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ABSTRACT

Purpose: To examine reliability and validity of the Lunge Test (LT) of dorsiflexion range of motion and determine the impact of different approaches
to obtain a score on these parameters. Methods: Fifty-three patients with ankle injury/dysfunction provided initial assessment data for cross-sectional
convergent and known-groups validity analysis with the Pearson coefficient (r) and paired #test, respectively; data after 4-8 weeks of treatment for
longitudinal validity analysis with coefficient r; and data 3 days later for test—retest reliability using the intra-class correlation coefficient (ICC) and minimal
detectable change (MDC). LT scores were determined for the affected leg only (LTaq) and for the difference between the two limbs (LTpix). Two strategies
were used to calculate LT scores: a single series and the mean of three series of lunges. LTs were correlated with the Lower Extremity Functional Scale
and Global Foot and Ankle Scale. Results: Reliability coefficients were high (ICC = 0.93-0.99). The MDC = 1.0/1.5 cm, LTag/LTpi, respectively. Cross-
sectional validity was confirmed for LTp¢ (r= —0.40 to —0.50). Between-limb differences (p < 0.05) supported known-groups validity. Longitudinal
validity was supported for both LT change scores (r= 0.39-0.63). The number of series of lunges used did not impact results. Conclusions: A single
series of lunges produces a reliable LT score. From a validity perspective, clinicians should use LTy on initial assessment and either LT to assess change.
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RESUME

Objectif : Vérifier la fiabilité et la validité du test fonctionnel de flexion du genou vers I'avant (lunge test, LT) pour vérifier I'amplitude de la flexion dorsale
du pied et évaluer les effets de diverses approches visant a obtenir une cote plus élevée pour ces paramétres. Méthode : Un échantillon de 53 patients
avec blessure ou dysfonction de la cheville a permis de recueillir des données initiales pour procéder a une analyse convergente croisée et des groupes
connus en vue d’évaluer la validité des données a 'aide du coefficient de Pearson (r) et du test de ¢, respectivement; des données aprés 4 a 8 semaines
de traitement pour 'analyse de la validité longitudinale avec le coefficient r, et des données 3 ans plus tard pour la fiabilité test retest avec coefficient de
corrélation intraclasse (CCI) et changement minimal détectable (CMD). Les pointages LT ont été établis pour la jambe touchée uniquement (LTas) et pour
les différences entre les deux membres (LTp;). Deux stratégies ont été utilisées pour calculer les pointages LT: une série simple et la moyenne de trois
séries de flexions. Les LT ont ensuite été corrélés avec les échelles fonctionnelles pour les membres inférieurs, le pied dans son ensemble et la cheville.
Résultats : Les coefficients de fiabilité sont élevés (CCl = 0,93-0,99). Le CMD = 1,0/1,5 cm pour le LTaq/LTpir, respectivement. La validité transversale
a été confirmée pour LTy (r= —0,40 a —0,50). Les différences entre les deux membres (p < 0,05) appuyaient la fiabilité des groupes connus. La
validité longitudinale était appuyée pour les deux pointages de changement LT (r = 0,39-0,63). Le nombre de séries de flexions utilisées n’a pas eu
d’effet sur les résultats. Conclusions : Une seule série de flexions permet d’obtenir un pointage a LT fiable. Du point de vue de la validité, les cliniciens
devraient utiliser le LTy pour I'évaluation initiale, et I'un ou I'autre des LT pour évaluer les changements.

Ankle dorsiflexion occurs naturally during many lower- arthro- and osteokinematics of the ankle during weight-
extremity tasks. Reduced ankle dorsiflexion range of  bearing dorsiflexion. Normally, during this movement,
motion (DF-ROM) is common in many orthopaedic con- the tibia moves forward over the foot as the tibial pla-

ditions that confront physiotherapists, including ankle fond glides anteriorly on the talar dome.> When this
fractures! and sprains.? Clinicians pay attention to the accessory glide is limited—for example, due to an anteriorly
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Figure 1

The Lunge Test

Note: The large toe and centre of the calcaneus contact the tape measure,
and the knee touches the tape on the wall. Contact with the ground is
monitored by the physiotherapist. The measurement recorded is the
distance in millimetres between the large toe and the wall.

positioned talus in people with chronic ankle instability*—
the resulting decrease in DF-ROM prevents the ankle joint
from achieving a close-packed position of bony stability,
making it more vulnerable to inversion and internal rota-
tion forces about the ankle.? This is believed to increase
the risk of repeated injury, as people with functional
ankle instability have demonstrated increases in the ver-
tical component of the ground reaction force in the pres-
ence of suboptimal ankle joint positioning when landing
from a jumping activity.” The importance of normalizing
the relationship between physiologic and accessory ankle
movements in weight bearing is evident in the develop-
ment and investigation of treatment approaches that
target these components to improve weight-bearing DF-
ROM and spatiotemporal postural control.®”

Techniques to measure DF-ROM can be grouped into
three categories, based on measurement method and
body position: visual estimation, goniometric measure-
ment in non-weight-bearing positions, and measurement
in a weight-bearing position. Each grouping demonstrates
different levels of reliability. Visual estimation has poor
measurement qualities and has not been recommended
for use in clinical settings.®® Non-weight-bearing mea-
sures of DF-ROM have variable reports of intrarater
reliability,®~13 with intra-class correlation coefficient (ICC)
values varying from 0.64° to 0.97'3 and interrater ICCs as
high as 0.87.1° For weight-bearing measures of DF-ROM,
reports of both types of reliability have been uniformly
high, with intrarater ICCs from 0.93* to 0.99%!° and inter-
rater ICCs of 0.981* and 0.99.1¢

Bennell'® introduced the weight-bearing Lunge Test
(LT) for quantifying DF-ROM using a simple tape mea-
sure secured to the floor (see Figure 1). One key aspect
of the testing protocol is its iterative nature: a series of
lunges is performed to determine a single numeric value,
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and then this procedure is repeated three times, so that a
mean of three values represents DF-ROM.

One question about this research method is whether
it can be translated directly to clinical practice. In the
literature, researchers have used up to six!” series of
lunges to generate a mean value for characterizing DF-
ROM. Some investigators have measured only the affected
limb;215:16 gthers have used the difference between limbs
as the measure of abnormal DF-ROM.!8 Clinicians work-
ing under time constraints in busy treatment settings
may choose to use a single series of lunges with the
affected limb only; we do not know the impact of using
a single versus multiple series of lunges with affected
versus bilateral limbs on the reliability of the measure.

The validity of the LT has not been examined to the
same extent as its reliability. In healthy study participants,
ultrasound images have shown that LT values do correlate
with gastrocnemius/soleus muscle fascicle lengths and
pennation angles.’® Among patients with an ankle frac-
ture, two studies have demonstrated the predictive valid-
ity of affected-limb LT scores on activity limitation.!-20

The present study was designed as an initial para-
meter estimation study of the psychometric properties
of the LT in a sample of orthopaedic patients. Our objec-
tives were to examine the reliability and validity of the
LT and to determine the impact on these measurement
properties of using a single or multiple series of lunges
with one or both limbs.

METHODS

Study design

Figure 2 outlines how data were used to achieve the
study objectives. Participants were recruited from four
outpatient physiotherapy clinics. Data were collected
at the initial assessment (Time 1) for convergent and
known-groups validity, during the fourth to eighth week
of rehabilitation (Time 2) for longitudinal validity, and
within 3 days of Time 2 for test-retest reliability (Time
3). The Health Sciences Research Ethics Board of the
University of Western Ontario approved this study, and
all participants provided written informed consent.

Participants

Inclusion criteria were as follows: age >18 years, at-
tending physiotherapy for post-surgical or non-surgical
unilateral ankle dysfunction of musculoskeletal origin,
loss of DF-ROM as judged by the treating physiothera-
pist, able to read/follow instructions in English, willing
to attend testing sessions, and able to provide informed
consent. Exclusion criteria were inability to successfully
complete the LT, contraindication for full weight bear-
ing, or presence of a concomitant neurological disorder
or ankle arthrodesis. The target sample size of 35 was
based on two test sessions and parameter estimation of
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Time 1 Time 2 Time 3
admission to study 4-8 weeks 1-3 days
—> after Time 1 —> after Time 2
Cross-Sectional
Validity
4 4 A
Data collected Data collected Data collected
* demographics « LEFS « LEFS
+ LEFS « GFAS + GFAS
« GFAS * Lunge Test * Lunge Test
* Lunge Test « GRC * GRC
: - Longitudinal ., - Test-Retest .,
Validity Reliability

Figure 2 Study timeline and study objectives (in italics).

LEFS = Lower Extremity Functional Scale; GFAS = American Academy of Orthopedic Surgeons Global Foot and Ankle Scale; GRC = Global Rating of

Change.

ICC = 0.85 (95% CI width of 0.20)2! and a 10% loss to
follow-up.

Data collection

At Time 1, physiotherapists conducted a typical initial
examination. For descriptive purposes, the following com-
ponents of this assessment were recorded: age (y); sex;
height (cm) and weight (kg) for body mass index (BMI)
in kg/m? mechanism of injury; and date of injury/
surgery.

Measures

In addition to the LT, two self-report measures of func-
tion were administered at all three time points: the Lower
Extremity Functional Scale (LEFS)?> and the American

Academy of Orthopedic Surgeons (AAOS) Global Foot
and Ankle Scale (GFAS).23 At Time 2 and Time 3, the cli-
nician and the participant completed a Global Rating of
Change (GRC) score.?*

Lunge Test of ankle DF-ROM

The LT (see Figure 1) was performed following proce-
dures outlined by Bennell.!® First, the unaffected foot
was placed forward, with the great toe and centre of the
heel on the tape measure. With both feet stationary, a
controlled forward lunge was performed such that the
knee flexed as the participant attempted to touch it to
a vertical line marked on the wall with adhesive tape.
During this movement, the physiotherapist maintained
the foot’s alignment on the tape measure secured to the



350

floor, monitored the heel to ensure contact with the
floor, and watched for knee contact with the wall. Prona-
tion or supination of the foot was not controlled. An
attempt was considered successful if the participant was
able to touch the knee to the wall while maintaining the
proper foot alignment and heel contact with the tape on
the floor. Upon successfully touching the knee to the
wall, the participant moved the foot further from the
wall and performed another forward lunge, once again
attempting to touch the knee to the wall. The participant
was given up to five attempts to achieve the greatest dis-
tance between the large toe and the wall. Using the tape
measure on the floor, this distance was recorded in
millimetres to indicate a single value of DF-ROM. The
entire process was then repeated with the affected limb.
To obtain three values of DF-ROM for each ankle, the
limb testing sequence was unaffected—affected—unaffected—
affected—unaffected—affected.

Lower Extremity Functional Scale (LEFS)

The LEFS is a 20-item region-specific self-report ques-
tionnaire that asks participants to rate their perceived
ability to perform various lower-extremity tasks on a 5-
point scale (0 = extreme difficulty or unable to perform
activity, 4 = no difficulty). Ratings are summed for a total
LEFS score from 0 (very poor function) to 80 (excellent
function). First described by Binkley,?? the LEFS has
been shown to have excellent test-retest reliability in
people with a variety of musculoskeletal complaints pre-
senting to physiotherapy; good test-retest reliability has
been reported in people with ankle sprains.?®

AAOS Global Foot and Ankle Scale (GFAS)

The GFAS is a 20-item region-specific self-report ques-
tionnaire with four domains (pain, function, stiffness and
swelling, and giving way) and varying response scales
depending on the item. The standardized score (0-100,
indicating very poor to excellent function) was used in
this study. The GFAS has good internal consistency and
acceptable test-retest reliability, and there is evidence
to support its validity.23

Global Rating of Change scores (GRC)

The GRC uses a 15-point ordinal scale (—7 = very great
deal worse, +7 = very great deal better).2® Norman?’ has
questioned the use of retrospective measures of change
to recall functional status; to address this concern, Strat-
ford?® has suggested using both clinician and participant
ratings to create an average GRC.

Rater training

The raters used in the study were nine physiothera-
pists, one physiotherapy assistant, one kinesiologist, and
two physiotherapy students. Clinical experience varied
from 0 (i.e., the students) to 17 years. A 20-minute train-
ing session was used to demonstrate how to conduct the
LT and to discuss inclusion and exclusion criteria, ob-
taining informed consent, administering questionnaires,
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recording of data, and the study timelines. Raters were
not blinded, but they were asked to not review previous
findings before performing the testing at Time 2 and
Time 3. Periodic visits were conducted during data col-
lection to review procedures. All four clinics were equipped
with identical tape measures, and the set-up was reviewed
by the primary investigator.

Analysis

Participant characteristics were summarized by means
of descriptive statistics. LT scores (mm) were calculated
for analyses involving the affected limb (LT,g) and for
the difference between affected and unaffected limbs
(LTpjg). For LTpjs, the affected side (LTag) was subtracted
from the unaffected side (LTypaf), SO a positive value indi-
cates that the unaffected ankle had more DF-ROM than
the affected ankle. Values for LTy and LT i were calcu-
lated in two ways: one set of scores used only the first
value from the LT protocol, while the other set used the
mean of all three measurements obtained from the test-
ing protocol.

Reliability

Test-retest reliability used Time 2 and Time 3 data,
because we felt that ankle status should not vary over 1-
3 days by the 4- to 8-week mark after beginning treat-
ment. To test this assumption, we compared the means
of the LT, LEFS, and GFAS at these two time points using
paired ¢-tests.?? We calculated the ICC,,; with its 95% CI,?°
as well as the standard error of measurement (SEM) and
the minimal detectable change at the 90% CI (MDCgg).2+2°
The SEM ClIs were calculated following Stratford and
Goldsmith.30

It has been suggested that measures of agreement are
more appropriate than reliability measures for tools that
will be used to assess clinical change.3! Therefore, we
determined the 95% limits of agreement between the
test-retest LT values3? and calculated the percentage of
patients for whom test-retest scores differed by less
than two threshold values?! (5 mm and 10 mm).

We performed two sets of reliability analyses, the first
using values from the first measurement obtained from
the LT protocol and the second using the mean of all
three measurements from the protocol.

Construct validity

Time 1 and Time 2 data were used to examine validity.
We used a construct-validation process3? to examine
cross-sectional and longitudinal convergent and known-
groups validity, as well as sensitivity to change.

To examine cross-sectional convergent validity, we used
the Pearson product-moment correlation coefficient (r)%°
to assess the correlation of LT; and LTpi; with LEFS
and GFAS, both at Time 1 and at Time 2. The hypothesis
being tested was that greater DF-ROM should be corre-
lated with better ankle-related function. Since higher LEFS
and GFAS scores reflect better function, we expected a
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positive correlation with LT,g which increases as DF-
ROM improves; since an individual with very little side-
to-side difference in DF-ROM would have a low LTpjg,
we expected a negative correlation with LEFS and GFAS
scores. Cross-sectional known-groups validity was exam-
ined at Time 1 by comparing LTg with LTy using a
paired t-test. A significant difference between these means
would indicate that the LT was able to differentiate be-
tween these two known groups.

To examine longitudinal convergent validity, we cor-
related the change in LTpi and LT g between Time 1
and Time 2 with change scores for the LEFS and the
GFAS using the coefficient r. The magnitude of these cor-
relations provides information about the extent to which
a change in DF-ROM, as measured by the LT, is related
to a change in functional ability. We wanted improvement
in all measures to be reflected by positive change scores,
so that a positive association was reflected by a positive
coefficient . We anticipated that the magnitude of LTpi
would decrease as DF-ROM of the affected ankle im-
proved over time; therefore, Time 2 LTp;s scores were
subtracted from Time 1 scores, so that a positive value
indicated an improvement in DF-ROM. We expected
that LTas would increase as DF-ROM of the affected
ankle improved; therefore, Time 1 LT g scores were sub-
tracted from Time 2 scores, so that a positive value
would reflect an improvement in DF-ROM. We also
anticipated that function would improve over time, and
so a participant’s score on the LEFS and GFAS would
show improvement by increasing in value; therefore, we
subtracted participants’ LEFS and GFAS Time 1 scores from
their Time 2 scores, anticipating a positive correlation.

Sensitivity to change was analyzed using the approach
for a heterogeneous sample of individuals, most of whom
were expected to change by different amounts.?* This
analysis used the average GRC scores from the partici-
pants and physiotherapists. First, we used the ICC;; with
its 2-sided 95% CI?° to examine the reliability of the aver-
age GRC scores between Time 2 and Time 3. Pearson’s r
was then calculated to examine the relationship between
the average GRC at Time 2 and the change in LTa¢ and
LTpir among participants. A positive correlation was
anticipated.

We also calculated the effect size (ES) and standardized
response mean (SRM), which, while often considered an
inappropriate approach to analyzing sensitivity to change
for a heterogeneous sample,?> are nonetheless frequently
reported in the literature. The ES was calculated as the
average change between Time 1 and Time 2 divided by
the standard deviation of the initial scores,?® and the
SRM as the average change between Time 1 and Time 2
divided by the standard deviation of that change score.?”

We performed two sets of validity analyses, the first
using values from the first measurement obtained from
the LT protocol and the second using the mean of all
three measurements from the protocol.
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RESULTS

Participant characteristics

Study participants were predominantly young, active
adults with a mean (SD) age of 34.6 (13.9) years and a
BMI of 25.3 (3.0) kg/m?. As defined by referral diagnosis,
the largest group of participants (55%) had an inversion
sprain; 15% had an ankle fracture, 11% had tendinopathy,
and 7% had an eversion sprain. The rest were referred for
osteoarthritis, Achilles tendon repair, surgical stabiliza-
tion, calf strain, posterior impingement, contusion, or gun-
shot wound. Other characteristics are shown in Table 1.
Of the 53 participants recruited at Time 1, 43 remained
at Time 2 (after 4 weeks of rehabilitation), the rest having
self-discharged from physiotherapy. The 37 participants
who remained at Time 3 were those able to attend the
retest session within the 1- to 3-day time window.

Reliability

Test-retest reliability findings are shown in Table 2.
Across all approaches for generating a LT score, there
was no difference between testing occasions (LTag: first
test, t = 1.70, df = 36, p = 0.10; mean of 3 tests, t = 2.06,
df=36, p=0.05. LTp;s: first test, t=—1.36, df= 36,
p =0.18; mean of 3 tests, t = —1.70, df =36, p = 0.10).
All ICC values were >0.90, SEM varied from 4.0 to 5.7
mm, and MDCgy, varied from 9.4 to 13.3 mm. The GFAS
scores were no different between Time 2 and Time 3
(t=0.18, df =36, p = 0.86), but LEFS scores at Time 2
differed from those at Time 3 (¢ = 2.47, df = 36, p = 0.019).

For the agreement parameters in Table 2, across all
approaches for calculating an LT score, more than 80%
of patients had LT scores that differed by <10 mm
between test occasions. This proportion dropped to
less than 70% when the threshold for this difference was
<5 mm.

Validity

For known-groups validity, LT ¢ scores were different
from LTynas scores (t = —13.71, df = 52, p < 0.001). Mean
(SD) values for the first measurement from the testing
protocol were 56.8 (38.1) mm and 116.2 (35.0) mm,
respectively. The corresponding values for the mean of
three measurements from the testing protocol (not re-
ported) were similar.

Correlational validity findings are shown in Table 3.
For cross-sectional convergent validity of LTag, all Cls
for Pearson’s r spanned the null value. For LTp;s, by
contrast, no CIs for Pearson’s r spanned the null value,
and the point estimates varied from —0.40 to —0.50.
Similar findings (not reported) were found for correla-
tions at Time 2. For longitudinal validity, regardless of
the approach to measuring the LT, values of r varied
from 0.57 to 0.63 for the LEFS and 0.39 to 0.59 for the
GFAS, with no CIs spanning the null value. For sensitiv-
ity to change, improvement in DF-ROM was associated
with average GRC at Time 2. Use of the average GRC was
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Table 1 Participant Characteristics by Testing Occasion
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Testing occasion; no.

(%) of patients*

Time 1

Initial assessment

Time 2

4-8 wk after Time 1

Time 3

1-3 d after Time 2

Characteristic (n=53) (n=43) (n=137)
Female sex 24 (45) 20 (47) 17 (46)
Age, y
18-25 11 (21) 9 (21) 9 (24)
26-35 24 (45) 20 (47) 16 (43)
36-45 7(13) 3@ 38
46-55 509 5(12) 4 (11)
56-65 2 (4) 2 (5) 13
>65 4 (8) 4(9) 4 (11)
Affected ankle, right side 26 (49) 23 (53) 20 (54)
Time since injury/surgery
Acute (<3 d) 2 (4) 2 (5) 13
Subacute (4 d to <2 wk) 7(13) 6 (14) 6 (16)
Early chronic (2—4 wk) 14 (26) 9 (21) 8 (22)
Chronic
(1-3 mo) 15 (28) 12 (28) 10 (27)
(3—6 mo) 11 (21) 10 (23) 9 (24)
(6—12 mo) 0(0) 0(0) 0 (0)
Longstanding (>1y) 4(8) 49 38
LEFS (0-100); mean (SD) 49.0 (12.4) 62.2 (12.5) 64.9 (11.6)
GFAS (0-100); mean (SD) 68.9 (14.4) 84.1 (11.3) 84.6 (11.0)

*Unless otherwise specified.

LEFS = Lower Extremity Functional Scale (worst—best); GFAS = American Academy of Orthopedic Surgeons Global Foot and Ankle Scale (worst—best).

Table 2 Test-retest Reliability and Agreement Findings by Lunge Test Scoring Strategy (n = 37)

Group; mean (SD), mm*

Affected only (LTa)

Unaffected — affected (LTpjx)

Findings 1st test Mean of 3 tests 1st test Mean of 3 tests
LT values
Test occasion
Time 2 (test) 85.6 (37.3) 89.4 (37.3) 39.9 (21.6) 39.2 (21.3)
Time 3 (retest) 87.4 (36.6) 91.3 (36.9) 38.1 (21.5) 37.3 (21.5)
Time 3-Time 2 1.8 (6.5) 1.9 (5.5) -1.8 (8.0) -2.0(7.1)
Reliability
Parameter

ICC (95% CI)
SEM (95% Cl)
MDCgq
Agreement
Parameter
95% limits of agreement
% <5 mm+t
% <10 mmi

0.98 (0.98-0.99)
4.7 (3.8-6.1)
10.9

—14.5,10.9
65
92

0.99 (0.98-0.99)
4.0 (3.3-5.2)
9.4

—12.6, 8.8
68
86

0.93 (0.87-0.96)
5.7 (4.7-7.4)
13.3

~13.9,174
4
81

0.94 (0.89-0.97)
5.1 (4.2-6.6)
11.9

—11.9,15.8
65
84

*Unless otherwise indicated.

+Percentage of patients with LT values differing <5 mm between test occasions.
1 Percentage of patients with LT values differing <10 mm between test occasions.
LT = Lunge Test; MDCqq = minimal detectable change at the 90% CI.
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Table 3 Association between Lunge Test Scores and Self-Report Measures of Function

Scoring strategy; Pearson correlation coefficient (95% Cl)

Affected only (LTag)

Unaffected-affected (LTpjx)

Type of validity 1st test Mean of 3 tests 1st test Mean of 3 tests
Cross-sectional®
LEFS 0.18 (—0.10-0.43) 0.18 (—0.10-0.43) —0.40 (—0.61 to —0.15) —0.42 (—0.62 to —0.17)
GFAS 0.20 (—0.08-0.45) 0.20 (—0.08-0.45) —0.47 (—0.66 to —0.23) —0.50 (—0.68 to —0.27)
Longitudinal
LEFS 0.59 (0.35-0.76) 0.57 (0.33-0.74) 0.59 (0.35-0.76) 0.63 (0.41-0.78)
GFAS 0.41 (0.13-0.63) 0.39 (0.10-0.62) 0.55 (0.30-0.73) 0.59 (0.35-0.75)
Sensitivity to change: 0.54 (0.29-0.72) 0.56 (0.31-0.74) 0.33 (0.03-0.57) 0.40 (0.11-0.63)

*Correlation between Time 1 values (n = 53).
+ Correlation between change scores (n = 43).

1 Correlation between change scores and Time 2 global ratings of change (n = 43).

LT = Lunge Test; LEFS = Lower Extremity Functional Scale; GFAS = American Academy of Orthopaedic Surgeons Global Foot and Ankle Scale.

supported by reliable test-retest ratings: ICCz; = 0.91
(95% CI, 0.84-0.95). Across all approaches for generating
an LT score, the ES and SRM varied from 0.70 to 0.73
and 0.99 to 1.00, respectively.

DISCUSSION

This study found good test-retest reliability of the LT
in a sample of patients presenting with orthopaedic
ankle dysfunction. We have also shown that the LT pro-
vided acceptable agreement findings and evidence sup-
porting the validity of the test.

Reliability and agreement

For test-retest reliability, the current findings are sim-
ilar to published ICC values noted above, which have
been consistently high whether participants had no ankle
dysfunction®1%:38 or whether the LTp; score was used.'®

Similarly, published values for the SEM and MDC
(3 mm and 8 mm, respectively, for intra-observer relia-
bility)3® are close to those found in the current study.
Comparing the MDCgy, values in Table 2 shows how
quicker approaches to quantifying the LT affect the mea-
sure’s ability to detect true change. If a single series of
lunges is used, the MDCgy, is about 1.5 mm larger than
that produced by the more time-consuming approach of
taking an average of three tests; if a score is obtained
from the affected limb only, the MDCy, is about 2.5 mm
larger than that produced by measuring both limbs.

In looking further at the MDCqq and agreement find-
ings in Table 2, clinicians could conclude that true change
in DF-ROM has occurred when LTsg changes by about
1 cm. The high percentage of patients with test-retest
values that differed by <1 cm supports the use of this
value for the MDCgy, when measuring the affected ankle.
When the LTpis score is the variable of interest, clini-
cians could conclude that true change in DF-ROM has
taken place when the LTpis score changes by about
1.5 cm. Once again, the high percentage of patients with

test-retest values that differed by <1 cm supports the
use of this higher value for the MDCgy, when measuring
both limbs. These MDC values align well with the fact
that tape measures typically mark 1 cm and 0.5 cm
increments prominently. Future intervention studies should
report the proportion of study participants who achieve
these MDC values, to strengthen their clinical utility.

Validity

Our validity results agree with previous reports that
performance-based measures and self-report functional
measures are, at best, moderately correlated (r < 0.60).2>-3%
For example, Alcock and Stratford?® found a correlation
of 0.36 between non-weight-bearing DF-ROM and LEFS
scores for people with ankle sprains. In addition, the
cross-sectional correlations between LT, and the LEFS
in our study are similar to those reported for patients
with an ankle fracture after cast removal (95% ClIs for
r=0.07-0.21 at 6 weeks and 0.05-0.20 at 6 months).!

As Table 3 shows, the validity findings suggest a mea-
surement strategy that may minimize clinical time spent
measuring DF-ROM. The absence of a cross-sectional
relationship between LT,y and LEFS and GFAS scores,
in the presence of a longitudinal relationship between
their change scores, suggests that measurement of LT ¢
is a valid means of documenting change. The moderate
cross-sectional and longitudinal correlations between
LTpir and LEFS and GFAS scores support the cross-
sectional and longitudinal convergent validity of the LTpj,
which suggests that clinicians should measure LT at the
initial assessment if the goal is to provide a valid measure
of the current status of ankle mobility relative to the un-
involved limb. When clinicians seek to document within-
limb change over time, longitudinal validity findings
support the use of the less time-consuming LT ag.

Our study has several limitations. First, the findings
are not generalizable outside of the active adult popula-
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tion presenting with orthopaedic ankle conditions. Second,
only individuals who could perform the LT as described
by Bennell'® were included; patients with weight-bearing
restrictions and those unable to perform the LT are
therefore not represented in our results. Third, state-
ments about the validity of the test are made from the
perspective that this portion of the study, as a parameter-
estimation study, was intended to begin the process of
examining LT validity. Fourth, the actual time taken to
perform the various LT scoring methods was not mea-
sured; future study is warranted to determine the rela-
tionship between LT scoring strategies and their comple-
tion time in clinical settings.

CONCLUSIONS

Our study has shown that the LT has sound reliability
and agreement qualities. Known-groups validity of the
test is supported. Cross-sectional convergent validity is
supported when both limbs are measured. Longitudinal
convergent validity is supported when one or both limbs
are measured. A single series of up to five lunges can be
used to obtain a reliable LT score.

KEY MESSAGES

What is already known on this topic

The Lunge Test (LT) to measure weight-bearing ankle
dorsiflexion is a reliable test; however, there is limited
evidence on its validity. It is not known whether a quicker
testing protocol than the one described for research set-
tings is valid and reliable.

What this study adds

A single series of up to five lunges can be used to
generate a reliable LT score. From a validity perspective,
our findings suggest that a LT difference score between
a participant’s ankles should be measured at the initial
assessment, but measures of the affected limb alone can
be made for the purpose of documenting clinical change.
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