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A B S T R A C T

Background: This study aimed to estimate the annual change in radiographic indices for juvenile hallux
valgus (JHV) and to analyze the factors that influence deformity progression.
Methods: Patients aged <15 years who had JHV and were followed up for at least 1 year were included.
Hallux valgus angle (HVA), hallux interphalangeal angle, intermetatarsal angle, metatarsus adductus
angle, distal metatarsal articular angle, anteroposterior talo-first metatarsal angle, and lateral talo-first
metatarsal angle were evaluated. The progression rate of HVA was adjusted by multiple factors by using a
linear mixed model.
Results: A total of 133 feet were included. The HVA and distal metatarsal articular angle both increased by
0.8� per year (p < 0.001 and p = 0.003, respectively). HVA increased by 1.5� per year (p < 0.001) at under the
age of 10, and the HVA progression in the older patients was not statistically significant.
Conclusions: JHV deformity could progress with aging. Most deformity progression could occur before the
age of 10 years.

© 2018 European Foot and Ankle Society. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

Juvenile hallux valgus (JHV) deformity is described as varus
deviation of the first metatarsal and valgus deviation of the first
proximal phalanx in a child who is skeletally immature [1].
Compared with the adult deformity, JHV deformity shows less
valgus deformity at the first metatarsophalangeal (MTP) joint, a
smaller medial eminence, less bursal thickening, and typically no
joint degeneration at the first MTP joint [1].

Although a strong hereditary trait for JHV exist [2], the incidence,
etiology, risk factors, and natural history of JHV have not been
completely defined [3]. A research on first ray axis pathology is also
still required [4]. Although controversies regarding JHV treatment
were reported, operation is recommended to be performed after the
completion of bone maturation because of high recurrence rate with
early surgical treatment [2]. The probability of progression of
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deformity is assumed on the basis of the remaining skeletal growth,
and currently, no study has documented the progression of JHV
without treatment [3].

Patients with hallux valgus (HV) can be assessed with
weightbearing foot radiographs, which have been widely used
for preoperative assessment and postoperative follow-up [5–8].
Radiographic indices on weightbearing foot radiographs showed
good to excellent reliability [7]. In addition, radiographic findings
showed a good correlation with the clinical appearance of HV [9].

Therefore, this study aimed to estimate the annual change of
radiographic indices for JHV and to analyze the factors that influence
deformity progression.

2. Materials and methods

2.1. Patients selection

This retrospective study was approved by the institutional review
board at our hospital. Informed consent was waived because of the
retrospective nature of the study.

We reviewed the medical records of consecutive patients with
JHV (age <15 years) who were followed up for at least 1 year and
who underwent weightbearing foot radiographs (anteroposterior
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Fig. 1. The illustration shows (A) hallux valgus angle (a), hallux interphalangeal
angle (b), intermetatarsal angle (c), distal metatarsal articular angle (d), metatarsal
adductus angle (e), and AP talo-first metatarsal angle (f); and (B): lateral talo-first
metatarsal angle metatarsal adductus angle (g).
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[AP] and lateral view) more than twice between May 2003 and
December 2016. JHV was deemed to be present if the hallux
valgus angle (HVA) was �15� [10]. Moreover, patients with
metatarsus primus varus and who have an intermetatarsal angle
(IMA) >9� regardless of HVA were also included because most of
the patients with JHV have increased IMA [11], and some authors
argued that increased IMA is the primary deformity that could
result in a secondary deformity at the first MTP joint [12].
Information obtained from the medical records included patient’s
age at examination, sex, laterality of foot, and underlying disease.
The exclusion criteria were as follows: (1) patients who
underwent prior foot surgery that might affect foot appearance,
e.g., fracture surgery, (2) patients with neuromuscular disease,
including cerebral palsy, and (3) inadequate radiographs available
for review. If surgery for JHV was performed during follow-up,
only preoperative radiographs were included. Foot radiographs
(anteroposterior (AP) and lateral views) were obtained with a UT
2000 X-ray machine (Philips Research, Eindhoven, The
Netherlands) at a source-to-image distance of approximately
110 cm; the beam was inclined vertically at 15� and centered on
the midtarsal joint with the patient standing barefoot. The
radiograph settings were 60 kVp and 10 mAs. All conventional
radiographic images were digitally acquired using a picture
archiving and communication system (PACS; Infinitt, Seoul,
Korea), and measurements were subsequently performed using
PACS software.

2.2. Radiographic measurements

As radiographic measurements for HV is reliable and widely
used [7,13], eight measurements were selected for assessing JHV.
Seven items were measured on AP radiograph: HVA, hallux
interphalangeal angle (HIA), IMA, metatarsus adductus angle
(MAA), distal metatarsal articular angle (DMAA), AP talo-first
metatarsal angle, and AP talo-second metatarsal angle (Fig. 1).
Tibial sesamoid position was not evaluated because of the diverse
timing of its ossification in the patients. Lateral talo-first
metatarsal angle was assessed on lateral radiograph (Fig. 1).

2.3. Reliability test

Reliability testing was conducted before recording the main
measurements. Interobserver reliability was determined using
intraclass correlation coefficients (ICCs) for three orthopedic
surgeons. These three surgeons measured the radiographs indepen-
dently without knowledge of the other surgeons’ measurements.
Three weeks after measurement by all three surgeons, one surgeon
repeated the radiographic measurements to assess intraobserver
reliability.

2.4. Statistical analysis

In this study, reliability was assessed using ICCs and a 2-way
random effect model, assuming a single measurement and
absolute agreement [14]. Using an ICC target value of 0.8, Bonett’s
approximation was used setting 0.2 as the width of 95% confidence
intervals. The minimal sample size was calculated to be 36 [15]. ICC
values >0.8 were considered excellent reliability.

The Kolmogorov–Smirnov test was used to verify the
normality of distribution of continuous variables. To summarize
patient demographics, descriptive statistics, including mean and
standard deviation, were used. Interaction between radiographic
indices on the foot is possible; thus, correlations between two
radiographic indices were analyzed using Pearson’s correlation
analysis as a parametric method. The progression rates of HVA,
HIA, IMA, MAA, and DMAA were adjusted by multiple factors
using a linear mixed model (LMM), with gender and radiographic
measurements as the fixed effects and laterality and each subject
as the random effects. The covariance structure was assumed as
the variance components. The restricted maximum likelihood
estimation was employed to produce unbiased estimators. By
examining the individual pattern of the annual changes in HVA
and IMA and evaluating the follow-up duration, an LMM with a
random slope and a random intercept was suggested. The slope
was the progression rate of HVA and IMA per year. The follow-up
duration effect was evaluated to estimate the measurements. The
LMMs were compared using the Akaike Information Criterion
(AIC) and the Bayesian Information Criterion (BIC). A smaller AIC
or BIC value is preferred in terms of model selection. The models
had low AIC/BIC scores and, thus, were accepted as valid to
estimate HV progression. Data were analyzed using SAS version
9.4 (SAS Institute, Cary, NC). All statistical tests were two-tailed,
and p values <0.05 were considered statistically significant.
Confidence intervals were considered significant when they did
not include zero.
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3. Results

A total of 133 feet from 69 patients were included in this study.
The mean age during the initial examination was 10.2 � 4.0 years.
Five patients showed unilateral involvement, while 64 patients
showed bilateral involvement. The mean follow-up duration was
2.8 � 2.4 years (range, 1.0–9.6 years). The mean HVA and IMA were
18.4 � 8.0� and 14.9 � 6.7�, respectively, at the initial examination
(Table 1). Radiographic measurements for JHV showed good to
excellent reliability. Intraobserver reliability was highest for the
HVA (ICC, 0.930), whereas interobserver reliability was highest for
the AP talo-first metatarsal angle (ICC, 0.875). Both intraobserver
and interobserver reliabilities were lowest for the metatarsus
adductus angle (Table 2). HVA was correlated with HIA (p = 0.003),
IMA (p < 0.001), MAA (p = 0.037), DMAA (p < 0.001), and AP talo-
first metatarsal angle (p = 0.009) (Table 3).
Table 1
Patient demographics.

Parameter Value

No. subjects (male/female) 69 (23/46)
No. of radiographs 594
Laterality (right/left) 68/67
Age at first visit (years) 10.2 � 4.0
Follow-up duration (years) 2.8 � 2.4 (1.0–9.6)
No. of follow-up 2 (2–12)

Radiographic parameter Value

Hallux valgus angle 18.4 � 8.0
Hallux interphalangeal angle 14.9 � 6.6
Intermetatarsal angle 10.1 � 3.2
Metatarsus adductus angle 17.6 � 5.4
Distal metatarsal articular angle 14.4 � 12.8
AP talo-1st metatarsal angle 8.7 � 6.9
AP talo-2nd metatarsal angle 12.8 � 8.3
Lateral talo-1st metatarsal angle 4.6 � 3.7

Age at first visit, follow-up duration, follow-up interval, and
radiographic parameters; mean � standard deviation (range).
No. of follow-up; mode (range).
Age = decimal years.
AP = anteroposterior.

Table 3
Correlation coefficients among radiographic indices at the time of initial examination.

HIA IMA MAA 

HVA �0.254 (p = 0.003) 0.410 (p < 0.001) 0.181 (p = 0.0
HIA �0.115 (p = 0.187) �0.148 (p = 0
IMA 0.871 (p = 0.3
MAA 

DMAA 

AP talo-1st MTA 

HVA = hallux valgus angle; HIA = hallux interphalangeal angle; IMA = intermetatarsal ang
talo-1st (2nd) MTA = anteroposterior talo-first (second) metatarsal angle; Lat talo-1st M

Table 2
Intra- and interobserver reliabilities of the radiographic measurements.

Measurements Intraobserver reliability 

ICC 

Hallux valgus angle 0.930 

Hallux valgus interphalangeal angle 0.836 

Intermetatarsal angle 0.819 

Metatarsus adductus angle 0.609 

Distal metatarsal articular angle 0.904 

AP talo-1st metatarsal angle 0.858 

Lateral talo-1st metatarsal angle 0.788 

ICC = intraclass correlation coefficient, CI = confidence interval, AP = anteroposterior.
Considering multiple influencing factors, including radiograph-
ic indices and the use of an LMM, we found that, based on the
radiographs, HVA progressed as the patients grew older (Fig. 2).
Both HVA and DMAA increased by 0.8� per year (p < 0.001 and
p = 0.003, respectively). By contrast, HIA decreased by 0.3� per year
(p = 0.019). Additionally, progression of the IMA and MAA with
aging was not statistically significant. HVA in female patients was
greater (7.4�) than HVA in male patients. HIA was greater (5.9�) in
male patients than in female patients (Table 4). Increased lateral
talo-first metatarsal angle toward flatfoot deformity was associat-
ed with increased IMA and MAA (Table 4).

Progressionoftheradiographicindicesbetweenolder(�10years)
and younger (<10 years) patients differs. HVA increased by 1.5� per
year (p < 0.001) in younger patients, whereas HVA progression with
DMAA AP talo-1st MTA Lat talo-1st MTA

37) 0.543 (p < 0.001) �0.225 (p = 0.009) 0.097 (p = 0.467)
.089) �0.195 (p = 0.024) 0.087 (p = 0.321) �0.017 (p = 0.899)
19) 0.153 (p = 0.079) �0.120 (p = 0.170) �0.471 (p < 0.001)

0.102 (p = 0.243) �0.011 (p = 0.900) �0.104 (p = 0.432)
�0.104 (p = 0.236) 0.076 (p = 0.567)

0.196 (p = 0.137)

le; MAA = metatarsus adductus angle; DMAA = distal metatarsal articular angle; AP
TA = lateral talo-first metatarsal angle.

Interobserver reliability

95% CI ICC 95% CI

0.868–0.964 0.851 0.758–0.915
0.702–0.913 0.866 0.781–0.824
0.634–0.909 0.810 0.691–0.892
0.347–0.781 0.644 0.474–0.783
0.822–0.950 0.684 0.479–0.822
0.739–0.925 0.845 0.749–0.911
0.622–0.886 0.664 0.490–0.799

Fig. 2. The reference values of hallux valgus angle are given in the graph. A solid line
represents estimation of the progression of hallux valgus angle by a linear age effect.



Table 4
The estimation and fixed effects of radiographic indices using a linear mixed model.

HVA HIA IMA MAA DMAA

Estimate SE p-Value Estimate SE p-Value Estimate SE p-Value Estimate SE p-Value Estimate SE p-Value

Age 0.8 0.1 <0.001 �0.3 0.1 0.019 0.0 0.1 0.543 0.0 0.1 0.791 0.8 0.3 0.003
Sex (male) �7.4 1.7 <0.001 5.9 1.6 <0.001 �0.5 0.7 0.520 1.0 1.4 0.494 �2.6 3.5 0.449
Laterality �0.398 1.7 �0.481 1.4 �0.3 0.6 0.7 1.2 �3.4 3.0
AP talo-1st MTA 0.0 0.1 0.970 0.0 0.1 0.736 0.0 0.0 0.883 0.0 0.1 0.564 0.0 0.1 0.773
Lat talo-1st MTA 0.0 0.1 0.971 0.1 0.1 0.314 0.1 0.0 0.018 0.2 0.1 0.042 0.0 0.2 0.829

HVA = hallux valgus angle; HIA = hallux interphalangeal angle; IMA = intermetatarsal angle; MAA = metatarsus adductus angle; DMAA = distal metatarsal articular angle; AP
talo-1st MTA = anteroposterior talo-first metatarsal angle; Lat talo-1st MTA = lateral talo-first metatarsal angle.
SE = standard error.
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aging in older patients was not statistically significant. Moreover,
HVA increased by 0.8� per year (p < 0.001) in patients who had both
HVA <15� and IMA �10� at the initial examination. In patients who
hadHVAof�15� regardlessof theIMAatthe initialexamination,HVA
increased by 0.5� per year (p = 0.001).

4. Discussion

Information on the natural progression of JHV is lacking. Hence,
we conducted this study to estimate the annual change of
radiographic indices for JHV and to analyze the factors that influence
the deformity progression. Our results showed that the HVA
increased by 1.5� per year in patients age <10 years, whereas no
significant change in the HVA was noted in patients age �10 years.

This study has some limitations. First, this was a retrospective
study. As the natural progression of the deformity can be affected by
various factors, a longitudinal prospective study, which can control
potential influencing factors, is the bestmethod to analyze deformity
progression. However, longitudinal studies, e.g., a cohort study, need
a long-term follow-up period. Thus, considering the prevalence of
JHV and the potential for follow-up loss in longitudinal studies, we
believe that analyzing existing data effectively would also be
significant. To reduce the limitation of retrospective studies, we used
an LMM to analyze the progression rate of radiographic indices for
JHV. Second, JHV is a three-dimensional deformity of the first ray.
Therefore, two-dimensional radiographic measurements might be
insufficient to explain the complex nature of such deformity. Third,
other clinical data, such as family history and genetic predisposition,
were not included in the study. Although radiographic measure-
ments are considered to be objective and the primary tool for
evaluation, future studies considering genetic predisposition will be
required. Fourth, this study failed to consider hypermobility of the
first metatarsocuneiform joint articulation, which may be associated
with the deformity.

Piggott reported that in a series of adult patients evaluated for HV
deformity, 57% recalled having a bunion deformity in adolescence
and only 5% recalled an occurrence after age 20 [16]. However,
information on the progression rate of JHV deformity was lacking.
Although a previous study showed that JHV is rarely seen before the
age of 10 years [17], the deformity progressionwasgreater inpatients
<10 years old than in patients �10 years old in our study. A study,
which revealed that the age of JHV onset appears to be much earlier
than that previously reported, supported our results [18]. Therefore,
regular follow-ups are important, especially in children who have
risk factors (e.g., family history).

JHV can be differentiated from HV deformity in adults by
several characteristics. In JHV, IMA is often increased, whereas the
HVA is typically lesser [5]. Thus, JHV deformities progressing to
adult form of HV could be attributed to increased HVA rather than
increased IMA. Moreover, the patients who had both HVA <15� and
the IMA �10� at the initial examination showed increased HVA
with aging in our study. These findings support that metatarsus
primus varus is a significant factor in HV development [19].
Therefore, the initial IMA is crucial in JHV deformity progression
regardless of increased IMA during childhood or adolescence.
Furthermore, our results also showed that MAA progression with
aging was not statistically significant. Metatarsus adductus has
been cited as a cause of JHV [20]; however, controversies whether
the MAA is associated with JHV development exist [18]. Although
our study could not demonstrate whether metatarsus adductus is a
predisposing factor for JHV, we showed that the MAA is correlated
with HVA and IMA.

Most patients with JHV undergo regular X-ray during follow-up
and are not treated. Surgeons routinely advise to postpone surgical
correction until after skeletal maturity given that earlier surgical
treatment has been associated with a high recurrence rate.
However, a previous study introduced metatarsal hemiepiphy-
siodesis, which is a treatment strategy that uses growth potential
to achieve correction of the deformity [3]. This surgical treatment
seems to be a simple procedure compared with traditional surgical
procedures for HV deformity, such as soft-tissue balancing and
osteotomy. However, the timing should be carefully determined
because, unlike temporary hemiepiphysiodesis that uses plates,
screws, or physeal stapling, the procedure is permanent [21].
Although the procedure is less invasive than traditional treatment
for HV, treatment strategies that use growth potential are
challenging because of a lack of information of the natural history
of JHV. Based on our study, we expect that further studies
regarding the natural history of JHV can provide new treatment
options for JHV.

5. Conclusions

In conclusion, JHV deformity could progress with aging. Our
study indicated that increased HVA with aging primarily causes the
progression of JHV deformity, most deformity progression could
occur before the age of 10 years, and physicians can predict the
degree of progression of each radiographic measurement in
patients with JHV as the patients grow older. Moreover, our
results could also help physicians choose the optimal surgical
treatment strategy for JHV before skeletal maturation. Further
studies regarding the natural history of JHV that include other
factors, such as ethnicity, are also warranted to help physicians
identify the best treatment strategy for JHV.
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