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Abstract
Objectives: To establish radiographic parameters of normality of the cuboid bone and to assist in therapeutic decisions in several 
diseases. 

Methods: Five hundred and sixteen adult patients (516 feet) aged between 18 and 70 years were selected, distributed equally 
between sexes and without current or previous cuboid lesions. Foot radiographs at internal oblique incidence were performed and 
two parameters were evaluated. The first was the measurement of the alpha angle, formed between the distal and proximal articular 
surfaces of the cuboid, and the second was the ratio between the length of the lateral and medial walls. 

Results: Radiographic parameters were evaluated, and the results by sex and age group were divided into groups (18 to 50 and 50 
to 70 years). Alpha angle values in the general population ranged from 21.6° to 49.2°, with a mean of 35.62°, and differed by sex, with 
male patients showing a higher angle (35.11° x 36.13°). The ratio between the walls ranged from 0.37 to 0.69, with a mean of 0.52 and 
no sex differences. 

Conclusion: The radiographic parameters studied may help define cuboid anatomy and guide the therapeutic approach to several foot 
injuries.

Level of Evidence III; Radiographic Descriptive Cross-Sectional Study.
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Introduction
The cuboid is a medial base pyramidal-shaped bone 

located in the lateral region of the midfoot. The medial facet 
articulates with the lateral cuneiform, the proximal facet with 
the calcaneus, and the distal facet articulates with the base 
of the 4th and 5th metatarsal bones. This bone provides an 
important connection between the hindfoot and forefoot 
and contributes to dorsoplantar movement and eversion/
inversion of the foot, especially adaptation to irregular 
surfaces(1,2).

Various pathological conditions may alter the shape and/or 
positioning of the cuboid. In Charcot’s arthropathy, midfoot 
collapse can cause plantar displacement of the cuboid, 
sometimes below the foot support line, increasing the risk 
of callus formation and plantar ulceration(3). Thus, anatomical 
knowledge of this bone and its relationships with other 
components of the foot is important for understanding these 
diseases and guiding the therapeutic approach.

Cuboid fractures can often be accompanied by other 
midfoot injuries, such as fractures and dislocations of the 
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Lisfranc joints and fractures of the navicular and metatarsal 
bones(4-7). Hermel and Cohen(8) described the nutcracker 
fracture as an injury with a crushing pattern resulting from 
longitudinal compression of the lateral column of the foot 
through axial load with the foot in plantar flexion, with 
compression of the cuboid between the calcaneus and the 
lateral metatarsals. Other studies have shown a component 
of midfoot abduction, leading to compression of the lateral 
column and eventual injury of the medial column(4,9).

A fundamental principle of treatment is evaluating the 
lateral column, as shown in internal oblique incidence and 
tomographic studies(10-12). Shortening of this column can occur 
in cuboid compression fractures, leading to biomechanical 
changes in the midfoot and, consequently, deformities, pain, 
and instability(6,13,14).

The primary objective of this study is to create radiographic 
parameters of normality of the cuboid bone. The secondary 
objective is to report whether these parameters differ by sex 
and age.

Methods
The study was approved by the Institutional Review Board. 

Due to the retrospective study design, the written Informed 
Consent Form (ICF) was not required. Consent to use 
patients’ medical record data from the private institution 
where the study was conducted was obtained.

Type of study
The study used an observational cross-sectional design, 

and radiographs were used to diagnose other conditions 
without a cuboid lesion. Patients with traumatic and non-
traumatic forefoot injuries between 18 and 70 years of age 
were included. Patients with combined hindfoot injuries and 
previous surgeries in this segment were excluded. Patients 
did not receive additional radiation for this study. It was 
decided not to include healthy patients to avoid unnecessary 
radiation exposure.

Radiographic technique
The internal oblique incidence of the feet was performed 

with the segment supported on a platform inclined at 30° 
to standardize foot positioning and avoid angular variation 
(Figure 1). Non-weight-bearing radiographs were obtained 
with the foot resting on the platform, the knee flexed to 90°, 
and the ankle flexed to 20°. The beam was centered at the 
base of the 5th metatarsal, and the tube was positioned 
80 cm from the foot. The decision to perform non-weight-
bearing radiographs is due to the predominance of patients 
with traumatic injury in the study. Initially, a pilot study was 
conducted with 58 adult patients (58 feet), aged 18 to 77 years 
(mean 54 years), of both sexes with no current or previous 
cuboid lesions, evaluated from November 2018 to January 
2019. The objective of the pilot study was to obtain statistical 
parameters, including estimates of standard deviation (SD), 

variability, and sample size. In total, the pilot study included 
58 radiographs: 19 of male feet and 39 of female feet; 34 right 
feet and 24 left feet.

All radiographs were performed in a Siemens Multix 8 
radiological set (model 7036374, Munich, Germany). The 
images were captured using a digital technology system, DR 
Shimadzu (model VIVIX-S4343VAW, Brazil). The evaluation 
and parameter measurements were performed in Vivace 
Connect MV software (version 2022.002.02.FTR, Teresópolis, 
Brazil).

In the radiographs, two parameters were measured: the first 
is the angle formed between the distal and proximal articular 
surfaces of the cuboid (Figure 2), which was defined by the 

Figure 1. Foot radiography in internal oblique incidence on a platform 

with an inclination of 30° and image of the position of the foot.

Figure 2. Alpha angle measurement.
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lines drawn connecting the medial-distal and lateral-distal 
(first line) and medial-proximal and lateral-proximal (second 
line) articular points, which are located outside the foot in 
the lateral region, named the alpha angle. The second is the 
ratio between the length of the lateral and medial cortical 
walls of the cuboid bone, which was performed by measuring 
the length of the lateral wall (which goes from the lateral-
proximal point to the lateral-distal point of the bone) over the 
length of the medial wall (drawn from the medial-proximal 
point to the medial-distal point of the cuboid) (Figure 3). 
The parameters were created to obtain a more specific 
radiographic evaluation of the cuboid bone, with application 
for traumatic (especially fractures with a lateral compression 
pattern) and non-traumatic injuries.

The radiographs were evaluated by two orthopedists spe
cialized in foot surgery with more than five years of experience 
and were recorded at two time points with a 30-day interval 
between evaluations.

Sample size calculation 
Considering the characteristics and objectives of the study, 

the identification of the ideal sample was obtained through 
the calculations provided by Rosner(15), which accounts for 
the confidence interval (CI), the power of the sample, the 
sample size ratio, the mean, and the SD of the populations 
to be studied. The sample was obtained with a 90% CI. The 
purpose of this interval was to identify a lower sample number 
that was within reality. In scientific studies, 95% CI is generally 
used. However, 90% CI is also accepted and statistically valid. 
For this, the following formulas were used: 

n1 = sample size of group 1 (male individuals); n2 = sample size of group 2 (female individuals); α1 
= standard deviation of group 1; α2 = standard deviation of group 2; □ = difference between means; 
□ = ratio n2/n1; Z1-α/2 = two-tailed Z value, considering 95% and 90% CI; Z1-β = sample power.

Some studies show that foot shape can change with aging, 
especially in relation to forefoot width(16) and the fall of the 
longitudinal arch(17). Thus, the parameters were measured in 
both sexes and in two age groups (18 to 50 years and 51 to 70 
years). This division was based on changes observed in the 
study by Ansuategui Echeita et al.(16), who showed changes in 
foot shape after the sixth decade of life.

The sample included 516 patients, equally distributed 
between males and females (258 patients in each group), and 
the images were obtained from radiographs taken between 
June 2022 and January 2023.

Statistical analysis
Initially, an exploratory analysis was performed using 

the Shapiro-Wilk test to assess whether the data follow 
a continuous distribution. Given the parametric nature of 

these data, measures of central tendency were reported 
as the mean, SD, minimum, and maximum. For categorical 
variables, measures of frequency (n) and percentage (%) 
were calculated for each category. No multivariate analysis 
was performed for this study.

Reliability was evaluated through intra- and interobserver 
comparisons at 30-day intervals to ensure the consistency 
and stability of the data obtained. To evaluate intra- 
and interobserver agreement, the Intraclass Correlation 
Coefficient (ICC) was used. Two statistical models were 
used: the intraclass correlation coefficient for absolute 
agreement (ICC-AA) to assess absolute agreement between 
measurements, and the intraclass correlation coefficient 
for consistency (ICC-C) to estimate agreement consistency 
between raters and between the two assessment time points. 

For intraobserver agreement (between the first and second 
evaluations of each evaluator), the two-way mixed effects 
ICC was used. For interobserver agreement (using the means 
of each evaluator), the two-way random effects ICC was 
adopted. In both situations, the interpretation of the ICC 
values was obtained according to Koo and Li(18), with ICC 
values < 0.5 being considered of poor agreement, reasonable/
moderate agreement ICC between 0.51 and 0.75, good 
agreement between 0.76 and 0.90, and excellent agreement 
ICC > 0.91. In addition to the ICC, intra- and interobserver 
metrics of the alpha angle and cuboid ratio were compared 
to each other using an unpaired t-test. All statistical analyses 
were performed using STATA® software (version 14.0, Stata 
Corporation, College Station, TX, USA), with a significance 
level of 5% (p < 0.05).

Figure 3. Ratio between the lengths of the lateral and medial 

walls of the cuboid.
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Comparative analyses were performed to identify significant 
differences between patients by sex and age group. For this, 
the unpaired t-test (for two-by-two comparisons between 
the means obtained) and the Chi-square test (for compari
sons between frequencies) were performed. In all analyses 
performed, the differences obtained were considered sta
tistically significant when the p-value was less than 0.05  
(p < 0.05). Statistical analyses were performed using the 
STATA® program (version 14.0, Stata Corporation, College 
Station, TX, USA).

Results
A total of 516 foot radiographs from patients treated at a 

private hospital in Belo Horizonte, Minas Gerais, Brazil, were 
analyzed. The mean patient age was 46.14 years (±14.00), 
and the most prevalent characteristics were age up to 50 
years and the left side, corresponding to 57.75% and 50.97%, 
respectively. Considering the alpha angle measurements, the 
mean obtained from the 516 patients was 35.62° (± 4.23°), 
with a mean ratio of 0.52° (± 0.06°) (Table 1).

The data showed that the female population had a higher 
mean age than the male population (49.74 versus 42.54 
years, respectively) (p = 0.000). In the male population, the 
most frequent age group was younger patients (up to 50 
years old: 70.93%), while in the female population, patients 
≥ 51 years were the most prevalent (55.43%). The difference 

between the percentages in each age group was significant 
(p = 0.000).

The metrics obtained in the alpha angle (°), measured 
by evaluators 1 (A1) and 2 (A2) in the male and female 
populations show that, for males, A1 had a mean of 36.13° 
(± 4.42°) in the first evaluation and 36.34° (± 3.99°) in the 
second evaluation, with no statistically significant difference 
between the time points (p = 0.567), indicating good 
intraobserver agreement. A2 also showed similar means 
between the two evaluations (36.26° ± 4.38° and 36.03° ± 
4.58°), with p = 0.562, reinforcing intraobserver agreement. 
The interobserver comparison between A1 and A2 showed no 
significant differences between sexes (p > 0.05), indicating 
high agreement between evaluators.

For the cuboid bone morphometric ratio, results by sex 
showed that, for male patients, A1 produced identical means 
in the two evaluations (0.52 ± 0.06 and 0.52 ± 0.05), with 
no statistically significant difference (p = 0.920), indicating 
high intraobserver stability. A2 also showed identical means 
(0.53 ± 0.05 in both evaluations), with p = 0.467, confirming 
measurement consistency. Among female patients, the mean 
values were 0.53 ± 0.05 in the two evaluations performed by 
A1 (p = 0.688) (Figure 3B) and identical for A2 (0.53 ± 0.05), 
with p = 0.238 (Figure 4B). The interobserver comparison 
between A1 and A2 showed no significant differences in 
either sex (p > 0.05), indicating high agreement between 
evaluators. 

Table 2 presents a general comparison between female 
and male patients, including age, age group, laterality, and 
measures of the alpha angle and the ratio of the lateral to 
medial walls of the cuboid bone.

Table 1. Characterization of the overall study population (n = 516)

General population (n = 516)
Age (years)

Mean 46.14

± SD 14.00

Min - Max 18 - 70

Age group n %

Up to 50 years 298 57.75

≥ 51 years 218 42.25

Sex

Female 258 50.00

Male 258 50.00

Laterality

Right 253 49.03

Left 263 50.97

Alfa angle (°)

Mean 35.62

± SD 4.23

Min - Max 21.6 - 49.2

Ratio

Mean 0.52

± SD 0.06

Min - Max 0.37 - 0.69
SD: Standard deviation; Min: Minimum value; Max: Maximum value; n: Absolute frequency; %: 
Percentage.

Figure 4. Radiographs with fracture-impaction of the cuboid.

Alpha angle = 47.6° and cortical ratio = 0.36°. 
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Tables 3 and 4 show comparative analyses by age group 
and sex. No significant differences were observed between 
patients in the age groups up to 50 years and ≥ 51 years, 
regardless of sex, considering laterality, alpha angle, and ratio 
(p > 0.05).

Table 5 presents the comparative analyses within each 
age group by sex. The alpha angle in the age group up to 
50 years was the only significant variable in the comparisons 

Table 2. A general comparative analysis between female and 

male patients, considering age, age groups, laterality and measu-

res of the alpha angle and the ratio of the lateral and medial walls 

of the cuboid bone

Female
(n = 258)

Male
(n = 258) p-value

Age (years)

Mean 49.74 42.54

± SD 13.54 13.53 0.000*T

Min - Max 18 - 70 18 - 70

Age group n % n %

Up to 50 years 115 44.57 183 70.93 0.000*Q

≥ 51 years 143 55.43 75 29.07

Laterality

Right 118 45.74 135 52.33 0.134Q

Left 140 54.26 123 47.67

Alfa angle (°)

Mean 35.11 36.13

± SD 3.97 4.42 0.006*T

Min - Max 21.6 - 44.4 22 - 49.2

Ratio

Mean 0.53 0.52

± SD 0.05 0.06 0.236T

Min - Max 0.4 - 0.66 0.37 - 0.69
SD: Standard deviation; Min: Minimum value; Max: Maximum value; n: Absolute frequency; %: 
Percentage.
*: Significant difference (p < 0.05); T: Unpaired t-test; Q: Chi-square test.

Table 3. Comparative analysis between female patients, considering 

the age group

Female population
Up to 50 years

(n = 115)
≥ 51 years
(n = 143) p-value

Laterality n % n %

Right 48 41.74 70 48.95 0.248Q

Left 67 58.26 73 51.05

Alfa angle (°)

Mean 35.05 35.17

± SD 4.08 3.90 0.811T

Min - Max 24.5 - 44.4 21.6 - 42.0

Ratio

Mean 0.53 0.52

± SD 0.05 0.06 0.417T

Min - Max 0.4 - 0.64 0.41 - 0.66
n: Absolute frequency; %: Percentage; T: Unpaired t-test; Q: Chi-square test.

Table 4. Comparative analysis between male patients, conside-

ring the age group

Male population
Up to 50 years

(n = 183)
≥ 51 years

(n = 75) p-value

Laterality n % n %

Right 95 51.91 40 53.33 0.836Q

Left 88 48.09 35 46.67

Alfa angle (°)

Mean 36.47 35.30

± SD 4.43 4.31 0.052T

Min - Max 23 - 48.5 22 - 49.2

Ratio

Mean 0.52 0.53

± SD 0.06 0.06 0.126T

Min - Max 0.37 - 0.66 0.4 - 0.69
n: Absolute frequency; %: Percentage; T: Unpaired t-test; Q: Chi-square test.

Table 5. Comparative analysis of the age group, considering the 

sex of the patients

Age group up to 50 years 
Female (n = 115) Male (n = 183) p-value

Laterality n % n %

Right 48 41.74 95 51.91 0.087Q

Left 67 58.26 88 48.09

Alfa angle (°)

Mean 35.05 36.47

± SD 4.08 4.43 0.006*T

Min - Max 24.5 - 44.4 23 - 48.5

Ratio

Mean 0.53 0.52

± SD 0.05 0.06 0.063T

Min - Max 0.4 - 0.64 0.37 - 0.6

Age group ≥ 51 years
Female (n = 143) Male (n = 75) p-value

Laterality n % n %

Right 70 48.95 40 53.33 0.539Q

Left 73 51.05 35 46.67

Alfa angle (°)

Mean 35.17 35.30

± SD 3.90 4.31 0.822Q

Min - Max 21.6 - 42 22 - 49.2

Ratio

Mean 0.52 0.53

± SD 0.06 0.06 0.510Q

Min - Max 0.41 - 0.66 0.4 - 0.69
n: Absolute frequency; %: Percentage.
*: Significant difference (p < 0.05); T: Unpaired t-test; Q: Chi-square test.
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performed (p < 0.05). The results showed that male patients 
aged up to 50 years had higher means than females in 
the same age group (36.47° versus 35.05°, respectively)  
(p = 0.006). No significant difference was reported regarding 
the age group ≥ 51 years (p > 0.05).

Although no significant results were identified, in male 
patients (Table 5), the p-value for the alpha angle was 
borderline (p = 0.052), indicating a trend toward a higher 
mean value in male patients aged up to 50 years. These 
results corroborate the findings shown in Table 2, in which 
male patients had a higher mean alpha angle than female 
patients. 

Discussion
This study aimed to establish two radiographic parameters to 

characterize the normal radiographic anatomy of the cuboid 
bone. The first was the angle formed between the distal and 
proximal articular surfaces of this bone, with its apex located 
lateral to the foot (alpha angle). The second radiographic 
parameter was the relationship between the length of the 
lateral and medial cortices of the cuboid. Regarding the alpha 
angle, male patients had a slightly higher mean angle than 
female patients (36.13° versus 35.11°). However, this difference 
has little clinical relevance due to its very small effect size. No 
differences were observed by laterality or ratio. No significant 
differences were found between patients in the age groups 
up to 50 years and ≥ 51 years, regardless of sex, based on 
injury laterality, alpha angle, and ratio.

Radiographic anatomy has long been widely studied across 
all areas of orthopedics, defining parameters of normality 
and helping professionals understand diseases and their 
treatments. The Böhler(19) and Gissane(20) angles in calcaneal 
fracture, the metatarsophalangeal angle of the first joint in 
the hallux valgus, and the calcaneal inclination angle (pitch) 
are examples of the importance of such measurements, which 
assist in disease characterization, therapeutic indication, 
and postoperative follow-up. In addition, many other ortho
pedic problems are treated using angle measurements and 
radiographic anatomical relationships, such as distal radius 
fractures and patellofemoral instability.

The literature focuses on radiographic studies of the normal 
foot, seeking to define measures of positioning (height)(21) 
and the relationship of the cuboid with the lateral column. 
Steel et al.(21) measured the height of the upper point of the 
cuboid to the ground on lateral radiography with support 
to characterize the shape of the longitudinal arc. However, 
parameters of normality in frontal evaluation remain scarce. 
One of the few parameters described is the calcaneocu
boid angle, which can be used to evaluate lateral column 
alignment, with deviations greater than 5° indicating forefoot 
abduction deformity(22). Fracture patterns with lateral joint 
compression (nutcracker) can lead to loss of the pyramidal 
shape and collapse of the lateral column, with consequent 
forefoot abduction and alteration of this angle.

Changes in cuboid morphology may result from articular 
impaction fractures involving either the distal articular surface 

with the metatarsals or the calcaneal articular surface, as 
shown in Figure 4, altering the shape of the bone and leading 
to flattening of the lateral portion of the cuboid.

Deformation after crushing the cuboid may have an 
unfavorable course, leading to arthrosis and deformity in 
forefoot abduction.

Another clinical condition that can occur with changes 
in cuboid position and shape is Charcot’s arthropathy, a 
disorder that often causes plantar displacement of the bone 
and severe hindfoot deformity (Figure 5). This condition is 
predisposing to plantar ulceration and osteomyelitis, and 
presents a higher risk of amputations and mortality(23).

The cuboid is a midfoot bone that contributes most to 
plantar/dorsal flexion(24), providing an expressive range of 
motion in the sagittal plane with the lateral metatarsals, 
an essential movement for adapting the foot to irregular 
surfaces. Loss of movement in the calcaneal-cuboid joint or 
cuboid-lateral metatarsal bones can lead to stiffness of the 
lateral column and translate into poor tolerance when walking 
on inclined or irregular surfaces(25).

In addition to its dynamic importance, the cuboid is also 
fundamental for the static function of the foot, as it is the 
main supporter of the lateral column. Shortening of the lateral 
column results in forefoot abduction and flatfoot, associated 
or not with valgus(6,11,13,14). These biomechanical changes 
culminate in a mechanical dysfunction of the entire foot. 
To compensate for these forefoot deformities, the hindfoot 
(calcaneus) everts, also resulting in frontal-plane changes(13).

Figure 5. Radiographs of the foot with Charcot’s arthropathy.
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The literature offers few studies on the radiographic 
anatomy of the cuboid, and even fewer provide references 
to define the degree of lateral impaction after fractures or 
to guide restoration of normality after surgical treatment. 
Mihalich and Early(26) recommend surgical treatment for 
cases of lateral column shortening, but do not define the size 
of this shortening. Bradshaw(27) indicates surgical treatment 
when lateral column shortening exceeds 2 mm. Yu et al.(28) 
also consider this shortening value in the surgical indication 
of cuboid compression fractures.

Shortening measurements in mm may be affected by 
technical factors, such as tube distance and foot size, which 
can lead to misinterpretation and inappropriate therapeutic 
indication.

One limitation of this study is that the values obtained were 
not correlated with hindfoot alignment. Therefore, it cannot 
be stated whether foot varus or valgus affects the shape of 
the cuboid. Similarly, the elevated or lowered position of the 
cuboid in cavus and flat feet may alter the position of the 
bone, leading to different angular values and wall-length 
measurements. 

Another issue was the CI adopted. Scientific studies 
generally use a 95% CI. However, 90% CI is also accepted and 
statistically valid. The purpose of this interval was to identify 
a lower sample size that was within reality. 

Another limitation is how the parameters were evaluated in 
the perioperative study. It was performed with measurements 
from a goniometer and a ruler, unlike the preoperative 
evaluation (done with computerized software), which could 
introduce divergence between measurements due to the lower 
accuracy of manual measurement. Another issue relates to 
the radiographic method of evaluating the parameters. Non-

weight-bearing radiographs were performed (most patients 
presented with traumatic injury), which could be addressed 
in a future study by applying analysis under weight-bearing 
conditions.

The alpha angle and the latero-medial cortical relationship 
are radiographic parameters for evaluating the lateral column 
and can be used intraoperatively as criteria for reducing 
fractures and correcting cuboidal height. In addition to 
studying fractures and their correction, these parameters may 
be useful in investigating other diseases that affect cuboid 
positioning, such as Charcot’s arthropathy and clubfoot.

The alpha angle and the latero-medial cortical relationship 
are radiographic parameters for evaluating the lateral column 
and can be used intraoperatively as criteria for reducing 
fractures and correcting cuboid height. In addition to 
studying fractures and their correction, these parameters may 
be useful in investigating other diseases that affect cuboid 
positioning, such as Charcot’s arthropathy and clubfoot.

The strength of this study was expanding methods for 
better anatomical analysis of the cuboid bone by creating 
radiographic parameters that are easy to perform and 
reproducible. 

Conclusion
Two radiographic parameters of the cuboid bone were 

defined at the oblique incidence at 30°: the alpha angle, 
with a mean of 35.62°, and the ratio of the lateral and medial 
cortices of the cuboid, with a mean of 0.52°. There was no 
difference in the alpha angle and the ratio in relation to sex 
and age, except for the angle between sexes in the age group 
from 18 to 50 years. 
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