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ABSTRACT

RESUMO

Spatial understanding of osteoarticular deformities of the foot
and ankle is vital to correct diagnosis and therapeutic decision
making. Poor reproducibility in conventional standing radiography in three orthogonal views has driven the development of
weight-bearing computed tomography (WBCT) technology over
the last decade. We analyzed the available literature on WBCT
imaging in patients with foot and ankle disorders by performing a
literature review of relevant clinical studies in multiple databases
including PubMed, MedLine, and Scopus from January 1999 to
October 2017. WBCT imaging allows correct evaluation of foot and
ankle anatomy with the patient in a standing position, providing
images with high spatial resolution, short image acquisition
time, low dose of radiation, and costs which are similar to other
available imaging technologies. This diagnostic tool can be used
for decision making in the treatment of deformities of the ankle,
hindfoot, midfoot, and forefoot. Level of Clinical Evidence III;
Systematic review of Level III Studies.

Na topografia do tornozelo e do pé é fundamental o entendimento
espacial das deformidades osteoarticulares para correto diagnóstico
e decisão terapêutica. A dificuldade de reprodução da avaliação com
radiografias convencionais em posição ortostática em três dimensões
impulsionou, na última década, o desenvolvimento da tecnologia de
tomografia computadoriza com carga. Analisamos a literatura relacionada
com o tema tomografia computadorizada com carga em pacientes
com distúrbios do pé e do tornozelo. Para fazer isso, realizamos uma
revisão da literatura de estudos clínicos relevantes nas bases de bancos
eletrônicos, incluindo PubMed, MedLine e Scopus, de janeiro de 1999
a outubro de 2017. A tomografia computadorizada com carga permite a
avaliação da anatomia na posição ortostática fisiológica, com imagens
de alta resolução espacial, pequeno tempo de aquisição de imagens,
baixa dose de radiação e custos similares a outras tecnologias atualmente
disponíveis. Ela pode ser usada para tomada de decisão terapêutica
em deformidades do tornozelo, retropé, mesopé e antepé. Nível de
Evidência III; Revisão Sistemática de Estudos de Nível III.

Keywords: Ankle. Foot. Weight-bearing. Tomography, x-ray
computed/methods.

Descritores: Tornozelo. Pé. Suporte de carga. Tomografia computadorizada, imagem/métodos.

Citation: xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx. Weight-bearing computed tomography of the foot and ankle: an update and future directions. Acta
Ortop Bras. [online]. 2018;26(2):00-00. Available from URL: http://www.scielo.br/aob.

INTRODUCTION
In the area of ankle and foot performance, imaging studies are fundamentally important aids in diagnosis, therapeutic decision-making,
and evaluation of functional results. The most commonly used
resources are conventional X-rays with load, ultrasound, computed
tomography (CT), and magnetic resonance imaging (MRI).1
The initial diagnostic investigation often uses conventional X-rays
with load to more accurately reproduce the three-dimensional bone
relationships in the ankle and foot. However, in many situations

the information acquired from this method is limited (especially in
relation to the different planes of the ankle and foot) and usually
needs to be complemented for correct therapeutic decision making.1
The choice of complementary image study is based on certain
criteria such as availability, sensitivity, and specificity of the method,
cost, and adverse effects/safety, including exposure to radiation.1
In this scenario, computed tomography (CT) allows acquisition
of high-resolution images in different axes of the ankle and foot,
and is usually used to evaluate fractures, degenerative changes,
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bone healing, and surgical planning for osteotomies, arthrodeses
and arthroplasties.2
However, a major limit of conventional CT is its inability to reproduce
images of feet and ankles subjected to body weight load. In the
absence of support for the patient’s body weight, true alignment
is not measured correctly. Therefore, this imaging resource is
limited, particularly in scenarios related to axial deviations and
osteoarticular degeneration such as acquired flatfooted valgus,
pes cavus, Charcot’s neuroarthropathy, osteoarticular deformities,
diabetic foot, and dynamic ligament instability.2
Many researchers have made efforts to develop auxiliary methods
to simulate body weight support by the ankle and foot, using
different strategies. These authors recognized that the deficiencies in simulated weight support conditions unfortunately did
not resolve the limitation of conventional CT.3-10 Additionally, the
devices that simulate body weight load generally utilize passive
application of force, have a low standard of reproducibility, and
do not permit the active muscle forces that act during orthostatic
physiological positioning.11-13
In this sense, the concept of visualizing the relative alignment of
the bones in the ankle and foot using weight-bearing computed
tomography (WBCT) is not new. Over the last decade, the cone
beam computed tomography with load technique (WBCT) proved
feasible and to have high reproducibility of the real situation of the
ankle and foot with regard to body weight.2,14
The advantages of this new technology include: the ability to obtain
images with the patient in an orthostatic position, high resolution,
possibility of reconstruction in three dimensions, rapid image acquisition, low rate of radiation exposure, small device size, and low
cost in relation to conventional CT.15
This article presents a review of this important technological innovation in patients with foot and ankle disorders.
Exposure to radiation and its effects on humans
Radiation is energy in the form of electromagnetic waves, which
can be ionizing or non-ionizing. X-rays are located on the spectrum
of ionizing radiation.16,17 (Figure 1)
The energy produced by X-rays is measured in rems, and the energy
deposited in inert materials is measured in grays (Gy), with 1 Gy

equivalent to 1 Joule/kg. The energy deposited in living tissue (equivalent dose) is measured in Sieverts (Sv), and 1 Sv is the equivalent of
1 Joule/kg, which reflects the biological effects of ionizing energy.16
The somatic and cumulative effects (not determined by dose) of
ionizing radiation can result in cancer, genetic mutations, and
teratological malformations (at the beginning of pregnancy).17
Table 1 shows different sources of ionizing radiation and their
respective doses deposited in human tissue in Sieverts.
STUDIES CONDUCTED PRIOR TO WBCT, USING CT WITH
SIMULATED LOAD
Method using 75 Newton (N) axial force plate,
in supine position
In a case-control study with 12 patients (8 with flatfoot valgus
and four asymptomatic), Ananthakrisnan et al.3 demonstrated
less subtalar joint contact in patients with posterior tibial tendon
dysfunction (PTTD).
In a case-control study with 24 patients (19 with flatfoot valgus and
5 asymptomatic), Malicky et al.4 observed a higher prevalence of
lateral impact in the subtalar joint within the tarsal sinus (92% vs. 0%)
and calcaneal-fibular joint (66 vs. 5%) in comparison with controls.
Greisberg et al.,5 in a case series with 37 patients with PTTD, demonstrated increased deformities in these patients when evaluating the
Table 1. Dose of radiation in living tissue by type of human exposure.
Radiation from high-altitude flights
0.001-0.01 mSv/hour
Radiation from natural lighting
0.01 mSv/day
Radiation from simple X-ray of the thorax (anteroposterior)
0.02 mSv
Radiation from simple X-ray of the foot (single exposure)
0.001 mSv
Radiation from surgical radioscopy
0.0375 mSv/3 months
Radiation from surgical radioscopy
0.21 mSv/3 months
Radiation from conventional CT, cranium
1.5 mSv
Radiation from conventional CT, ankle
0.07 mSv
Radiation from conventional CT, full body
9.9 mSv
Weight-bearing CT (WBCT) of the foot/ankle
Abbreviations: CT, computed tomography; mSV = millisievert.
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Figure 1. Graph representing the spectra of potential radiation according to frequency in Hertz (Hz) and wave size in Lambda (λ).
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Table 2. Keywords used in database search.
Keywords used for main literature search in PUBMED, MedLine, and Scopus.
Ankle
Imaging
Foot
Computed Tomography
Deformity
Weight-bearing
Injuries
Weight-bearing Computed Tomography
Subtitles used for main literature search in PUBMED, MedLine, and Scopus
Hallux valgus
Angles
Posterior tibial tendon dysfunction
Distance
Ankle instability
Subtalar joint
Diabetic foot
First TMT joint
Calcaneal pitch angle
Calcaneofibular distance
Foot and ankle offset
Lateral talocalcaneal joint space width
Naviculocalcaneal distance
Subtalar inferior facet horizontal angle
Subtalar inferior superior facets
Talar tilt angle
Talar translation
Talocalcaneal overlap
Tibiocalcaneal distance
Subtalar vertical angle
Hindfoot alignment angle
Radiographic Measurement
Table 3. Types of studies and samples resulting from database search.
Case reports
2 (total patients: 4)
Case series, normal volunteers
3 (total patients: 91)
Case series, patients
3 (total patients: 176)
Case-control studies
9 (total patients: 370)
Total selected studies
16 (total patients: 641)

Studies with WBCT in normal asymptomatic volunteers
Lepojärvi et al.18 evaluated the normal anatomy and rotational
dynamics of the distal tibiofibular joint in 32 asymptomatic individuals under physiological conditions. Images were acquired at for
three different ankle rotations: neutral, internal and external. Four
parameters were measured: 1) sagittal translation of the fibula, 2)
anterior and posterior width of the syndesmosis, 3) tibiofibular free
space, and 4) rotation of the fibula. With the ankle in neutral position,
the fibula was seen to be located anterior to the tibial notch in 88%
of the volunteers during all the measurements. During rotational
movement of the ankle, the mean anteroposterior movement was
1.5 mm and the average rotation of the fibula was 3 degrees.18 In
the same population, these authors also assessed the rotational
dynamics of the talus within the upper section of the ankle joint
between the lateral and medial malleoli. When the ankle was turned
with strength equivalent to 30 Nm, a 10° rotation was observed
without a substantial increase in free medial space.19
Cody et al.20 performed WBCT in 59 volunteers without a history
of previous disease or foot/ankle injury to describe their findings
in the subtalar joint. The orientation of the posterior facet of the
subtalar joint was measured in three different coronal planes (at
the center of the subtalar joint, and 5 mm anterior and posterior to
the center). These authors observed a concave posterior facet in
88% of the volunteers and flat facet in the other 12%. In the coronal
plane, the posterior facet was in valgus in 90% of the images and in
varus in the other 10%. They also found greater valgus angulation
in positions more posterior to the subtalar joint.
WBCT studies in patients with deformities

talo-navicular and navicular cuneiform joints, and subluxation of
the first tarsal-metatarsal joint.
Apostle et al.,6 in a case-control study with 40 patients (20 with
peritalar subluxation and 20 healthy volunteers), demonstrated
that the subtalar joint axis presents greater valgus in patients with
peritalar subluxation.

A total of 12 studies published between 2001 and 2017 were selected: two case reports, five prospective studies, and five retrospective
studies. The levels of evidence ranged from II to IV, with two level
II studies, six level III studies, and four level IV studies.

Computed tomography using total body weight support
platform, in supine position
Geng et al.,7 in a case-control study with 20 patients (10 with hallux
valgus and 10 healthy volunteers) showed greater dorsiflexion and
supination of the first tarsal-metatarsal joint in patients with hallux valgus.
Kido et al.,8 in another case-control study with 42 patients (21 with
flatfoot valgus and 21 healthy volunteers), observed that patients in
the case group had greater plantar talus flexion, navicular abduction
in the talo-navicular joint, and calcaneal dorsiflexion and eversion
in the subtalar joint when compared to the controls.
Kimura et al.,9 in a case-control study with 20 patients (10 with hallux
valgus and 10 healthy volunteers) showed greater dorsiflexion in the
talo-navicular and first tarsal-metatarsal joints in patients with hallux valgus.
Kido et al.,10 in a case-control study with 44 patients (20 with valgus
flat foot and 24 healthy volunteers) demonstrated greater dorsiflexion
of the first metatarsal, greater eversion of the navicular and the
calcaneus, and greater rotation in the talo-navicular joint.
Van Bergeyk et al.,11 in a case-control study with 23 patients (11 with
chronic lateral instability of the ankle and 12 healthy controls), observed
a significantly different hindfoot alignment angle between the groups:
6.4° ± 4º varus in the instability group and 2.7° ± 5° varus in the controls.
Yoshioka et al.,12 in a case-control study with 20 patients (10 with
flatfoot valgus and 10 healthy volunteers) identified greater forefoot
supination in patients with flatfoot valgus.
Zhang et al.,13 in a case-control study with 30 patients (15 with flatfoot
valgus and 15 healthy volunteers) identified significant differences
with regard to the position of the talus, navicular, and calcaneal
joint between the groups.

Welck and Meyerson21 described an unusual case of bilateral
atraumatic erosive subtalar osteoarthritis with unilateral subtalar
collapse, and used WBCT for surgical planning and postoperative
evaluation. These authors emphasized the value of this method in
pre-surgical planning, since it allowed the relevant angles to be
measured precisely in three dimensions, exactly determining the
presence of posterior osteophytes and anterior and lateral impact in
the ankle. They also emphasized its use in postoperative follow-up,
permitting a functional and anatomically correct assessment of the
correction performed.
Using Kaplan’s analysis, these same authors described their findings
from a study using WBCT in three cases of Muller-Weiss disease.22

CASE REPORTS

CASE REPORTS
Burssens et al.15 described a clinically reproducible method for
measuring hindfoot alignment using WBCT. In a prospective case
series with 60 patients divided into two groups (30 patients with
varus alignment and 30 patients with valgus hindfoot alignment),
these authors observed a positive correlation between the hindfoot
alignment angles measured and concluded that WBCT can be
used objectively for this measurement.
Tomography studies with partial load
Kim et al. 23 used CT with partial load to evaluate preoperative
alignment of the forefoot in 138 patients (166 feet) with hallux valgus
deformities and compared their results with a control group of 19
patients (19 feet). These authors evaluated the angle α (pronation angle of the first metatarsal) and the relative position of the
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sesamoids. Angle α and subluxation of the sesamoids differed
significantly between the study group and the control group. The
authors suggested that the use of CT with partial load might be
useful in assessing the deformity of the forefoot in the coronal plane
and guiding the choice of treatment of patients with hallux valgus.
Case-control studies using CT with load
Cody et al.20 used WBCT to analyze the anatomy of the talus and
the alignment of the subtalar joint in 45 patients with adult type II
acquired flatfoot and 17 volunteer controls. The subtalar alignment
was assessed using the angles between the bottom facet of the
talus and the ground and the angle between the upper and lower
facets of the talus. Both of these angles were seen to differ significantly between the study groups. The researchers concluded
that patients with flatfoot valgus deformity presented greater innate
valgus in their talar anatomy and greater alignment of the subtalar
joint in valgus. They emphasized that these measures can be used
to identify patients with higher risk of progressive deformity and
subtalar joint degeneration.
Krähenbühl et al. 24 analyzed subtalar orientation using WBCT in
40 patients with tibiotalar osteoarthritis and 20 healthy controls.
Subtalar alignment was assessed through the angle between a
line perpendicular to the ground and the posterior facet of the
subtalar joint. When they compared the joints in varus and valgus,
the authors observed significant differences when compared
to healthy controls. They concluded that the orientation of the
subtalar joint could be a determinant factor in the development
of ankle osteoarthritis.
Lintz et al. 25 described a new three-dimensional biometric tool
for WBCT to evaluate hindfoot alignment, using the concept of
the biomechanical tripod formed by the head of the first and fifth
metatarsals and the farthest point of the calcaneal tuberosity in
relation to the positioning of the center of the ankle joint, represented by the point closest to the domus talar. This relationship
is represented by the foot-angle offset (FAO). The data set from
the population studied was analyzed (57 volunteers with normal
hindfoot alignment, 38 volunteers with varus alignment, and 40
volunteers with valgus alignment), and the authors observed FAO
of 2.3% ± 2.9% in the controls, -11.6% ± 6.9% in the patients
with varus of the hindfoot, and 11.4% ± 5.7% in patients with
hindfoot valgus. They concluded that the method described
was feasible and reproducible for measuring foot-ankle offset
and hindfoot alignment. 25
In a prospective study of 50 patients with symptomatic hallux
rigidus and 50 controls who underwent CT with load assessed
by two examiners in relation to the difference in length between
the first and second metatarsals, intermetatarsal angle between
the first and second metatarsals (IMA), and hallux valgus angle
(HVA), Cheung et al. observed a smaller difference in length,
smaller IMA, and smaller HVA in the patients with hallux rigidus
than in the controls. 26
Studies comparing CT with load and pedobarography
In a prospective study, Richter et al.27 evaluated 50 patients who
simultaneously underwent WBCT and pedobarography. The authors mapped the alignment of the hindfoot and midfoot, and the
relationship between the head of the first metatarsal/sesamoids
and the heads of the lateral metatarsals (2nd, 3rd, 4th, and 5th)

and with all the toes (1st-5th). These authors found no significant
correlation between bone alignment measurements in WBCT and
the distribution values for plantar pressure in pedobarography.
Studies comparing CT with load and simple X-ray with load
Kim et al.14 evaluated conventional X-rays with load and WBCT for
96 patients with osteoarthritis (OA) of the ankle, divided into groups
with moderate OA (50 patients) and severe OA (46 patients). These
authors documented the presence of abnormal internal rotation of
the talus in patients with osteoarthritis in varus, which was more
frequently observed in the group with severe OA than those with
moderate OA. They emphasized that this rotation could not be
noted in conventional X-rays since axial images cannot be acquired.
Studies comparing CT with and without load
Collan et al.28 compared the alignment of the first metatarsal in 10
patients with hallux valgus with five asymptomatic controls using
CT with and without load; these authors observed an increase in
medial deviation of the first metatarsal and pronation of the first toe
on images with load in patients with hallux valgus.
Hirschmann et al.29 performed a prospective evaluation of multiple
alignment measurements in 22 volunteers using CT with and
without load. These authors found significant differences for
most measurements: distance between fibula and calcaneum,
lateral subtalar joint space, talus-calcaneus overlap, and calcaneus-navicular distance. They found no difference between the
hindfoot alignment angle and distance between the tibia and
calcaneus when comparing images from the group with load and
without load. The hindfoot alignment angle was comparable when
measured with and without load (21.0° ± 7.9° vs. 19.0° ± 9.0°).
The authors suggested using WBCT in assessing fibular impact
and talus-calcaneus overlap.
Richter et al.30 prospectively evaluated foot and hindfoot alignment
in 30 patients using WBCT, CT without load, and conventional X-rays
with load. They found significant differences in angles measured
using different imaging methods. The hindfoot alignment angle
in the WBCT was 10.1º ± 7.16, 5.4º±5.6º in CT without load, and
2.4º±6.9º in conventional X-ray with load.
de Cesar Netto et al.2 prospectively evaluated multiple parameters
used in measuring adult valgus flatfoot deformity, comparing CT
images with and without load from 20 patients diagnosed with
flexible deformity. These authors demonstrated that WBTC produced similar measurements to those traditionally obtained from
conventional X-ray imaging to stage adult valgus flatfoot deformity.
They also noted that the measures, which indicate the severity of
the deformity, are more pronounced in images obtained with load
than those obtained without load.
FINAL CONSIDERATIONS
Computed tomography with load is available to investigate osteoarticular deformities of the ankle and foot. This method allows more
suitable and reliable assessment of the anatomy in a physiological
position with load, closer to the mechanical demands of normal
gait. This technique provides images with high spatial resolution,
with rapid image acquisition, low radiation dose, and costs similar
to other technologies available. WBCT may be used for therapeutic
decision making in deformities of the ankle, hindfoot, forefoot, and
midfoot, to help determine more accurate surgical planning.

AUTHORS’ CONTRIBUTIONS: Each author made significant individual contributions to this manuscript. ALGS (0000-0002-6672-1869)*: designed the
study and drafted the article. CCN (0000-0001-6037-0685)* and SD (0000-0001-5991-5924)*: interpreted the data and performed the critical review. AB
(0000-0003-0682-1961)*, MR (0000-0002-7934-6551)*, and FL (0000-0002-0163-6516)*: acquired, analyzed, and interpreted the data. AB (0000-00028602-100X)*: contributed to the concept and design of the study. All authors contributed to the intellectual concept of the study and approved the final
version of the manuscript. *ORCID (Open Researcher and Contributor ID).

128

REFERENCES
1. Linklater JM, Read JW, Hayter CL. Ch 3 Imaging of the foot and ankle. In:
Coughlin Ml, Saltzman C, Anderson RB. Mann's surgery of the foot and ankle
9th ed. Philadelphia, PA: Elsevier Saunders; 2014. p. 61-120.
2. de Cesar Netto C, Schon LC, Thawait GK, da Fonseca LF, Chinanuvathana
A, Zbijewski WB, et al. Flexible Adult Acquired Flatfoot Deformity: Comparison
Between Weight-Bearing and Non-Weight-Bearing Measurements Using
Cone-Beam Computed Tomography. J Bone Joint Surg Am. 2017;99(18):e98.
3. Ananthakrisnan D, Ching R, Tencer A, Hansen ST Jr, Sangeorzan BJ. Subluxation
of the talocalcaneal joint in adults who have symptomatic flatfoot. J Bone Joint
Surg Am. 1999;81(8):1147-54.
4. Malicky ES, Crary JL, Houghton MJ, Agel J, Hansen ST Jr, Sangeorzan BJ.
Talocalcaneal and subfibular impingement in symptomatic flatfoot in adults. J
Bone Joint Surg Am. 2002;84(11):2005-9.
5. Greisberg J, Hansen ST Jr, Sangeorzan B. Deformity and degeneration in
the hindfoot and midfoot joints of the adult acquired flatfoot. Foot Ankle Int.
2003;24(7):530-4.
6. Apostle KL, Coleman NW, Sangeorzan BJ. Subtalar joint axis in patients with
symptomatic peritalar subluxation compared to normal controls. Foot Ankle
Int. 2014;35(11):1153-8.
7. Geng X, Wang C, Ma X, Wang X, Huang J, Zhang C, et al. Mobility of the first
metatarsal-cuneiform joint in patients with and without hallux valgus: in vivo
three-dimensional analysis using computerized tomography scan. J Orthop
Surg Res. 2015;10:140.
8. Kido M, Ikoma K, Imai K, Maki M, Takatori R, Tokunaga D, et al. Load response
of the tarsal bones in patients with flatfoot deformity: in vivo 3D study. Foot Ankle
Int. 2011;32(11):1017-22.
9. Kimura T, Kubota M, Taguchi T, Suzuki N, Hattori A, Marumo K. Evaluation of
First-Ray Mobility in Patients with Hallux Valgus Using Weight-Bearing CT and
a 3-D Analysis System: A Comparison with Normal Feet. J Bone Joint Surg
Am. 2017;99(3):247-55.
10. Kido M, Ikoma K, Imai K, Tokunaga D, Inoue N, Kubo T. Load response of the
medial longitudinal arch in patients with flatfoot deformity: in vivo 3D study. Clin
Biomech (Bristol, Avon). 2013;28(5):568-73.
11. Van Bergeyk AB, Younger A, Carson B. CT analysis of hindfoot alignment in
chronic lateral ankle instability. Foot Ankle Int. 2002;23(1):37-42.
12. Yoshioka N, Ikoma K, Kido M, Imai K, Maki M, Arai Y, et al. Weight-bearing
three-dimensional computed tomography analysis of the forefoot in patients
with flatfoot deformity. J Orthop Sci. 2016;21(2):154-8.
13. Zhang Y, Xu J, Wang X, Huang J, Zhang C, Chen L, et al. An in vivo study
of hindfoot 3D kinetics in stage II posterior tibial tendon dysfunction (PTTD)
flatfoot based on weight-bearing CT scan. Bone Joint Res. 2013;2(12):255-63.
14. Kim JB, Yi Y, Kim JY, Cho JH, Kwon MS, Choi SH, Lee WC. Weight-bearing
computed tomography findings in varus ankle osteoarthritis: abnormal internal
rotation of the talus in the axial plane. Skeletal Radiol. 2017;46(8):1071-80.
15. Burssens A, Peeters J, Buedts K, Victor J, Vandeputte G. Measuring hindfoot
alignment in weight bearing CT: A novel clinical relevant measurement method.
Foot Ankle Surg. 2016;22(4):233-8.

16. Blattert TR, Fill UA, Kunz E, Panzer W, Weckbach A, Regulla DF. Skill dependence of radiation exposure for the orthopaedic surgeon during interlocking
nailing of long-bone shaft fractures: a clinical study. Arch Orthop Trauma Surg.
2004;124(10):659-64.
17. Tasbas BA, Yagmurlu MF, Bayrakci K, Ucaner A, Heybeli M. Which one is at
risk in intraoperative fluoroscopy? Assistant surgeon or orthopaedic surgeon?
Arch Orthop Trauma Surg. 2003;123(5):242-4.
18. Lepojärvi S, Niinimäki J, Pakarinen H, Leskelä HV. Rotational Dynamics of the
Normal Distal Tibiofibular Joint With Weight-Bearing Computed Tomography.
Foot Ankle Int. 2016;37(6):627-35.
19. Lepojärvi S, Niinimäki J, Pakarinen H, Koskela L, Leskelä HV. Rotational
Dynamics of the Talus in a Normal Tibiotalar Joint as Shown by Weight-Bearing
Computed Tomography. J Bone Joint Surg Am. 2016;98(7):568-75.
20. Cody EA, Williamson ER, Burket JC, Deland JT, Ellis SJ. Correlation of
Talar Anatomy and Subtalar Joint Alignment on Weightbearing Computed Tomography With Radiographic Flatfoot Parameters. Foot Ankle Int.
2016;37(8):874-81.
21. Welck MJ, Myerson MS. The value of Weight-Bearing CT scan in the evaluation
of subtalar distraction bone block arthrodesis: Case report. Foot Ankle Surg.
2015;21(4):e55-9.
22. Welck MJ, Kaplan J, Myerson MS. Müller-Weiss Syndrome: Radiological
Features and the Role of Weightbearing Computed Tomography Scan. Foot
Ankle Spec. 2016;9(3):245-51.
23. Kim Y, Kim JS, Young KW, Naraghi R, Cho HK, Lee SY. A New Measure of
Tibial Sesamoid Position in Hallux Valgus in Relation to the Coronal Rotation
of the First Metatarsal in CT Scans. Foot Ankle Int. 2015;36(8):944-52.
24. Krähenbühl N, Tschuck M, Bolliger L, Hintermann B, Knupp M. Orientation
of the Subtalar Joint: Measurement and Reliability Using Weightbearing CT
Scans. Foot Ankle Int. 2016;37(1):109-14.
25. Lintz F, Welck M, Bernasconi A, Thornton J, Cullen NP, Singh D, et al. 3D
Biometrics for Hindfoot Alignment Using Weightbearing CT. Foot Ankle Int.
2017;38(6):684-9.
26. Cheung ZB, Myerson MS, Tracey J, Vulcano E. Weightbearing CT Scan
Assessment of Foot Alignment in Patients With Hallux Rigidus. Foot Ankle
Int. 2017;1:1071100717732549.
27. Richter M, Zech S, Hahn S. PedCAT for radiographic 3D-imaging in standing
position. Fuss Sprungg. 2015;13(2):85-102.
28. Collan L, Kankare JA, Mattila K. The biomechanics of the first metatarsal bone
in hallux valgus: a preliminary study utilizing a weight bearing extremity CT.
Foot Ankle Surg. 2013;19(3):155-61.
29. Hirschmann A, Pfirrmann CW, Klammer G, Espinosa N, Buck FM. Upright
cone CT of the hindfoot: comparison of the non-weight-bearing with the upright
weight-bearing position. Eur Radiol. 2014;24(3):553-8.
30. Richter M, Seidl B, Zech S, Hahn S. PedCAT for 3D-imaging in standing position
allows for more accurate bone position (angle) measurement than radiographs
or CT. Foot Ankle Surg. 2014;20(3):201-7.

129

