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Objective: To identify the most precise and consistent
variables using joint repositioning for identifying joint position
recognition (JPR) deficits in individuals with chronic ankle
instability (CAl).

Data Sources: We conducted a computerized search of
the relevant scientific literature from January 1, 1965, to
July 31, 2010, using PubMed Central, CINAHL, MEDLINE,
SPORTDiscus, and Web of Science. We also conducted hand
searches of all retrieved studies to identify relevant citations.
Included studies were written in English, involved human
participants, and were published in peer-reviewed journals.

Study Selection: Studies were included in the analysis if the
authors (1) had examined JPR deficits in patients with CAl using
active or passive repositioning techniques, (2) had made
comparisons with a group or contralateral limb without CAI,
and (3) had provided means and standard deviations for the
calculation of effect sizes.

Data Extraction: Studies were selected and coded indepen-
dently and assessed for quality by the investigators. We

evaluated 6 JPR variables: (1) study comparisons, (2) starting
foot position, (3) repositioning method, (4) testing range of
motion, (5) testing velocity, and (6) data-reduction method. The
independent variable was group (CAl, control group or side
without CAl). The dependent variable was errors committed
during joint repositioning. Means and standard deviations for
errors committed were extracted from each included study.
Data Synthesis: Effect sizes and 95% confidence intervals
were calculated to make comparisons across studies. Separate
meta-analyses were calculated to determine the most precise
and consistent method within each variable. Between-groups
comparisons that involved active repositioning starting from a
neutral position and moving into plantar flexion or inversion at a
rate of less than 5°/s as measured by the mean absolute error
committed appeared to be the most sensitive and precise
variables for detecting JPR deficits in people with CAI.

Key Words: proprioception, kinesthesia, deafferentation

recognition when compared with people without CAl.

in individuals with CAl.

recognition in people with CAl.

Key Points
 Level 3 evidence suggested that people with chronic ankle instability (CAl) display consistent deficits in joint position
» Consistent level 3 evidence existed to provide a grade B strength of recommendation for the use of joint position
recognition as a tool to identify proprioceptive deficits in people with CAI.
 Specific variables used during joint position recognition testing are more consistent and produce more robust results

» More rigorous study design is necessary to further elucidate proprioceptive deficits associated with joint position

nkle sprains are the most common injuries
A associated with physical activity and athletic

participation,'? accounting for approximately
60% of all injuries that occur during interscholastic and
intercollegiate sports.' An estimated 23 000 ankle sprains
occur daily in the United States.® Although ankle sprains
often are viewed as mild injuries, they represent a
substantial public health problem.”® Sprains to the ankle
and foot are the reason for 1.6 million physician office
visits and more than 8000 hospitalizations each year.® The
primary predisposing factor for an ankle sprain is a history
of previous sprain,'? and approximately 30% of people who
have a first-time ankle sprain develop recurrent ankle
instability; however, this number has been reported to be as
high as 70%.'"""* Residual symptoms of ankle sprains

combined with repeated bouts of subsequent instability
have been termed chronic ankle instability (CAI).'*
Deafferentation of the lateral ankle ligaments has been
proposed as a contributing factor to developing CAIL'
Subsequently, kinesthetic alterations of the ankle and
surrounding structures, such as joint position recognition
(JPR), have been investigated systematically over the past
30 years.'® These kinesthetic alterations have been studied
extensively using measures such as passive JPR, active
JPR, and ankle-joint angle-replication error. The theoretical
premise in this type of assessment is that people with CAI
have an impaired ability to detect the position of the foot
relative to the body due to altered input from damaged
mechanoreceptors in the lateral ligaments of the ankle.!>!”
These JPR deficits might be an important contributor to
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recurrent ankle injury, given that people with CAI have
been seen to be in a more inverted position in the transition
from an unloaded to a loaded foot during walking,'s2°
jogging,' and landing from a jump.?! In a recent systematic
review of this literature, Munn et al'® revealed that deficits
associated with active and passive JPR appear to be present
in people with CAI. The authors calculated unstandardized
mean differences between groups or limbs with 95%
confidence intervals (ClIs) and pooled the results across
studies to examine whether the mean differences indicated
JPR deficits in people with CAI. When combining all
measures across studies, the authors revealed deficits in
both active and passive repositioning. However, they did
not provide any indication about optimal measurement
strategies for detecting deficits in people with CAI To date,
no one has conducted a systematic review to examine
which measurement variables of JPR appear to be most
sensitive to detecting afferent alterations in people with
CAL

Therefore, the purpose of our systematic review was to
determine the most precise and consistent JPR variables for
identifying proprioceptive deficits in individuals with CAI.
Specific variables that we evaluated were (1) study
comparisons, (2) starting foot position, (3) repositioning
method, (4) testing range of motion (ROM), (5) testing
velocities, and (6) data-reduction method. We hypothesized
that specific methodologic considerations for best detecting
JPR deficits in people with CAI would emerge. We also
hypothesized that, overall, people with CAI would present
with deficits in JPR.

METHODS

Evidence Acquisition

Search Strategy and Study Selection. In July 2011, we
performed a computerized search of PubMed Central
(January 1, 1965, to July 31, 2010); EBSCO Host,
including CINAHL, MEDLINE, and SPORTDiscus
(January 1, 1965, to July 31, 2010); and Web of Science
(1965-2010) to identify citations concerning the utility of
JPR for determining proprioceptive deficits in individuals
with CAI Searches were limited to studies that involved
humans, were written in English, and were reported in peer-
reviewed journals. A hand search for relevant citations also
was performed on all retrieved studies. We independently
selected studies for initial review.

Criteria for inclusion required that authors (1) examined
JPR deficits in patients with CAI using active or passive
repositioning techniques or both; (2) made comparisons
with a group or contralateral limb without CAI; and (3)
provided means and standard deviations for the calculation
of effect sizes. Due to the various definitions of CAI, we
chose to include studies in which participants with CAI
were identified as having at least a history of recurrent
ankle sprains with repeated episodes of the ankle giving
way after an initial sprain. Each included study then was
coded independently by each investigator to identify the
following: (1) comparisons of the limb with CAI with either
a matched limb without CAI or control group without CAI,
(2) the starting foot position for testing clearly described,
(3) the repositioning method used (active or passive), (4)

the testing ROM used, (5) the testing velocities indicated,
and (6) the data-reduction method.

Assessment of Methodologic Quality. We assessed
study quality using the modified checklist of Downs and
Black,?? which encompasses components of the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) statement.”® The checklist was
modified, as cited,'® to include only questions relevant to
nonrandomized studies. This checklist includes 16
questions for a total of 17 points that can be awarded
based on methodologic quality. We independently
performed the quality assessment; any discrepancies
between authors in the assessment were resolved by
mutual agreement. In addition, a sensitivity analysis using
the 1-study-removed method for the effect of study-design
quality also was performed.

Data Extraction and Analysis. The following are the
variables of interest with the levels for each variable
defined. For analysis of each variable, the individual effect
sizes for JPR measures within studies were calculated using
a bias-corrected Hedges g** with 95% Cls and the P value
of the z-distribution of the effect size and were reported as
Hedges g (lower CI, upper CI, and P value of the z-
distribution) generated around each point measure. We then
input each of the variables into separate analyses. These
were used to make methodologic distinctions among
various studies.

Study comparison refers to the comparison design within
each study. The 2 levels coded for the study comparisons
variable were (1) side-to-side comparisons'’?>2® and (2)
matched-participants comparisons.'”2%2833  Side-to-side
comparisons were those that included the uninvolved limb
of the participant with CAI as the control limb for
comparison. Matched-participants comparisons involved a
matched-control individual without CAI for comparison.

The starting foot position variable refers to the initial
position in which the foot was placed at test initiation. The
7 levels coded for starting foot position were (1) 10° of
dorsiflexion,*® (2) 0° (neutral),!”-2%:2628:3031.33 (3y 1(° of
plantar flexion,** (4) 15° of plantar flexion,?®3? (5) 20° of
plantar flexion,?’* (6) 30° of plantar flexion,*® and (7) 42°
of plantar flexion.*® Frontal-plane position for all testing
positions was neutral.

Repositioning method refers to the type of repositioning
that was used. The 2 levels coded within repositioning
method were (1) active repositioning'72%27-293132 and (2)
passive repositioning.!72>28303233 [n gtudies in which
active repositioning was used, the participant generated
the force needed to reposition the foot into the correct
angle. In studies in which passive repositioning was used,
participants orally identified when they believed the foot
was repositioned into the reference angle.

Testing ROM refers to the direction and arc of motion
into which the foot was moved. Many researchers used
multiple arcs of motion. We coded 9 separate levels for
testing ROM and defined them as 4 major directions with
subcategories. The major directions were inversion, indi-
cating the foot was testing into inversion; plantar flexion,
indicating the foot was tested into plantar flexion;
dorsiflexion, indicating the foot was tested into dorsiflex-
ion; and frontal, indicating the foot was tested in both the
inversion and eversion directions without reported separa-
tion of the data within these trials. All 4 major directions
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were subcategorized into EARLY, indicating the first one-
third of ROM was tested; MID, indicating the middle one-
third of ROM was tested; END, indicating the last one-third
of ROM was tested; or ALL, indicating multiple ROMs
were testing within the indicated direction. Testing ROM
was coded as (1) Inversion-MID,?***2 (2) Inversion-
END,?®2° (3) Inversion-ALL,?"?3!32 (4) Dorsiflexion-
END,** (5) Dorsiflexion-ALL,* (6) Plantar flexion-EAR-
LY,* (7) Plantar flexion-ALL,*" (8) Frontal-EARLY, and
(9) Frontal-ALL."”

Testing velocities refer to the velocity of the mechanical
testing arm (for passive reposition) or the velocity allowed
by the testing arm (for active repositioning). We coded
testing velocities into 3 variables collapsed across ranges of
velocities reported as (1) less than 2°/s,° (2) 2 to 4°/s,30:31:33
and (3) 5°s.7:282932 In 2 investigations, the authors?®?’
used only active repositioning and reported no specific
testing velocity for repositioning. The results of these 2
investigations were not included in the analysis of this
variable.

Data-reduction method refers to the handling of collected
data. We identified 6 separate levels of data reduction
across included studies. (1) Average absolute error was
defined as the average absolute value across trials of errors
between the target and repositioning angles.?>-¢-283%-32 (2)
Total absolute error was defined as the sum of errors across
several motions.!” (3) Mean constant error was defined as
the actual difference between the target and repositioning
angle across multiple trials. These measures consider the
positive and negative values of the differences and
represent whether the participants overshot (positive) or
undershot (negative) the target. Across multiple investiga-
tions, the constant error was referred to as real error or
exact error>>% (4) The difference between the reproduced
and the given angle®' was used in 1 investigation, but we
could not determine whether the absolute or constant error
was calculated. (5) Replication error’” was defined as the
difference between the target and repositioned angle, but no
details associated with positive, negative, or absolute values
were specified. (6) Single measure®® was defined as
recording of only a single repositioning error measure. In
this study, only 1 measurement of the actual difference
between the target and repositioning angle was performed
for each ankle repositioning direction.

Meta-Analysis

Separate meta-analyses were performed for each of the 6
variables. For each meta-analysis, a random-effects model
was used. We chose this model specifically because the
effect sizes and Cls analyzed in each meta-analysis were
generated from independent studies in which authors used
different classifications of CAI.** Based on the included
studies, potential unidentified moderating variables influ-
enced the effect sizes. The random-effects model provides a
more conservative estimate of effect size and Cls than the
fixed-effect model does.** Because all included studies
were retrospective, the random-effects model afforded the
opportunity to provide a more reasonable interpretation of
the size and variability around effects and to generalize the
results of the analyses to the broader population of people
with CAL?* Individual measures across the multiple
variables were pooled from the included studies using a

bias-corrected Hedges g®* and 95% Cls to examine the
magnitude and precision of the difference between the
limbs and groups in people with and without CAI. In most
studies, investigators made multiple comparisons between
groups or limbs. Each comparison was treated indepen-
dently within the statistical analyses of the measurement
variables. All effect sizes, 95% ClIs, and P values of the Z
distribution were calculated in Comprehensive Meta-
Analysis (version 2.0; BioStat, Englewood, NJ). Hedges g
is a standardized effect; it creates a unitless measure that
also is corrected to represent an effect that exists on a
parametric distribution. Across the variables, the standard-
ized effects were pooled into the coded variables using
meta-analyses conducted in Comprehensive Meta-Analysis.
A positive effect size indicated more JPR errors in the CAI
condition (limb, group) than the condition without CAI. To
interpret the strength of the effect sizes, we used the
guidelines of Cohen.>* We interpreted values as weak if
they were less than 0.40, moderate if they were from 0.41
to 0.69, and strong if they were 0.70 or larger.>* The o level
was set at .05. In addition to the statistical comparison, we
performed a qualitative assessment of subgroup effect sizes
and CIs for each.

Assessment of Publication Bias

To assess the robustness of the observed overall effects of
the moderators on JPR in people with CAI, we used the
Orwin fail-safe N test. The fail-safe N test was used to
determine how many studies with trivial effects would need
to be identified to nullify the pooled effect size of the
included studies. To assess the likelihood of publication
bias, we generated a funnel plot of all measures included in
the study. In addition, we used the trim-and-fill method to
impute potentially missing studies, allowing for an
additional assessment of publication bias.

Level of Evidence

We used the Oxford Centre for Evidence-Based Medicine
Levels of Evidence taxonomy, which was developed by
Phillips et al,*® to characterize the quality, quantity, and
consistency of the included studies. With this taxonomy, we
determined the quality of the evidence for the included
studies and generated the strength of recommendation.

RESULTS

Evidence Synthesis

Study Selection. The computerized literature search
using all databases yielded 258 articles. After the removal
of 52 duplicate results across all databases, the final search
results included 206 relevant articles to be reviewed. Two
additional articles were identified through a hand search.
The literature search resulted in 10 relevant studies. A
complete list of search terms, Boolean operators used, and
results are presented in Table 1. Figure 1 depicts study
selection and inclusion. Reasons for rejection included
irrelevant methods or outcome measures, previous review
articles, or inadequate reporting of data.

Methodologic Quality and Study Characteristics. The
average methodologic quality of the included studies was
9.8 out of a possible 17 (range, 7—12). Analysis of the
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Table 1.

Search Strategy

Step

Search Terms

Boolean Operator

EBSCO Host Web of Science

PubMed

1

(6]

9
10
Duplicates

Chronic
Recurrent
History
Frequent
Multiple
Functional
Lateral

Ankle

Injury

Sprain

Strain
Instability
Insufficiency
1,2,3

Joint

Position sense
Kinesthesia
Kinesthetic
Movement detection

OR

OR

AND

OR

Threshold to detection

Proprioception
Sensorimotor control
56

Deficit

Error

Dysfunction

7,8

4,9

AND
OR

AND
AND

11537 281 >1001000

421234
7371915

251666
>1001000

6856
2021068
8744

2773
>1001000
291112

2305 1741
3191182 >1001000

619 369
77 38

116851404

251344
6271325

3878
1771477
251319

2369
9791064

1186
143
34

Databases searched:

PubMed Central

(1965—-July 2010)

EBSCO Host (1965-July 2010)
(CINAHL, MEDLINE, SPORTDiscus)
Web of Science (1965-2010)

Studies

retrieved

N =258

4

Records after duplicates removed

n=

208

A

4

Records
n=

screened
208

Additional records identified through hand
searches or other sources
n=2

A

4

Relevant studies assessed for eligibility
n=46

A 4

Studies excluded by title or abstract
n=162

Studies included in qualitative analysis
n=10

4

Studies included in quantitative synthesis
n=10

Figure 1. Flow chart illustrating study-selection process.

Studies excluded based on relevance, review
article, or inadequate data reporting
n=236
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Table 2. Specific Characteristics for Each of the Included Studies

Without
Chronic Chronic Definition of
Ankle Ankle Chronic Ankle Methodologic Level of
Author Year Instability, n Instability, n Instability Quality? Evidence
Boyle and Negus2® 1998 25 67 >2 sprains of the lateral ankle ligament 10 3b
complex with or without sensation of giving
way and no acute episode within 3 months
of testing
Brown et al*® 2004 10 10 >2 ankle sprains in the past year, sensation of 10 3b
giving way during activity, and a score of
<20 on the Ankle Joint Functional
Assessment Tool
Fu and Hui-Chan?® 2005 19 20 Bilateral multiple ankle sprains and 2 sprains 10 3b
to each ankle within the 2 years before the
study but >3 months before the study
Gross'” 1987 14 7 Recurrent unilateral ankle sprain involving 10 3b
lateral ligaments
Jerosch and Bischof®! 1996 16 14 History of ankle sprain from 4 months to 13 7 3b
years and recurrent instability in the absence
of further trauma
Konradsen and 2000 23 20 Mechanically unstable ankle based on anterior 8 3b
Magnusson?® drawer test, functionally unstable if sustained
repeated inversion injuries (>7 per year),
and injuries sustained in low-risk activities
Nakasa et al?” 2008 12 17 Symptoms of pain, sensation of giving way, 10 3b
and some functional disability of the ankle
Santos and Liu2® 2008 21 16 History of >2 unilateral ankle sprains and a 11 3b
sensation of the ankle giving way
Willems et al®? 2002 10 53 > 3 previous lateral ankle sprains, frequent 12 3b
episodes of giving way, and some reports of
pain
Yokoyama et al®® 2008 17 17 >1 Major right inversion ankle sprain, difficulty 11 3b

standing on the foot immediately after injury,
recurrent sprains (>3), and a continuous
feeling of giving way during activity

2 |Indicates maximum score of 17.

individual influences of each methodologic-quality score
for included studies (7, 8, 10, 11, and 12) revealed that
quality of study design did not influence the overall pooled
result (Q4 = 8.3, P = .08). All studies were retrospective
case-control designs, indicating level 3 evidence according
to the Oxford Centre for Evidence-Based Medicine.*® Study
characteristics are provided in Table 2. A breakdown of
the variables within each included study is presented in
Table 3.

Overall Summary Effect. Across the multiple studies
and the 6 variables examined, the overall effect of 0.50
(95% CI = 0.36, 0.64; P < .001) indicated that the
condition of CAI, regardless of between-limbs or between-
groups comparisons, demonstrated a moderate deficit in
JPR in favor of CAI. The forest plot containing the
individual effect sizes and the cumulative effect is
presented in Figure 2 and Table 4.

Summary Effects for Individual Study Variables.
Three variables (study comparisons, starting foot position,
repositioning method) had no differences among individual
variable levels. For the 3 remaining variables (testing
ROM, testing velocity, data-reduction method), we found
differences among individual variable levels.

We found no difference between the 2 levels of study
comparisons (Q; = 0.11, P = .74) (Figure 3). Based on
these findings, we concluded that either test might be
useful. Both levels of study comparison (side to side,

matched participants) demonstrated moderately positive
effects with Cls that did not encompass zero for the
identification of JPR deficits associated with CAI. The
matched-participants design (effect size [95% CI] = 0.49
[0.33, 0.64], P < .001) demonstrated an effect, with
narrower Cls for identifying JPR deficits that was similar to
the effect for side-to-side design (effect size [95%
CI] = 0.56 [0.19, 0.92], P = .003). Both designs demon-
strated that people with CAI had greater errors than either a
side or group without CAI.

We found no differences among the subgroups for
starting foot position (Qs = 9.67, P = .14; Figure 4). Five
of the 7 starting positions that were investigated (0°, 15°,
20°, 30°, and 42° of plantar flexion) resulted in small to
large effect sizes with CIs that did not encompass zero and
resulted in differences between CAI and no CAI. The
smallest of the effect sizes that were different was 15° of
plantar flexion (effect size [95% CI] = 0.24 [0.02, 0.46],
P = .03). The initial position of 30° of plantar flexion
demonstrated the strongest effect for identifying deficits
with wide Cls that did not encompass zero (effect size [95%
CI] = 1.24 [0.47, 2.02], P = .002); however, 0° was also
different with narrow 95% Cls (effect size [95% CI] = 0.5
[0.2, 0.8], P < .001). The 2 effects that were not different,
10° of dorsiflexion (effect size [95% CI] = 0.40 [-0.10,
0.90], P =.12) and 10° of plantar flexion (effect size [95%
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Table 3. Descriptions of the Variables for Each of the Included Studies

Study Starting Foot Repositioning Range of Motion Testing Data-Reduction
Author Comparisons Position Method Tested Velocity Method
Boyle and Negus2® Group 42° of plantar Active and 30%, 60%, and 90% of 5°s Mean absolute
flexion passive total inversion error?
Brown et al®*° Group 0° Passive 10% and 90% of total 2°/s Mean absolute error
inversion
Fu and Hui-Chan?® Group 0° Passive °~5° of plantar flexion 1°/s Mean absolute error
Gross'” Group 0° Active and 10° of eversion, 10° of 5%s Total absolute
and side passive inversion, and 20° of error®
inversion
Jerosch and Side 0° Active 5°, 15°, and 20° of 4°/s Difference in
Bischof®! inversion reproduced and
given angle®
Konradsen and Group 0° Active 10° 15° and 20° of Not Mean absolute error
Magusson2® and side inversion specified and mean
constant error?
Nakasa et al*” Group 20° of plantar Active 5°,10° 15°, 20°, and 30° Not Replication error®
and side flexion of inversion specified
Santos and Liu?® Group 0° Passive 30° of inversion 5°%s Mean absolute error
and side
Willems et al®? Group 15° of plantar Active and 15° of inversion and 15° of 5°s Mean absolute error
flexion passive maximum active and mean
inversion constant error
Yokoyama et al®® Group 10° of Passive 5 Plantar flexion angles 4°/s Single constant
dorsiflexion; between 30° and —10° errorf
0° and 10°, with 10° intervals
20°, and 30°
of plantar
flexion

a Indicates the average of all trials where the absolute error was determined.
® Indicates the sum of all trials in which the absolute error was determined.
¢ Indicates the average of differences between the reproduced and target angles. Whether errors were based on constant or absolute

values was not specified.

9 Indicates the average of errors was determined based on undershooting (negative) or overshooting (positive) the target angle. The mean

constant error also is reported as the real or exact error.

¢ Indicates the average of errors committed. Whether errors were based on constant or absolute values was not specified.
0 Indicates the errors associated with 1 trial of joint position recognition.

CI] = 0.60 [-0.20, 1.40], P = .14), demonstrated moderate
effect sizes with Cls that encompassed zero.

We found no difference within the 2 subgroups of
repositioning method (Q; = 1.0, P = .32; Figure 5). Both
active and passive repositioning demonstrated moderate
effects with narrow Cls that demonstrated differences
between CAI and no CAI The active method (effect size
[95% CI] = 0.57 [0.29, 0.86], P < .001) was slightly
stronger than the passive method (effect size [95% CI] =
0.46 [0.32, 0.60], P < .001), but the passive method had
narrower CIs. The lower limits of the active and passive Cls
were almost identical, however, the upper limit of the
active repositioning method crossed into the large effect
size, whereas the upper limit of the passive repositioning
method remained moderate.

We found a difference among the subgroups of testing
ROM (Qg = 16.4, P = .04; Figure 6). Five of the 9
assessed ROMs demonstrated small to moderate effects,
with Cls that did not encompass zero and resulted in
differences between the conditions of CAI. Inversion-ALL
(effect size [95% CI] = 0.92 [0.52, 1.31], P < .001) and
Inversion-MID (effect size [95% CI] = 0.60 [0.28, 0.91], P
< .001) demonstrated deficits in JPR for people with CAI:
large or moderate to large effect sizes, respectively, and Cls
that did not cross zero. When multiple ROMs for
dorsiflexion, frontal-plane motion, and plantar flexion were

tested and data were combined, identified deficits were the
most inconsistent.

We found a difference among the 3 subgroups of testing
velocity (Q; = 8.48, P = .04; Figure 7). All 3 velocity
categories resulted in small to large effect sizes, with Cls
that did not cross zero, and demonstrated deficits in JPR in
people with CAIL The strongest effect was identified for the
slowest testing velocity (<2°/s), with the effects weakening
as testing velocity increased (effect size [95% CI] = 0.72
[0.25, 1.19], P = .002). However, the precision of the
measure, as indicated by the width of the Cls, increased as
testing velocity increased.

We found differences among the 6 data-reduction
methods (Qs = 15.91, P = .007; Figure 8). Five of the 6
data-reduction methods that we examined demonstrated
small to large effect sizes, with Cls that did not encompass
zero, and resulted in differences in discriminating between
CAI conditions. The replication error (effect size [95%
CI] = 1.12[0.57, 1.67], P < .001) and the difference in the
reproduced and the given angles (1.02 [0.28, 1.77],
P = .006) had the largest effect sizes of any of the
measures. The mean absolute error resulted in a moderate
effect size but had the most precise CI of any of the
measures examined (effect size [95% CI] = 0.55 [0.34,
0.75], P < .001). The total-errors method had the weakest
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Hedges g and 95% Confidence Intervals

+a
+b
+°
+d
=
_!_'

=
—=—

—m

2.00 4.00

More Deficits Chronic
Ankle Instability

More Deficits
Control

Figure 2. Summary of Hedges g effect sizes and 95% confidence
intervals for each comparison within all 10 included studies.
Summary meta-analysis indicated that individuals with chronic
ankle instability demonstrated joint reproduction deficits when
compared with control participants or limbs. The characteristics of
the included comparisons are presented in Table 4.

effect and also the widest Cls that also encompassed zero
(effect size [95% CI] = —0.02 [-0.42, 0.37], P = .91).
Publication Bias. The likelihood of publication bias was
assessed with a funnel plot (Figure 9). Based on the relative
symmetry and even distribution of studies within the funnel
plot, it is unlikely that publication bias played an important
role in the results of the meta-analyses. Further analysis
using the trim-and-fill method also indicated that
publication bias was not a likely influence on the overall
result. Results of the Orwin fail-safe N test indicated that a

range of 169 to 381 additional studies (based on a trivial
effect range of Hedges g of 0.10 to 0.05) would be needed
to nullify the overall summary effect. Based on these
results, the effect of bias introduced across the studies
probably was trivial. If all relevant studies beyond those
that we analyzed were included, the effect size probably
would remain unchanged.

Sensitivity Analysis. The sensitivity analysis we used to
test the stability of the cumulative effect across included
studies revealed effect sizes that ranged from 0.46 to 0.52.
The lowest lower confidence limit was 0.34, and the highest
upper confidence limit was 0.66. All P values for the Z
distribution were less than .01. This indicated that 1
particular study did not substantially influence the overall
cumulative effect.

DISCUSSION

The purpose of our systematic review was to identify the
most precise and consistent JPR variables for identifying
proprioceptive deficits in individuals with CAI Overall, we
did not find one particular variable that was more indicative
of CAI than the rest. Instead, all 6 variables yielded
important differences between participants with and
without CAI. The JPR deficits appear to be present across
all 6 variables in people with CAI. We are the first to
demonstrate that regardless of (1) between-groups or
between-limbs comparisons, (2) starting foot position, (3)
repositioning method, (4) testing ROM, (5) testing velocity,
and (6) data-reduction method, moderate to large deficits
appear to be detected consistently in both active and
passive JPR in people with CAI Because all studies
included were retrospective, no causal link can be drawn
between the deficits noted and the condition of CAI In the
following sections, we discuss the implications of the
results and present guidelines for future investigations for
identifying JPR deficits in people with CAI.

Between-Groups Versus Within-Group Comparisons

Based on the meta-analysis for this testing variable, both
the side-to-side comparison in the CAI group and the
between-groups comparison of the CAI group to a
matched-control group displayed very large effect sizes
with narrow Cls, indicating that the limb or group with CAI
had JPR deficits. The pooled effect of the matched-control
group studies'”?%2¥33 made up comparisons of 151 patients
with CAI matched to 124 control participants without CAI
For the side-to-side comparison,'”?5® 86 limbs had CAI
and 84 limbs did not have CAI. However, when we looked
at the pooled effect sizes for the 2 comparisons, the
matched-control group comparison (effect size = 0.49)
was similar to the between-limbs comparison (effect
size = 0.56). Although both effect sizes were moderate,
with Cls that did not cross zero, central changes within the
sensorimotor system that occurred due to ankle sprains
might be a mediating factor to explain the larger Cls and
lower precision for the between-limbs comparison than the
between-groups comparison. Evidence exists to suggest
that postural-control alterations are present bilaterally in
people with unilateral CAL>® Central changes also might
occur in the afferent recognition of limb position in people
with unilateral CAI. Based on the available evidence from
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Table 4. Characteristics of Included Comparisons (Lowercase Letters Correspond to Those in Figure 2)
Study Hedges g Lower Limit Upper Limit P
Boyle and Negus2®
aPassive, 30° 0.49 0.03 0.95 .04
bPassive, 60° 0.79 0.32 1.26 <.001
°Passive, 90° 0.57 0.10 1.03 .02
dActive, 30° 0.61 0.15 1.07 .01
eActive, 60° 0.41 —0.05 0.87 .08
fActive, 90° 0.12 -0.34 0.58 .61
Brown et al*®
9Dorsiflexion 0.52 —-0.34 1.37 .23
"Plantar flexion 0.75 -0.12 1.62 .09
iInversion 0.28 -0.57 1.12 .52
IEversion 0.00 —0.84 0.84 >.99
Fu and Hui-Chan?®
Right limb 0.68 0.01 1.35 .05
ILeft limb 0.76 0.09 1.43 .03
Gross'”
MPassive, side-to-side comparison 0.13 —0.59 0.85 72
"Active, side-to-side comparison -0.12 —-0.84 0.60 .75
°Passive, matched-control comparison 0.34 —0.53 1.22 44
PActive, matched-control comparison —0.49 —-1.37 0.39 .28
aJerosch and Bischof®! 1.03 0.28 1.77 .01
Konradsen and Magnusson2®
"Mean absolute error, matched-control comparison 2.43 1.65 3.21 <.001
*Mean absolute error, side-to-side comparison 1.39 0.75 2.03 <.001
Mean real error, matched-control comparison 0.58 —0.02 1.18 .06
“Mean real error, side-to-side comparison 0.09 —-0.50 0.68 77
Nakasa et al*”
vSide-to-side comparison 0.36 1.91 <.001
“Matched-control comparison 0.34 1.88 <.001
Santos and Liu?®
*Side-to-side comparison 0.39 -0.25 1.04 .23
YMatched-control comparison 0.38 —0.26 1.02 .24
Willems et al®?
ZPassive, mean absolute error, —5° of active inversion 0.03 —0.64 0.69 .94
aaPassive, mean absolute error, 15° of inversion 0.05 —0.62 0.71 .89
bbPassive, mean exact error, —5° of active inversion 0.02 —0.65 0.68 .96
ccPassive, mean exact error, 15° of inversion -0.02 —0.68 0.65 .96
ddActive, mean absolute error, —5° of active inversion 0.40 -0.27 1.07 .24
eeActive, mean absolute error, 15° of inversion 0.13 —-0.54 0.79 .71
ffActive, mean exact error, —5° of active inversion 0.71 0.03 1.39 .04
99Active, mean exact error, 15° of inversion 0.46 -0.21 1.13 .18
Yokoyama et al®®
hh10° of dorsiflexion, 0° of inversion 0.57 -0.10 1.24 .10
iNeutral, 0° of inversion 0.14 —0.52 0.79 .68
ii10° of plantar flexion, 0° of inversion 0.21 -0.45 0.86 54
k20° of plantar flexion, 0° of inversion 0.12 —0.53 0.78 71
30° of plantar flexion, 0° of inversion 0.87 0.18 1.56 .01
mm10° of dorsiflexion, 20° of inversion 0.19 -0.47 0.85 .57
"Neutral, 20° of inversion 0.18 —-0.47 0.84 .58
°°10° of plantar flexion, 20° of inversion 1.06 0.36 1.77 <.001
PP20° of plantar flexion, 20° of inversion 0.67 0.00 1.35 .05
9930° of plantar flexion, 20° of inversion 1.66 0.89 2.42 <.001
"Meta-analysis of all comparisons 0.50 0.36 0.64 <.001

the 10 studies included in these analyses, both types of
testing appear to be reasonable for detecting moderate JPR
deficits. However, based on the more precise effect noted in
the between-groups comparisons, we recommend that
future researchers explore differences between groups
rather than between limbs.

Starting Foot Position

The meta-analysis of this testing variable indicates that
the neutral position between plantar flexion and dorsiflex-

ion offers the most consistent estimate of JPR deficits in
people with CAL. Whereas we found no difference among
the measures used across the studies, the neutral posi-
tion!7-2%-26:28.3031.33 wag the most common testing position.
Based on the qualitative analysis of the range of testing
positions from 42° of plantar flexion® to neutral,®* all
demonstrated that people with CAI had JPR deficits with
the exception of 10° of plantar flexion. Although 30° of
plantar flexion (effect size = 1.25) and 20° of plantar
flexion (effect size = 0.73) demonstrated the largest
deficits in JPR deficits related to CAI, the neutral position
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t L 4 I Side-to-side comparison'’?*® (P = .003)
' 4 { Matched-subject comparison'"?* (P < .001)
-0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2

More More deficits chronic ankle instability group
deficits

control

group .

Effect Size

Figure 3. Summary analysis of the standardized difference between groups for the study comparison variable. The variable level in bold
indicates our recommendation for the strongest and most consistent method for identifying proprioceptive deficits in individuals with
chronic ankle instability.

——&——1 42°of plantar flexion® (P < .001)
: 4 } 30° of plantar flexion®®
(P=.002)
: L 2 1 20° of plantar flexion®”* (P = .003)
———— 15°0f plantar flexion® (P = .07)
b 4 1 10°of plantar flexion®® (P = .14)
‘ 0 017.,25,26,28,30,31,33 (P < 001)
: ¢ 1 10°of dorsiflexion® (P =.12)
0.5 0.0 0.5 1.0 1.5 2.0 25

More deficits
control group

More deficits chronic ankle instability group
Effect Size
Figure 4. Summary analysis of the standardized difference between groups for the starting foot position variable. The variable level in bold

indicates our recommendation for the strongest and most consistent method for identifying proprioceptive deficits in individuals with
chronic ankle instability.

——4—— Passive'"??%3% (p . 001)

: 4 | Active'’#52829308233 (p o 001)
-0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0
More deficits control group More deficits chronic ankle instability group

Effect Size

Figure 5. Summary analysis of the standardized difference between groups for the repositioning method variable. The variable levels in
bold indicate our recommendations for the strongest and most consistent methods for identifying proprioceptive deficits in individuals
with chronic ankle instability.

had the most precise Cls. The studies in which researchers
used the neutral position comprised the largest number of
limbs with CAI and limbs or control participants without
CAL Taking into account the pooled effect size (0.51), the
moderate effect with very narrow Cls indicates a real
difference between CAI and no-CAIl conditions. The
magnitude of the real difference continued to increase as
participants were moved into the midrange to end range of
plantar flexion. This is important to consider because the
most common mechanism of injury described for ankle

sprains is a combination of inversion and plantar flexion.
All other ranges reported were either small to moderate
effects or had Cls that crossed zero, indicating a lack of
sensitivity and precision for the measurement variable to
discriminate between people with and without CAI. Based
on the available evidence, the neutral position appears to be
the most consistent starting position to use when examining
JPR deficits in people with CAI. The addition of plantar
flexion in the starting position at the middle to terminal
ROMs should continue to be investigated systematically.
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; ¢ | Plantar flexion-EARLY®® (P = .003)
b 4 | Plantar flexion-ALL* (P = .09)
——&—— Inversion-MID®**** (P < 001)
: | Frontal-ALL" (P = .91)
b 1 I Eversion-ALL*® (P > .99)
——&—— Inversion-END*%**%® (P = .002)
———&—— Dorsiflexion-END* (P < .001)
b 4 i Dorsiflexion-ALL® (P = .23)
f 4 i Inversion-ALL?**%" (P < .001)
-1.0 0.5 0.0 0.5 1.0 15 2.0

More deficits control group

Effect Size

More deficits chronic ankle instability group

Figure 6. Summary analysis of the standardized difference between groups for the ranges of motion tested variable. The variable levels in
bold indicate our recommendations for the strongest and most consistent methods for identifying proprioceptive deficits in individuals

with chronic ankle instability.

V'S
v

| Very slow (<2%s)***"*® (P < .001)

———&—— Slow (2-4%s)***’ (P =.001)

—&— Moderate (5%s)'"?%% (P < .001)

-0.2 0.0 0.2 0.4 0.6 0.8

1.0 1.2 1.4

More More deficits chronic ankle instability group
deficits
control
group
Effect Size

Figure 7. Summary analysis of the standardized difference between groups for the testing velocities variable. The variable levels in bold
indicate our recommendations for the strongest and most consistent methods for identifying proprioceptive deficits in individuals with

chronic ankle instability.

Repositioning Method

The meta-analysis on this testing variable indicated that
both active!”2077293132 and passive!72528 303233 reposi-
tioning methods can identify JPR deficits in people with
CAL These findings agree with what Munn et al'® found in
their meta-analysis of sensorimotor deficits. Active ROM
(effect size = 0.57) produced a larger effect than did
passive ROM (effect size = 0.46). The moderate effect
sizes with Cls that did not cross zero for both types of
comparisons indicated that a true difference between no-
CAI and CAI conditions exists in these 2 repositioning
methods. Although both active and passive repositioning
resulted in consistently moderate effects, active reposition-
ing might be the superior method for detecting deficits in
people with CAI as indicated by the potential for large
effect sizes and Cls. The active repositioning method might
take into account the contextual relationship within the

sensorimotor pathways that the passive technique does not,
namely musculotendinous receptors. The contributing
factors associated with the differences between passive
and active regarding the magnitude of the effect and size of
the CIs need to be explored systematically.

Testing Range of Motion

From the meta-analysis of this measurement variable,
plantar flexion and inversion appear to be the 2 ROMs most
capable of detecting JPR deficits in people with CAI. The
largest effect sizes with the most precision were associated
with both inversion and plantar flexion throughout the
entire range available in both directions. Dorsiflexion and
eversion did not result in large effects; however, end-range
dorsiflexion demonstrated a moderate effect with fairly
narrow CIs. The finding that plantar-flexion and inversion
JPR were most affected was clinically intuitive. These are
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;—l—< Total absolute error'”

———&——— Single constant error®® (P < .001)

t L 4

(P=.91)

I Replication error®’ (P < .001)

49— Mean constant error’®® (P = .02)

; Difference in reproduced angle®" (P = .007)

: ¢

——&——1 Mean absolute error®>?*?3%% (p . 001)
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More deficits control
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Effect Size

1.5 2.0
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Figure 8. Summary analysis of the standardized difference between groups for the data-reduction methods variable. The variable level in
bold indicates our recommendation for the strongest and most consistent method for identifying proprioceptive deficits in individuals with

chronic ankle instability.
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Figure 9. Funnel plot analysis for publication bias.

the 2 motions most commonly associated with ankle
sprains.'* Although JPR testing has been performed
consistently in a controlled laboratory environment, JPR
within these 2 ROMs might be more important to address
clinically during rehabilitation of people with CAI. That
being said, an important caveat associated with the included
studies is that inversion and plantar flexion were the most
common ROMs assessed. Deficits in eversion or dorsiflex-
ion in people with CAI might be present, but a paucity of
evidence exists to suggest that they do. At this time, it is
unclear what types of interventions would best improve
JPR deficits or that JPR is a factor in recurrence of ankle
sprains. These 2 issues should be explored systematically in
the future. Based on the evidence available, the early to
midrange of plantar flexion and the midrange of inversion
appear to be most affected in people with CAI

Testing Velocity

Based on the meta-analysis for this measurement
variable, the largest effect for detecting JPR deficits in
people with CAI was from a velocity less than 2s.
Although a smaller effect (0.54), the 2°/s to 4°/s testing

velocities had narrower Cls that were fully encompassed by
the less than 2°/s testing velocity. The range of velocities
used,”>3? from less than 2°/s (effect size = 0.72) to 5%s
(effect size = 0.34), demonstrated moderate to large effect
sizes with CIs that did not cross zero, indicating deficits in
people with CAI. The JPR deficits, regardless of a specific
velocity used, appear to be real in people with CAIL One
important note on this issue is that Refshauge et al®>’ found
that as movement velocity increased, threshold-to-move-
ment detection decreased. Although they produce substan-
tially greater errors in JPR in both no-CAI and CAI groups,
the slower velocities might be necessary to find the largest
JPR deficits in people with CAI. As velocity increases,
other receptors away from the ankle joint structures, such as
muscle spindles, might be called into play and might cloud
the ability to detect true joint-receptor deficits of people
with CAI Although the consistency of the measure appears
to increase as velocity increases, the ability to discriminate
between people with and without CAI appears to decrease.
Based on the available evidence, the movement velocity
that produces the largest true effects in detecting JPR
deficits in people with CAI appears to exist at less than 5%s.

Data-Reduction Method

Based on the meta-analysis for this measurement
variable, most methods of data reduction appear to offer
insight into JPR deficits associated with CAI. The only
effect size that was small with very wide Cls was the total
differences variable.!”?° This indicates that subtle alter-
ations in JPR can be detected using these methods of data
reduction. Based on the effect sizes and widths of CIs,
examining either the replication error or the differences
between the given and reproduced angles might provide the
greatest insight into these deficits. However, what remains
unclear is whether people with CAI have a tendency to
overshoot or undershoot the target angle. The data-
reduction method that demonstrated the greatest precision
(narrowest CI) was the mean absolute error. The mean
absolute error was the most common data-reduction method
used across studies. The pooled effect size was moderate
but had the potential to yield large effects. Although the
replication error and the difference in the reproduced and
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given angles produced the largest effect sizes, how the
investigators reduced the data to generate these variables is
unclear. Based on the available evidence, the technique of
data reduction that might be most consistent and beneficial
in identifying JPR deficits in people with CAI is the mean
absolute error method.

Limitations

Our systematic review had several limitations. First, due
to the varied inclusion criteria for CAI across the assessed
studies, the heterogeneity of participant demographics
might limit the ability to apply these findings to a very
well-defined population with CAI. However, because this
clinical phenomenon is most commonly a self-reported
condition, we believe that the heterogeneity of inclusion
criteria, coupled with moderate to large effect sizes and
narrow Cls across the measurement domains, provides an
indication that JPR deficits do exist in this self-reported
condition. Second, the methodologic quality across studies
was very low. The evidence we presented is level 3,
meaning that no causal link can be established between JPR
deficits and CAI. Higher-quality studies are needed to
determine whether JPR deficits are the cause or the result of
CAL Third, we examined only 1 type of laboratory measure
that has been used to assess proprioceptive deficits in
people with CAIL. We did not include other measures, such
as threshold to detection, in this review. The variables we
specified in this review can be generalized only to methods
that use active or passive joint repositioning at the ankle.
Fourth, within each measurement variable, multiple
measures with varied instrumentation constitute the depen-
dent variables of interest. As a result, we cannot specify any
one type of JPR testing that would be better than another.
However, from this systematic review, we can make
recommendations based on the level 3 evidence about
how to progress in this line of study in the future.

The assessment of proprioceptive deficits in people with
CAI does not present immediate clinical relevance. Several
issues are inherent to the methods that limit the face value
of the results from these types of studies. Specifically,
testing velocity is typically far slower than the angular
velocity associated with an ankle sprain. In addition, the
test positions usually involve postures and positions that are
not related to the mechanism of injury other than the
orientation of the talocrural and subtalar joints. With these
clinical limitations in mind, we still do not know how subtle
deficits in proprioception translate to substantial reductions
in functional capacity in people with CAIL.**>* Based on this
systematic review, deficits in JPR can be detected between
people with and without CAI. The effect that these deficits
have on the functional capacity of people with this
condition is not fully understood. The clinical relevance
of JPR deficits might be elucidated when combined with
patient-oriented and clinician-oriented assessment tools in
future studies. Future researchers investigating propriocep-
tive deficits in those with CAI should continue to assess
JPR.

CONCLUSIONS

We make several recommendations for future research-
ers. Based on level 3 evidence, we recommend that

investigators studying JPR deficits associated with CAI
should use the following measurement variables:

1. Compare JPR measures between groups with and without
CAL

2. During testing, the starting position of the foot should be
between neutral and 30° of plantar flexion.

3. The active repositioning method is the most appropriate to
use; however, passive repositioning has its benefits and can
be explored further.

4. Early to midrange plantar flexion and the full range of
inversion are the 2 directions that should be used. A
combination of the 2 has not been explored, but we
recommend investigating it systematically.

5. The repositioning velocity for testing should be less than
5°/s. Larger effects become more apparent as testing
velocity decreases.

6. The most consistent data-reduction method for JPR testing
is the calculation of the mean absolute error across at least
2 test trials.

Level 3 evidence suggested that people with CAI display
consistent JPR deficits when compared with people without
CAIL Due to the consistency of the findings across the
measurement variables, the strength of recommendation®”
that JPR should be considered as a tool for identifying
kinesthetic deficits in people with CAl is B. Further study at
higher levels of evidence is warranted in the investigation
of proprioceptive deficits associated with JPR in people
with CAL
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