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Achilles tendinopathy, patellar tendinop-
athy, ankle sprains, and anterior cruciate 
ligament injuries.1,21,26,31,35,36 In light of the 
importance of dorsiflexion for function 
and the relationship between dorsiflexion 
ROM and injury, restoration of dorsiflex-
ion ROM in individuals with a deficit is 
an important component of injury man-
agement.11,12 To determine effectiveness 
of treatment, accurate measurement of 
dorsiflexion ROM is required.

Dorsiflexion ROM can be measured 
in non–weight-bearing and weight-
bearing positions. Weight-bearing tests 
are generally preferred due to better reli-
ability and representation of function.8 A 
highly reliable and commonly used clini-
cal measure of dorsiflexion ROM is the 
weight-bearing lunge test (WBLT).2,30,33 
This is performed by lunging the knee 
forward, in alignment with the long axis 
of the foot, while keeping the heel on the 
ground. Horizontal distance from the tip 
of the longest toe to the horizontal pro-
jection of the knee and the inclination 
of the tibia relative to the horizontal are 
measured.2,6,9,30,32

A
nkle dorsiflexion is important for functional activities 
such as walking, jumping, and squatting.2 Limited ankle 
dorsiflexion range of motion (ROM) is associated with a 
number of lower-limb injuries, including plantar fasciitis,
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The WBLT is thought to primarily 
assess talocrural joint movement.2,17,22,27 
However, it has been suggested that tar-
sal and subtalar joint movement (par-
ticularly pronation) may also contribute 
to tibial inclination during the WBLT.4,16 
The contribution of the talocrural joint, 
compared to more distal joints, to tibial 
inclination during the WBLT has not 
been determined. Clinically, the ability 
to specifically measure talocrural motion 
is important, as treatments are often tar-
geted to this joint,19 with the aim of im-
proving movement at the talocrural joint 
and decreasing compensatory movement 
and accompanying stress on tissues else-
where in the lower limb.20 Standard ra-
diographs (X-rays) are the gold standard 
for evaluating the ROM or position of a 
joint.28 Clinical measures of tibial incli-
nation, using inclinometers or photogra-
phy, have not previously been validated 
against radiographic images.

The primary aim of this study was 
to determine the extent to which move-
ment at the talocrural joint contributes 
to tibial inclination during the WBLT. 
Secondary aims were to determine the 
validity of inclinometer and photographic 
measures of tibial inclination compared 
to measures taken via radiographic im-
ages, and to determine the association 
between tibial inclination and horizontal 
distance measures. We hypothesized that 
(1) the majority of tibial inclination dur-
ing the WBLT would occur at the talo-
crural joint, (2) photographic measures 
of tibial inclination would be valid mea-
sures of dorsiflexion ROM compared to 

radiographs, (3) inclinometer measures 
of tibial inclination would differ from ra-
diographic measures due to the anterior 
curvature of the tibia not being repre-
sentative of the bisection of the tibia, and 
(4) there would be a strong association 
between tibial inclination and horizontal 
distance measures.

METHODS

Participants

A 
convenience sample of 20 par-
ticipants was recruited for this 
cross-sectional study. Recruitment 

was conducted via word of mouth and 
posters at a university campus between 
March and June 2017. To be eligible for 
inclusion, participants had to be between 
18 and 45 years of age. Participants were 
excluded if they had a current lower-limb 
musculoskeletal or neurological condi-
tion, had previous lower-limb surgery, 
were unable to perform the test protocol, 
or were unable to be exposed to radiation 
due to pregnancy or a history of cancer. 
This study was approved by the Research 
Ethics Committee at The University of 
Queensland. All participants provided 
informed written consent, and the rights 
of the participants were protected.

The WBLT of Dorsiflexion ROM
The WBLT was performed as described 
previously.25 A custom-made device con-
sisting of a movable upright post attached 
to a stable base was used to measure dor-
siflexion ROM (FIGURE 1).5,25,29 A line along 
the wooden base and metal upright post 

provided a reference for participant foot 
and knee alignment. The participant 
stood on the base of the device in stride 
stance (right leg in front). The right foot 
of each participant was positioned so that 
the horizontal line on the base of the de-
vice was between the second and third 
toes and bisected the calcaneus. Partici-
pants were instructed to lunge their knee 
forward, keeping their heel in contact 
with the platform, their pelvis facing for-
ward, and the center of their knee in the 
middle of the line on the vertical upright 
post of the device. Participants lunged 
forward to a point just before the heel 
lifted, as determined by palpation of the 
calcaneus by an investigator. The WBLT 
was performed as it is performed in the 
clinic, with the device against a wall. 
However, the movable upright post on 
the device eliminated the need for the 
distance between the longest toe and the 
wall to be adjusted to find the distance 
equating to maximal dorsiflexion ROM. 
Participants performed 3 practice trials 
before performing 1 trial for data col-
lection. Good test-retest reliability of 
the WBLT was previously reported in a 
systematic review, with intraclass cor-
relation coefficients ranging from 0.65 
to 0.99.30 Testing of the WBLT on 2 oc-
casions 1 week apart in our laboratory 
indicated excellent intrarater reliability 
(intraclass correlation coefficient = 0.96).

Experimental Protocol
A marker was placed on the center of the 
right medial malleolus for alignment of 
the radiography tube and a number was 
written on the participant’s leg for identi-
fication. Two ball bearings were taped to 
the participant’s tibia so that distinct tib-
ial landmarks could be identified on ra-
diographs. The ball bearings were placed 
in the middle third of the leg (one ball 
bearing was placed one third down from 
the tibiofemoral joint line and the second 
ball bearing was placed one third up from 
the talocrural joint line) bisecting the 
medial tibial border, as determined by 
palpation. The testing device was placed 
on the table immediately in front of the 

θ

θA B

FIGURE 1. Weight-bearing lunge test device with participant in the (A) start and (B) end positions. The selection of 
ball bearings to form the line on the tibia and 2 points on the vertical upright post, to form the vertical reference 
line for measurement of the tibial inclination angle (θ) from the photographic images, is shown.
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radiographic plate, and participants 
stood on the device as described above. 
A professional radiographer adjusted the 
radiographic plate so it was as close to 
the device as possible and the center of 
the radiograph tube was aligned with the 
marker on the medial malleolus.

A first radiograph was taken using a 
standard machine (DEFINIUM 6000; 
General Electric, Boston, MA) and a 
collimator (model AL01C; Siemens AG, 
Munich, Germany) with the participant 
standing upright on the device, prior to 
lunging the knee forward (baseline). The 
image was immediately checked to en-
sure that the base of the measurement 
device, the ball bearings on the tibia, and 
the entire foot were visible. In the same 
position, 3 photographs were taken with 
a digital single-lens reflex camera (Canon 
EOS 650D with 18-to-55-mm lens; Can-
on Inc, Tokyo, Japan). The camera, set 
at 35-mm zoom (to minimize barrel and 
pincushion distortion) and no flash, was 
aligned with the marker on the medial 
malleolus and placed in front of the X-ray 
tube, with the lens parallel to the ground.

Participants then performed a single 
trial of the WBLT. The same researcher 
(M.D.S.) provided instruction in the 
WBLT and assessments for all partici-
pants. At the maximal lunge position 
(determined as described above), par-
ticipants were asked to maintain the 
position, while a linear measure of dorsi-
flexion ROM was read from a rigid ruler 
fixed to the device, tibial inclination was 
measured using an inclinometer (Aus-
tralasian Medical and Therapeutic In-
struments Pty Ltd, Brendale, Australia) 
positioned on the mid third of the ante-
rior tibia, a second radiograph was taken, 
and the 3 photographic images were cap-
tured. The foot position was checked be-
tween measurements to confirm that the 
maximal lunge distance was maintained.

Data Analysis
Radiographic images were analyzed to 
obtain the sagittal plane talar rotation 
angle, tibial inclination angle, and cal-
caneal vertical displacement, while pho-

tographs were analyzed to obtain only 
the tibial inclination angle. Analysis of 
radiographic and photographic images 
was conducted using a custom telereha-
bilitation platform (NeoRehab Pty Ltd, 
Brisbane, Australia).

The tibial inclination angles for both 
radiographic and photographic images 
were measured by identifying the 2 ball 
bearings taped to the tibia relative to a 
vertical reference. A marker was placed 
in the center of each ball bearing to form 

θ
θ

θ

θ

FIGURE 2. Analyses of radiographic images of (A) start and (B) end of tibial inclination, (C) start and (D) end of 
talar rotation, and (E) start and (F) end of calcaneal vertical displacement during the weight-bearing lunge test. 
The θ symbol indicates the angles measured for tibial inclination and talar rotation.
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the line of the tibia (FIGURES 1 and 2). The 
vertical reference line from which the 
tibial inclination angle was obtained was 
formed by 2 points selected on the metal 
vertical upright post on the measurement 
device. The tibial inclination angle rela-
tive to the vertical was calculated, with 
a positive angle defined as an angle less 
than 360° (counterclockwise). To calcu-
late the amount of talar rotation between 
baseline and maximal lunge positions, a 
line was created between the inflection 
between the talar dome and neck of the 
talus and the most posterior aspect of the 
talus. The angle recorded was the supe-
rior angle between the talus and vertical 
(calculated as described above) (FIGURE 

2). This method for selecting landmarks 
from radiographic28,34 and photographic28 
images to measure joint position is simi-
lar to that used in previous research.

The measure of vertical displacement 
of the calcaneus was calibrated using an 
object of known length attached to the 
vertical piece of the testing device. This 
object was the same distance from the 
radiographic head as the midline of the 
calcaneus. A horizontal reference line 
was drawn along the most superior as-
pect of a line of screws in the base of the 
device. A second perpendicular line was 
drawn from the most inferior aspect of 
the calcaneus to the horizontal reference 
line. The length of the line (centimeters) 

measured the calcaneal vertical displace-
ment (FIGURE 2).

Analyses of radiographic and photo-
graphic data were repeated on 2 occa-
sions a week apart by the same examiner 
to calculate intrarater reliability. The ex-
aminer was blinded to the results from 
the first analysis. A second examiner, who 
was blinded to the first examiner’s find-
ings, analyzed data from 10 participants 
on 1 occasion for interrater reliability. 
The first measure from the first examiner 
was used to calculate interrater reliabil-
ity. Both examiners performed 1 measure 
of tibial inclination, calcaneal displace-
ment, and talar rotation in each position 
(start and end) and were blinded to pre-
vious analyses.

Mean change in measures (tibial incli-
nation, calcaneal displacement, talar ro-
tation) between the start and end of the 
WBLT was calculated by subtracting the 
start position from the end position. The 
percentage contribution of talar rotation 
to tibial inclination was determined by 
dividing the change in talar rotation by 
the change in tibial inclination and mul-
tiplying by 100.

Statistical Analysis
Intraclass correlation coefficients (model 
2,1) and 95% confidence intervals (CIs) 
were calculated to assess intrarater and 
interrater reliability. Intraclass cor-

relation coefficients were interpreted 
as excellent (0.9-1.0), good (0.75-0.9), 
moderate (0.5-0.75), or poor (0.0-0.5).23 
Standard error of the measurement 
(SEM) was also calculated as a measure 
of consistent reliability at a group level, 
using the formula SEM = SD/√n.10 Small-
est detectable change (SDC) at the 95% 
CI was calculated using the formula 1.96 
× SEM × √2.13

Statistical analyses of data from radio-
graphs and photographs were performed 
using the results from the first analysis by 
the primary examiner/rater (D.L.). Bland-
Altman3 plots were visually inspected to 
ensure that there was no systematic error 
in agreement between photographic and 
inclinometer measures compared to radio-
graphic measures. The validity of photo-
graphic and inclinometer measurements 
compared to radiographic measurements 
was assessed by obtaining the 95% lim-
its of agreement (LA) (d ± 1.96 SD). This 
determines where 95% of the differences 
between the measures are expected to lie. 
An acceptable 95% LA range for measures 
was determined a priori as ±2.7°, which is 
the 95% CI for interrater reliability for 
tibial inclination at the maximal dorsi-
flexion ROM achieved during the WBLT, 
as measured using an inclinometer.2 Using 
this LA margin, we were willing to accept 
a difference between radiographic and 
photographic or inclinometer measures 
that was no greater than the interreliabil-
ity of the inclinometer itself.

The Pearson correlation coefficient 
(r) was used to assess the correlation 
between radiographic and photographic 
measures at end-range dorsiflexion ROM, 
radiographic and inclinometer measures 
at end-range dorsiflexion ROM, tibial 
inclination as measured on radiographs 
and via horizontal distance, and tibial in-
clination as measured by an inclinometer 
and by horizontal distance. The follow-
ing guideline was used to interpret the 
strength of the associations: very strong, 
0.8 to 1.0; moderately strong, 0.5 to 
0.8; fair, 0.3 to 0.5; poor, 0.0 to 0.3.7 All 
statistical analyses were conducted us-
ing Stata Version 14.0 (StataCorp LLC,  

TABLE 1
Dorsiflexion ROM at Maximal Lunge Position 

Using Different Measurement Methods*

Abbreviations: ROM, range of motion; WBLT, weight-bearing lunge test.
*Values are mean ± SD (range).
†Change was calculated as end position minus start position.

Value

Maximal dorsiflexion ROM in the WBLT

Horizontal lunge distance from a ruler, cm 7.7 ± 2.4 (3.0-12.0)

Tibial inclination from radiographs, deg 36.9 ± 7.6 (16.4-50.3)

Tibial inclination from photographs, deg 38.5 ± 5.8 (29.2-50.2)

Tibial inclination from an inclinometer, deg 35.7 ± 6.4 (20.0-47.0)

Change in position from radiographic data†

Change in tibial inclination, deg 36.0 ± 6.5 (22.4-46.4)

Change in talar rotation, deg 1.6 ± 2.9 (–6.0 to 5.9)

Change in calcaneal vertical displacement, cm 0.30 ± 0.18 (0.03-0.67)
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College Station, TX). The statistical sig-
nificance was set at P<.05.

RESULTS

T
wenty healthy adults (14 wom-
en, 6 men; mean ± SD age, 25.5 ± 7.1 
years; body mass index, 23.9 ± 3.8 

kg/m2) participated in this study.

Contributions to Dorsiflexion ROM
The mean ± SD horizontal distance and 
tibial inclination (measured from radio-
graphs, photographs, and an inclinometer) 
during the WBLT, and change in tibial 
inclination, talar rotation, and calcaneal 
vertical displacement as measured on ra-
diographic images from the start to the end 
of the WBLT, are reported in TABLE 1. The 
average percentage contribution of talar 
movement (considered to represent move-
ment at the subtalar joint and distally) to 
the change in tibial inclination was 8.2% 
(range, 1.2%-26.9%), with the remaining 
91.8% (range, 73.1%-98.8%) of movement 
occurring at the talocrural joint.

Reliability of Measures
The intrarater reliability of measures 
taken by a single examiner on 2 sepa-
rate occasions was 0.99 to 1.00 (95% 

CI: 0.99, 1.00) for both radiographic 
and photographic measures (TABLE 2). 
The SEM and SDC for radiographic and 
photographic measures indicated a high 
test-retest reliability for both measures 
(TABLE 2). The interrater reliability for 
measures taken by 2 different examiners 
was 0.99 to 1.00 (95% CI: 0.94, 1.00) for 
the tibial and calcaneal measures and 
0.53 to 0.67 (95% CI: –0.10, 0.91) for 
the talar measures (TABLE 2).

Validity of Inclinometer and 
Photographic Measures Compared 
to Radiographic Measures
Calculation of the 95% LA for radio-
graphic and inclinometer measures of 
tibial inclination at end-range dorsiflexion 
ROM taken by the first examiner on the 
first measurement occasion indicated an 
unacceptable agreement (–7.84°, 5.92°) 
with a bias (–0.96). The Pearson correla-
tion coefficient between radiographic and 
inclinometer measures of tibial inclina-
tion at end-range dorsiflexion ROM in-
dicated a very strong correlation between 
the measures (r = 0.94, P<.001) (FIGURE 

3). Analysis of radiographic and photo-
graphic measures of tibial inclination at 
end-range dorsiflexion ROM indicated ac-
ceptable 95% LA (–2.17°, 2.49°) with a low 

bias (0.16). The Pearson correlation coef-
ficient indicated a very strong correlation 
between radiographic and photographic 
measures at end-range dorsiflexion ROM 
(r = 0.88, P<.001) (FIGURE 3).

Correlation Between Tibial Inclination 
and Weight-Bearing Lunge Distance
There were very strong correlations be-
tween tibial inclination, measured on 
radiographs, photographs, and using an 
inclinometer, and horizontal lunge dis-
tance at end-range dorsiflexion ROM (all, 
r = 0.92, P<.001) (FIGURE 4). There was a 
poor correlation between tibial inclina-
tion angle and talar rotation (r = 0.15, P 
= .52) (FIGURE 4).

DISCUSSION

T
he primary aim of this study was 
to examine the contribution of the 
talocrural joint to tibial inclination 

during the WBLT. Consistent with our hy-
pothesis, data indicated that the majority 
of movement during the WBLT occurred 
at the talocrural joint, with an average of 
91.8% of tibial inclination attributed to 
talocrural joint movement and only ap-
proximately 8.2% of inclination due to 
movement in more distal joints (ie, the 

	

TABLE 2
Intrarater and Interrater Reliability for  
Radiographic and Photographic Measures

Abbreviations: ICC, intraclass correlation coefficient; SDC, smallest detectable change; SEM, standard error of the measurement.
*Values are mean ± SD.
†Values in parentheses are 95% confidence interval.

Rater 1 (time 1  
versus time 2)

Rater 1 Versus 
Rater 2 ICC2,1 SEM SDC95 ICC2,1 SEM SDC95

Radiographic measures

Talus start 0.3 ± 0.4 5.3 ± 4.0 0.99 (0.99, 1.00) 0.09 0.25 0.53 (–0.10, 0.86) 0.91 2.51

Talus end 0.4 ± 0.4 5.3 ± 2.9 0.99 (0.99, 1.00) 0.08 0.23 0.67 (0.12, 0.91) 0.65 1.80

Tibia start 0.1 ± 0.1 0.03 ± 0.02 >0.99 (0.99, 1.00) 0.02 0.05 1.00 (1.00, 1.00) <0.01 0.01

Tibia end 0.1 ± 0.1 0.06 ± 0.05 >0.99 (1.00, 1.00) 0.02 0.07 1.00 (1.00, 1.00) 0.01 0.03

Calcaneus start 0.01 ± 0.01 0.02 ± 0.02 >0.99 (1.00, 1.00) <0.01 <0.01 0.99 (0.97, 1.00) <0.01 0.01

Calcaneus end 0.01 ± 0.01 0.02 ± 0.02 >0.99 (1.00, 1.00) <0.01 <0.01 0.99 (0.98, 1.00) <0.01 0.01

Photographic measures

Tibia start 0.1 ± 0.2 0.3 ± 0.5 >0.99 (1.00, 1.00) 0.04 0.10 0.99 (0.94, 1.00) 0.11 0.31

Tibia end 0.2 ± 0.2 0.4 ± 0.4 >0.99 (1.00, 1.00) 0.05 0.14 0.99 (0.97, 1.00) 0.10 0.27

Mean Difference* Intrarater† Interrater†
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subtalar and tarsal joints). The findings of 
our study support the use of the WBLT as 
a measure of talocrural dorsiflexion ROM. 
Thus, the WBLT is an appropriate test for 
clinical and research purposes to identify 
limitations in talocrural dorsiflexion ROM 
and to determine the effect of targeted 
treatments on such limitations. Both ra-
diographic and photographic measures 
of tibial inclination on the WBLT were 
highly reliable, and the SDC data provide 
an indication of the difference between re-
peat measures needed to indicate a change 
in dorsiflexion ROM.

There was a poor relationship between 
maximal tibial inclination achieved dur-
ing the WBLT and the rotation of the 
talus, which represents the contribu-

tion of movement at locations distal to 
the talocrural joint to dorsiflexion ROM. 
This suggests that movement distal to 
the talocrural joint does not consistently 
occur during the WBLT. It has been pro-
posed that lack of talocrural dorsiflexion 
ROM may be compensated by increas-
ing motion in other areas of the foot and 
ankle (such as the subtalar joint).4,16 This 
requires testing in individuals with lim-
ited dorsiflexion ROM.

It must be noted that the WBLT is often 
performed differently in both research and 
clinical practice.2,14 For example, Bennell 
et al2 stabilized the heel during the move-
ment and allowed the foot to move out of 
neutral alignment (ie, into supination or 
pronation), whereas Hall and Docherty14 

attempted to control subtalar movement. 
Research has not compared tibial inclina-
tion or horizontal distance measures using 
these different WBLT procedures, but re-
ported maximal mean horizontal distance 
and tibial inclination (measured using an 
inclinometer) differ between procedures/
studies (Hall and Docherty,14 10.3 ± 3.0 
cm and 39.0° ± 4.6°; Bennell et al,2 13.8 
± 3.8 cm and 50.4° ± 8.1°; our data, 7.7 
± 2.4 cm and 35.7° ± 6.4°, respectively). 
While differences between studies may 
be due to differences in participant abil-
ity, it is possible that different procedures 
in conducting the WBLT contributed to 
the greater dorsiflexion ROM reported in 
other studies. We used a device that facili-
tated maintenance of the midpoint of the 
anterior knee, the midpoint of the poste-
rior heel, and the web space of the second 
to third toes in one plane, which was per-
pendicular to the floor in the frontal plane. 
The end point of the test was just prior to 
heel lift, as determined by calcaneal pal-
pation. Our data indicate that when using 
the procedure, the WBLT is a test of talo-
crural dorsiflexion.

Secondary aims of this study were to 
determine the validity of inclinometer 
and photographic measures of tibial in-
clination (validity compared to that of ra-
diographic images), and to determine the 
association between tibial inclination and 
horizontal distance measures. Our data 
indicate excellent correlations between 
radiographic, photographic, and incli-
nometer measures of tibial inclination at 
end-range dorsiflexion ROM during the 
WBLT. Photographic measures were val-
id and had acceptable 95% LA compared 
to radiographic measures. The use of the 
same landmarks (2 ball bearing markers 
that bisected the long axis of the tibia 
on the middle third of the medial bor-
der) to measure tibial inclination would 
have contributed to the high agreement 
between these measures. Thus, while 
our data suggest that photographic mea-
sures of dorsiflexion ROM at the maximal 
lunge distance can be used clinically to 
reflect talocrural dorsiflexion ROM with 
high reliability and validity compared to 
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radiographic measures, it is not known 
whether photographic and radiographic 
measures of dorsiflexion ROM would be 
similar if the tibial landmarks were esti-
mated separately for each measurement.

While our data indicate excellent cor-
relation between radiographic and incli-
nometer measures of tibial inclination 
at the end range of the WBLT, Bland-
Altman calculations of 95% LA indicate 
a difference between tibial inclination 
measured on radiographs compared 
to an inclinometer of –7.84° to +5.92°. 
These data suggest that while there is a 
clear relationship between radiographic 
and inclinometer methods of measuring 
tibial inclination, the inclination values 
obtained will differ. A likely explanation 
for this is the curvature of the tibial shaft. 
The tibial shaft is often convex anterior-
ly, and we observed varying amounts of 
convexity between individuals. It is likely 
that the ball bearings placed on the medi-
al tibia do not represent the convex shape 
of the anterior tibial border on which the 
inclinometer was placed. Thus, while in-
clinometer measures of tibial inclination 
can reliably be used clinically to measure 
dorsiflexion ROM during the WBLT,2,22,24 
the results will differ slightly from those 
that would be obtained from radiographs.

There was a strong correlation be-
tween WBLT horizontal distance and 
tibial inclination as measured on radio-
graphs, photographs, and by an inclinom-
eter. This is the first study to examine the 
correlation between horizontal lunge dis-
tance and tibial inclination measured on 
radiographs. Our data confirm the find-
ings of Bennell et al,2 who found a very 
strong correlation between weight-bear-
ing lunge distance and tibial inclination 
measured using an inclinometer. These 
data indicate that horizontal distance 
during the WBLT is an accurate repre-
sentation of talocrural dorsiflexion ROM.

Limitations should be considered 
when interpreting the results of this 
study. First, participant positioning, 
camera placement, and the location of 
landmarks may affect the reliability of 
the results. The digital single-lens reflex 

camera position was aligned to markers 
on the X-ray tube to ensure that the pho-
tograph captured the same view as the 
radiograph. Ball bearings (positioned to 
mark the bisection of the medial tibial 
border in the middle third of the leg) 
were used to measure tibial inclination on 
both the radiographic and photographic 
measures. The use of these landmarks 
for both measures would be expected to 
increase the agreement between photo-
graphic and radiographic measures, and 
contributed to photographs more accu-
rately representing tibial inclination mea-
sured on radiographs than inclinometer 
measures. Second, a mean calcaneal lift 
of 0.3 cm at end-range dorsiflexion ROM 
was observed. This could have contribut-
ed a small amount of error to the calcu-
lation of tibial inclination. Third, while 
intrarater reliability of measuring talar 
rotation from radiographs was excellent, 
interrater reliability of this measure was 
poor. The orientation of the talus relative 
to the vertical was determined by select-
ing the most posterior aspect of the talus 
and the inflection between the talar dome 
and neck of the talus. Our data indicate 
that 1 individual is able to detect these 
points reliably, as was done to determine 
the relative contributions of the talus to 
the WBLT in the present study. Poor in-
terrater reliability for 2 people detecting 
the same talar landmarks does not com-
promise the main outcomes of this study, 
and it is not expected that talar rotation 
on radiographs would likely be used in 
clinical practice. Fourth, subtalar joint 
movement occurs in multiple planes, and 
it is possible that frontal and transverse 
plane talar movement may have contrib-
uted to sagittal plane tibial inclination.

Individuals in this study were not re-
quired to have a limitation of dorsiflex-
ion ROM to participate. This provided 
a sample with a large range of dorsiflex-
ion ROM abilities (from 3.0 to 12.0 cm 
on the WBLT), which is expected to be 
representative of the general popula-
tion. Many individuals had a dorsiflexion 
ROM that could be considered to be re-
stricted, with 20% (n = 4) of participants 

having a horizontal distance of less than 
6.0 cm on the WBLT and half of partici-
pants having a distance of less than 8.0 
cm. While not identified in our data, 
the talocrural, subtalar, and tarsal joints 
and other soft tissues may move differ-
ently and contribute to tibial inclination 
differently in individuals with ankle pa-
thologies and limited movement. Further 
research could explore the contributions 
to tibial inclination in different ankle pa-
thologies with known dorsiflexion ROM 
limitations, such as chronic ankle insta-
bility and ankle osteoarthritis.15,18

CONCLUSION

F
indings from this study indicate 
that ankle dorsiflexion during the 
WBLT primarily occurs at the talocru-

ral joint, with only a small proportion of 
movement occurring more distally. Thus, 
measures of tibial inclination and hori-
zontal knee projection distance during the 
WBLT represent talocrural dorsiflexion 
ROM in healthy individuals. Data indicate 
that tibial inclination measured from pho-
tographs (using the procedure outlined in 
this study) is an accurate representation 
of that measured on radiographs. Future 
research should validate the feasibility of 
using photographs to measure dorsiflex-
ion ROM in a clinical environment, and 
confirm that WBLT measures accurately 
reflect talocrural dorsiflexion ROM in 
clinical populations, such as individuals 
with ankle osteoarthritis. t

KEY POINTS
FINDINGS: Tibial inclination during the 
weight-bearing lunge test (WBLT) accu-
rately reflects movement at the talocru-
ral joint. There are strong correlations 
between WBLT horizontal distance and 
tibial inclination, as measured by an 
inclinometer or with photographs, and 
talocrural dorsiflexion range of motion 
(ROM) on radiographs.
IMPLICATIONS: Tibial inclination and hori-
zontal displacement during the WBLT 
predominantly measure talocrural joint 
motion. Digital photographs provide an 
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accurate method of measuring dorsiflex-
ion ROM.
CAUTION: Further research is needed to 
explore the contributions to tibial incli-
nation in different ankle pathologies with 
known dorsiflexion ROM limitations.
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