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a b s t r a c t

Background: Foot and ankle weightbearing CT (WBCT) imaging has emerged over the past decade. However, 
a systematic review of diagnostic applications has not been conducted so far.
Method: A systematic literature search was performed according to the Preferred Reporting Items for 
Systematic Reviews and Meta-Analysis (PRISMA) guidelines after Prospective Register of Systematic 
Reviews (PROSPERO) registration. Studies analyzing diagnostic applications of WBCT were included. Main 
exclusion criteria were: cadaveric specimens and simulated WBCT. The Methodological Index for Non- 
Randomized Studies (MINORS) was used for quality assessment.
Results: A total of 78 studies were eligible for review. Diagnostic applications were identified in following 
anatomical area’s: ankle (n = 14); hindfoot (n = 41); midfoot (n = 4); forefoot (n = 19). Diagnostic appli
cations that could not be used on weightbearing radiographs (WBRX) were reported in 56/78 studies. The 
mean MINORS was 9.8/24 (range: 8–12).
Conclusion: Diagnostic applications of WBCT were most frequent in the hindfoot, but other areas are on the 
rise. Post-processing of images was the main benefit compared to WBRX based on a moderate quality of the 
identified studies.

© 2023 Published by Elsevier Ltd on behalf of European Foot and Ankle Society. 
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1. Introduction

Weightbearing radiographs (WBRX) are widely used for the di
agnosis and outcome assessment of patients with foot and ankle 
disorders [1,2]. Despite their ubiquity, plane radiographs contain 

Foot and Ankle Surgery 30 (2024) 7–20

https://doi.org/10.1016/j.fas.2023.09.001 
1268-7731/© 2023 Published by Elsevier Ltd on behalf of European Foot and Ankle Society.  

]]]] 
]]]]]]

⁎ Correspondence to: Department of Orthopaedics and Traumatology, Ghent 
University Hospital, Corneel Heymanslaan 10, 9000 Ghent, OVL, Belgium.

E-mail address: Arne.Burssens@uzgent.be (A. Burssens).
1 These authors contributed equally to this manuscropt

http://www.sciencedirect.com/science/journal/12687731
https://www.journals.elsevier.com/foot-and-ankle-surgery
https://doi.org/10.1016/j.fas.2023.09.001
https://doi.org/10.1016/j.fas.2023.09.001
https://doi.org/10.1016/j.fas.2023.09.001
http://crossmark.crossref.org/dialog/?doi=10.1016/j.fas.2023.09.001&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.fas.2023.09.001&domain=pdf
mailto:Arne.Burssens@uzgent.be


several significant shortcomings; accurate analysis is impeded by 
the superposition of the osseous structures, differences in patient 
positioning cause measurement errors, and the result is a two-di
mensional (2D) projection of a three-dimensional (3D) structure [3]. 
Computed tomography (CT) imaging technology is commonly used 
to evaluate skeletal disorders and is able to overcome the short
comings of superposition by allowing circumferential imaging of the 
osseous structures and correction of rotational errors by a post- 
imaging reconstruction of the foot position [4]. However, one major 
drawback of conventional CT has been the inability to obtain 
weightbearing images [5]. The importance of weightbearing during 
foot and ankle radiographic imaging is reflected in different studies, 
which demonstrated an underestimation of deformity in absence of 
weightbearing [1,6].

Over the past decade, technological advances allowed to merge 
the benefits of weightbearing with those of cone-beam CT devices. 
This resulted in the genesis of weightbearing CT (WBCT) devices that 
are currently used in clinical practice. Moreover, these WBCT devices 
continue to evolve with mobile and flexible gantries that allow ex
pansion of WBCT from the foot and ankle up to the knee and hips 
[7,8]. Additional benefits from this imaging modality include a fast 
image acquisition time, a compact design, a reduced cost, and ra
diation dose [8,85]. The introduction of WBCT has permitted the 
collection of detailed foot and ankle imaging obtained in a standing 
position [7]. However, WBCT is currently not yet widely used, the 
specific diagnostic applications are scattered across the literature 
and the potential benefits are not well assessed in a comprehensive 
overview [9]. Therefore, we performed a systematic literature search 
of the diagnostic landscape that can benefit from WBCT imaging in 
the foot and ankle. We aim to identify several disorders per anato
mical area in the foot and ankle that present benefits of WBCT after a 
decade of research in the field of WBCT imaging.

2. Methods

The Database of Abstracts of Reviews of Effects (DARE), the 
Cochrane Database of Systematic Reviews (CDSR), and the 
International Prospective Register of Systematic Reviews (PROSP
ERO) could not identify previously performed systematic reviews on 
WBCT of the foot and ankle. The original protocol for this study was 
registered on PROSPERO, the international prospective register of 
systematic reviews, which can be accessed online 
(CRD42022382037). The literature was systematically reviewed ac
cording to the Preferred Reporting Items for Systematic Reviews and 
Meta-Analysis (PRISMA) guidelines. The searched electronic data
bases included PubMed, Cochrane Library, Embase, and Web of 
Science. Studies assessing the relationship between WBCT and ankle, 
hindfoot, midfoot, and forefoot were identified. For every database, 
the same search strategy was repeatedly performed, combining the 
following search terms: "weightbearing/standing CT/CBCT and 
ankle", "weightbearing/standing CT/CBCT and hindfoot", "weight
bearing/standing CT/CBCT and midfoot", "weightbearing/standing 
CT/CBCT and forefoot". A data search was performed from inception 
until December 2022. The results of this search were evaluated in 
two steps, by first screening the abstracts and second reading the full 
text. The in- and exclusion criteria were assessed by two coauthors 
(JL, MF). Studies were excluded if they reported cadaveric samples, 
described healthy subjects, were case reports, studied fewer than 15 
patients, or were published before 2010. The lead author (JL; board 
certified orthopaedic surgeon) screened titles and abstracts and se
lected studies for review. Two coauthors (AVO, MP; orthopaedic PhD 
researchers) discussed the results to secure that abstracts were not 
unnecessarily excluded. The full text of these studies was evaluated 
by two coauthors (JL, MF). Selected studies for retrieval and eva
luation were divided into four groups: WBCT and ankle, WBCT and 
hindfoot, WBCT and midfoot, and WBCT and forefoot. Clinical and 

radiological data and methods were assessed for each group. 
Additionally, the study’s type and source of funding were recorded. A 
meta-analysis was initially planned to complement the systematic 
narrative review. However, this was hampered by the significant 
heterogeneity in study design and results. Therefore, this synthesis 
was conducted to explore findings within and between studies, 
guided by the PRISMA guidelines. Quality assessment of both com
parative and non-comparative studies was performed relying on the 
Methodological Index for Non-Randomized Studies (MINORS) cri
teria. As reported by Slim et al. [88], the checklist covered the fol
lowing eight categories to assess non-randomized controlled trials 
(NRCTs): clearly stated objectives, the inclusion of consecutive sub
jects, prospective collection of data, appropriate endpoints, unbiased 
assessment of the study endpoints, a follow-up period in line with 
study objectives, loss to follow-up less than 5% and a prospective 
sample size calculation. Each of these questions can be answered 
with "not indicated" (0 points), "indicated but insufficient" (1 point), 
or "indicated and sufficient" (2 points), the global ideal score being 
16 for non-comparative studies. Two reviewers assessed the MINORS 
checklist separately for each study (JL, AB). Differences were re
solved by a debate with a third independent reviewer (EA; board 
certified orthopaedic surgeon) lacking standardized evidence, cate
gorization of the MINORS scores was performed based on the study 
by Ekhtiari et al. [89]: "Very low"(0–4 points); "Low"(5–8 points); 
"Good"(9−12); and "Excellent"(13−16).

3. Results

A total of 522 studies were included following an electronic da
tabase search and screening of the reference lists. Studies were ex
cluded for being duplicates (n = 350), review studies (n = 8), reports 
not retrieved (n = 3), and reports excluded (n = 83). As a result, 78 
studies were confirmed eligible for review (Fig. 1). These consist of 
11 prospective studies, 65 retrospective studies, and 2 diagnostic 
studies. The median sample volume of patients included in the 
studies was 30 (range: 16–4987). The mean MINORS of the 78 stu
dies was 9.8 on a total of 24 (The global ideal score being 16 for non- 
comparative studies and 24 for comparative studies). There are 7 
level II evidence studies, 68 are level III evidence, and 3 level IV 
evidence studies. A total of 35 studies described that their work was 
done without financial support, 19 studies reported industry funding 
and 24 studies did not report funding. Definition of alignment, 
evaluation of joint width and spatial interpretability of images in 3D 
were identified as the main benefits compared to WBRX (Table 5).

3.1. Ankle

A total of fourteen studies [10–23] addressed disorders at the 
ankle joint (Table 1). Seven studies [10–16] focused on ankle os
teoarthritis. In ankle osteoarthritis studies using 2D measurement 
variables, WBCT mainly concentrated on quantifying the tibiotalar 
[10,11,13,15] and subtalar [12,14,16] joint alignment. Kim et al. [13,15]
used WBCT to assess the internal rotation of the talus in the axial 
plane in patients with varus ankle osteoarthritis. Kang et al. [14]
analyzed the talar tilt, subtalar inclination angle, and calcaneal in
clination angle to evaluate the orientation of the calcaneus relative 
to the talus in the varus ankle osteoarthritis. Hintermann et al. [11]
measured the lateral distal tibial angle in the sagittal plane and 
coronal plane to assess axial rotation between the talus and tibia in 
total ankle arthroplasty. Krähenbühl et al. [12,16] used WBCT to 
analyze the tibiotalar angle, subtalar vertical angle, and the medial 
distal tibial angle. In addition, they reported that the subtalar joint 
orientation might be a risk factor for the progression of ankle joint 
osteoarthritis [12,16].

Seven studies [17–23] focused on the diagnostic applications of 
WBCT in ankle syndesmotic injuries. In studies using 2D 
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measurement variables of ankle syndesmosis, Goldberg et al. [19]
analyzed the position of the fibula in the axial plane for patients 
with syndesmotic injuries. They found weightbearing results in 
lateral and posterior translation and external rotation of the fibula 
about the incisura. Three studies [17,22,23] reported that WBCT 
improved the evaluation of joint width. Patel et al. [17] analysed the 
relationship between the fibula and tibia for translation and rotation 
for patients with syndesmotic injuries. Rio et al. [22] used WBCT to 
evaluate the syndesmotic diastasis area for patients after acute in
jury. Rooney et al. [23] assessed the reliability of measurement 
techniques for syndesmosis position after operative fixation of distal 
tibia platfond fracture on WBCT. Their study reported that WBCT 
demonstrated significantly greater diastasis in unstable ankles than 
conventional CT. In studies using 3D measurement variables (Figs. 2, 
3), three studies [18,20,21] reported that WBCT scans were an ex
cellent method for 3D reconstruction to improve spatial interpret
ability. Peiffer et al. [18] used 3D measurement variables and 
statistical shape modelling to facilitate the diagnostic workup of 
syndesmosis ankle lesions under weightbearing conditions. Esfahani 
et al. [20] created 3D models using volumetric measurements up to 
5 cm above the tibial platfond and showed higher sensitivity and 
specificity for recognizing an unstable syndesmosis; Shakoor et al. 
[21] took measurements 5 mm below the talar dome evaluating the 
lateral clear space and the medial clear space.

3.2. Hindfoot

A total of 41 studies [24–64] focused on the diagnostic applica
tions located at the hindfoot (Table 2). In studies using 2D mea
surement variables of the hindfoot, WBCT mainly focused on 
improving the definition of alignment [26,27,31,35,39,42,49] and 

improving the evaluation of joint width [43,45–47,50]. Hirschmann 
et al. [27] measured the hindfoot alignment angle and tibiocalcaneal 
distance and found that alignment of the hindfoot significantly 
changes in weightbearing position. Bakshi et al. [31] measured the 
calcaneal moment arm and found that the hindfoot valgus was as
sociated with first metatarsal (M1) pronation, and the hindfoot varus 
was associated with M1 supination. Fuller et al. [42] used WBCT to 
evaluate medial arch anatomy. Six studies [45–50] have also used 
WBCT to assess various aspects of hindfoot anatomy and diagnose 
specific conditions. More specifically, de Cesar Netto et al. [45] used 
WBCT to observe peritalar subluxation in patients with progressive 
collapsing foot deformity (PCDF) and evaluated the correlation be
tween WBCT markers of peritalar subluxation and Magnetic Re
sonance Imaging (MRI) [47]. Findings of soft tissue insufficiency in 
patients with PCFD, corresponded with WBCT markers of pro
nounced deformity and peritalar subluxation were significantly 
correlated to MRI involvement of the posterior tibial tendon; Lalevée 
et al. [46] used WBCT to measure the peritalar subluxation and foot 
and ankle offset (FAO) to evaluate lateral bony impingements; Kim 
et al. [49] and Jeng et al. [50] used WBCT to measure the talo
calcaneal and calcaneofibular distance to diagnose calcaneofibular 
impingement.

In studies [25,28–30,32–34,36–38,40,41,44,48,51–64] using 3D 
measurement variables of the hindfoot,Burssens et al. [25,28,33,34]
translated routine radiographic 2D hindfoot measurements towards 
their 3D equivalents based on segmentation of the CT- slices (Fig. 2). 
Afterwards, these 3D measurements were used to assess the out
come of the hindfoot alignment (HA) after infra- and supra malleolar 
osteotomies [25,34]. Peiffer et al. [32] measured the calcaneal os
teotomy angle in 3D variables to assess the correlation between the 
pre-operative hindfoot valgus deformity and calcaneal osteotomy 

Fig. 1. Flowchart according to the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines. 
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angles and the post-operative calcaneal displacement. Bernasconi 
et al. [26] and de Cesar Netto et al. [37] measured HA in the national 
football league and the national basketball association players. They 
found that WBCT can provide valuable information about anatomic 
risk factors for common injuries in professional players. de Cesar 
Netto et al. [51,52,54,58] measured hindfoot and midfoot angles in 
PCFD and reported that weightbearing 3D images improved the 
spatial interpretability of articular incongruency compared with 
traditional CT images. Lintz et al. [29,36] determined the hindfoot 
axis relative to the ankle and base of the first as well as the fifth 
metatarsal head using the foot ankle offset (FAO) on WBCT datasets 
(Fig. 3). Hereby, a 3D perspective is given with excellent intra- and 
interobserver reliability. Moreover, the FAO has been utilized as a 
valid tool in patients with ankle instability, total ankle replacement 
and pre- versus post-op comparisons [29,35,36,90]. Day et al. [41]
measured the subtalar joint space width following intra-articular 
calcaneal fractures; Bernasconi et al. [38] quantified hindfoot angles 
using 3D measurements; Krähenbühl et al. [48] used 3D measure
ment to diagnose sinus tarsi impingement; Day et al. [55] evaluated 
PCDF using both 2D and 3D imaging techniques in standing position; 
Behrens et al. [56] used 3D coverage mapping techniques to evaluate 

the talonavicular and calcaneocuboid interfaces; An et al. [63] used 
3D WBCT analysis to isolate and quantify the multiplanar rotational 
deformation of the talonavicular joint in patients with Charcot- 
Marie-Tooth disease. Their studies [29,36,38,41,48,55,56,63] re
ported that multi-planar weightbearing imaging obtained from 
WBCT has excellent intra- and inter-observer reliability in assessing 
alignment and aids surgeons in deciding the appropriate treatment 
strategy (e.g. osteotomies vs realignment arthrodesis).

3.3. Midfoot

A total of four studies [65–68] addressed disorders at the midfoot 
(Table 3). Two studies focus on Lisfranc injuries, Sripanich et al. [65]
and Falcon et al. [66] used 2D variables to measure the distance 
between the medial cuneiform and second metatarsal to diagnose 
injuries of the Lisfranc ligamentous complex and evaluate potential 
subtle injuries. In contrast, Bhimani et al. [67] used 3D variables to 
measure the volume of the injured Lisfranc joint complex. They re
ported that WBCT scans can effectively differentiate between stable 
and unstable Lisfranc injuries [65–67]. Steadman et al. [68] retro
spectively reviewed 302 patients to analyze the naviculocuneiform 

Fig. 2. Patient with progressive collapsing foot deformity (PCFD) assessed by (A) weightbearing radiographs using an anterior-posterior, dorsal-plantar and lateral view (B) 
weightbearing CT (WBCT) imaging after 2D reconstruction in the frontal, axial and lateral view (C) WBCT imaging after 3D reconstruction using in Mimics® (Materialise, Haasrode, 
BE) in the frontal, axial and lateral view.

Fig. 3. Explanation of the foot and ankle offset (FAO) A. Three-dimensional model of the previous patient with PCFD B The FAO determined the hindfoot axis relative to the ankle 
and base of the first as well as the fifth metatarsal head using the foot ankle offset on WBCT datasets. Hereby, a marked planovalgus deformity is observed on the scale bar.
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and tarsometatarsal arthritis and reported that WBCT imaging fa
cilitates an earlier, more reliable diagnosis and grading of midfoot 
osteoarthritis relative to WBRX.

3.4. Forefoot

A total of nineteen studies [69–87] reported on forefoot disorders 
(Table 4), these studies used 2D or 3D variables to diagnose and 
quantify hallux valgus deformity. In studies [69,72,74–76,79] using 
2D measurement variables, WBCT mainly focused on quantifying 
first metatarsal (M1) alignment [75,76,79] and rotation [69,72,74]. 
Mansur et al. [69] evaluated the accuracy of various radiographic 
measurements in diagnosing hallux valgus deformity; Najefi et al. 
[72], using WBCT-assessed hallux valgus and metatarsal rotation 
angles; Mahmoud et al. [74] measured several angles, including the 
first-second intermetatarsal angle, hallux valgus angle, Meary’s 
angle, and calcaneal pitch angle. Their study reported that WBCT can 
be a valuable tool for quantifying M1 pronation. Conti et al. [79]
investigated changes in foot width following pre- compared to post- 
operatively for the patients with hallux valgus and reported that the 
modified Lapidus can effectively decrease foot width.

In studies [70,71,73,76–78,80–82] using 3D measurement vari
ables, Zhong et al. [70] reconstructed 3D models to improve spatial 
interpretability, when measuring hallux valgus and the distal me
tatarsal articular angle. Lalevée et al. [71] utilized WBCT to correct 
the pronation and plantarflexion of the M1 and compared the 3D 
distal metatarsal articular angle in patients with hallux valgus de
formity and control populations. They [71] reported that conven
tional radiographs overestimate the valgus deformity of the M1 
distal articular surface. Finally, Carvalho et al. [76] measured the 
hallux valgus angle and Day et al. [77] used WBCT to measure the 
forefoot on artificial intelligence–based measurement. Their [76,77]
studies reported that 3D measurements are more reliable and ac
curate than 2D measurements.

3.5. Imaging and segmentation time, radiation dose and costs

A total of 2 studies were identified that investigated radiation 
dose, time spent on image acquisition, and cost-effectiveness 
[84,85]. Richter et al. [84] reported that the time spent for the WBCT 
was 70% faster than radiographs and 35% faster than CT scan, be
cause no changes in patient positioning was required. In a second 
study, Richter et al. [85], analyzed 11,009 WBCT scans over 5.6 years 
to assess the potential benefit of using WBCT over WBRX and/or CT 
as the standard imaging modality. They reported there was a 10% 
decreased in radiation dose, 77% decrease in image acquisition time 
and increased financial profit for the institution.

A total of 2 studies [86,87] compared the time to segment CT data 
using automated versus manual measurements and obtain accurate 
results in 5 angles of the foot and ankle. Investigators reportedly 
spent 73% less time than manual measurements (44.5 s per angle) 
using the semi-automated measurement software (12 s per angle) 
(Bonelogic Ortho Foot and Ankle, Version 1.0.0-R, Disior Ltd, Hel
sinki, Finland) [86]; Full-Automated measurement (automatically 
generate 3D models and identify different bones) software (1 s per 
angle) (AM, Autometrics, Curvebeam, Warrington, PA, USA) reduced 
measurement time by 97% compared to manual measurements 
(44.5 s per angle) [87].

4. Discussion

The principal finding of this systematic review identified a 
growing diagnostic landscape for applications of WBCT, which was 

most frequently studied in hindfoot deformities (Table 2). Compared 
to WBRX, the most commonly reported diagnostic applications of 
WBCT imaging were improved spatial interpretability to quantify 
structural and rotational deformities, amongst others due to 3D re
construction (Table 5, Figs. 2–4), and the benefits were time spent on 
image acquisition, radiation dose, and the cost-effectiveness of using 
WBCT compared to WBRX or traditional CT [84,85]. Off note, one 
additional value of 3D reconstructions is to allow (semi-)automated 
measurements. These have shown to reduce the measurement 
time, but reported also different values compared to manual mea
surements [86,87]. This should be taken in to account when per
forming (semi-)automated measurements and needs further 
investigation in future studies.

Specifically, in the ankle, WBCT showed higher accuracy for 
quantifying alignment, ankle joint space width for patients with 
osteoarthritis [11,14,16] or tibiofibular distance in syndesmotic ankle 
injuries [19,20,22] using both 2D and 3D measurements. Although 
the consensus in these studies points towards the benefits of WBCT 
in ankle disorders, it should be taken into account that the level of 
evidence was moderate. The mean MINORS of the 14 studies in the 
ankle was equalled 10.1 on a total of 24, and twelve studies are level 
III of the evidence, and two studies are level IV.

In the hindfoot, WBCT is a valuable tool for accurately quan
tifying the hindfoot alignment [25,28,29,36,38,41]. Measure
ments were not significantly affected by the presence of hardware 
[29,33,37], anatomic variability [28,30], and projection or or
ientation [31,34–36,41] when compared to WBRX. In particular, 
the reconstructed 3D models of the talus and calcaneus allowed 
also to quantify 3D talocalcaneal alignment of the subtalar joint 
[25,28,34,56,57,62,63]. To overcome the inability of WBCT to as
sess soft tissue structures, one study combined WBCT and MRI to 
evaluate hindfoot disorders, with a good correlation between 
both modalities [47]. The level of evidence was in the same range 
as the ankle studies and demonstrate mean MINORS of the 41 
studies in the hindfoot was equalled 9.7 on a total of 24, thirty- 
four studies are level III of the evidence, and seven studies are 
level II.

In the midfoot, WBCT overcame the superposition of the bones 
and improved the characterization of the 3D structural details 
[67,68]. Assessing the Lisfranc joint complex under physiological 
load allowed to effectively differentiate between stable and unstable 
Lisfranc injuries [65,67] and determine joint space changes for pa
tients with ligamentous disruption, especially in subtle cases [66]. 
Additionally, midfoot osteoarthritis is often missed or under
estimated on WBRX [68]. WBCT allowed for an earlier and more 
reliable diagnosis of midfoot osteoarthritis than WBRX [68]. The 
mean MINORS of the 4 studies in the midfoot was equalled 9.5 on a 
total of 24; Four studies were level III of the evidence. Of note, the 
mean MINORS was the lowest among the studies assessing the 
midfoot, indicating that this anatomical area would benefit more 
from higher-quality studies.

In the forefoot, WBCT allowed the assessment of the bone in 
coronal, axial, and sagittal planes to determine rotation, varus/ 
valgus, and plantarflexion [70,71,74,77]. The ability to accurately and 
reliably quantify M1 pronation is an important step to help surgeons 
acquire more optimal corrections and maximize functional results 
[69,72]. Unfortunately, an accurate linear evolution of hallux valgus 
could not be evaluated due to the retrospective nature of the stu
dies [75]. In addition, there is no “gold standard” [78] for the mea
surement of M1 rotation and sesamoid pronation [74,75]. The mean 
MINORS of the 17 studies in the forefoot was equalled 10.2 on a total 
of 24, sixteen studies are level III of the evidence, and one studies are 
level IV.
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This study contained several important limitations. Firstly, 
some publications may not have been identified with the applied 
search strategy. This could be attributed to the chosen search 
terms or the fact that studies that were not written in English 
were excluded. To minimize error, all references of included stu
dies were additionally screened. Secondly, the results and con
clusions were based on a limited number of studies with 

heterogeneous study designs. Furthermore, since there were 
considerable differences in the reported radiological and clinical 
outcomes, we were unable to perform a meta-analysis assessing 
the general effect of WBCT on the alignment of the ankle and foot. 
Thirdly, 22 out of the 76 studies presented a relatively low study 
quality, which could impede the generalizability of the obtained 
findings.

Table 5 
List of potential benefits. 

Benefits Number of studies Reference of studies

Absence of superposition
Improved evaluation of joint space width 18 Ankle 10,15,17,21–23

hindfoot 43–47,50,51,56
Midfoot 65,66,68
Forefoot 79

Improved quantification of rotation 8 Ankle 11,13,20
hindfoot
midfoot 62
forefoot 68,71,74,80

Improved definition of alignment 36 ankle 12,14,16,18
hindfoot 25–28,30–40,42,49,52–55,58,59,62,63,64,70,71,75
midfoot
forefoot 76,79

Availability of 3D reconstructions
Area and volume measurements 5 ankle 20,21

hindfoot 41
midfoot 66
forefoot 72

Improved spatial interpretability 36 ankle 18,20,21,
hindfoot 24,25,28–30,32–34,36–38,40,41,44,48,51–64
midfoot 67
forefoot 70,71,73,76–78,80,81;82

Novel 3D measurements 
(3D distance map)

5 ankle 19
hindfoot 34,41,47,56,57,60–62
midfoot
forefoot

Reduced imaging time 4 83,84,85,86
Reduced costs 2 83,84
Radiation dose 1 84

Fig. 4. Examples of distance mag analysis using Disior® software (Paragon 28, Denver, US) (A) Patient with ankle valgus deformity demonstrating a lateral overload in the ankle 
joint (B) weightbearing CT (WBCT) images in neutral stance (upper) and augmented external rotation stress (lower) in a patient with a syndesmotic injury in the left ankle. For 
each condition, a corresponding 3D distance mapping plot is presented, which reveals an increased tibiofibular clear space on the left side during external rotation stress as 
described by Peiffer et al. [94].
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5. Conclusion

Diagnostic applications of WBCT imaging are, at present, most 
frequently studied in hindfoot deformity, but other areas are on the 
rise due to rapid growth in the number of indications (Fig. 5). De
finition of alignment, evaluation of joint width and spatial inter
pretability of images in 3D were identified as the main benefits 
compared to WBRX. This study was to first review the WBCT lit
erature according to a systematic approach over the last ten years. 
The identified applications of WBCT can help orthopaedic surgeons 
to evaluate various disorders of the foot and ankle by avoiding 
measurement errors caused by patient positioning and osseous su
perimposition. Hereby, weightbearing CT is able to surmount the 
diagnostic information obtained from weightbearing X-ray’s [8,84]. 
With the continuous application of WBCT, corresponding software 
will be developed to facilitate measurement methods in both 2D and 
3D [91]. Moreover, weight-bearing CT could further progress as 
standard imaging tool in the diagnostic work-up of foot and ankle 
disorders, since it is also capable of providing digitally reconstructed 
radiographs (DDRs) from the CT images [92,93]. However, the ob
tained findings should be interpreted with caution as the average 
quality score was moderate. Therefore, future prospective studies 
with adequate sample sizes are warranted to standardize the mea
surement terminology and consolidate the role of WBCT in diag
nostic and therapeutic algorithms.
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