and returned to sport
and “fail” for those who did not success-
fully meet RTS criteria and return to
sport. For the purpose of this review, re-
turn to sport was defined as the clearance
of a patient for full participation in that
patient’s defined sport or activity without
restrictions (training and competition).*
A random-effects proportion meta-
analysis (weighted for individual study
size) using StatsDirect (StatsDirect Ltd,
Cambridge, UK) was conducted to de-
termine the following incidence propor-
tions at the 95% CI: overall second ACL

injury, patients who passed RTS testing,
patients who failed RTS testing, overall
second ACL injury (passed RTS criteria
versus failed RTS criteria), ACL graft in-
jury, and contralateral ACL injury. Cen-
soring over time was not performed due
to lack of standardization of assessment
time points across studies.

Risk difference (RD) of a second ACL
injury (combined graft and native con-
tralateral ACL) based on “pass” and “fail”
status was determined using a random-
effects RD meta-analysis.?> The RD pro-
vides an absolute measure of association
between the 2 exposure groups (passed
versus failed RTS testing) and determines
the difference in total amount of injuries
sustained between exposure groups, ex-
pressed as a percentage.*® Failing RTS
criteria was labeled the “exposed group”
and passing RTS criteria was labeled the
“unexposed group”; thus, the calculation
was RD = cumulative incidence of second
ACL injuryy,,., — cumulative incidence of
second ACL injury,, .-

Anterior cruciate ligament graft in-
jury RD and native contralateral ACL
injury RD based on “pass” and “fail” sta-
tus were similarly calculated. The above
calculation determines the association
of failing RTS criteria and second ACL
injury; the association of passing RTS
criteria and second ACL injury is the
inverse. Pooled estimates at the 95% CI
were summarized in forest plots. Statis-
tical analysis and figures were processed
and created using Review Manager Ver-
sion 5.3 (The Nordic Cochrane Centre,
Copenhagen, Denmark).

Statistical heterogeneity was deter-

mined for all RD calculations to assess
variation across studies and as a compo-
nent of the GRADE scale.”” Chi-square
(test for heterogeneity), tau-square (be-
tween-study variance in random-effects
meta-analysis), and the I? statistic (per-
centage of variation across studies due to
heterogeneity rather than chance) were
calculated at the 95% CI. The categoriza-
tion to rate the level of heterogeneity was
the following: I? = 0%, no heterogeneity;
I? = 1% to 25%, low heterogeneity, not
important; I = 26% to 50%, moderate
heterogeneity; 1> = 51% to 75%, high het-
erogeneity, substantial; I? = 76 % to 100%,
considerable heterogeneity.**
Diagnostic accuracy for each RTS
criterion was determined using a 2-by-2
diagnostic test table with 95% CIs, with
report of second ACL injury as the refer-
ence standard (StatsDirect Ltd). Positive
and negative test results, as well as the
definitions of true positive, true negative,
false positive, and false negative used in
the analysis, are reported in TABLE 1. Test
sensitivity, specificity, likelihood ratios
(positive and negative), and the diag-
nostic odds ratio (DOR) were calculated.
Sensitivity refers to the probability that
the result of RTS testing will be positive
when the outcome (second ACL injury)
occurs. Specificity is the probability that
the RTS testing result will be negative
when the outcome does not occur. The
likelihood ratio statistic reflects changes
in posttest probability based on test out-
come. The DOR determines the ratio of
the odds of a second ACL injury in posi-
tive tests relative to the odds of a second
ACL injury in negative tests.?® Values

TABLE 1

TEST-RESULT DEFINITIONS

Sustained Second ACL Injury (Positive)

No Second ACL Injury (Negative)

Positive (failing) test
injury (TP)
Negative (passing) test
injury (FN)

Fail RTS criteria and sustain a second ACL

Pass RTS criteria and sustain a second ACL

Fail RTS criteria and do not sustain a second
ACL injury (FP)

Pass RTS criteria and do not sustain a
second ACL injury (TN)

sport; TN, true negative; TP, true positive.

Abbreviations: ACL, anterior cruciate ligament; FN, false negative; FP, false positive; RTS, return to
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range from O to infinity, with higher val-
ues indicating enhanced discriminatory
ability; a value of 1 indicates no discrimi-
natory value and values less than 1 indi-
cate improper test classification.?°

RESULTS

Study Selection

HE LITERATURE SEARCH IDENTIFIED
T 2036 potentially eligible titles. Full-

text review of 131 studies was per-
formed, with 4 studies (549 patients)
meeting inclusion criteria for this review
(FIGURE 1).223%4769 Two corresponding au-
thors were contacted for further clari-
fication regarding ACL injuries, based
on pass/fail status, and clarification
was received from both authors. Narra-
tive summaries of each included study
can be found in APPENDIX C (available at
www.jospt.org).

| RESEARCH REPORT ]

Level of Evidence, Study Quality,

GRADE, and AMSTAR 2

Three studies were rated 2B (cohort stud-
ies)?*3%47 and 1 was rated 3B (case-control
study)® (TABLE 2). There were no disagree-
ments between the authors on study-level
rating. All 4 studies were rated 12/16 or
greater (high individual study quality),
with moderate agreement between re-
viewers (K = 0.54 £ 0.13) (TABLE 2).23:3547.69
Full modified Downs and Black' scor-
ing is provided in APPENDIX D (available at
www.jospt.org). The GRADE scale deter-
mined that the quality of evidence for the
association of passing RTS criteria with
overall second ACL injury risk is “very
low quality,” due to imprecision of the
pooled RD estimate and substantial lev-
els of heterogeneity (APPENDIX E, available
at www.jospt.org).” This review met 11 of
16 criteria (69%,), according to AMSTAR 2
(APPENDIX F, available at www.jospt.org).®

Records identified
through database
searching, n = 2036

Additional records
identified through
other sources, n=0
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Identification

Records after duplicates
removed, n = 1370

:

Records screened,
n=1370

Screening

A

4}| Records excluded, n = 1239

Full-text articles assessed
for eligibility, n = 131

Eligibility

A

-

Studies included in
qualitative synthesis,

Included

T

Studies included in
quantitative synthesis
(meta-analysis), n=4

FIGURE 1. PRISMA flow diagram.”*

Full-text articles excluded, n = 127

« Descriptive studies, n = 35

« Abstract only, n =30

« Systematic/narrative review, n = 15

« Validity/reliability study, n = 14

« Retrospective follow-up, did not have
return-to-sport criteria reported, n = 11

+ Did not measure secondary injury
incidence,n=9

« Rehabilitation theory, n = 6

« Surgery intervention focus, n =2

« Protocol paper, n =1

« Position paper, n =1

* Duplicate, n=1

« Author unable to clarify data, n =1

« Subjective return-to-sport criteria, n =1

The overall confidence in the results is
considered moderate.5

Incidence Proportion Analysis

The incidence of passing and failing RTS
criteria, ACL graft injury (pass versus
fail), contralateral ACL injury (pass ver-
sus fail), and overall second ACL injury is
presented in TABLE 3.

Association Between Passing RTS
Criteria and Secondary, Graft, and
Contralateral ACL Injury Risk

Pooled RD calculations are presented in
forest plots (FIGURES 2 through 4) at the
95% CI. There was 3% less risk (95% CI:
-16%, 10%) of a second ACL injury after
passing RTS criteria, with high levels of
calculated heterogeneity (I> = 74%) (FIG-
URE 2). None of the 3 calculations reached
statistical significance.

RTS Criteria

A comprehensive description of each
study’s RTS criteria and cutoff scores can
be found in TABLE 2. Between-study com-
parisons by individual RTS criterion are
provided in TABLE 4.

Diagnostic Accuracy

The diagnostic accuracy and positive
likelihood ratio, negative likelihood ratio,
and DOR values of each set of RTS crite-
ria for prediction of a second ACL injury
are presented in TABLE 5. The RTS criteria
tested by Grindem et al*> demonstrated
the best discriminatory ability (DOR
= 3.28; 95% CI: 0.40, 154.23), highest
sensitivity (0.90; 95% CI: 0.55, 1.00),
and the lowest negative likelihood ratio
(0.37; 95% CI: 0.06, 1.63), indicating a
small decrease in the posttest probability
of a second ACL injury after passing RTS
criteria.”

DISCUSSION

HERE IS AN URGENT NEED TO DE-
velop effective RTS criteria, given
the significant risk of a second ACL

inj ury fOHOWing ACLR 23,33-36,39,51,66,67,69,83

Previous literature has established the
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prevalence of RTS objective-measure
utilization® and incidence of a second
ACL injury, without consideration of RTS
testing.®® The purpose of this review was
to examine the association of objective
criteria-based RTS decisions with risk of
asecond ACL injury. The primary finding
was a nonsignificant association between
passing objective RTS criteria and the
risk of a second ACL injury (RD, -3%;
P =.610), an ACL graft injury (RD, -7%;
P = .140), and a contralateral ACL injury
(RD, 4%; P = .160).

The authors of this review elected to
calculate the absolute risk of a second
ACL injury (RD) compared to a rela-
tive measure of association (risk ratio),

because absolute risk allows judgment
on the clinical relevance of pooled esti-
mates.* These results indicate the need
for continued research to prospectively
examine objective criteria-based RTS
decisions. While not statistically signifi-
cant, there was more risk of a contralat-
eral ACL injury after passing RTS criteria
(RD, 4%; P = .160). This potentially im-
plies that RTS criteria and comparison
metrics may not accurately assess con-
tralateral-limb function and are poor in-
dicators of contralateral ACL injury risk.

This review found higher incidence of
ACL graft injury compared to contralat-
eral ACL injury (7.2% versus 5.1%). The
ACL graft injury incidence is similar to

previously reported values®?; however,
contralateral injury incidence was slight-
ly lower.®> Most concerning, this review
determined that 12% (95% CI: 3%, 26%)
of those who failed RTS testing suffered
a graft injury, compared to 5.9% (95%
CI: 2%, 11%) of patients who passed. Al-
though not statistically significant, there
may be a protective association between
passing RTS criteria and ACL graft rein-
jury (RD, -7%; P = .140). It is plausible
that additional research will demonstrate
less risk of an ACL graft injury after pass-
ing RTS criteria.

The low number of studies meet-
ing selection criteria and differences in
source populations, ages, and competition

TABLE 2

STUDY CHARACTERISTICS AND RTS CRITERIA

OCEBM Downs and Black” Population*

RTS Criteria

Passing Threshold
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n =158 (all male)
Age, 2122y
Professional Qatari athletes
Grafts: HS, n=108; BPTB, n = 50
Football, n = 105; handball, n = 21;
not specified, n = 32
n =95 (male, n = 63; female, n = 32)
Age, 2714 £10.59y
Level 1 or 2 sport participation
Grafts®: BPTB, n = 2; HS, n = 37, allograft,
n=69
n =100 (male, n = 46; female, n = 54)
Age, 24.3 y; 4.8 mo from injury to surgery

Norwegian arm of Delaware-Oslo cohort study

Level 1 or 2 sport participation

Handball, n = 30; football, n = 53; basketball,
n = 6; floorball, n =11

Level 2 sport, n=17

Grafts: BPTB, n = 33; HS, n = 67

n =223 (male, n = 92; female, n = 131)

Isolated ACLR

Age: excellent group, 24 +12.1y; delayed
group, 272 117y

Preinjury Tegner: excellent group, 72; delayed

group, 6.5

Isokinetic test at 60°4, 180°4, and 300°4

Single hop, triple hop, triple crossover hop

Running T test

Fully complete on-field sport-specific
rehabilitation

Isometric quadriceps strength

Single hop, crossover hop, triple hop, 6-m
timed hop

KOS-ADL

Global rating scale of perceived function

Isokinetic concentric quadriceps strength
at60°/4

Single hop, crossover hop, triple hop, 6-m
timed hop

KOS-ADL

Global rating scale of perceived function

Isokinetic quadriceps and hamstring
strength at 60°/4 and 180°/5
Vertical jump, single hop, triple jump

Quadriceps LSI >90% at 60°/4
LSI >90% on all hop tests
<11son running T test

Complete rehabilitation: yes or no

Q1>90%

LSI>90% on all hop tests
KOS-ADL >90%

Global rating >90%

LSI>90%

LSI >90% on all hop tests
KOS-ADL >90%

Global rating >90%

LSI>85%
LSI >90% on all hop tests

quadriceps index; RTS, return to sport.
*Age values are mean or mean + SD.
"Indicates individual cohort study.

Indicates individual case-control study.

“Score indicates high study methodological quality.
SOnly 95 0f 108 enrolled patients were analyzed by the study.
'Only required patients to pass 6 out of 7 RTS criteria.

Abbreviations: ACLR, anterior cruciate ligament reconstruction; BPTB, bone-patellar tendon-bone autograft; HS, hamstring autograft; KOS-ADL, Knee Out-
come Survey-activities of daily living subscale; LSI, limb symmetry index; OCEBM, Oxford Centre for Evidence-Based Medicine Level of Evidence score; QI,
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levels could explain the imprecision of
pooled estimates and substantial levels
of heterogeneity (I* = 74%). One study®
(n = 158) examined competitive athletes
(male professional athletes). Higher
levels of competition have been shown

| RESEARCH REPORT ]

to increase the baseline risk for ACL
injury.®® Although this review demon-
strated “substantial” heterogeneity (I* =
51%-75%),%*® higher levels were seen in
a meta-analysis by Wiggins et al®* (I? =
94%). This finding may be indicative of

the inherent heterogeneity of available
literature on this population.
Additionally, the time from RTS to re-
injury could be an important confound-
ing factor in these estimates. This review
did not establish a time point for analysis

Second ACL Injury
Failed Passed

Study Events, n Total, n Events, n Total, n Weight Risk Difference IV, Random (95% Confidence Interval)
Grindem et al® 9 55 1 18 239% 0.11(-0.04, 0.25) —
Kyritsis et al® 16 42 21 116 221% 0.20 (0.04, 0.36) —_—
Nawasreh et al*/ 3 47 4 48 278% -0.02 (-0.12, 0.09) —
Sousa et al®® 16 7 1 52 26.3% -0.12 (-0.24, 0.00) —
Total* 44 315 37 234 100.0% 0.03 (-010, 0.16)

T T 1 T T
-05 -0.25 0.0 0.25 05
Less Risk More Risk

Abbreviations: ACL, anterior cruciate ligament; IV, independent variable.
*Heterogeneity: 1° = 0.01, X* = 11.74, df = 3 (P = .008), I? = 74%. Test for overall effect: z = 0.51 (P = .61).

FIGURE 2. Risk difference of a second ACL injury. The pooled effect reflects the association of failing return-to-sport criteria with second ACL injury risk. The pooled estimate
describing the association of passing return-to-sport criteria with second ACL injury risk is the inverse of the reported value.

ACL Graft Injury
Failed Passed
Study Events, n Total, n Events, n Total, n Weight Risk Difference IV, Random (95% Confidence Interval)
Grindem et al*® 8 55 0 18 23.2% 0.15(0.03, 0.26) R
Kyritsis et al® 14 42 2 116 189% 0.23(0.08, 0.38) _
Nawasreh et al 2 47 3 48 271% -0.02 (-0.11, 0.07) —
Sousa et al®® 8 171 2 52 309% 0.01(-0.05, 0.07) —
Total* 32 315 17 234 100.0% 0.07 (-0.02,0.17) 4‘

T T T T T
-02 -01 0.0 0.1 0.2
Less Risk More Risk

Abbreviations: ACL, anterior cruciate ligament; IV, independent variable.
*Heterogeneity: 1° = 0.01, x*> = 11.72, df = 3 (P = .008), I? = 74%. Test for overall effect: z = 1.49 (P = .14).

FIGURE 3. Risk difference of ACL graft injury. The pooled effect reflects the association of failing return-to-sport criteria with second ACL injury risk. The pooled estimate
describing the association of passing return-to-sport criteria with second ACL injury risk is the inverse of the reported value.

Contralateral ACL Injury

Failed Passed
Study Events, n Total, n Events, n Total, n Weight Risk Difference IV, Random (95% Confidence Interval)
Grindem et al*® 1 55 1 18 16.2% -0.04 (-0.15,0.07) —
Kyritsis et al®® 2 42 9 116 26.5% -0.03 (-0.11, 0.05) _
Nawasreh et a7 1 47 1 48 40.2% 0.00 (-0.06, 0.06) ——
Sousa et al® 8 71 9 52 172% -0.13(-0.23,-0.02)
Total* 12 315 20 234 100.0% -0.04 (-0.09, 0.01)
02 -0 00 0 02
Less Risk More Risk

Abbreviations: ACL, anterior cruciate ligament; IV, independent variable.
*Heterogeneity: 1° = 0.00, X* = 4.16, df = 3 (P = .24), I = 28%. Test for overall effect: = = 1.40 (P = .16).

FIGURE 4. Risk difference of contralateral ACL injury. The pooled effect reflects the association of failing return-to-sport criteria with second ACL injury risk. The pooled
estimate describing the association of passing return-to-sport criteria with second ACL injury risk is the inverse of the reported value.
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because follow-up times were variable
between included studies (range, 24-68
months),?*3*#769 potentially influencing
RTS estimates. This information may pro-
vide insight into how duration of time (or
how many exposures to risk) to pass RTS
criteria reduces risk following ACLR.*
To the researchers’ knowledge, there
has been no direct comparison between

various RTS criteria and their ability to
determine the probability of a second ACL
injury. Each included study’s RTS criteria
demonstrated varying discriminatory
ability (DOR range, 0.39-3.28) (TABLE 5).
Grindem et al*®> demonstrated the high-
est sensitivity (0.90), lowest negative
likelihood ratio (0.37), and highest DOR
(8.28); however, they had fewer patients

for follow-up compared to the other 3 in-
cluded studies (n = 73).23354769 Two stud-
ies*”%? had a DOR ofless than 1, indicating
no discriminate capabilities.?® Based on
DOR results, the RTS criteria reported by
Grindem et al*® warrant further investiga-
tion and potential clinical use. Grindem
et al* used strict cutoff scores that led to
75.3% of patients failing RTS testing.?
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TABLE 3

INCIDENCE PROPORTIONS BY STUDY AND STATISTICALLY POOLED RESULTS

Study Pass/Fail ACL Graft Injury Contralateral ACL Injury Second ACL Injury* Overall Second ACL Injury®
Kyritsis et al*® 37158, 23.4%
Pass 116/158, 73.4% 12/116,10.3% Y116, 78% 21/116,18.1%
Fail 42/158, 26.6% 14/42, 33.3% 2/82,4.8% 16/42, 381%
Nawasreh et al*’ 795, 74%
Pass 48/95, 50.5% 3/48,6.3% 1/48,2.1% 4/48,8.3%
Fail 47/95, 49.5% 2/47,4.3% 1/47,2.1% 3/47,6.4%
Grindem et al® 10/73,137%
Pass 18/73, 24.7% 0/18, 0% 1/18,5.6% 1/18,5.6%
Fail 55/73,75.3% 8/55,14.5% 1/55,1.8% 9/55,16.4%
Sousa et al*® 27/223,121%
Pass 52/223,23.3% 2/52,39% 9/52,17.3% 11/52, 21.2%
Fail 171/223,76.7% 8/171, 47% 8/171,47% 16/171, 9.4%
Pooled total
Pass 42.7% (95% Cl:18%, 69%)  59% (95% Cl: 2%, 11%) 75% (95% Cl: 1%, 17%) 14.4% (95% Cl: 8%, 21%)

Fail 57.3% (95% Cl: 31%, 82%)
Pooled incidence*

12% (95% Cl: 3%, 26%)
72% (95% Cl: 4%, 11%)

Abbreviations: ACL, anterior cruciate ligament; CI, confidence interval.
*Second ACL injury = ACL injury,, ., + ACL injury, ., uaterar

Overall second ACL injury = second ACL injury,,, + second ACL injury ;.
“Pooled incidence = pooled total,,,, + pooled total,,

fail*

3.5% (95% Cl: 2%, 6%)
51% (95% Cl: 3%, 8%)

15.6% (95% ClI: 6%, 29%)
13.9% (95% CI: 8%, 21%)

TABLE 4 COMPONENTS OF RETURN-TO-SPORT CRITERIA BY STUDY
Triple Sport-
Isokinetic  Isometric Crossover 6-mTimed Vertical Triple Specific
Study Testing* Testing!  Single Hop  Triple Hop Hop Hop Jump Jump TTest  Rehabilitation KOS-ADL  GRSPF
Kyritsis et al*® v - v v v - - _ v v _ _
Grindem et al® Vs - v v v 7 . _ _ - v v
Nawasreh et al - v v v v v - - - _ v v
Sousa et al® v - v - - - v v - - - -

Abbreviations: v, used as return-to-sport criterion; -, not used as return-to-sport criterion; GRSPF, global rating scale of perceived function; KOS-ADL, Knee
Outcome Survey-activities of daily living subscale.

*Isokinetic quadriceps and/or hamstring strength testing at 60°/s, 180°/s, and/or 300°/s.

Isometric strength testing via maximal voluntary isometric contraction of the quadriceps.

“Isokinetic quadriceps and hamstring strength testing at 60°/s, 180°/s, and 300%/5.

SIsokinetic quadriceps strength testing at 60%5.

'Isokinetic quadriceps and hamstring strength testing at 60%/s and 180°%5.
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Researchers have suggested that optimal
cutoff scores (isokinetic strength and hop
tests) should be 90% or greater to 100%
on a limb symmetry index (LSI) for com-
petitive athletes; however, no included
study used a passing LSI of greater than
90%.'676 This could have diminished test
sensitivity and the DOR.

This review examined the difference
in risk and the probability of a second
ACL injury after passing all RTS criteria,
but not the impact of partially meeting
RTS criteria on second ACL injury risk.
It may be valuable to further investigate
how partially meeting RTS criteria (ie,
passing 5 of 7 criteria or failing a specific
test) may alter risk. Two included stud-
ies** identified independent risk factors
for an ACL graft injury (more symmetri-
cal quadriceps strength and improved
hamstring-to-quadriceps strength ratio).

Time from surgery to return to sport
may be a key moderator of second ACL
injury risk, based on evidence from 2 in-
cluded studies.?>% There is no consensus
on the optimal timing of return to sport.
Grindem et al*® determined that for every
month return to sport was delayed (up
to 9 months), the incidence of any knee
reinjury was reduced by 51%. Returning
to sport at 6 months was shown to be an
independent predictor of contralateral
ACL injury.® Delayed return to sport
was shown to be protective of second
ACL injury in a pediatric population.™
Patients in competitive sports who were
allowed to self-select when to return to
sport following ACLR chose to return to
preinjury activity levels at approximately
8 months.*

| RESEARCH REPORT ]

It has been proposed that biologi-
cal healing, neuromuscular control, and
proprioceptive and strength recovery
require up to 2 years to normalize fol-
lowing ACLR.*¢ The timeline of cortical
dysfunction recovery following ACLR
is unknown.” A window of highest in-
cidence of second ACL injury, seen be-
tween 6 months and 2 years post ACLR,
has been described, coinciding with the
described healing phase.?”*6 Time from
surgery to return to sport is likely a sur-
rogate measure of multiple variables,
including increased time addressing
strength and kinematic deficits, recover-
ing proprioceptive loss, additional tissue
healing, and overcoming any psychologi-
cal or cortical impairments.

Unresolved ipsilateral deficits can
place additional demands, potentially
above the physiologic capacity, on the
contralateral limb. This is a possible
cause of the greater risk for a contralater-
al ACL injury found in this review. Time
from surgery should be an important
consideration in RTS decision making,
based on available evidence. Returning to
sport prior to 9 months following ACLR
could be detrimental to the patient.

Twelve different RTS tests were re-
ported in this review. The most common
criterion (100%) was the single-leg hop
test.?23547.69 Although single-leg hop LSI
score was a key component in RTS test-
ing, its ability to alter second ACL in-
jury risk and predict future knee injury
has not been established.®916:2:2676 Two
included studies found that no hop test
was predictive of a second ACL injury,
even though passing LSI scores were in

accordance with published recommen-
dations.?>3%6976 Recent evidence dem-
onstrates that using percentage of body
height as a normalized hop distance has
some predictive validity.”> These com-
parison metrics (LSI versus percent of
body height) have not been directly com-
pared to determine enhanced predictive
ability. Additionally, quantitative mea-
surement (distance and LSI) may not
provide enough information to optimize
test sensitivity.

Valgus loading®****¢ and altered pos-
tural stability’**® during landing tasks
have been shown to predict future injury.
Adolescent athletes following ACLR met
hop test symmetry by hopping a shorter
distance on the contralateral limb and
demonstrated lower knee energy absorp-
tion compared to controls.®* Assessing
kinematic variables during hop testing
may be warranted for RTS testing based
on limitations with current comparison
metrics (LSI).*s Validated clinical evalu-
ations of jump-landing mechanics have
been previously reported and may pro-
vide valuable information when making
RTS decisions.016:19:21.50

Concentric isokinetic quadriceps
strength testing at 60°/s was the second
most common RTS criterion (75%).223569
Cutoff scores differed across included
studies. Passing scores have been variably
reported in the literature (85%-100% on
the LSI), likely contributing to observed
differences.'®2>2>69%7 Thomeé et al”’ de-
termined that individuals 12 months post
ACLR have significant difficulty achieving
90% or greater on the LSI for strength
tests. Evidence suggests that patients may

TABLE 5 Di1AGNOSTIC ACCURACY OF RETURN-TO-SPORT CRITERIA*
Study Sensitivity Specificity +LR -LR DOR
Kyritsis et al® 0.43(0.27,061) 079 (070, 0.85) 2.01(1.20, 3.26) 073 (052, 093) 276 (117.6.50)
Grindem et al® 090 (0.55, 1.00) 0.27 (0.17,0.40) 1.23(0.80,1.52) 0.37 (0.06, 1.63) 3.28 (0,40, 154.23)
Nawasreh et al”” 0.43(0.10,0.82) 050 (0.39, 0.61) 0.86 (0.31, 1.60) 114 (049, 1.84) 075 (010, 473)
Sousa et al® 059 (0.39,078) 0.21(0.15,0.27) 075 (0.51,097) 195 (110, 3.15) 0.39(0.15,1.00)

*Values are mean (95% confidence interval).

Abbreviations: DOR, diagnostic odds ratio; -LR, negative likelihood ratio; +LR, positive likelithood ratio.
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have difficulty meeting higher LSI scores,
even 2 years following ACLR.16:234647.76.77

Nawasreh et al*” measured isometric
quadriceps strength and demonstrated
that patients who did not meet RTS cri-
teria (including a quadriceps index of
90% or greater) at 6 months following
ACLR were not able to achieve the quad-
riceps index score at 12 or 24 months.
Isokinetic LSI comparisons were shown
to overestimate muscle function.® Well-
sandt et al®> described the estimated
preinjury capacity statistic and found
that only 28.6% of their cohort met a
score of 90% of the estimated preinjury
capacity at 6 months, versus 57.1% who
scored 90% on the LSI. Further research
is warranted to understand the utility of
estimated preinjury capacity measure-
ment in this population.

It has been reported that persistent
psychological impairments reduce the
capability of an individual to success-
fully return to preinjury competition
level.>"® Two included studies (50%) used
patient-reported outcome measures as
part of their RTS criteria.?**” Qualitative
studies suggest that individuals follow-
ing ACLR are most concerned with fear
of reinjury.>**” Psychological measure-
ments are advocated as essential aspects
of a biopsychosocial approach to RTS
decisions.?>>16:387.78 The gold standard as-
sessment tool and necessary “amount of
confidence” are currently unknown. This
is best highlighted by a recent study,*
which determined that high knee confi-
dence was included in a “high ACL re-
injury risk” profile. Further research to
identify the appropriate assessment tool
and cutoff scores is warranted.

Limitations

This systematic review identified a lim-
ited number of studies (n = 4), reducing
the total sample size and number of ACL
injury events, which potentially impacted
the ability to reach statistical significance
in RD analyses. High levels of heteroge-
neity (I* = 74%), likely attributable to
clinical diversity®> between studies (de-
mographics, competition levels, RTS

criteria, RTS time frames), decreased
the value of pooled estimates and might
have affected the ability to reach statisti-
cal significance. Heterogeneity was con-
sidered during GRADE assessment, and
the results of the meta-analysis were dis-
cussed in the context of the confidence of
the pooled estimate. Meta-analysis was
reported despite high levels of heteroge-
neity, due to lack of prospective review
protocol registration and to eliminate
concerns of reporting bias.

The variability of return to sport was
reported in included studies (potential for
reporting bias), none of which matched
the 2016 consensus statement on RTS
definition,* due to similar publication
dates for 3 included studies. Further,
the competition level of patients who
returned to sport was not controlled for
and could have significantly affected risk
of reinjury. Follow-up times were also dif-
ferent among studies. Longer follow-up
times after return to sport could result
in increased exposures to higher-risk
activities. Due to variation in reporting,
this review did not establish a follow-up
duration cut point to perform the analy-
sis, possibly confounding the results by
increasing the incidence of a second ACL
injury. The risk of a second ACL injury
was not determined based on graft type
or sex due to inconsistent categorization
of patients in the included studies.

CONCLUSION

HIS REVIEW DEMONSTRATED THAT

current objective criteria-based RTS

decisions did not show an associa-
tion with the risk of a second ACL inju-
ry. This conclusion was based on a very
low quality of evidence due to observed
heterogeneity and imprecision between
the included studies. This review cannot
confidently conclude that there is no as-
sociation between passing objective RTS
criteria and risk of a second ACL injury.
Studies included in this review demon-
strated clinically important findings
regarding RTS decisions that warrant
attention. Additional high-quality stud-

ies are encouraged and may alter these
conclusions. ®

IRKEY POINTS

FINDINGS: This review demonstrates that
there are few studies examining criteria-
based return-to-sport (RTS) decisions
following anterior cruciate ligament re-
construction and that RTS criteria may
be suboptimal at reducing the risk of a
second anterior cruciate ligament injury
in a heterogeneous population.
IMPLICATIONS: The current evidence indi-
cates that there may be a need for con-
tinued research to determine optimal
RTS criteria.

CAUTION: This review was based on a lim-
ited number of studies and a very low
quality of evidence when examining dif-
ferent subgroups after anterior cruciate
ligament reconstruction, thus prevent-
ing definitive conclusions on this topic.
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APPENDIX A

COMPUTER-ASSISTED SEARCHES

PubMed/MEDLINE

(surgery[tiab] OR surgical[tiab] OR repair[tiab] OR reconstructive[tiab] OR reconstruction[tiab] OR “surgery” [Subheading] OR “Reconstructive Surgi-
cal Procedures”[Mesh] OR graft[tiab] OR autograft[tiab]) AND (“Anterior Cruciate Ligament”[Mesh] OR “Anterior Cruciate Ligament”[tiab] OR ACL[tiab]
OR ACLR[tiab]) AND (“athletes”[MeSH Terms] OR “athletes”[tiab] OR “Athletic Injuries”[Mesh] OR athletic[tiab] OR “sport”[tiab] OR “sports"[MeSH
Terms] OR “sports”[tiab] OR “Military Personnel”[Mesh] OR military[tiab] OR soldier[tiab] OR soldiers[tiab]) AND (“return to sport"[MeSH Terms]

OR “Return to sport"[tiab] OR “Return to sports”[tiab] OR “return to play”[tiab] OR “return to competition"[tiab] OR “return to"[tiab] OR “return to
duty”[tiab] OR “return to activity"[tiab]) NOT (Editorial[ptyp] OR Letter[ptyp] OR Case Reports[ptyp] OR Comment[ptyp]) NOT (animals[mh] NOT
humans[mh])

Embase

(surgery:ab,ti OR surgical:ab,ti OR repair:ab,ti OR reconstructive:ab,ti OR reconstruction:ab,ti OR graft:ab,ti OR autograft:ab,ti) AND (‘anterior cruciate
ligament'/de OR acl:ab,ti OR aclr:ab,ti) AND (‘athlete’/de OR athletes:ab,ti OR ‘sport injury’/de OR athletic:ab,ti OR sport:ab,ti OR sports:ab,ti OR ‘sport’/
de OR ‘military’/de OR ‘army’/de OR ‘soldier’/de OR ‘soldiers’) AND (‘return to sport'/de OR ‘return to sport’:ab,ti OR ‘return to sports”:ab,ti OR ‘return
to play’:ab,ti OR ‘return to competition:ab,ti OR ‘return to:ab,ti OR ‘return to duty”:ab,ti OR ‘return to activity":ab,ti) AND [humans]/lim AND [english]/
lim AND [embase]/lim

SPORTDiscus

(DE “ANTERIOR cruciate ligament” OR “anterior cruciate ligament”) AND (surgery OR surgical OR repair OR reconstructive OR reconstruction OR OR
graft OR autograft) AND (“return to sport” OR “Return to sports” OR “return to play” OR “return to competition” OR “return to” OR “return to duty” OR
“return to activity”)

CINAHL

((MH “Surgery, Reconstructive+") OR surgery OR surgical OR repair OR reconstructive OR reconstruction OR graft OR autograft) AND ((MH “Anterior
Cruciate Ligament”) OR (MH “Anterior Cruciate Ligament Injuries”) OR (MH “Anterior Cruciate Ligament Reconstruction”) OR “Anterior Cruciate Liga-
ment” OR ACL OR ACLR) AND ((MH “Sports+") OR (MH “Athletes+") OR (MH “Athletic Injuries”) OR (MH “Military Personnel”) OR “athletes” OR athletic
OR “sport” OR “sports” OR military OR soldier OR soldiers) AND ((MH “Sports Re-Entry”) OR “Return to sport” OR “Return to sports” OR “return to
play” OR “return to competition” OR “return to” OR “return to duty” OR “return to activity”)

ProQuest Dissertations and Theses Global

all(surgery OR surgical OR repair OR reconstructive OR reconstruction OR graft OR autograft) AND all(“Anterior Cruciate Ligament” OR ACL OR ACLR)
AND all(athletes OR athletic OR sport OR sports OR military OR soldier OR soldiers) AND all(“Return to sport” OR “Return to sports” OR “return to play”
OR “return to competition” OR “return to” OR “return to duty” OR “return to activity”)
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APPENDIX B

GRADING OF RECOMMENDATIONS ASSESSMENT, DEVELOPMENT AND EVALUATION SCALE®®

Quality Interpretation

High Very confident that the true effect lies close to that of the estimate of the effect

Moderate Moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different
Low Confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect

Very low Very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect
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APPENDIX C

SUMMARY OF INCLUDED STUDIES

For all summaries, patient demographics, return-to-sport (RTS) criteria, and cutoff scores can be found in TABLE 2. Reinjury statistics and pass and fail
incidences can be found in TABLE 3.

Kyritsis et al®

Kyritsis et al®® published data from 158 male professional athletes treated at Aspetar Orthopaedic and Sports Medicine Hospital following primary ante-
rior cruciate ligament reconstruction (ACLR). They tested 6 RTS criteria and tracked their patients to determine who sustained an anterior cruciate liga-
ment (ACL) graft injury (TABLE 2). Those who successfully met RTS criteria were considered “fully discharged.” They reported a secondary ACL injury
incidence of 10.3% (12/116) for the fully discharged patients and 33.3% (14/42) for patients who were not discharged (TABLE 3). They also reported 11
contralateral ACL injuries, which were not included in their analysis. The time from RTS until secondary injury for 65% (17/26) of patients was within 6
months of discharge. Regression modeling determined that patients who had a lower hamstring-to-quadriceps ratio were at risk for injury (every 10%
decrease in that ratio equaled a 10.6-fold higher risk). The authors concluded that athletes who did not meet RTS criteria had a 4-fold greater risk of
sustaining an ACL graft rupture.

Grindem et al®

Grindem et al® published data from 100 patients in the Norwegian arm of the Delaware-Oslo ACL cohort study following ACLR. They utilized 7 RTS criteria
(TABLE 2). Sixty-nine patients completed functional testing. They sought to determine the risk of all knee injuries following RTS. The secondary knee injury
incidence was 22 of 74 for those who returned to level 1 sports. Failure to pass RTS criteria occurred in 55 of 73 (75.3%) patients (TABLE 3). Twenty-one
patients who failed RTS criteria suffered a knee injury (38.2%). Time from RTS to reinjury was between 3 and 22 months post ACLR (median, 13 months).
Individuals who returned to a level 1 sport were 4 times more likely to experience a knee injury in the first 2 years. The authors found that a 1% increase in
quadriceps limb symmetry index was correlated with a 3% reduced reinjury risk. They also determined that within the first 9 months, a later RTS was as-
sociated with a lower reinjury risk (for every 1-month delay in RTS, knee injury incidence was reduced by 51%).

Sousa et al®

Sousa et al® published data from a case-control retrospective review of 223 patients who underwent primary ACLR by a single surgeon from 1998

to 2005. The patients followed identical rehabilitation protocols and were eligible for undergoing a 7-item RTS test battery at 6 months post surgery
(TABLE 2). A satisfactory result in 6 of 7 tests would categorize them as the “excellent 6-month group”; if they did not reach satisfactory performance,
then they were categorized as the “delayed 6-month group” (TABLE 2). Fifty-two of 223 (23%) patients were in the excellent group and 171 of 223 (77%)
were in the delayed 6-month group (TABLE 3). Ipsilateral graft reinjury incidence for the entire population was 10 of 223, and contralateral ACL injury
occurred in 17 of 223 (8%) patients at a mean of 44 months (range, 22-123 months) post ACLR (TABLE 3). The authors concluded that patients return-
ing to sport 6 months after ACLR were at increased risk for a contralateral ACL injury.

Nawasreh et al¥

Nawasreh et al published data from a cohort study of 95 patients who underwent ACLR and completed RTS testing after injury during level 1 or 2 sport
competition. Of the 108 initially enrolled, full data sets (6-, 12-, and 24-month follow-ups) were available for 60 patients. They utilized 7 RTS criteria
(TABLE 2). Forty-eight of 95 (51%) passed RTS criteria at 6 months post ACLR. Seven of 95 (7.4%) patients suffered a second ACL injury, 3 of 7 (43%)
patients failed RTS criteria, and 4 of 7 (57%) passed RTS criteria. The authors concluded that a battery of RTS tests that include performance-based
and patient-reported outcomes could be utilized to identify those with persistent dysfunction and possible higher risk of a second ACL injury.
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APPENDIX D

MODIFIED DOWNS AND BLACK" SCORES FOR ALL INCLUDED STUDIES*

Modified Downs and Black Score Distributiont

Study 1 2 3 4 5 6 7 8 9 10 1 12¢ 13 14 15 Total
Kyritsis et al*® 1 1 N 1 1 1 1 N 1 1 1 2 N N 1 12
Grindem et al® 1 1 1 N 1 1 1 N 1 1 1 2 1 N 1 13
Nawasreh et al 1 1 1 N 1 N 1 N 1 1 1 2 1 N 1 12
Sousa et al® 1 1 1 1 1 1 1 N 1 1 1 2 1 N 1 14

Abbreviation: N, criterion not met.

*K = 0.54 £ 0.13 (moderate agreement).

TAssesses study quality based on a set of 15 questions, with a total score of 16. A score of 1 indicates that the criterion was met. Items: 1, Hypothesis/aim/objec-
tive of the study clearly described; 2, Characteristics of the patients clearly described; 3, Patient sample representative of patients treated in routine clinical
practice; 4, Is there information on the possibility of selection bias? 5, Was a comparison group identified and clearly defined? 6, Are the main outcomes clearly
described in the Introduction or Methods? 7, Were the main outcome measures used accurate (valid and reliable)? 8, Was there any attempt to blind those
measuring the main outcomes? 9, Are the main findings of the study clearly described? 10, Does the study provide estimates of random variability? 11, Were the
statistical tests used to assess the main outcomes appropriate? 12, Are the distribution of principal confounders in each group of subjects to be compared clearly
described? 13, Was there adequate adjustment for confounding in the analyses from which the main findings were drawn? 14, Was a sample-size calculation
reported? 15, Was there sufficient power to detect a clinically important effect where the probability value for a difference being due to chance is less than 5%?
*Item 12 had score options of 2, fully described and 1, partially described.

A4 | FEBRUARY 2019 | VOLUME 49 | NUMBER 2 | JOURNAL OF ORTHOPAEDIC & SPORTS PHYSICAL THERAPY



Downloaded from www.jospt.org at on October 18, 2024. For personal use only. No other uses without permission.

Copyright © 2019 Journal of Orthopaedic & Sports Physical Therapy®. All rights reserved.

Journal of Orthopaedic & Sports Physical Therapy®

APPENDIX E

GRADE TABLE FOR RISK OF SECOND ACL INJURY OUTCOME®

GRADE Criteria Possible Rating Rating Score Given Justification (Explanation of Downgrading or Upgrading)
Study design RCT (starts at +4, high quality), NRCT (starts at +2 Only NRCT studies available

+2, low quality)
Risk of bias No, serious (-1), very serious (-2) 0 Any plausible bias unlikely to seriously alter this outcome
Inconsistency No, serious (-1), very serious (-2) -1 Although inconsistency above acceptable standards was noted

(1> =74%, P = .008), there are factors that explain this inconsis-
tency (source population, return-to-sport criteria tested, cutoff

scores)

Indirectness No, serious (-1), very serious (-2) 0 No serious concerns for indirectness of the evidence

Imprecision No, serious (-1), very serious (-2) -1 There is concern for imprecision of the estimate due to wide confi-
dence intervals, with each end indicating an opposite effect

Publication bias Undetected, strongly suspected (-1) 0 Undetected, and variation in funnel-plot symmetry likely due to
heterogeneity

Upgrading factors Large effect (+1 or +2), dose response (+1 or +2), 0 No upgrading factors

no plausible confounding (+1 or +2)
Overall quality-of-evidence score* 0t

Abbreviations: ACL, anterior cruciate ligament; GRADE, Grading of Recommendations Assessment, Development and Evaluation scale; NRCT, nonrandom-
ized controlled trial; RCT, randomized controlled trial.

*Sum of rating score given for all GRADE criteria. High quality, 4 or greater; moderate quality, 3; low quality, 2; very low quality, 1 or less.

Very low quality.

RISK-OF-BIAS TABLE, ADAPTED FROM ROBINS-17° AND USED IN GRADE DETERMINATION

Selection of Measurement Selection of
Study Confounding Participants Missing Data of Outcome Reported Result Overall Bias
Kyritsis et al*® Low Low Low Low Low Low
Grindem et al® Low Low Low Low Low Low
Nawasreh et al*/ Low Low Moderate Low Low Low
Sousa et al® Low Moderate Low Low Low Low

Abbreviations: GRADE, Grading of Recommendations Assessment, Development and Evaluation scale; ROBINS-I, Risk Of Bias In Non-randomised Studies-of
Interventions.

SE (RD)

010 T T T T T
-0.50 -0.25  0.00 0.25 0.50

RD

Funnel plot for second anterior cruciate ligament injury RD analysis.
Abbreviations: RD, risk difference; SE, standard error.
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APPENDIX F

AMSTAR, VERSION 2%

Question* Criteria Met Justification

1 Yes PICO established in research question and selection criteria

2 No Methods were not established prior to conducting this review

3 No RCTs and NRSI were allowed due to low number of studies on the topic

4 Yes Searched 5 databases, considered gray literature, provided all searches for reviewers, and searched within 24 months

5 Yes Two reviewers independently performed study selection

6 Yes Two reviewers independently performed data extraction

7 Partial yes Alist of reasons for excluded studies was provided, but not a complete list of references

8 Yes Adequate and thorough description of included studies was provided

9 Yes Risk of bias was reported and used to factor into GRADE scoring

10 Yes Funding sources of included studies were reported

1 Yes Appropriate statistical analysis methodology was used

12 Yes Risk of bias was considered during GRADE scoring, which impacts the quality-of-evidence rating and the strength of this review's
conclusion

13 Partial yes Risk of bias was considered during GRADE scoring, but not individually discussed

14 Yes Satisfactory explanation for heterogeneity was provided

15 Partial yes Publication bias was considered during GRADE scoring, but not further discussed

16 Yes We reported no competing interests

Abbreviations: AMSTAR, A MeaSurement Tool to Assess systematic Reviews; GRADE, Grading of Recommendations Assessment, Development and Evaluation
scale; NRSI, nonrandomized studies of health care interventions; PICO, patient/problem, intervention, comparison, outcome; RCT, randomized controlled trial.
*Framework for development of research questions: 1, Did the research question and inclusion criteria include PICO? 2, Were review methods/protocol estab-
lished prior to conduct of review? 3, Did the authors explain selection criteria based on study design? 4, Was there a comprehensive literature search? 5, Was
the study selection in duplicate? 6, Was data extraction in duplicate? 7, Was a list of excluded studies provided? 8, Did the authors describe included studies
in adequate detail? 9, Was there a satisfactory technigue to assess risk of bias? 10, Did the authors report sources of funding for included studies? 11, Were
appropriate statistical methods used for meta-analysis? 12, Did the authors assess the impact of risk of bias on results of meta-analysis? 13, Was risk of bias
accounted for when discussing results? 14, Was there discussion of heterogeneity? 15, Was there investigation into publication bias? 16, Was any conflict of
interest reported?

POTENTIAL SOURCES OF CONFLICT AND SOURCES OF FUNDING FOR INCLUDED STUDIES

Included Studies Potential Sources of Support (if reported in study)

Kyritsis et al*® Funding: none reported. The authors did not declare any conflicts of interest

Grindem et al® Funding: National Institutes of Health (R37 HD037985). The authors did not declare any conflicts of interest

Nawasreh et al” “One or more of the authors has declared the following potential conflict of interest or source of funding: this ongoing prospective cohort study was
funded by the National Institutes of Health (NIH R37HD37985, P30 GM103333) and a Promotion of Doctoral Studies (PODS) | Scholarship”

Sousa et al® Funding: none reported. The authors did not declare any conflicts of interest
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Accuracy of Clinical and Imaging Tests
for the Diagnosis of Hip Dysplasia and
Instability: A Systematic Review

ip pain is a commonly encountered reason for consultation in
physical therapy clinics. The current focus of nonarthritic hip
joint-related pathology is on femoroacetabular impingement
(FAI) syndrome, with publications reporting surgical outcomes
having increased 2600% over a 13-year period.? This has driven recent
efforts to reach consensus on the defi-
nition of nonarthritic hip joint-related

pathologies, such as FAI syndrome® or
labral tears. Systematic reviews and meta-

analyses have been published to summa-
rize the diagnostic accuracy of clinical
and imaging tests for these pathologies;
however, because individuals with other
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©BACKGROUND: Evidence concerning the ac-
curate clinical or imaging methods to diagnose hip
instability or hip dysplasia is currently scarce.

© OBJECTIVE: To summarize the diagnostic accu-
racy of clinical and imaging tests for the diagnosis
of hip dysplasia and instability.

©METHODS: A computer-assisted literature
search of the MEDLINE, CINAHL, and Embase
databases, using key words related to diagnostic
accuracy of the hip joint, was conducted on
March 6, 2018. The Preferred Reporting ltems for
Systematic Reviews and Meta-Analyses (PRISMA)
guidelines were used for the searching and report-
ing phases of the study. Quality assessment of bias
and applicability was conducted using the Quality
Assessment of Diagnostic Accuracy Studies-2
(QUADAS-2) tool. Diagnostic accuracy, including
sensitivity, specificity, likelihood ratio, and 95%
confidence interval, was summarized.

© RESULTS: Out of 3109 citations, 7 articles

were included. Two studies reported on 5 clinical
tests for hip instability and 5 studies reported on
5 radiographic measures for hip dysplasia. Only 1

study was not of low methodological quality. The
prone instability test moderately improved posi-
tive posttest probability by 38% to diagnose hip
instability. The Shenton line moderately to highly
improved posttest probability by 41% to 60% to
diagnose hip dysplasia.

© CONCLUSION: This systematic review sum-
marizes the diagnostic accuracy of various clinical
tests and radiographic measures for hip instability
and hip dysplasia. Further high-quality studies

are necessary to examine the diagnostic accuracy
of the clinical examination and radiography to
assist in ruling in or ruling out the diagnoses of hip
dysplasia and instability. Consensus is required to
standardize the definitions of these diagnoses and
their reference standards. The study was regis-
tered with the International Prospective Register
of Systematic Reviews (CRD42018089019).

@LEVEL OF EVIDENCE: Diagnosis, level 3b.
J Orthop Sports Phys Ther 2019;49(2):87-97.
Epub 30 Nov 2018. doi:10.251%/jospt.2019.8476

©KEY WORDS: center-edge angle, diagnostic
accuracy, prone instability test, radiography,
Shenton line

hip pathologies, such as hip dysplasia and
instability, may have similar patient char-
acteristics to those with FAI syndrome,*
these conditions need to be included in
a complete differential diagnosis of hip
pain. These diagnoses have been left
largely ignored in the literature.

The term hip dysplasia refers to mis-
alignment between the femoral head and
the acetabulum secondary to changes
in their shape, size, and orientation,*
resulting in structural instability that
causes mechanical overloading of the ac-
etabular rim during normal activities.*!?
Hip dysplasia, at its core, is a condition of
instability*® and has been linked with de-
velopment of early hip osteoarthritis.*'*
Dysplasia, especially borderline dyspla-
sia, has variable definitions,*? and the re-
liability of analyzing various radiographic
measures is questionable.?*3*

Traditionally, the definition has fo-
cused on radiography, with a lateral
center-edge angle (CEA) measurement
of less than 20° to 25° and/or an anterior
CEA of less than 20°.! The variability in
a consistent definition of dysplasia has
led to a proposed diagnostic framework,
grouping symptomatic dysplastic hips
into 3 categories based on the primary di-
rection of instability.*® This incorporation
of instability is more likely to encapsulate
the condition these individuals present

Department of Orthopaedic Surgery, Duke University Medical Center, Durham, NC. 2Duke University Orthopaedic Fellowship, Duke University Medical Center, Durham, NC.
3Faculty of Medicine, Université Laval, Quebec, Canada. “Department of Trauma and Orthopaedics, Croydon University Hospital, London, UK. *Department of Biological Sciences,
North Carolina State University, Raleigh, NC. The study was registered with the International Prospective Register of Systematic Reviews (CRD42018089019). 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, Doctor of Physical Therapy Division, DUMC 104002,
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with. Although instability of the hip joint
has been classically associated with hip
dysplasia, multiple intra-articular and
extra-articular factors may contribute to
hip instability.'52

The diagnostic process is an ongoing
assessment of whether sufficient infor-
mation has been collected. The goal of
information gathering in the diagnos-
tic process is to reduce the diagnostic
uncertainty enough to make optimal
decisions for subsequent care.'” The di-
agnoses of hip dysplasia and instability
lack precision. To our knowledge, a sys-
tematic synthesis of the diagnostic ac-
curacy regarding the clinical or imaging
tests for these pathologies does not exist.
Therefore, the purpose of this systematic
review was to summarize the diagnostic
accuracy of clinical and imaging tests
for the diagnosis of hip dysplasia and
instability.

METHODS

Registration

HE STUDY WAS REGISTERED ON FEB-
Truary 19, 2018 with the Inter-

national Prospective Register of
Systematic Reviews (PROSPERO), a
database of prospectively registered
systematic reviews for health and social
topics. The study was registered after the

pilot search and prior to the updated data
search (CRD42018089019).

Data Sources

The Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses of
diagnostic test accuracy studies (PRIS-
MA-DTA) guidelines® were utilized dur-
ing the searching and reporting phases
of this review. The PRISMA-DTA guide-
lines comprise a stand-alone extension
of the original 27-item checklist that was
designed to be used as a basis for report-
ing systematic reviews of randomized tri-
als,?¢ but can also be applied to multiple
research methodologies.?> The PRISMA-
DTA guideline checklist is designed to fa-
cilitate transparent reporting of reviews
of diagnostic accuracy studies.*

| RESEARCH REPORT ]

Identification and Selection

of the Literature

A computer-assisted literature search of
the MEDLINE, CINAHL, and Embase
databases was performed from inception
of each respective database to March 6,
2018. As the goal was to optimize the
sensitivity of our search strategy,*3°
and to increase the likelihood that all
appropriate studies were identified, we
also searched Google Scholar and hand
searched included studies for additional
references. The search strategy was devel-
oped in collaboration with a biomedical
librarian and used controlled vocabulary
and key words related to diagnostic accu-
racy of the clinical examination measures
relative to hip dysplasia and/or instabil-
ity. Screening filters were initially used
during assessment of title, abstract, and
full-text documents. The search was fur-
ther limited to humans and English- or
French-language publications. Findings
from systematic reviews suggest that
there is no evidence of bias for conven-
tional medicine studies when studies
written in languages other than English
are excluded.”

The full search strategy for MEDLINE
is listed in APPENDIX A (available at www.
jospt.org). To be included in the system-
atic review, the studies had to satisfy the
following criteria.

Participants Participants in the included
studies were between 13 and 65 years of
age and had to have hip pain suspected to
be related to hip dysplasia or instability,
as diagnosed by at least 1imaging or clini-
cal test utilizing an appropriate reference
standard. Studies that used examination
measures with specialized instrumenta-
tion, included participants with congeni-
tally related conditions (eg, Ehlers-Danlos
or Marfan syndrome) or who were infants/
toddlers or cadavers, or were not written
in English or French were excluded.

Reference Standard for the Diagnosis of
Dysplasia There is a lack of consensus
on the reference standard for diagnosis
of hip dysplasia, as multiple radiographic
measurements are used®>** and the adult
acetabular anatomy varies according to

sex and ethnicity.?° The lateral CEA, first
described by Wiberg,?” is the most com-
monly utilized radiographic measure. A
CEA less than 20°, as measured on an
anteroposterior radiograph of the pelvis,
can be utilized to diagnose dysplasia.'*2?
Values between 20° and 25° have been
classified as borderline dysplasia.>
Diagnosis of Hip Instability Defined as
extraphysiological hip motion that causes
pain and impairs function,* hip instabil-
ity is a multifactorial condition that en-
compasses a broad range of causes, from
trauma, generalized ligamentous laxity,
collagen disorders, bone abnormalities, to
soft tissue laxity. Clinical diagnosis of hip
instability can be challenging due to lack
of specific signs and symptoms, and the
presentation can be quite subtle.' At pres-
ent, there is no established objective or ra-
diological signs specific to hip instability.”
Intervention Examination studies (clini-
cal or radiologic examination) reporting
diagnostic estimates for the diagnosis
of hip dysplasia and/or instability were
included.

Comparator Analysis of comparisons or
of subgroups is included where appropri-
ate. Clinical or radiological examination
comparing the diagnostic accuracy of hip
dysplasia versus instability and compari-
sons between clinical and radiological
examinations for the diagnosis of either
hip dysplasia or instability were included.
Outcomes Studies that reported diag-
nostic accuracy (eg, sensitivity, specific-
ity, likelihood ratios), pretest and posttest
probability, as well as the degree of post-
test probability shifts were included. Sec-
ondary outcomes included study level of
evidence, study purpose, definitions of dys-
plasia/instability by each study, the type of
clinician interpreting diagnosis, and the
reliability of examination measures.

Time All time frames reporting diagnos-
tic accuracy for clinical and/or radiologi-
cal examination of hip dysplasia and/or
instability were included.

Study Design
A literature search was conducted for
diagnostic accuracy studies (primary
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experimental evidence) investigating
either clinical or imaging examination
measures for the diagnosis of hip dys-
plasia or instability, published in either
English or French (the authors’ native
language). Two authors (M.P.R., C.K.R.)
independently performed the search.
As computerized search results for di-
agnostic accuracy data frequently omit
relevant articles,” the reference lists of
all selected publications were checked
to retrieve relevant publications not
identified in the computerized search.
Gray literature was also hand searched
and included publications, posters, ab-
stracts, and conference proceedings. Du-
plicate studies were removed. To identify
relevant articles, titles and abstracts of
all identified citations were indepen-
dently screened. Full-text articles were
retrieved if the abstract provided insuffi-
cient information to establish eligibility
or if the article passed the first eligibility
screening. Reasons for article exclusion
are provided in APPENDIX B (available at
www.jospt.org). Disagreements among
the reviewers were discussed and re-
solved by consensus. Interobserver
agreement of study inclusion between 2
authors was assessed using kappa statis-
tics, with values less than 0 indicating
no agreement, and 0.00 to 0.20 slight,
0.21 to 0.40 fair, 0.41 to 0.60 moderate,
0.61to 0.80 substantial, and 0.81to 1.00
almost perfect agreement.”

Quality Assessment

Each of the full-text articles was indepen-
dently reviewed by 2 reviewers (M.P.R.,
S.D.) and scored with the Quality Assess-
ment of Diagnostic Accuracy Studies-2
(QUADAS-2) tool.** Disagreements
among the reviewers were discussed and
resolved during a consensus meeting.
The QUADAS-2 is a quality assessment
tool composed of 4 domains: patient se-
lection, index test, reference standard,
and flow and timing. The risk of bias is
assessed in each of the domains, while
the first 3 domains are also assessed for
applicability by indicating a “low,” “high,”
or “unclear” rating. Applicability in the

QUADAS-2 refers to whether certain as-
pects of an individual study are matching
or not matching the review question. The
QUADAS-2 utilizes an overall judgment
of “low;” “high,” or “unclear” risk. An over-
all risk rating of “low risk of bias” or “low
concern regarding applicability” requires
the study to be ranked as low on all rele-
vant domains. A high or unclear rating in
1 or more domains may require that the
study be rated as “at risk of bias” or hav-
ing “concerns regarding applicability.**

Data Extraction and Analysis

All authors independently extracted in-
formation and data regarding the pathol-
ogy, study population, settings, diagnostic
reference standard, and clinical and im-
aging test accuracy, including number of
true positives, false positives, false nega-
tives, and true negatives, for calculation
of sensitivity, specificity, positive likeli-
hood ratio (+LR), and negative likelihood
ratio (-LR) when not provided. Extracted
data were reviewed and confirmed by a
second independent author.

To determine posttest probability
with 95% confidence intervals (CIs) us-
ing LRs as described by Jaeschke et al,”
we first identified pretest probability. It
represents the probability that a spe-
cific patient with a specific past history,
presenting in a specific clinical setting
with a specific symptom complex, has a
specific pathology.”” Posttest probability
can be altered to a minimal degree with
+LRs 0of 1.0 to 2.0 and -LRs of 0.5 to 1.0,
to a small degree with +LRs of 2.0 to 5.0
and -LRs of 0.2 to 0.5, to a moderate de-
gree with +LRs of 5.0 to 10.0 and -LRs
of 0.1 to 0.2, and to a large and almost
conclusive degree with +LRs greater
than 10.0 and -LRs less than 0.1." The
pretest probability (prevalence) was cal-
culated by adding the number of true-
positive and false-negative findings for
each test or measure and study. The
posttest probability of instability or dys-
plasia was calculated utilizing pretest
probability (prevalence) and the +LR.
The posttest probability of not having
symptomatic hip dysplasia or instability

was calculated utilizing pretest prob-
ability and the -LR. The probability
shifts were reported as the difference in
pretest-to-posttest probability for both
hip dysplasia or instability presence and
absence as a result of utilizing the par-
ticular modality in each study.

Heterogeneity of data (eg, different
reference standards, different clinical
and imaging examinations) precluded
meta-analysis. Only 2 studies assessed
clinical examinations, each assessing
different clinical examinations. The 5
studies assessing imaging examinations
either used different imaging measures
or lacked consistency in the description
of acetabular dysplasia.*

RESULTS

Selection of Studies and
Methodological Assessment

HE SYSTEMATIC SEARCH IDENTIFIED
T72’”"3’18’28’3°"“ studies that met the

inclusion criteria after review of the
title, abstract, and full text (FIGURE 1). Con-
flicts of interest for included studies are
provided in APPENDIX C (available at www.
jospt.org). Two studies'®?® reported on
the diagnostic accuracy of clinical tests
to diagnose hip instability. Five!:18.3041
studies reported on the diagnostic ac-
curacy of radiological measures to diag-
nose hip dysplasia. Interrater reliability
for study inclusion/exclusion between the
2 reviewers was K = 0.72 (95% CI: 0.59,
0.85), indicating substantial interrater
agreement.

FIGURE 2 presents the methodologi-
cal assessment of all included studies.
APPENDIX D (available at www.jospt.org)
presents the methodological assessment
of the individual included studies based
on the QUADAS-2 tool. Interrater reli-
ability between the 2 reviewers for agree-
ment of QUADAS-2 scoring was K = 0.60
(95% CI: 0.40, 0.80), indicating moder-
ate agreement.

TABLE 1 presents the characteristics of
the 7 included studies.>!1318.28:3041 There
were 965 subjects across 7 studies inves-
tigating hip instability or hip dysplasia
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as the source of hip pain. For the 2 stud-
ies reporting on clinical tests for hip in-
stability, the sample sizes were 109 and
199 patients, with 62 and 54 cases of hip
instability, respectively. For the 5 stud-
ies reporting on radiographic measures

| RESEARCH REPORT ]

for hip dysplasia, the sample size ranged
from 21 to 241. There were 3'>15%° level
11 studies, 3 level II1"?%4 studies, and 1
level IV? study. The prevalence of pathol-
ogy ranged from 17% to 80%* in indi-
vidual studies.

diagnosis, n = 2938

APPENDIX B), n = 105

APPENDIX B), n = 59

studies,n=0
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FIGURE 1. PRISMA flow diagram for study inclusion.
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FIGURE 2. Proportion of included studies with low, high, or unclear risk of bias and concerns regarding
applicability. Abbreviation: QUADAS-2, Quality Assessment of Diagnostic Accuracy Studies-2 tool.
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TABLE 2 presents the clinical tests and
radiographic measures assessed in the
individual studies. Studies could not be
pooled for meta-analysis because of vari-
ability between studies. There were 5 dif-
ferent clinical tests for hip instability and
5 different radiological measures for hip
dysplasia. Definition use for the diagno-
ses of hip instability and hip dysplasia, as
well as the selected reference standard,
was not consistent across all studies. Or-
thopaedic surgeons interpreted the refer-
ence standard in most studies (n = 6), and
interrater reliability was only assessed in
2 studies.

Diagnostic Accuracy of Clinical

Tests for Hip Instability

TABLE 3 provides the diagnostic accuracy
of 5 clinical tests for hip instability as-
sessed in 2 studies.’>*® Positive LRs
to diagnose or rule in hip instability
ranged from 2.2 (foot progression angle
walking test) to 15.9 (prone instability
test) (FIGURE 3). Negative LRs to exclude
or rule out hip instability ranged from
0.68 (prone instability test) to 0.22
(abduction-hyperextension-external ro-
tation [AB-HEER] test). Only 1 study'
combined tests, which resulted in an
increase in specificity and a decrease in
sensitivity.

Diagnostic Accuracy of Radiographic
Measures for Hip Dysplasia

TABLE 4 provides the diagnostic accuracy
of 5 radiographic measures for hip dys-
plasia in 5 studies, including the cross-
over sign,? iliofemoral line,”* Shenton
line,'®3° iliocapsularis-to-rectus femoris
ratio," and the Femoro-Epiphyseal Ac-
etabular Roof (FEAR) index.*! Positive
LRs to diagnose or rule in hip dysplasia
ranged from 1.2 (Shenton line for border-
line dysplasia) to 53.0 (Shenton line for
acetabular dysplasia) (FIGURE 4). Negative
LRs to exclude or rule out hip dysplasia
ranged from 0.99 (Shenton line for bor-
derline dysplasia) to 0.17 (Shenton line
for acetabular dysplasia). No study com-
bined radiographic measures to improve
diagnostic accuracy.
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DISCUSSION

HE PURPOSE OF OUR SYSTEMATIC

review was to summarize the di-

agnostic accuracy of clinical and
imaging tests for the diagnosis of hip
instability and hip dysplasia. We found
2 clinical studies reporting on 5 different
clinical tests to diagnose hip instability
and 5 imaging studies reporting on 5
radiographic measures to diagnose hip
dysplasia.

Clinical Tests to Diagnose Hip Instability

Five different clinical tests were de-
scribed to diagnose hip instability. When
positive, the prone instability test result-
ed in a large shift in probability for the
presence of hip instability, from 57% to
95%. When negative, the AB-HEER test
resulted in a small shift in probability
for the absence of hip instability as the

cause of symptoms, from 57% to 22%.
This evidence must be interpreted with
caution, as the diagnostic statistics from
these 2 tests come from only 1 low-quality
study.’

Radiographic Measures to

Diagnose Hip Dysplasia

Five different radiographic measures
were described to diagnose hip dysplasia.
When positive, the Shenton line resulted
in a small to large shift in probability for
the presence of hip dysplasia, from 17%
to 50% (depending on the definition of
dysplasia) to 77% to 91%. When negative,
the Shenton line resulted in a minimal to
moderate shift in probability for the ab-
sence of hip dysplasia as the cause of hip
pain, with a post-test probability rang-
ing from 22% to 15%. The evidence for
these estimates comes from low-quality
studies.’®2°

Methodological Quality Assessment
and Impact on Accuracy
All studies in this review showed some
risk of bias and applicability concerns. No
study achieved an overall low risk of bias.>

The included studies had greater risk
of bias compared to concerns regarding
applicability (FIGURE 2). The imaging stud-
ies generally had greater risk of bias than
the clinical studies. The greatest risk of
bias was relative to reference standard
and index test. The imaging study with
the largest +LR and lowest -LR also had
the greatest risk of bias and concerns re-
garding applicability.>°

Risk of bias has been shown to over-
estimate diagnostic accuracy in previous
studies, especially sensitivity.’¢ The risk
of bias for index tests (imaging studies)
and reference standard (both clinical and
imaging studies) could affect diagnostic
accuracy estimates. Lack of adequate

TABLE 1 CHARACTERISTICS OF INCLUDED STUDIES
Level of Applicability
Study Evidence  Study Design/Purpose Risk of Bias® Concerns®  Study Population
Clinical studies
Hoppe et al*® I Diagnostic cohort study High Unclear 109 patients (65 female); mean age, 27.8 y (range,
Diagnostic accuracy of 3 physical examination tests for hip 13-58y)
microinstability
Ranawatetal® |l Prospective cohort study Unclear Unclear 199 patients (114 female); mean + SD age, 35.4
Assess efficacy of FPAW test to identify hip pathology related to +118y
FAl or hip instability
Imaging studies
Bellaiche etal? IV Prospective cohort study High High 241 patients younger than 50 y; 57 patients for
Describe radiographic criteria of acetabular dysplasia on Crossover sign
standard radiography
Haefeli et al* Il Prognostic study High High 45 patients (65% female); mean + SD age, 34
Assess whether the iliocapsularis-to-rectus femoris ratio for +10y
cross-sectional area, thickness, width, and circumference is
increased in hip dysplasia
Kraeutleretal® |l Cohort study Unclear High 222 patients (162 female); mean + SD age, 33.8
Define and validate a novel radiographic parameter (iliofemoral +114y
line) in the detection of hip dysplasia
Rhee et al® I Cohort study High High 128 patients; mean age, 41y (range, 13-49 y)
Determine the reliability of the Shenton line for the diagnosis
of hip dysplasia
Wyatt et al** 1l Diagnostic study High High 21 patients (61% women); mean age, 31y
To compare a new radiographic measurement (FEAR index)
with the LCEA and Al in hip dysplasia
Abbreviations: Al acetabular index; FAI femoroacetabular impingement; FEAR, Femoro-Epiphyseal Acetabular Roof; FPAW, foot progression angle walking;
LCEA, lateral center-edge angle.
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blinding likely overestimates accuracy.>
Test interpretation with knowledge of
index-test findings is a significant bias
in diagnostic accuracy studies. A meta-
review?® and 1 review® have reported that
overall accuracy was higher in the pres-
ence of diagnostic review bias (the per-
son interpreting the reference standard
was aware of the index-test results). Last,
the case-control design found in several
imaging studies also overestimates accu-
racy, because healthy controls have low

| RESEARCH REPORT ]

probability of causing false-positive or
false-negative findings.

Overall, improvement in the meth-
odological quality, using appropriate de-
sign to assess diagnostic accuracy with
adequate blinding and standardization
of definition and reference standard,
and avoiding a case-control design are
required to improve the evidence on the
diagnosis of hip instability and hip dyspla-
sia. At this point, we cannot be confident
in the precision of diagnostic accuracy es-

timates for both clinical tests for hip insta-
bility and radiographic measures for hip
dysplasia. Generally, the CIs were narrow
for +LRs, -LRs, and posttest probability,
although a few cases were noteworthy, es-
pecially with lower-bound estimates for
the CIs on +LRs and -LRs (AB-HEER
test and prone instability test for clini-
cal examination™). Additionally, both the
clinical and radiological examinations
were assessed in single studies, requiring
further studies to validate findings.

Bellaiche etal®  Crossover sign (sign

of acetabular roof

VCEA >20°, indicating insufficient external/anterior cover-

TABLE 2 CLiNICAL TESTS AND RADIOGRAPHIC MEASURES UTILIZED
Study Examination Dysplasia/Instability Definition Reference Standard Interpreting Clinician  Interrater Reliability
Clinical studies
Hoppe et al*® AB-HEER test, prone Criteria for intraoperative diagnosis of hip instability (>1)  Diagnosis of hip Orthopaedic surgeon ~ NR
instability test, HEER ~ « Distraction of the hip under general anesthesia, with microinstability
test body weight traction alone made at the time of
+ Adequate distraction, with <11 turns of fine traction surgery
« Inability to fully reduce hip after hip is vented
« Arthroscopic findings:
- Tearing of ligamentum teres
- Straight anterior labral tears (4 to 2 o'’clock)
- Anterior inside-out chondral wear pattern
Ranawatetal®  FPAW test, FABER test Hip instability: discomfort associated with terminal range  History and physical Orthopaedic surgeon ~ NR
of motion; as a result of capsular laxity, structural bony examination in com-
abnormality related to dysplasia; or posttraumatic bination with plain-
sequelae leading to subluxation or dislocation film radiographs
Hip dysplasia: LCEA of <25°
Imaging studies

Acetabular retroversion
on cross-sectional

Specialized radiologist  NR
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age of the femoral head

retroversion) imaging (arthroscan
and/or MRI)
Haefeli et al* lliocapsularis-to-rectus ~ LCEA of <25°, with a minimal acetabular index of 14° MRI Orthopaedic surgeon ~ NR
femoris ratio
Kraeutleretal® lliofemoral line, Shenton  Frank dysplasia: LCEA of <20° Radiograph (AP pelvis)  Orthopaedic surgeon,  ICC = 0.96-099
line Borderline dysplasia: LCEA of 20°-24.9° radiologist
Rhee et al® Shenton line, “broken”  Center-edge angle of <25° and hip center distance >10 Radiograph (AP pelvis) ~ Orthopaedic surgeons k= 0.80 (0.75, 0.84)*
Shenton line (inferior mm, “broken” Shenton line (inferior femoral neck (n=6)
femoral neck projec- projection is cephalad to the superior arch of the
tion is cephalad to the obturator foramen)
superior arch of the
obturator foramen)
Wyatt et al** FEAR index LCEA of <25° (hip dysplasia), “broken” Shenton line, Radiograph (AP pelvis) ~ Orthopaedic surgeon ~ NR

migration of femoral head on radiograph, positive and MRA

crescent sign on MRA

Abbreviations: AB-HEER, abduction-hyperextension-external rotation; AP, anteroposterior; FABER, flexion, abduction, external rotation; FEAR, Femoro-
Epiphyseal Acetabular Roof; FPAW, foot progression angle walking; HEER, hyperextension-external rotation; ICC, intraclass correlation coefficient; LCEA,
lateral center-edge angle; MRA, magnetic resonance arthrography; MRI, magnetic resonance imaging; NR, not reported; VCEA, vertical-center-external
angle.

*Values in parentheses are 95% confidence interval.
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Definition of Pathology

Similar to FAI syndrome,’ the defini-
tions of symptomatic hip instability and
hip dysplasia were variable and complex.
The CEA is traditionally regarded as the
imaging diagnosis for dysplasia.® It was
the most consistent measurement as part
of the dysplasia pathology definition in
the included studies of this review. Three
studies utilized a lateral CEA less than

25°,12841 1 discriminated between border-
line dysplasia and frank dysplasia with
the lateral CEA,™ 1 utilized the Shenton
line,*° and 1 utilized the vertical-center-
external angle.? All studies, except 1,2
utilized multiple imaging measurements
for the definition of dysplasia, and none
were consistent.

As noted previously, hip dysplasia
is also a condition of instability. Tradi-

tionally, hip instability has been poorly
defined.” The Ottawa classification
for acetabular dysplasia*® incorporates
both clinical and radiographic findings
indicative of either anterior or posterior
instability. Only 2 studies'®*® in this re-
view examined hip instability with vari-
ous clinical examination tests. Both had
either unclear or high risk of bias and
concerns regarding applicability. One of

Prone instability test

Hoppe et al® 339(221,457)
HEER test
Hoppe et al®® 71.0 (597, 82.3)

Combination of hip instability
tests (AB-HEER test, prone
instability test, HEER test)
Hoppe et al*®

>] positive test 871(78.8,95.4)

>2 positive tests 677 (56.1, 79.4)
All 3 positive tests 30.6(19.2,42.1)
Foot progression angle
walking test
Ranawat et al*® 67 (53, 79)t
FABER test
Ranawat et al*® 54 (40, 67)f

TABLE 3 Di1AGNOSTIC ACCURACY OF CLINICAL TESTS FOR HiP INSTABILITY*
Positive Posttest Probability'/  Negative Posttest Probability!/
Measure/Study Sensitivity, % Specificity, % Positive LR Negative LR Probability Shift Probability Shift
AB-HEER test
Hoppe et al®® 80.6(70.8,90.5) 894 (80.5,98.2) 76 (33,175 0.22(013,0.36)! Pretest, 57%; posttest, 91% Pretest, 57%; posttest, 22%

979 (937,100.0)

851 (749, 95.3)

787 (670,904)

957 (917,99.8)

979 (947,1000)

70 (62, 77)t

90 (84, 94t

159 (2.2,114.2)t

48(24,96)

412, 77)

159 (41, 62.5)t

14.4.(20,104.8)!

22(16,30)t

54(31,90)

0,68 (056, 0.81)f

0.34(023, 051)t

016(0.08, 0.32)f

0.34(0.23,0.39)f

071(0.60, 0.84)!

05(0.32, 071)t

05(0.39, 069)"

(81%, 96%)
Moderate

Pretest, 57%; posttest, 95%
(85%, 99%)
Large

Pretest, 57%; posttest, 86%
(76%, 93%)
Small

Pretest, 57%; posttest, 84%
(75%, 90%)

Small

Pretest, 57%; posttest, 95%
(84%, 99%)

Large

Pretest, 57%; posttest, 95%
(72%, 99%)

Large

Pretest, 27%; posttest, 45%
(38%, 53%)
Small

Pretest, 27%; posttest, 67%
(54%, 78%)
Moderate

(15%, 32%)
Small

Pretest, 57%; posttest, 47%
(42%, 52%)
Minimal

Pretest, 57%; posttest, 31%
(23%, 40%)
Small

Pretest, 57%; posttest, 17%
(10%, 30%)

Moderate

Pretest, 57%; posttest, 31%
(23%, 39%)

Small

Pretest, 57%; posttest, 48%
(44%, 52%)

Minimal

Pretest, 27%; posttest, 15%
(11%, 21%)
Minimal

Pretest, 27%; posttest, 16%
(12%, 20%)
Small

tion; LR, likelihood ratio.
*Values in parentheses are 95% confidence interval.
Values (in part) calculated by authors of this study.

Abbreviations: AB-HEER, abduction-hyperextension-external rotation; FABER, flexion, abduction, external rotation; HEER, hyperextension-external rota-
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the studies® utilized surgery as a refer-
ence standard, although it was unclear
whether the reference standard was inde-
pendent of the clinical examination tests,
arisk of incorporation bias potentially in-
flating sensitivity.>

The highest-quality study in this re-
view?® might be argued to be at risk of
bias relative to the reference standard.
The combination of subject history, physi-
cal examination, and radiographs was uti-
lized as a reference standard. While this
could describe differential verification
bias, where more than 1 reference stan-
dard is used, a diagnosis (similar to FAI

| RESEARCH REPORT ]

syndrome)™ is likely to require a combi-
nation of different domains to be appro-
priate. Additionally, this study utilized a
combined reference standard rather than
separate reference standards. However,
the concern is that the description of “dis-
comfort associated with terminal range of
motion, as a result of capsular laxity, struc-
tural bony abnormality related to dyspla-
sia, or posttraumatic sequelae leading to
subluxation or dislocation,” while inclu-
sive, is compared to a reference standard
of a lateral CEA of less than 25°. Though
it is a commonly accepted reference stan-
dard for dysplasia, it is unclear whether it

is able to define instability without clinical
signs and symptoms.

Overall, our systematic review iden-
tified various pathology definitions for
both hip instability and hip dysplasia.
Standardization will be required to im-
prove subsequent studies in this field.

Limitations

Due to heterogeneity of index-test utiliza-
tion, we were unable to perform meta-
analysis. There was also a lack of comparison
of subject inclusion and exclusion across
the studies, contributing to variability in
the definition of included pathology.

Clinical Tests for Hip Instability

Combination of tests (AB-HEER, prone instability, or HEER), 1+ (Hoppe et al®®)
Combination of tests (AB-HEER, prone instability, or HEER), 2+ (Hoppe et al®®) -

Combination of tests (AB-HEER, prone instability, or HEER), all 3 (Hoppe et al®) -

AB-HEER test (Hoppe et al®) - —=— ——

Prone instability test (Hoppe et al®) 4 — =

HEER test (Hoppe et al®®) — ——

= —_—
—e -
= e
Foot progression angle walking test (Ranawat et al?®) —e— —m—i
FABER test (Ranawat et al?®) —— [a—

0 10 20 30 40 50 60 70 80 90 100

Sensitivity, %

|
FIGURE 3. Sensitivity (blue) and specificity (orange) of included studies utilizing clinical tests for hip instability. Abbreviations: AB-HEER, abduction-hyperextension-external
rotation; FABER, flexion, abduction, external rotation; HEER, hyperextension-external rotation.

0 10 20 30 40 50 60 70 80 90 100
Specificity, %

Imaging Tests for Hip Dysplasia

lliofemoral line: borderline dysplasia (Kraeutler et al'®) -

lliofemoral line: frank acetabular dysplasia (Kraeutler et al’®)

Shenton line: frank acetabular dysplasia (Kraeutler et al*®) -

Shenton line: acetabular dysplasia (Rhee et al®®)

lliocapsularis-to-rectus femoris ratio: cross-sectional area (Haefeli et al™) -
lliocapsularis-to-rectus femoris ratio: thickness (Haefeli et al™) -
lliocapsularis-to-rectus femoris ratio: width (Haefeli et al™)

lliocapsularis-to-rectus femoris ratio: circumference (Haefeli et al') 4

Shenton line: borderline dysplasia (Kraeutler et al’®) =—

Crossover sign (Bellaiche etal?) { +——=— S
—— et
= b=t
el
JE—
= —={
I |
—e —
E = —=—
= —
FEAR index (Wyatt et al*) —— e —

0 10 20 30 40 50 60 70 80 90 100

Sensitivity, %

|
FIGURE 4. Sensitivity (blue) and specificity (orange) of included studies utilizing imaging tests for hip dysplasia. Abbreviation: FEAR, Femoro-Epiphyseal Acetabular Roof.
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Specificity, %
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CONCLUSION

the diagnostic accuracy of clinical tests

THIS SYSTEMATIC REVIEW SUMMARIZES
for hip instability and radiographic

measures for hip dysplasia. These tests
and measures may support the differential
diagnosis to identify the cause of hip pain.
However, current evidence is scarce and
based primarily on low-quality studies. ®

IMKEY POINTS

FINDINGS: The clinical examination can
potentially result in small to substantial
shifts in probability of having hip insta-
bility and minimal to moderate shifts in

TABLE 4

DIAGNOSTIC ACCURACY OF SINGLE STUDIES INVESTIGATING DIAGNOSTIC IMAGING*

(81%, 98%)
Small

Positive Posttest Probability'/  Negative Posttest Probability!/
Measure/Study Sensitivity, % Specificity, % Positive LR Negative LR Probability Shift Probability Shift
Crossover sign
Bellaiche et al? 23 (9, 44)t 84 (66, 95)f 14(049,42)t 092 (071,119)"  Pretest, 45%; posttest, 55% Pretest, 45%; posttest, 44%
(29%, 78%) (37%, 50%)
Minimal Minimal
[liofemoral line
Kraeutler et al®®
Borderline dysplasia (15%- 62 (51,72) 89 (85, 92) 56(4.0,79)  0.43(0.32,0.57)t Pretest, 19%; posttest, 56% Pretest, 19%; posttest, 9%
22% medialization) (48%, 64%) (7%, 12%)
Moderate Small
Frank acetabular dysplasia 77 (65, 85) 94 (91, 96) 13(84,20)t  0.24(0.16,0.37)" Pretest, 17%; posttest, 73% Pretest, 17%; posttest, 5%
(>22% medialization) (64%, 81%) (3%, 7%)
Large Small
Shenton line
Kraeutler et al*®
Borderline dysplasia (15%- 37(01,10.3) 97 (94, 98) 12(0.35,4.3)t 099 (095,1.0)F  Pretest, 19%; posttest, 22% Pretest, 19%; posttest, 18%
22% medialization) (7%, 50%) (18%, 19%)
Small Minimal
Frank acetabular dysplasia 16 (89, 25) 99 (98, 100) 16 (5.1, Byt 0.85(0.77,094)t  Pretest, 17%; posttest, 77% Pretest, 17%; posttest, 15%
(>22% medialization) (51%, 91%) (14%, 16%)
Large Minimal
Rhee et al®
Acetabular dysplasia 83 (71, 91)t 98(92,100)t  53.0(76,3717)f 017(0.10,0.30) Pretest, 50%; posttest, 91% Pretest, 50%; posttest, 22%
(81%, 96%) (15%, 32%)
Large Moderate
Iliocapsularis-to-rectus femoris ratio
Haefeli et al*
Cross-sectional area 71 (55, 83) 90 (75, 97) 71(28,18)f  0.32(0.20,0.51)" Pretest, 53%; posttest, 89% Pretest, 53%; posttest, 26%
(76%, 95%) (18%, 36%)
Moderate Small
Thickness 73 (58, 85) 75 (58, 87) 29(1752)t  0.36(0.21,0.60) Pretest, 53%; posttest, 77% Pretest, 53%; posttest, 29%
(65%, 85%) (19%, 40%)
Small Small
Width 76 (60, 87) 83(67,92) 43(22,86)F 030(0.14,050) Pretest, 53%; posttest, 83% Pretest, 53%; posttest, 25%
(71%, 91%) (16%, 36%)
Small Small
Circumference 80 (65, 90) 80 (64,90) 40(2176)  025(0.14,046)! Pretest, 53%; posttest, 82% Pretest, 53%; posttest, 22%
(70%, 89%) (14%, 34%)
Small Small
FEAR index (5°)
Wyatt et al** 78 (61, 89)t 80 (44, 97)t 39(11,14) 0.27 (0.14,0.54)"  Pretest, 80%; posttest, 94% Pretest, 80%; posttest, 51%

(35%, 68%)
Small

Abbreviations: FEAR, Femoro-Epiphyseal Acetabular Roof; LR, likelihood ratio.
*Values in parentheses are 95% confidence interval.
Walues (in part) calculated by authors of this study.
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probability of not having hip instability.
The radiological examination can po-
tentially result in minimal to substantial
shifts in probability of having hip dys-
plasia and minimal to moderate shifts in
probability of not having hip dysplasia.
IMPLICATIONS: Both clinical and radiologi-
cal examination tests were better able

to improve diagnosis existence than
nonexistence. The clinical tests included
in this review are easy to perform and
could provide the clinician with the
ability to increase probability of the
existence of hip instability between a
minimal and a moderate degree. The
radiographic measures included in this
review are more complex and detailed,
requiring clinician expertise in this area.
CAUTION: Conclusions from this study

are based primarily on studies of either
unclear or high risk of bias and having
concerns regarding applicability.
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APPENDIX A

MEDLINE SEARCH STRATEGY

(YJoint Instability"[Mesh] OR instability[tiab] OR unstable[tiab] OR lax[tiab] OR laxity[tiab] OR subluxation[tiab] OR “Hip Dysplasia, Beukes Type” [Sup-
plementary Concept] OR dysplasia[tiab] OR dysplastic[tiab]) AND (“Diagnostic Imaging”[Mesh] OR “diagnostic imaging” [Subheading] OR MRI[tiab]
OR “magnetic resonance imaging”[tiab] OR “magnetic resonance arthrography”[tiab] OR “magnetic resonance arthrogram”[tiab] OR MRA[tiab] OR
“computed tomography”[tiab] OR ct[tiab] OR bone scan[tiab] OR “radiography”[tiab] OR “radiography”[MeSH Terms] OR radiograph[tiab] OR “plain
film"[tiab] OR “x ray"[tiab] OR “x-rays”[MeSH Terms] OR “x-rays”[tiab] OR arthrogram[tiab] OR “bone scan”[tiab] OR “bone scintigraphy”[tiab] OR
sonography[tiab] OR “Ultrasonography”[Mesh] OR ultrasound[tiab] OR “Clinical Examination” OR “Clinical Exam"[tiab] OR Physical Examination

OR “Physical Exam"[tiab] OR “Orthopedic Examination”[tiab] OR “Orthopedic Exam”[tiab] OR musculo-skeletal examination OR musculoskeletal
examination OR musculoskeletal exam OR musculo-skeletal exam OR “Clinical evaluation”[tiab] OR “Physical evaluation”[tiab] OR musculoskel-

etal evaluation OR musculo-skeletal evaluation OR “Clinical inspection”[tiab] OR “Physical inspection”[tiab] OR musculoskeletal inspection OR
musculo-skeletal inspection) AND (Hip[Mesh] OR Hip[tiab] OR hips[tiab] OR “Hip Joint"[Mesh] OR “coxofemoral joint"[tiab]) AND (reliability[tiab] OR
accuracy[tiab] OR accurate[tiab] OR Sensitivity[tiab] OR specificity[tiab] OR “Sensitivity and Specificity”[Mesh] OR valid[tiab] OR validity[tiab] OR
validation[tiab] OR predict[tiab] OR predictive[tiab] OR predicts[tiab] OR predicted[tiab] OR diagnosis[tiab] OR diagnostic[tiab] OR diagnosed[tiab]
OR diagnosis[MeSH] OR diagnosis[sh] OR “diagnostic accuracy”[tiab]) AND (randomized controlled trial[pt] OR controlled clinical trial[pt] OR
randomized[tiab] OR randomised[tiab] OR randomization[tiab] OR randomisation[tiab] OR randomly[tiab] OR trial[tiab] OR groups[tiab] OR Clinical
trial[pt] OR “clinical trial”[tiab] OR “clinical trials"[tiab] OR “evaluation studies”[Publication Type] OR “evaluation studies as topic"[MeSH Terms] OR
“evaluation study”[tiab] OR evaluation studies[tiab] OR “intervention study”[tiab] OR “intervention studies”[tiab] OR “case-control studies"[MeSH
Terms] OR “case-control”[tiab] OR “cohort studies”[MeSH Terms] OR cohort[tiab] OR “longitudinal studies”[MeSH Terms] OR “longitudinal”[tiab]

OR longitudinally[tiab] OR “prospective”[tiab] OR prospectively[tiab] OR “retrospective studies"[MeSH Terms] OR “retrospective”[tiab] OR “follow
up”[tiab] OR “comparative study”[Publication Type] OR “comparative study”[tiab] OR “Cross sectional studies”[mesh] OR “cross sectional”[tiab]) NOT
(Editorial[ptyp] OR Letter[ptyp] OR Comment[ptyp]) AND (English[lang] OR Fre[LA])
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APPENDIX B

REASONS FOR EXCLUSION

Reasons for exclusion after abstract screening (n = 105)
Not a diagnostic study design (n = 68)

Not reporting on diagnostic estimates (n = 12)

Not the appropriate age group (n = 15)

Not a diagnosis of hip dysplasia or instability (n = 4)
Study on cadaver (n = 2)

Asymptomatic patients (n = 3)

Not in English (n =1)

No o s wN e

Reasons for exclusion after full text (n = 59)

Not a diagnostic study design (n = 17)

Not reporting on diagnostic estimates (n = 31)

Not a diagnosis of hip dysplasia or instability (n = 9)
Asymptomatic patients (n =1)

Conference abstract (n = 1)

N
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APPENDIX C

CONFLICTS OF INTEREST FOR INCLUDED STUDIES

Study Reported Conflict of Interest by Study

Hoppe et al*® The authors declared that they have no conflicts of interest in the authorship and publication of this contribution

Ranawat et al®® One or more of the authors has declared the following potential conflict of interest or source of funding: ‘A.S.R. is a paid
consultant for Arthrex Inc, CONMED Linvatec, DePuy Mitek, and Stryer MAKO and receives IP royalties from ConforMIS”

Bellaiche et al? No conflict-of-interest statement

Haefeli et al* One or more of the authors has received funding from the Deutsche Arthrose-Hilfe eV. (S.D.S.) and the Swiss National
Science Foundation (MT.)

Kraeutler et al'® One or more of the authors has declared the following potential conflict of interest or source of funding: “J.N.O. receives

royalties from the Extra Fixation Cup, part of the ADEPT Hip Resurfacing System. O.M.-D. holds stock or stock options in
MITA and is a paid consultant for and receives research support from Smith & Nephew”

Rhee et al® The authors did not receive any outside funding or grants in support of their research for or preparation of this work. One or
more of the authors, or a member of his or her immediate family, received, in any 1 year, payments or other benefits in
excess of $10000 or a commitment or agreement to provide such benefits from commercial entities (DePuy, Wright)

Wyatt et al** Each author certifies that he or she, or a member of his or her immediate family, has no funding or commercial associa-
tions (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict
of interest in connection with the submitted article
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APPENDIX D

RISK OF BIAS OF THE STUDIES INCLUDED IN THE REVIEW?

Study Patient Selection Index Test Reference Standard ~ Flow and Timing Patient Selection Index Test Reference Standard
Clinical studies
Hoppe et al*® L L H U L L U
Ranawat et al® U L L L U
Imaging studies
Bellaiche et al® L H H H H L L
Haefeli et al* H L L L H L L
Kraeutler et al'® L u u L H L L
Rhee et al® H U H L H U H
Wyatt et al** H H H U H L L

Abbreviations: H, high risk; L, low risk; U, unclear risk.
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