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ARTICLE INFO ABSTRACT

Level of Clinical Evidence: 3 Although many radiographic measurements of the foot and ankle have been used, reference values for normal

Keywords: functional groups are rarely reported. These can change according to sex and age; therefore, this study aimed to:
age (1) determine reference values for radiographic foot and ankle angles in an asymptomatic healthy Korean popula-
tion, and (2) compare differences in the measurements according to sex and age. A total of 200 healthy volunteers

ankle

deformity were recruited, including 100 young adults (50 males, 50 females) aged 20 to 35 years, and 100 older adults
foot (50 males, 50 females) aged 60 to 69 years. Weightbearing ankle anteroposterior views, talar tilt, and tibiotalar
normal radiographic angle angles were measured. On the weightbearing foot anteroposterior views, the hallux valgus, hallux interphalan-
Sex geal, and talo-first metatarsal angles were measured. On the weightbearing lateral foot views, the calcaneal pitch,

lateral talo-calcaneal, lateral talo-first metatarsal, and lateral calcaneo-first metatarsal angles were measured.
Values were stratified by sex and age, and statistically compared. The hallux valgus, calcaneal pitch, and lateral cal-
caneo-first metatarsal angles were affected by both sex and age; the hallux interphalangeal angle was affected by
age and the lateral talo-first metatarsal angle by sex. We presented reference values for foot and ankle radio-
graphic measurements in a healthy Korean population; several radiographic indices varied significantly by sex or
age, which were grossly similar to previous studies based on white race. The study data can serve as a basis for
evaluation of foot and ankle disorders.

© 2019 by the American College of Foot and Ankle Surgeons. All rights reserved.

Deformities of the foot and ankle can lead to pain, keratosis, joint
stiffness, and other symptoms; therefore, patients may need conserva-
tive treatment or even surgical procedures to remedy those conditions.
Orthopedic interventions are commonly based on physical examination
and simple radiographs for bony alignment (1,2). Because radiographic
angles of pedal structures have important roles in surgical planning and
diagnosis, normal reference values for these relationships can be useful.
Unfortunately, however, most available radiographic angles used as
surgical references lack comprehensive scientific evidence for their
validity (1,3). Several previous studies reported radiographic angles in
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normal feet, but had various limitations such as small study populations
and limited age ranges (1,3—8). Moreover, there are few studies on
Asian populations, despite possible ethnical differences (9); thus, accu-
rate data are needed to provide clinicians with standard values for foot
and ankle measurements.

Another concern in determining reference angles in weightbearing
radiographs is whether there is a relationship between sex or age, and the
foot and ankle radiographic indices of interest. Advancing age could be
related to progressive foot deformities, reduced range of motion, and
strength (10—13). Sex differences also affect foot and ankle structure and
function, as well as surgical decisions and outcomes (14). For these rea-
sons, we aimed to: (1) determine reference values for commonly used
weightbearing radiographic indices of foot and ankle bony structures in a
healthy Korean population; (2) analyze the influence that sex and age had
on the radiographic measurements; and (3) compare the observed meas-
urements to those already described in the published literature available
for other races. Our hypothesis was that measured radiographic findings
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would be similar to those already published in the foot and ankle surgical
literature, and that sex and age would influence the measurements.

Patients and Methods

The study design was approved by the institutional review board of our hospital, and
we received informed consent from all of the subjects, which was a requirement of our
institutional review board. Healthy volunteers were recruited from our health care center,
which participated in response to an advertisement for the study. Potentially eligible partic-
ipants completed a medical history survey and underwent an initial evaluation by 2 of our
coauthors (DJ.L., K.B.K.). The following inclusion criteria were used: (1) no history of lower
extremity fracture or surgery; (2) no subjective symptoms during gait; (3) no abnormal
findings on standard foot radiographs (such as congenital deformity or osteoarthritis);
(4) no known systemic disease (such as rheumatoid arthritis); (5) normal function of the
foot and ankle (based on the American Orthopaedic Foot and Ankle Society ankle-hindfoot
questionnaire) (3,15,16); and (6) a measured body mass index <30 kg/m? (1). Based on
these criteria, a total of 200 volunteers without known disease affecting their foot structure
were recruited, and we focused on 1 foot per participant only. To ensure statistical indepen-
dence, radiographic angles of only the right foot of each participant was measured and ana-
lyzed (17). Included in the analyses were 100 feet of 100 healthy adults (50 males and
50 females) aged 20 to 35 years, and 100 feet of 100 healthy adults (50 males and
50 females) aged 60 to 69 years. We chose to analyze 200 feet in 200 patients based on pro-
spective sample size analysis, which is described in the statistical analyses section.

Radiographic Measurements

Radiologic measurements of interest were selected by consensus of 4 orthopedic sur-
geons with reference to methods based on previous literature (18), with the aim of select-
ing variables that were prevalent indices of foot structure described in the existing
literature. Weightbearing ankle anteroposterior (AP), foot AP, and lateral radiographs
were obtained. The talar tilt angle and tibiotalar angle were measured on weightbearing
ankle AP views (Fig. 1). The hallux valgus angle, hallux interphalangeal angle, and AP
talo-first metatarsal angle were measured on weightbearing foot AP views (Fig. 2). The
calcaneal pitch, lateral talo-calcaneal angle, lateral talo-first metatarsal angle (Meary’s
angle), and lateral calcaneo-first metatarsal angle (Hibbs angle) were measured on
weightbearing foot lateral views (Fig. 3).

Intra- and Interobserver Reliability

To evaluate intra- and interobserver reliability, 2 orthopedic surgeons and 1 orthope-
dic trainee assessed radiographic measurements in 2 sessions with a minimum 2-week

st

Fig. 1. Weightbearing ankle anteroposterior view of the (A) tibiotalar tilt angle and (B)
tibiotalar angle.

Fig. 2. Weightbearing foot anteroposterior view of the (A) hallux valgus angle, (B) hallux
interphalangeal angle, and (C) anteroposterior talo-first metatarsal angle.

Fig. 3. Weightbearing lateral view of the (A) calcaneal pitch, (B) lateral talo-calcaneal
angle, (C) lateral talo-first metatarsal angle (Meary’s angle), and (D) lateral calcaneo-first
metatarsal angle (Hibbs angle).

interval between sessions (17,19). Intraclass correlation coefficients (ICCs) were used for
reliability testing. An ICC value of 1 indicated perfect reliability; ICC >0.8 indicated excel-
lent reliability (18,20).

Statistical Analyses

We used hallux valgus angle as the primary outcome and set a difference of 2.9°
with a standard deviation of 7.1° in the overall populations, for an effect size of 0.4°
according to the outcome of previous study (3). The power analysis therefore indicated
that a sample size of 100 in each group would provide 80% statistical power to detect
an effect of this size between the 2 groups («=0.05, g=0.2) with use of the t test. All
measurements were recorded and considered in terms of type and distribution and
described as means and standard deviations. To determine the relationship between
sex and age and radiographic indices, we used generalized mixed model analyses
while considering sex or age as the random factor. When statistical analysis was per-
formed, younger subjects were coded as 0 and older subjects as 1 in our regression
models. All results with p < .05 were considered statistically significant. All statistical
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Table 1
Demographics (N = 200 feet in 200 participants)
Sex Male (n=100) Female (n=100)
Age Group Young (20 to 35 y) (n=50) Older (60 to 69 y) (n=50) p Value*® Young (20 to 35y) (n=50) Older (60 to 69 y) (n=50) p Value*
Age,y 291432 64.6 +£2.9 <.001" 27.3+4.0 64.6 2.9 <.001"
Height, cm 1744 £6.2 167.8 £6.0 <.001' 160.8 £5.0 154.0 £5.1 <.001'
Weight, kg 71.6 £10.3 68.8 +8.2 151 548 +7.1 579+74 .033
Body mass index 235428 245426 .068 212426 244430 <.001"
Foot length, cm 255+ 1.3 247 +1.1 .062 23.0+1.0 227421 358
Foot width, cm 10.1+£0.5 103 +£04 109 92+05 9.8+2.0 .056
Age Group Young (20 to 35 y) (n=100) Older (60 to 69 y) (n =100)
Sex Male (n=50) Female (n=50) p Value* Male (n =50) Female (n=50) p Value*
Age,y 29.14+32 273+4.0 .015 64.6 2.9 64.6 2.9 956
Height, cm 1744+ 6.2 160.8 + 5.0 <.001 167.8 £ 6.0 154.0 £5.1 <.001
Weight, kg 71.6 £10.3 548+ 7.1 <.001 68.8 +8.2 57.9+74 <.001
Body mass index 235428 21.2+26 <.001 245426 244430 948
Foot length, cm 10.1 £ 0.5 23.0+1.0 <.001 247 £1.1 227 £2.1 <.001
Foot width, cm 10.1+£0.5 92405 <.001 103+ 04 9.8+2.0 .108
Data presented as mean =+ standard deviation.
* Student’s t test.
T Statistical significance.
Table 2
Radiographic Angular Measurements According to Sex and Age
Angle, ° Sex (n=200) Age (n=200)
Age Group Male (n=100) Female (n = 100) p Value* Young (20 to 35 y) (n=100) Older (60 to 69 y) (n=100) p Value*
Talar tilt 1.87 £0.70 1.99 £0.77 143 1.24+£0.74 1.79 £0.75 313
Tibiotalar 89.09 + 0.67 90.09 + 0.58 273 89.2 +0.63 89.90 + 0.63 .088
Hallux valgus 13.17 £1.19 1531+ 1.42 027! 12.73 £ 1.04 15.75 + 1.50 .002!
Hallux interphalangeal 14.47 £0.83 13.90 + 0.99 399 14.93 £ 0.89 13.45+£0.93 .027'
AP talo-first metatarsal 11.04 £ 1.01 11.80 £1.11 327 11.63 £ 1.03 1123 £1.10 .608
Calcaneal pitch 21.15+1.03 19.76 + 0.90 050! 19.48 + 0.88 21.39 +1.02 .007'
Talo-calcaneal 46.11 £1.30 45.77 £1.14 697 45.72 £ 1.06 46.15 + 1.36 632
Meary's 191 +1.44 -1.90 +£1.47 <.001' -0.97 £1.22 0.88 + 1.76 .089
Hibbs 48.03 + 1.52 43,75 +£1.21 <.001" 4478 +1.18 46.88 + 1.61 .044!
Abbreviations: AP, anteroposterior.
Data presented as mean =+ standard deviation unless otherwise noted.
* Student’s t test.
T Statistical significance.
analyses were performed using SPSS, version 21, for Windows (SPSS Inc., Chicago, IL), Discussion

and conducted by 1 of the authors (D.O.L.).

Results

Demographic data for the participants are shown in Table 1. This
table shows the difference of body size or weight according to sex and
age in the study population. Body mass index and foot width reflecting
volume of body significantly increased in the older female group com-
pared with the younger female group (Table 1). The radiographic meas-
urements, stratified by age and sex, are presented in Table 2. This table
shows detailed measures according to both sex and age in all radio-
graphic remarks, some of which showed significant difference by sex
and or age. Table 3 shows the probabilities of the null hypothesis for
angular measurements by sex and age. The hallux valgus angle, hallux
interphalangeal angle, calcaneal pitch, and Meary’s and Hibbs angles
showed significant differences according to sex and or age, whereas
others did not. Table 4 reveals comparisons between previously
reported radiographic angular measurements and those observed in
this investigation. These comparisons show a difference of 10° (45%) in
the AP talo-first metatarsal angle, whereas there was no substantial dif-
ference (<10%) in other angles.

Most radiographic angles measured in this study showed relatively
small differences (<5°, 10%) in comparison to previously reported meas-
urements, other than for the AP talo-first metatarsal angle. When strati-
fied by sex and age, some radiographic angles showed significant
differences. The hallux valgus angle increased in the female group and

Table 3
Probabilities of the Null Hypothesis for Determining the Statistical Significance of the
Association of Sex and Age on Radiographic Measurements (N = 200 feet in 200 patients)

Angle Sex Association, Age Association,
p Value p Value*
Talar tilt 141 308
Tibiotalar 276 .093
Hallux valgus 0221 .001"
Hallux interphalangeal 374 .025'
AP talo-first metatarsal 333 614
Calcaneal pitch .050! .007'
Talo-calcaneal 685 .663
Meary's <.001' 073
Hibbs <.001" .037

* Aged 20 to 35 years or 60 to 69 years.
T Statistically significant at the 5% level.
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Table 4
Comparison with Published Normal Foot and Ankle Angles
Radiographic Angle, ° Steel et al (5), Bryant et al (6), Davids et al (22), Knupp et al (21), Thomas et al (3), Lamm et al (1), Present Study
1980 (N=41) 2000 (N =30) 2005 (N = 60) 2005 (N=168) 2006 (N =100) 2016 (n=24) (N=200)
Talar tilt NR NR NR NR NR NR 1.8+0.8
Tibiotalar NR NR 91.1+3.8 924 +3.1 NR NR 89.6 + 0.6
Hallux valgus 12+24 103 +£4.0 NR NR 104 +7.1 7.7+38 143 £ 6.8
Hallux interphalangeal 145+28 9.0+33 NR NR NR 109 + 3.5 142 + 4.7
AP* talo-first metatarsal NR NR 10+7.0 NR 21.1 £6.0 21.1£55 114+54
Calcaneal pitch 22425 242+58 17 £6.0 NR 19.6 £6.2 17.9+53 204 +5.0
Talo-calcaneal NR NR 49+6.9 NR NR 39.9 459 + 6.3
Meary’s NR NR 13+75 NR 4.0 +£5.5 55+3.9 077
Hibbs NR NR NR NR 42.2 40.6 458 +7.3

Abbreviations: AP, anteroposterior; NR, not reported.
Data presented as mean =+ standard deviation unless otherwise noted.

the older group. The calcaneal pitch angle decreased in the female
group but increased in the older group. Similarly, Hibbs angle decreased
in the female group but increased in the older group. All of these were
affected by both sex and age. The hallux interphalangeal angle
decreased in the older group only, whereas Meary’s angle decreased in
the female group only. Other parameters showed no significant differ-
ences according to sex or age.

Radiographic measurements in weightbearing AP ankles are com-
monly used to diagnose and treat diseases or deformities. Reference
values can be used for surgical planning of a supramalleolar osteotomy,
total ankle arthroplasty, and other procedures. Nevertheless, few stud-
ies have reported reference angles for weightbearing AP ankle views
compared with those for weightbearing AP and lateral foot views;
moreover, no comprehensive report included combined ankle and foot
values, as shown in Table 3 (21,22). There was no gross difference <5°
in the tibiotalar angle between the present and previous studies.

In comparing our results with those of previous studies, there was a
prominent difference of 10° in the AP talo-first metatarsal angle,
whereas there was no significant difference in other angles; however,
only the mean AP talo-first metatarsal angle, as reported in children by
Davids et al (22), was generally similar to that in our study. Accordingly,
the AP talo-first metatarsal angle, which is related to forefoot-valgus
position, might increase with age or weight. More study may be
required to determine whether this difference is caused by substantial
ethnic differences or measurement errors.

The hallux valgus angle was significantly greater in females and older
groups than in others, similar to previous reports (Tables 3 and 4) (23).
Interestingly, the hallux interphalangeal angle was affected by age only,
which implies that this angle may be increased by daily activity, because
people wear shoes narrowing distal phalanges regardless of sex. Bryant et
al (6) also reported a greater hallux interphalangeal angle in a hallux
arthritis group than in a hallux valgus group. Because females may be
more likely to wear shoes with a narrow toe box, this might contribute to
the observation of the effect that sex had on the hallux valgus angle.

Regarding the weightbearing lateral foot radiographic angles, the cal-
caneal pitch angle and Hibbs angle showed significant differences accord-
ing to both sex and age (Table 3). Before this study, we had hypothesized
that the foot became more flatfooted when individuals get older.
Although our study was not a longitudinal follow-up study of the same
individuals, healthy older adults did not have lower arches than younger
adults. Accordingly, we speculated that progression of flatfoot or cavus
foot with age might be more affected by nonphysiologic degeneration or
disease progression rather than by natural aging process.

There are some limitations to our study. First, although we recruited
a greater number compared with previous studies, our subjects still
would be insufficient to represent the normal Korean population. Nev-
ertheless, the strength of this study is all subjects were volunteers with-
out any medical problems, compared with most previous studies based

on review of patient medical records. Moreover, this study was based
on a large, healthy population, in comparison to prior publications; and,
to the best of our knowledge, this is the first report based on an Asian
population, so it could be helpful to investigators focusing on such a
population. Second, we included only some radiographic indices com-
pared with previous studies. The indices we selected were believed to
be relatively common markers that could provide clinicians with valu-
able information. Third, the effect of sex or advancing age on radio-
graphic angles shown in this study does not guarantee the same results
in other studies, because differences, if any, were <5°, which is within
measurement error despite reliability testing. Regarding the effect of
age, a study design with longitudinal follow-up visits may be more
appropriate. Finally, some surgeons may believe that other radiographic
measurements should be included to provide useful information for
foot alignment.

In conclusion, we presented reference values for foot and ankle
radiographic measurements in a large, healthy Korean population. Sev-
eral radiographic indices showed differences in values in association
with sex and age. The findings in this study can be used to evaluate foot
and ankle disease by providing basic data.
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