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ABSTRACT

Background: Clinical assessment of hindfoot alignment (HA) in adult acquired flatfoot deformity (AAFD)
can be challenging and weightbearing (WB) cone beam CT (CBCT) may potentially better demonstrate
this three-dimensional (3D) deformity. Therefore, we compared clinical and WB CBCT assessment of HA
in patients with AAFD.
Methods: In this prospective study, we included 12 men and 8 women (mean age: 52.2, range: 20-88)
with flexible AAFD. All subjects also underwent WB CBCT and clinical assessment of hindfoot alignment.
Three fellowship-trained foot and ankle surgeons performed six hindfoot alignment measurements on
the CT images. Intra- and Inter-observer reliabilities were calculated using intra-class correlation (ICC).
Measurements were compared by paired T-tests, and p-values of less than 0.05 were considered
significant.
Results: The mean of clinically measured hindfoot valgus was 15.2 (95% confidence interval [CI]: 11.5-
18.8) degrees. It was significantly different from the mean values of all WB CBCT measurements: Clinical
Hindfoot Alignment Angle, 9.9 (CI: 8.9-11.1) degrees; Achilles tendon/Calcaneal Tuberosity Angle, 3.2 (CI:
1.3-5.0) degrees; Tibial axis/Calcaneal Tuberosity Angle, 6.1 (Cl: 4.3-7.8) degrees; Tibial axis/Subtalar
Joint Angle 7.0 (CI: 5.3-8.8) degrees, and Hindfoot Alignment Angle 22.8 (CI: 20.4-25.3) degrees. We
found overall substantial to almost perfect intra- (ICC range: 0.87-0.97) and inter-observer agreements
(ICC range: 0.51-0.88) for all WB CBCT measurements.
Conclusions: Using 3D WB CBCT can help characterize the valgus hindfoot alignment in patients with
AAFD. We found the different CT measurements to be reliable and repeatable, and to significantly differ
from the clinical evaluation of hindfoot valgus alignment.
Level of evidence: Level ll—prospective comparative study.

© 2018 European Foot and Ankle Society. Published by Elsevier Ltd. All rights reserved.

1. Introduction

% This work was based on an industrial grant from Carestream, Inc., which
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examinations. The decision to recruit the subjects who met the criteria was based
on clinical presentation and decided by the orthopaedic surgeon.
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Adult-acquired flatfoot deformity (AFFD) represents a progres-
sive and complex structural deformity of foot [1]. Although
Posterior Tibial Tendon (PTT) dysfunction has historically been
recognized as the principal culprit leading to collapse of the medial
longitudinal arch (MLA) [2], further soft tissue insufficiency and
underlying bony deformities have been implicated in the
development of AFFD [3,4]. Equinus contracture, spring ligament,
interosseous and deltoid ligament attenuation as well as an
increased innate valgus angulation of the subtalar joint can
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predispose to and eventually lead to subtalar joint eversion and
subsequent hindfoot valgus [3,5].

Currently, a set of measurements based on clinical and
radiographic examinations are employed to evaluate hindfoot
alignment [6]. Although these measurements have been exten-
sively described, substantial disagreement remains in clinical
judgment and radiographic measures to define an accurate method
for the evaluation of hindfoot alignment [7,8]. Clinical assessment
including visual evaluation, Harris mat footprint and quantitative
measures such as valgus index have been defined, however they
have shown to be highly unreliable due to significant inter-
observer variation even among experienced orthopedic surgeons
[6,7,9].

Furthermore, radiographic assessment of hindfoot alignment is
quite cumbersome. The two dimensional nature of plain radio-
graphs limits their accuracy and optimal evaluation of hindfoot
alignment is hampered by complex anatomy of subtalar joint
[4,10]. Besides, lack of standardized methods to evaluate the
alignment is another source of disagreement [8]. Previous cohorts
used distinct set of reference points as well as different hindfoot
specific views including long axial view [11-13]. Some studies used
angular measurements, while others employed linear measure-
ments. Prior reports have also indicated that mal-positioning
during image acquisition, inconsistent angulation or superimposi-
tion could generate considerable measurements errors [6,14].
Therefore, radiographic measures of hindfoot alignment are
associated with major fundamental flaws due to several anatomi-
cal and observer-related bias.

Cross sectional imaging modalities including Computed To-
mography (CT) provide enhanced, detailed visualization of hind-
foot with simultaneous demonstration of different structures,
however, they are only able to provide images obtained with the
patient supine [15,16]. Additionally, in patients with AFFD,
hindfoot instability has been observed when a weight bearing
condition is applied [17]. Therefore, due to the major impact of
loading on hindfoot alignment, it is crucial to assess suspected
cases in the standing position [18]. Recent developments in CT scan
design has contributed to the advent of cone-beam computed
tomography (CBCT). This novel technique allows imaging of lower
extremity in a normal upright weight bearing state. Initial studies
reported excellent image quality with sufficient contrast resolu-
tion to visualize soft tissue and bone exceeding conventional
radiography and multiple detector computed tomography (MDCT)
[19,20].

Considering the ability of WB CBCT to demonstrate three-
dimension deformities in a standing physiologic set up with an
enhanced visualization of bony landmarks and soft tissue

Achilles
Tendon/Calcaneal
Tuberosity Angle

WBCT Clinical
Hindfoot
Alignment Angle

Clinical
Hindfoot
Alignment

Tibial Axis/Calcaneal | Tibial Axis/Subtalar
Tuberosity Angle
(TACTA)

structures, the application of this modality in patients with AFFD
has recently been demonstrated to accurately reflect the effect of
body weight in this dynamic deformity [21]. Measurements used
in the staging and evaluation of the deformity were also reported
to be repeatable and reliable when performed by experts [21], but
also by in-training medical personnel [22]. Also recently, signifi-
cant correlation between clinical and conventional radiographic
hindfoot alignment was demonstrated in patients with flexible
AAFD, but the radiographic measurements of hindfoot valgus were
found to be significantly more pronounced valgus alignment than
the standardized clinical evaluation [22]. Thus, in this study, we
intended to compare clinical assessment of hindfoot valgus
alignment with different possible hindfoot alignment measure-
ments performed on WB CBCT images, in patients with AAFD. Our
hypothesis was that measurements would correlate but different
degrees of valgus alignment would be found, depending on the
anatomical landmarks used.

2. Materials and methods
2.1. Study design

This dual-center IRB-approved prospective study complied
with the Health Insurance Portability and Accountability Act
(HIPAA) and the Declaration of Helsinki. Informed consent was
signed by all study participants.

2.2. Subjects

In the two involved tertiary hospital clinics, consecutive
patients with clinical diagnosis of symptomatic flexible AAFD
from October 2014 till June 2016 were recruited. We excluded
patients who were younger than 18 years old, were not able to
communicate efficiently with clinical study personnel or were not
able to stand still independently for at least 40 s. Individuals with
the inability to bear weight, a rigid deformity or those who had
standard contra-indications for standard CT scans including
pregnancy or those with serious medical or psychiatric issues
were also not enrolled in this prospective study.

Coronal plane clinical hindfoot alignment of all study partic-
ipants was measured in the physiologic WB position by the most
experienced of the senior authors (LCS). Patients were instructed to
stand in a comfortable and natural stance position and the medial
border of each foot was positioned over two parallel lines that were
drawn into the floor, controlling for rotational misalignment. The
measurement obtained here, named Clinical Hindfoot Alignment
Angle (CHAA) (Fig. 1A), was similar to the standing tibiocalcaneal
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Fig. 1. Example of measurements performed: (A) Clinical Hindfoot Alignment Angle (CHAA); (B) weightbearing computed tomography Clinical Hindfoot Alignment Angle
(WBCT CHAA); (C) Achilles Tendon/Calcaneal Tuberosity Angle (ATCTA); (D) Tibial axis/Calcaneal Tuberosity Angle (TACTA); (E) Tibial axis/Subtalar Joint Angle (TASJA); (F)

Hindfoot Alignment Angle (HAA); (G) Hindfoot Moment Arm (HMA).
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angle (STCA) and was based on clinical expertise of the senior
author and evaluation of anatomical surface landmarks [7,22].

Following clinical examination, all patients underwent WB
CBCT examinations.

2.3. CBCT imaging technique

All CT studies were conducted using a CBCT extremity scanner
(Generation II, Carestream Health Inc., Rochester, NY). All imaging
studies were performed under physiological upright WB position
with the patients standing with their feet almost at shoulder
width, distributing body weight evenly between their both legs.
We employed the same scan protocol that was described in prior
studies [21,23,24].

2.4. WB CBCT measurements

To develop computer-based measurements, the raw 3D data
were used to generate create axial, coronal and sagittal image slices
and were digitally transferred into our dedicated software (Vue
PACS, Carestream Health, Inc., Rochester, NY). Image annotations
were deleted, and a unique random number was allocated to each
imaging study.

Following a mentored training protocol entailing five AAFD
cases, three fellowship trained foot and ankle surgeons applied
different hindfoot alignment measurements independently using
the dedicated software. All observers were blinded, and the order
of images were randomized. One month following the first
assessment, a second set of measurements for intra-observer
reliability was performed by one of the observers. The measure-
ments were performed on the clinical reconstructed 3D images.
Rotational position control was assured with the use of images
where the medial aspect of the heel and the most medial aspect of
forefoot, medial eminence of the 1st metatarsal were in line with
each other. The images used were also tangential to the floor.

The first measurement performed aimed to mimic the clinical
hindfoot alignment evaluation and was named WBCT Clinical
Hindfoot Alignment Angle (WBCT CHAA). It was obtained on 3D
images where the windowing was set to maintain the surface
anatomical landmarks, including the skin (Fig. 1B).

The second measurement was performed in an image with the
same positioning, but the windowing was changed, removing the
skin and subcutaneous, but keeping some of the overlying soft
tissue structures including the Achilles tendon. That image also
allowed a better evaluation of the calcaneal tuberosity, used as a
bony anatomical landmark. The angle measured was formed by the
longitudinal axis of the Achilles tendon and the longitudinal axis of
the calcaneal tuberosity and was named Achilles Tendon/Calcaneal
Tuberosity Angle (ATCTA) (Fig. 1C). To adequately assess the
alignment of the calcaneal tuberosity, we used similar technique
drawing ellipses as described by Johnson et al. [12].

The last four measurements were performed in images with the
same positioning, however with different windowing that

Table 1

removed all the soft tissue structures, maintaining only the bony
anatomy. The third measurement obtained was the Tibial Axis/
Calcaneal Tuberosity Angle (TACTA), which was formed by the
intersection of axes of calcaneal tuberosity and the tibia (Fig. 1D).
The fourth measurement was the Tibial Axis/Subtalar Joint Angle
(TASJA) formed by the intersection of tibial axis and the line
connecting midpoint of the posterior facet of the subtalar joint and
most inferior point of the calcaneal tuberosity (Fig. 1E). The fifth
measurement was the Hindfoot Alignment Angle (HAA), as
described by Williamson et al. [25] (Fig. 1F) and the sixth
measurement was the Hindfoot Moment Arm (HMA) (Fig. 1G),
as described by Saltzman and el-Khoury [11].
Positive values were considered valgus alignment.

2.5. Statistical analysis

Data analysis was performed with JMP Pro version 12.2.0 (SAS
Institute, Marlow-Buckinghamshire, UK). We used Shapiro-Wilk
W test to evaluate the normal distribution of each set of
measurements. The intraobserver and interobserver reliability
were assessed by intraclass correlation coefficient (ICCs). Corre-
lations between 0.81-1 were regarded almost perfect, 0.61-0.8
were considered as considered as substantial, while 0.41-0.6 were
considered as moderate, 0.21-0.4 were regarded as fair and 0.1-0.2
were considered as slight agreement and less than 0.1 were
regarded as poor agreement [21,26]. Measurements obtained from
clinical examination and WB CBCT images were compared by one
way ANOVA and paired Students t-tests or the Wilcoxon rank-sum
tests and nonparametric comparison for each pair by the Wilcoxon
method. We used a linear regression model to evaluate the relation
between values of hindfoot moment arm and measurements
obtained from clinical examinations as well as WB CBCT images. P-
values of less than 0.05 were considered significant.

3. Results

Twenty patients (12 men and 8 women) with mean age of 52.2
(range, 20-88) years old and mean body mass index value of 30.35
(range, 19-46) kg/m? were included in this cohort.

We observed almost perfect intraobserver agreement for all WB
CBCT 3D measurements, with ICC ranging from 0.87 to 0.97.
Interobserver agreement, measured by ICC, ranged from 0.51 to
0.88. A summary of the agreements is presented in Table 1.

A summary with the mean values and 95% confidence interval
(CI) for all hindfoot valgus measures performed on the 3D WB CBCT
images are outline in Table 2, and a graphical plot demonstrating
the means values of each measurement is shown in Fig. 2.

The hindfoot alignment measurements were found to signifi-
cantly differ (p <0.0001) and the paired comparison is detailed in
Table 3. The mean Clinical Hindfoot Alignment Angle was 15.2 (95%
Cl, 11.5-18.8) degrees. It was found to demonstrate significantly
increased valgus alignment when compared to the WBCT CHAA
(mean difference, 5.23°, p=0.0047), ATCTA (mean difference,

Intra- and interobserver reliability for three-dimensional (3D) weightbearing (WB) cone beam computed tomography (CBCT) hindfoot valgus measures.

Intraobserver agreement Interobserver agreement

(€ Classification ICC Classification
Soft tissue windowing level WABCT Clinical Hindfoot Alignment Angle (WBCT CHAA) 0.94 Almost perfect 0.51 Moderate
Achilles Tendon/Calcaneal Tuberosity Angle (ATCTA) 0.93 Almost perfect 0.76 Substantial
Bone windowing level Tibial Axis/Calcaneal Tuberosity Angle (TACTA) 0.87 Almost perfect 0.63 Substantial
Tibial Axis/Subtalar Joint Angle (TASJA) 0.90 Almost perfect 0.80 Substantial
Hindfoot Alignment Angle (HAA) 0.88 Almost perfect 0.73 Substantial
Hindfoot Moment Arm (HMA) 0.97 Almost perfect 0.88 Almost perfect

Abbreviations: ICC, intraclass correlation coefficient.
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Table 2

Summary of three-dimensional (3D) weightbearing (WB) cone beam computed tomography (CBCT) hindfoot valgus measures.

3D WB CBCT hindfoot alignment

Mean value  Standard error of the mean Lower 95% CI  Upper 95% CI
Soft tissue windowing level ~WBCT Clinical Hindfoot Alignment Angle (WBCT CHAA) 9.9° 0.53 8.9° 11.0°
Achilles Tendon/Calcaneal Tuberosity Angle (ATCTA) 3.2° 0.95 1.3° 5.0°
Bone windowing level Tibial Axis/Calcaneal Tuberosity Angle (TACTA) 6.1° 0.86 4.3° 7.8°
Tibial Axis/Subtalar Joint Angle (TASJA) 7.0° 0.88 5.3° 8.8°
Hindfoot Alignment Angle (HAA) 22.8° 1.22 20.4° 25.3°

Hindfoot Moment Arm (HMA)

15.1 mm 0.88 13.4mm 16.9mm

Abbreviations: CI, confidence interval.

HINDFOOT ALIGNMENT VALUE

o

228

Fig. 2. Graphical plots representing mean values for the different measurements of hindfoot alignment.

12.00°, p <0.0001), TACTA (mean difference, 9.10°, p < 0.0001), and
TASJA (mean difference, 8.12°, p <0.0001). However, it was found
to be significantly decreased when compared to the hindfoot
valgus alignment measured by the HAA (mean difference, —7.70°,
p <0.0001).

The mean of HMA was 15.1 (95% CI, 13.4-16.9) mm. The hindfoot
moment arm was correlated significantly with the HAA
(p<0.0001), increasing by 0.51 mm for every degree increase in
the HAA (Adjusted R?=0.48) (Fig. 3). The HMA was also correlated
significantly with the Clinical Hindfoot Alignment Angle
(p=0.0087), increasing by 0.53 mm for every degree increase in
the clinical alignment angle (Adjusted R?=0.29) (Fig. 4).

4. Discussion

To the authors’ knowledge, this is the first study to compare the
evaluation of clinical and 3D WB CBCT hindfoot alignment in
patients with AAFD. We found the different WB CBCT measure-
ments modalities performed in this study to be repeatable and
reliable, but to significantly differ from each other and from the

clinical evaluation of hindfoot valgus alignment. Our findings
demonstrated that the valgus hindfoot alignment in patients with
AAFD is significantly influenced by the anatomical landmarks used
to define the angular measurement. We also found that the clinical
assessment of hindfoot valgus by an experienced observer was
significantly different from the HAA measured in WB CBCT images,
demonstrating underestimation of the hindfoot valgus by the
clinical evaluation, similar to reported data for conventional
radiographs [22].

The proper assessment of hindfoot alignment and valgus
deviation is paramount in the diagnosis and staging of AAFD [27-
30]. Various studies have looked at defining an accurate way of
clinically assessing hindfoot alignment [7,31-35], and the ability to
correct the hindfoot valgus deformity intraoperatively, bringing
the heel into a clinically neutral positioning has been shown to
correlate with significant improvement in clinical outcomes [36].
Accurate radiographic definition of hindfoot valgus is also
important and both hindfoot alignment and long axis views have
been utilized as radiographic incidences in the assessment of WB
hindfoot alignment [6,11,12,37]. These radiographic views and the
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Table 3
Paired T-test comparison of clinical and WB CBCT hindfoot alighment measurements.
Measurement 1 Measurement 2 Mean Standard error of the Lower 95% Upper 95% P-value
difference difference confidence interval confidence interval
Hindfoot Alignment Angle (HAA) Achilles Tendon/Calcaneal 19.69817  1.299332 17.1417 22.25467 <0.0001
Tuberosity Angle (ATCTA)
Hindfoot Alignment Angle (HAA) Tibial Axis/Calcaneal Tuberosity 16.79217 1.299332 14.2357 19.34867 <0.0001
Angle (TACTA)
Hindfoot Alignment Angle (HAA) Tibial Axis/Subtalar Joint Angle 15.81867  1.299332 13.2622 18.37517 <0.0001"
(TASJA)
Hindfoot Alignment Angle (HAA) WBCT Clinical Hindfoot Alignment  12.92817  1.299332 10.3717 15.48467 <0.0001°
Angle (WBCT CHAA)
Clinical alignment Achilles Tendon/Calcaneal 11.99967 1.837534 8.3842 15.61510 <0.0001
Tuberosity Angle (ATCTA)
Clinical alignment Tibial Axis/Calcaneal Tuberosity 9.09367 1.837534 5.4782 12.70910 <0.0001"
Angle (TACTA)
Clinical alignment Tibial Axis/Subtalar Joint Angle 8.12017 1.837534 4.5047 11.73560 <0.0001
(TASJA)
Hindfoot Alignment Angle (HAA) Clinical alignment 7.69850 1.837534 4.0831 11.31393 <0.0001
WABCT Clinical Hindfoot Alignment Achilles Tendon/Calcaneal 6.77000 1.299332 42135 9.32650 <0.0001
Angle (WBCT CHAA) Tuberosity Angle (ATCTA)
Clinical alignment WABCT Clinical Hindfoot Alignment  5.22967 1.837534 1.6142 8.84510 0.0047
Angle (WBCT CHAA)
Tibial Axis/Subtalar Joint Angle Achilles Tendon/Calcaneal 3.87950 1.299332 1.3230 6.43600 0.0031°
(TASJA) Tuberosity Angle (ATCTA)
WABCT Clinical Hindfoot Alignment Tibial Axis/Calcaneal Tuberosity 3.86400 1.299332 13075 6.42050 0.0032
Angle (WBCT CHAA) Angle (TACTA)
Tibial Axis/Calcaneal Tuberosity Achilles Tendon/Calcaneal 2.90600 1.299332 0.3495 5.46250 0.0260°
Angle (TACTA) Tuberosity Angle (ATCTA)
WABCT Clinical Hindfoot Alignment Tibial Axis/Subtalar Joint Angle 2.89050 1.299332 0.3340 5.44700 0.0268"
Angle (WBCT CHAA) (TASJA)
Tibial Axis/Subtalar Joint Angle Tibial Axis/Calcaneal Tuberosity 0.97350 1.299332 —1.5830 3.53000 0.4543

(TASJA)

Angle (TACTA)

" P-value <0.05.

multiple anatomical landmarks and angles reported in the
literature aim to accurately demonstrate the true bone alignment
and the relationship in between the axis of the tibia and the axis of
the calcaneus [6,11-13,37-41]. Superposition and enlargement of
structures as well as inadequate alignment of the foot and ankle
during image acquisition have been shown to significantly hinder
the evaluation of bone alignment [41-43]. The ability of
standardized clinical assessment in predicting radiographic bone

35

30

Hindfoot Moment Arm (HMA)

0 5 10 15

hindfoot alignment in patients with stage II AAFD was recently
reported in the literature [22]. This study demonstrated that even
though significant correlation was found between clinical and
radiographic alignments, clinical assessment underestimated of
the radiographic valgus alignment of about 10-15°, when
measured by the HAA [22].

The use of WB CBCT scans in the assessment of foot and ankle
pathologies has recently begun increasing [44]. Important benefits
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0.067921
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7.46

Fig. 3. Graphical plotting and detailed results for linear regression model comparing Hindfoot Moment Arm (HMA) and Hindfoot Alignment Angle (HAA) measurements.

Estimate values for intercept and HAA, standard error, T-ratio and P-values.
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Fig.4. Graphical plotting and detailed results for linear regression model comparing Hindfoot Moment Arm (HMA) and clinical alignment measurements. Estimate values for

intercept and HAA, standard error, T-ratio and P-values.

in the assessment of 3D bone relationship and bone alignment in
patients with AAFD have been demonstrated in the literature
[14,21,22,45-47], with low radiation dosage, extraordinary spatial
resolution and fast imaging acquisition time [48,49].

Burssens et al. studied the use of WB CBCT in the assessment of
hindfoot alignment [14]|. They have shown that this imaging
modality allows adequate assessment in patients with valgus and
varus deformities, revealing significant differences in the measure-
ments depending on the anatomical landmarks and angular
measurements used. Even though different Hindfoot Alignment
Angles were used in our study, we also found that the measure-
ments change significantly depending on the anatomical land-
marks used. One important difference to be noted is that Burssens
et al discovered that the clinical alignment measured in WB CBCT,
with the image windowing maintaining the skin and surface
landmarks, demonstrated increased valgus alignment when
compared to bone measurements. Similar to prior results reported
in the literature using conventional radiographs [22], our study
determined completely opposite results when using the HAA as
described by Williamson et al. [25]. We found the HAA to
demonstrate significantly increased valgus when compared to
both real and WB CBCT clinical hindfoot alignment evaluation, with
mean differences of approximately 13 and 8° respectively. It is our
understanding that the HAA represents the best bone measure-
ment of hindfoot alignment, using more reliable landmarks and
considering the 3D format of the calcaneus including its lateral
wall and the sustentaculum tali. It is the first-time the use of the
HAA is reported in WB CBCT images, and we found it to be reliably
performed.

Our study was also the first to evaluate the HMA, as described
by Saltzman and el-Khoury [11], using 3D WB CBCT images,
demonstrating almost perfect intra- and interobserver reliability.
Similar to prior results in the literature [25], we found the HMA to
significantly correlate with both HAA and clinical hindfoot
alignment evaluation, increasing approximately 0.5 mm for every
degree increase in both hindfoot alignment angulations. The
amount of HMA increase found for every degree of HAA differs
from the value described by Williamson et al. [25]. The authors
reported in their study increases of approximately 0.8 mm for

every degree increase in the HAA measured in conventional
radiographs. The difference in the values could be potentially
explained by a more adequate evaluation of the real 3D hindfoot
alignment using WB CBCT images, when compared to conventional
radiographs. Unfortunately, no certain affirmation can be made
regarding this. It is important to emphasize that an adequate
evaluation and a positive and significantly correlation between
hindfoot alignment and HMA is important so surgeons can predict
the amount of medial slide that is needed intraoperatively when
performing a calcaneal osteotomy in the treatment of patients with
AAFD [36,50].

There are some limitations of the current study to be
considered. Firstly, the sample population included was relatively
small and no power analysis was performed. The statistically
significant differences in the measurements found nevertheless
demonstrate adequate sample size to achieve the objectives of our
study. Also, the present study did not compare the differences in
clinical and WB CBCT hindfoot alignment measures in control
patients. It would be important to investigate in the near future if
similar measurement differences would be present in patients
with normal hindfoot alignment. Another important fact is that
even when controlling for rotational misalignment during the
clinical and WB CBCT assessment of patients, some inconsistency
and error can still due to positioning can still exist when
performing the measurements.

In conclusion, our study provides evidence that the use of 3D
WB CBCT imaging can potentially help us to more adequately
understand AAFD. Further to this, it can help us determine which
anatomical landmarks should be used to correctly assess the true
valgus hindfoot alignment in patients with this disease. We found
the different WB CBCT measurements observed to be reliable and
repeatable, and to significantly differ from the clinical hindfoot
alignment.
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