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Abstract
Objective: To assess interobserver reliability of previously described coronal plane rotation measurements of medial column bones and 
to assess their ability to accurately quantify changes in rotational profile.

Methods: Two cadaveric below-knee specimens were implanted with pins in each bone of the medial column. Weight-bearing com-
puted tomography (CT) scans were acquired in a simulated standing position under neutral, supinated, and pronated conditions. For 
each specimen and condition, 2 observers measured the coronal plane rotation of the navicular, medial cuneiform, first metatarsal 
base, shaft, and head, and proximal phalanx of the hallux as previously described. The rotation of each pin was measured relative to 
the ground in the coronal plane for each condition. These measurements were defined as benchmarks for the rotational profile of each 
bone. The correlation between these benchmarks and direct bone measurements was then assessed. Intraclass correlation coefficient 
was used to assess interobserver reliability. Pearson’s coefficient was used to evaluate correlations.

Results: The interobserver reliability of direct bone measurements ranged from 0.98 to 0.99. Correlations between pin rotation and 
direct measurements ranged from ρ=0.87 to 0.99 across the neutral, supinated, and pronated conditions.

Conclusion: Coronal plane rotation measurements of medial column bones described in this study are reliable tools.

Level of Evidence III; Case-Control Study.
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Introduction
The coronal plane rotational profile of medial column bones 

in the foot is a recent focus of attention(1–6). Previously, un-
derstanding of foot pathologies was limited by conventional 
2-dimensional radiographs and bone superimpositions(7–9). 
Therefore, alignment of the tarsal bones in the coronal plane 
has been largely disregarded. Recently, several weight-bea-
ring computed tomography (WBCT) studies have identified 
the presence of hyperpronation of the first ray relative to the 
ground in hallux valgus(1,2,6,10–12). Subsequently, Conti et al.(13) 

showed that surgical correction of this hyperpronation in 
hallux valgus decreased recurrence and improved patient-re-
ported outcomes. Beyond hallux valgus deformity, assessing 

the tarsal bones in the coronal plane in other foot conditions, 
such as progressive collapsing foot deformity, cavovarus, and 
clubfoot, has shown promise for improving understanding 
and treatment(14–17).

Most of the measurements described to assess the rota-
tional profile of the medial column in the coronal plane only 
assess rotation at the level of the first metatarsal head(1,2). 
Saltzman et al.(18) on conventional radiographs and later Kim 
et al.(6) on WBCT scans described measurements to assess 
coronal plane rotation of the first metatarsal head relative to 
the ground. However, these measurements assess not only 
the rotational profile of the first metatarsal but also the ag-
gregate rotation of each bone in the medial column(5). There-
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fore, hyperpronation present in hallux valgus deformity could 
originate from anywhere in the entire medial column, from 
the navicular to the first metatarsal. Understanding the origin 
of this hyperpronation could both improve comprehension 
of pathogenesis and guide surgical treatment. 

Schmidt et al.(19) were the first to describe coronal plane 
rotation measurements for each bone in the medial column. 
However, neither the interobserver reliability of these mea-
surements nor their ability to quantify real changes in bone 
rotation in the coronal plane (pronation or supination) has 
been evaluated.

The primary objective of our study was to assess the inte-
robserver reliability of these measurements along the medial 
column. The secondary objective was to assess the accuracy 
of these measurements in quantifying coronal plane rotation.

Methods 
Institutional Review Board approval was obtained  

(IRB# 201904825). 

Two fresh frozen below-knee specimens without deformity 
or disease were obtained. The proximal 5 centimeters of the 
leg were prepared by removing the surrounding soft tissue 
to enable potting of the tibial plateau with bone cement. This 
apparatus provided the support to hold the specimens in a 
vertical plantigrade position in a radiolucent loading frame. 
These same specimens had been used in a previous study 
of instability of the distal tibiofibular syndesmosis, but the  
hindfoot, midfoot, and forefoot remained intact. The potted 
specimens were placed in the frame where a vertical load 
of 80 lbs. (356 N) was applied to simulate a double-legged 
stance with the tibia perpendicular to the floor (Figure 1). The 
frame holder was placed in a WBCT scanner (Hi-Rise, Curve-
Beam®) and foot acquisitions were obtained using a metal ar-
tifact reduction algorithm. Specimens were thawed for more 
than 24 hours before the acquisitions. 

We implanted a 2-mm diameter pin in each bone of the me-
dial column (one in the navicular, one in the medial cuneiform, 
one in the first metatarsal, and one in the proximal phalanx 
of the hallux) and ensured they were not torqued to remain 
straight for each specimen. After pin placement, each bone 
underwent 3 WBCT scans, one in each of the neutral, supina-
ted, and pronated conditions (Figure 2).

The following measurements were performed using a dedi-
cated software (CubeVue™, CurveBeam, LLC, Warrington, PA, 
USA) and after having aligned our sagittal plane on the longi-
tudinal axis of the first metatarsal in the axial view. Navicular, 
medial cuneiform, first metatarsal base, and proximal phalanx 
of the hallux rotations were measured in accordance with the 
techniques described by Schmidt et al.(19). First metatarsal 
head rotation was additionally measured in accordance with 
the definitions proposed by Steadman et al.(4), Kim et al.(6), 
and Saltzman et al.(18). We additionally proposed a new defi-
nition to assess first metatarsal rotation in the coronal plane 
at the midshaft level. 

Navicular rotation 
The navicular rotation was measured as the angle between 

the floor and the widest mediolateral distance of the bone, 
at a level just distal to the talonavicular joint(19) (Figure 3A).

Medial cuneiform rotation
The medial cuneiform rotation was measured just proximal to 

the most proximal aspect of the first tarsometatarsal joint and 
was defined as the angulation between the vertical line and a 
bisecting line of an angle formed by tangent lines to the me-
dial and lateral surfaces of the medial cuneiform(19) (Figure 3B).

First metatarsal base rotation 
The first metatarsal base coronal rotation was measured at 

a level just distal to the most distal aspect of the first tar-
sometatarsal joint. The rotation was defined as the angle  
between the floor and a bisecting line of the angle formed by 
tangent lines to the medial and lateral surfaces of the proxi-
mal first metatarsal(19) (Figure 3C). 

Figure 1. Overall view of the radiolucent frame, holding a leg in a 

simulated weight-bearing position.
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First metatarsal shaft rotation 
The first metatarsal shaft coronal rotation was measured 

at the middle of the first metatarsal after having measured 
the length of the first metatarsal in the axial plane. The rota-
tion was defined as the angle between the floor and a bisec-
ting line of the angle formed by tangent lines to the medial 
and lateral surfaces of the midshaft of the first metatarsal(19)  
(Figure 3D). 

First metatarsal head coronal rotation, α angle 
To measure the α angle, a plantar line was drawn between 

the lateral edge of the lateral sulcus and the medial edge of 
the medial sulcus. A second line was drawn between the me-
dial and lateral dorsal corners of the first metatarsal head. 
A third line was drawn connecting the midpoints of these 2 
lines and the α angle was measured between this line and the 
vertical line(6) (Figure 3E).

Figure 2. Three-dimensional reconstruction of weight-bearing CT acquisitions. A) Neutral condition. B) Supinated condi-

tion. C) Pronated condition.

A B C

Figure 3. Illustrations of coronal plane rotation measurements of medial column bones. A) Navicular. B) Medial 

cuneiform. C) First metatarsal base. D) First metatarsal shaft. E) Alpha angle. F) Saltzman angle. G) Proximal pha-

lanx of the hallux. 

A B C D
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First metatarsal head coronal rotation, Saltzman angle 
To measure the Saltzman angle, a line was drawn touching 

the outer profile of the tibial and fibular sesamoid sulci at 
their most inferior edges. The Saltzman angle was measured 
between this line and the floor(4,18) (Figure 3F).

Proximal phalanx of the hallux rotation 
The proximal phalanx of the hallux rotation was measured 

at a level just distal to the most distal aspect of the first me-
tatarsophalangeal joint by the angulation between the floor 
and a tangent line to the plantar aspect of the proximal pha-
lanx(19) (Figure 3G).

Primary assessment criteria
Two independent observers performed these 7 measure-

ments on each specimen under each condition (neutral, su-
pinated, and pronated), based on which we assessed inte
robserver reliability.

Secondary assessment criteria
To define rotational position benchmarks for each bone, 

the 2 observers measured the position of each pin (navicular, 
medial cuneiform, first metatarsal, and proximal phalanx of 
the hallux) relative to the vertical line in the coronal plane for 
each specimen under each condition (neutral, supinated, and 
pronated) (Figure 4A). We also assessed the interobserver 
reliability of these measurements. Then, the mean value of 
the 2 observers’ measurements was taken into consideration 
for each pin to define the rotational position benchmarks of 
each bone in each condition.

We then assessed the correlation between these benchmarks 
and the 7 direct bone measurements performed by the 2  
observers in order to assess the ability of these measu
rements to accurately quantify changes in bone rotation in 
the coronal plane (Figure 4B).

Statistical analysis
The interobserver reliability of the measurements was de-

termined using intraclass correlation coefficients (ICCs)(20). 
Pearson product-moment correlation coefficient was used 
to assess linear dependence between parameters. Correla-
tion was judged to be very strong from 1 to 0.9, strong from 
0.9 to 0.7, moderate from 0.7 to 0.5, low from 0.5 to 0.3, 
and poor from 0.3 to 0. The α risk was set to 0.05. Statisti-
cal analysis was performed with EasyMedStat (version 3.12; 
www.easymedstat.com).

Results
Navicular rotation 

The interobserver reliability of the navicular rotation mea-
surement was 0.99 (95% confidence interval [CI], 0.97 to 1).

The interobserver reliability of the benchmark navicular 
pin measurement was 1 (95% CI, 0.99 to 1). The correlations 
between changes in benchmark navicular pin and changes 
in navicular rotation direct measurement across neutral, su-
pinated, and pronated conditions were very strong for ob-
server 1 (ρ=0.95; r2=0.899; p=0.004) and observer 2 (ρ=0.96; 
r2=0.914; p=0.003) (Figure 5A). 

Medial cuneiform rotation 
The interobserver reliability of the medial cuneiform rota-

tion measurement was 0.99 (95% CI, 0.99 to 1).

The interobserver reliability of the benchmark medial cunei-
form pin measurement was 1 (95% CI, 0.99 to 1). The cor-
relations between changes in benchmark medial cuneiform 
pin and changes in medial cuneiform rotation direct measu-
rement across neutral, supinated, and pronated conditions 
were very strong for observer 1 (ρ=0.98; r2=0.97; p<0.001) 
and observer 2 (ρ=0.98; r2=0.96; p<0.001) (Figure 5B). 

First metatarsal base rotation 
The interobserver reliability of the first metatarsal base ro-

tation measurement was 0.99 (95% CI, 0.97 to 0.99).

The interobserver reliability of the benchmark first metatar-
sal pin measurement was 1 (95% CI, 0.99 to 1). This was also 
used as a benchmark for the first metatarsal shaft and head 
rotation measurements. The correlations between changes in 
benchmark first metatarsal pin and changes in first metatar-
sal base rotation direct measurement across neutral, supina-
ted, and pronated conditions were very strong for observer 1 
(ρ=0.98; r2=0.959; p<0.001) and observer 2 (ρ=0.98; r2=0.97; 
p<0.001) (Figure 5C). 

Figure 4. Assessment of the correlation between the benchmark 

pin and direct bone rotational measurements in the coronal pla-

ne: Example of the navicular. A) Measurements of the benchmark 

navicular pin rotation under neutral, supinated, and pronated 

conditions. B) Measurements of the navicular rotation under neu-

tral, supinated, and pronated conditions.

A

B
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First metatarsal shaft rotation
The interobserver reliability of the first metatarsal shaft ro-

tation measurement was 0.99 (95% CI, 0.99 to 1).

The correlations between changes in benchmark first me-
tatarsal pin and changes in first metatarsal shaft rotation di-
rect measurement across neutral, supinated, and pronated 
conditions were very strong for observer 1 (ρ=0.99; r2=0.974; 
p<0.001) and observer 2 (ρ=0.99; r2=0.981; p<0.001) (Figure 5D). 

First metatarsal head coronal rotation, α angle
The interobserver reliability of the α angle measurement 

was 0.99 (95% CI, 0.97 to 1).

The correlations between changes in benchmark first me-
tatarsal pin and changes in α angle across neutral, supinated, 
and pronated conditions were strong for observer 1 (ρ=0.87; 
r2=0.754; p=0.025) and observer 2 (ρ=0.88; r2=0.778; p=0.02) 
(Figure 5E). 

First metatarsal head coronal rotation, Saltzman angle
The interobserver reliability of the Saltzman angle measure-

ment was 0.99 (95% CI, 0.98 to 1).

The correlations between changes in benchmark first meta-
tarsal pin and changes in Saltzman angle across neutral, supi-
nated, and pronated conditions were very strong for observer 1 
(ρ=0.95; r2=0.909; p=0.003) and observer 2 (ρ=0.95; r2=0.91; 
p=0.003) (Figure 5F). 

Proximal phalanx of the hallux rotation 
The interobserver reliability of the proximal phalanx of the 

hallux rotation measurement was 0.98 (95% CI, 0.92 to 0.99).

The interobserver reliability of the benchmark proximal pha-
lanx pin measurement was 1 (95% CI, 0.99 to 1). The corre-
lations between changes in benchmark proximal phalanx 
pin and changes in proximal phalanx of the hallux rotation 
direct measurement across neutral, supinated, and pro-
nated conditions were very strong for observer 1 (ρ=0.99; 
r2=0.992; p<0.001) and observer 2 (ρ=0.99; r2=0.988; 
p<0.001) (Figure 5G). 

Discussion
Interobserver reliability was excellent for the navicular, me-

dial cuneiform, first metatarsal base and shaft, and proximal 
phalanx of the hallux rotation measurements in the coronal 
plane as well as for the α angle and the Saltzman angle. These 
measurements were able to accurately quantify changes in 
bone rotation (pronation or supination) in the coronal plane. 

The reliability of the α angle and the Saltzman angle has 
already been reported as good in the literature, and our study 
confirmed these previous findings(3,4,6). On the other hand, the 
reliability of navicular, medial cuneiform, first metatarsal base 
and shaft, and proximal phalanx of the hallux rotations had 
not been previously assessed. Najefi et al.(3) and Steadman 
et al.(4) went further and defined the normative values of the 
α and Saltzman angles. Considering the excellent reliability 

Figure 5. Charts representing the changes in rotation in the coronal plane of the benchmark pin and of the 2 observers’ measurements. 

A) Navicular. B) Medial cuneiform. C) First metatarsal base. D) First metatarsal shaft. E) Alpha angle. F) Saltzman angle. G) Proximal 

phalanx of the hallux.

B

E F G
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of the other measurements that were performed along the 
medial column in our study, it would be interesting to define 
their normative values to serve as a reference for future stu-
dies and for the management of foot deformities. Although 
interobserver reliability has already been validated in the li-
terature for the α and Saltzman angles, it remained uncer-
tain whether these measurements would be able to accura-
tely quantify changes in the rotation of the first metatarsal in 
the coronal plane. Saltzman et al.(18) had previously validated 
the ability of the Saltzman angle to quantify rotational chan-
ges on conventional radiographs in a cadaveric study, and 
our study confirmed their results on WBCT acquisitions. The 
results of the present study showed that these measure-
ments, together with the other measurements that were 
performed along the medial column, are able to accurately 
quantify a motion or deformity in pronation or supination in 
the coronal plane.

Randich et al.(21) performed similar measurements along the 
medial column in the coronal plane, comparing hallux valgus 
and controls, but their description of some measurements 
lacked clarity and they did not assess the position of the na-
vicular or perform a reliability assessment. In this context, 
it is challenging to evaluate the accuracy of their results. In 
contrast, Schmidt et al.(19) described several measurements 
along the medial column in greater detail and included the 
navicular. Given the similarity of their intentions to ours and 
this contrast, we decided to perform a validation study using 

the descriptions provided by Schmidt et al.(19). As descri-
bed by Conti et al.(5), the results reporting hyperpronation in 
hallux valgus, based on measurements performed at the level 
of the first metatarsal head, are an indirect reflection of an  
aggregate in pronation of all bones along the medial column. 
Therefore, using the measurements validated in the present 
study to compare hallux valgus and controls could reveal the 
exact location of this hyperpronation in the medial column in 
hallux valgus.

This study has several limitations. A primary limitation is that 
it only evaluated 2 specimens. This small sample size could 
not assess the impact of anatomic variability in the medial 
column on the measurements. Therefore, reliability values re-
ported in this study likely represent an upper bound of the 
true reliability. As these specimens were selected for having 
no deformity, further research is needed to establish a lower 
bound of reliability resulting from anatomic variation. To con-
trol for these potential biases, 2 independent observers per-
formed the measurements under 3 different conditions, and 
a benchmark pin was used as a control.

Conclusion
Coronal plane rotation measurements of medial column  

bones described in this study are reliable. These measure-
ments can accurately quantify changes in bone rotation in 
the coronal plane. 
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