
Coronal angular deformities around the knee, genu varum 
and genu valgum, are not rare in adolescent patients and 
often managed by pediatric orthopedic surgeons.1,2) The 
alignment abnormalities of the lower extremities may be 
asymptomatic during adolescence.3) However, the asym-
metric load distribution on the knee joint can increase the 
risk of development and progression of its degenerative 
changes.4)

Different from adults with the malalignment that 
can be corrected by surgery including some types of oste-
otomies, adolescents with genu varum or genu valgum can 
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be treated with hemi-epiphysiodesis, a simpler surgical 
procedure.5-8) In order to obtain anatomical correction of 
angular deformity, it is necessary to accurately determine 
what anatomical structures caused the deformity. Regard-
ing correction of genu varum or valgum by performing 
hemi-epiphysiodesis, the distal femoral and proximal tibial 
physes are good targets as they are close to the knee joint, 
the center of the deformities, and account for most of the 
growth of the lower extremity.9) If there is only 1 deformed 
segment between the 2 (distal femur or proximal tibia), 
only correcting the deformed segment should be ideal. The 
expected degree of correction after hemi-epiphysiodesis 
until the end of growth maturation is correlated with the 
amount of growth remaining in the same growing patient. 
If the surgery is performed at both segments, faster cor-
rection of the same degree can be obtained compared to 
the surgery performed at only 1 segment. In other words, 
genu varum or valgum combined with 1 normal segment 
and another deformed segment should be operated at an 
earlier age. Many previous studies on hemi-epiphysiodesis 
to correct coronal angular deformities in growing patients 
have reported their favorable results.5-8,10,11) However, stud-
ies dealing with each contribution of the distal femur and 
proximal tibia to the deformities are rare.6)

On this background, we conducted a study to report 
our recent experience of treating idiopathic genu varum 
and valgum with clinical relevance to planning of hemi-
epiphysiodesis. The aim of this study was to compare the 
varus and valgus groups focusing on the contribution of 
the distal femur and proximal tibia to the deformities. It 
was hypothesized that the distal femoral physis and the 
proximal tibial physis contribute in different ways in the 
varus and valgus groups as varus and valgus deformities 
around the knee are dissimilar in many respects including 
bone morphology and soft-tissue laxity.12-14)

METHODS
The Institutional Review Board of the Samsung Medical 
Center approved the study protocol (IRB No. 2024-04-
018). The informed consent was waived.

Selection of the Study Participants
Among patients who visited the outpatient clinic of the 
corresponding author from March 2020 to February 2024, 
the study participants were selected. Inclusion criteria 
were as follows: (1) genu varum (the varus group) or 
valgum (the valgus group) greater than 5° based on the 
hip-knee-ankle (HKA) alignment at least 1 of the 2 lower 
extremities; (2) chronological age < 18 years and bone age 

≥ 12.5 years in boys (≥ 10.5 years in girls) based on the 
time point of the deformity. Among several time points in 
the same patient, 1 time just before hemi-epiphysiodesis (if 
performed) or that nearest from the end of growth matu-
ration (if not) was used. Exclusion criteria were as follows: 
(1) side-to-side difference (STSD) of the HKA alignment 
between the 2 lower extremities > 5°; (2) history of ortho-
pedic bracing for angular deformity; (3) history of trauma 
or surgery (other than hemi-epiphysiodesis) in the leg; (4) 
history of chemotherapy or radiotherapy; (5) bone tumor; 
(6) neuromuscular disease; (7) skeletal dysplasia (diag-
nosed or suspected); (8) orthopedic-related syndrome; 
(9) inflammatory arthritis; and (10) endocrinopathy or 
chronic kidney disease. After being assessed for eligibility, 
120 patients were enrolled to the study (Fig. 1). There were 
76 boys and 44 girls, and there were no foreigners. The 
mean age of the 120 patients was 13.0 ± 1.6 years. Consid-
ering the principle of statistical independence,15) 1 side was 
randomly selected, if both lower extremities met the above 
criteria, using a program that was freely available (http://
www.randomizer.org). Finally, a total of 51 and 69 knees 
were enrolled to the varus and valgus groups, respectively.

Radiographic Measurement
Study participants were considered a candidate for hemi-
epiphysiodesis. Thus, a radiograph of the hand and wrist 
was obtained to estimate the bone age and to determine 
the timing for surgery. The remaining period of growth 
was calculated using a radiological atlas16) based on the 
bone age with the assumption that growth around the 
knee ends at 16 years in boys and 14 years in girls.17) If the 
finding did not fit both adjacent standards, the mean value 
of the 2 standards was used.5) The HKA alignment was 
defined as an alignment between the mechanical axis of 
the femur and that of the tibia and measured from a stand-
ing full-length anteroposterior radiograph of the lower 
extremities. To minimize measurement errors, the radio-
graph was taken with the both knees fully extended and 
the both patellae facing forwards. The mechanical lateral 
distal femoral angle (mLDFA) and medial proximal tibial 
angle (MPTA) were measured to describe each alignment 
of the distal femur and the proximal tibia.18) The neutral 
alignment was defined as a range of ± 1.5° from the refer-
ence value (87° for mLDFA and MPTA), and the align-
ment was further divided with ranges of 3°.13,14,19) 

The contribution of the segment was calculated as 
follows: 

The deformity of the segment 
from the reference value (°)  × 100 (%)

The HKA alignment (°)

http://www.randomizer.org
http://www.randomizer.org
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If the MPTA was 81° and the HKA alignment was 
varus 8°, the contribution of the proximal tibia was 

If deformity of the segment and the HKA align-
ment were reverse (varus and valgus), the contribution 
was presented as negative (–). The joint line convergence 
angle (JLCA) was measured as the angle between the line 
connecting the articular surface of the distal femur and 
that of the proximal tibia. A medial apex was presented as 
positive (+), while a lateral apex as negative (–). In addi-
tion to radiographic measurement, the body mass index 
(BMI) at the same time with the radiograph was used 
as demographic data. All radiographic indicators were 
measured using the PACS system (Picture Archiving and 
Communication System; GE Healthcare). All indicators 
were measured twice (at intervals of minimum 2 weeks) 
by 2 observers (JWS and KRK), and the calculated mean 
values were used. The intra- and interobserver differences 
in measuring the radiographic indicators were assess by 
calculating intraclass correlation coefficients (ICCs). The 
reliabilities for the bone age, HKA alignment, mLDFA, 
MPTA, and JLCA were excellent to good.20) Details of the 

ICCs are presented in Table 1.

Statistical Analysis 
All numerical data are presented as mean ± standard devi-
ation to 1 decimal place. The chi-square test, Fisher’s exact 
test, independent t-test, and Mann-Whitney U-test were 
used to compare data between 2 groups. First, the varus 
and valgus groups were compared. Second, subgroup anal-
yses were performed by dividing both groups based on the 
75th percentile of the HKA alignment (8.4° in the varus 
group and 7.7° in the valgus group, respectively). Correla-
tion analyses were used to analyze the associations of the 
mLDFA, JLCA, and MPTA with the HKA alignment. The 
coefficients (r) of ≤ 0.35 (in absolute value) were consid-
ered weak correlations, 0.36–0.67 moderate correlations, 
and ≥ 0.68 strong correlations.21) R ver. 4.2.0 (R Founda-
tion for Statistical Computing) was used with the signifi-
cance level set at p < 0.05.

RESULTS
In the varus group (n = 51), the HKA alignment was varus 
7.1° ± 1.8° (range, 5.1°–12.1°) with the growth remaining 
of 1.4 ± 1.0 years. The alignment was valgus 6.6° ± 1.5° 

87 – 81 (°)
 × 100 (%) = 75%.

8 (°)

Fig. 1. Flowchart describing the enrollment 
process. *Patients with the chronological age 
< 18 years and bone age ≥ 12.5 years in boys 
(≥ 10.5 years in girls). †If the patients were 
already excluded due to the prior criterion, 
they were not repeatably counted.

Review 193 adolescents* with genu varum or valgum > 5
from Mar 2020 to Feb 2024

3 Patients
Difference between the 2 lower extremities > 5

1 Patient
History of orthopedic bracing for angular deformity

14 Patients
History of trauma or surgery (other than hemi-epiphysiodesis)

4 Patients
History of chemotherapy or radiotherapy

17 Patients
Bone tumor

4 Patients
Neuromuscular disease

22 Patients
Skeletal dysplasia or orthopedic-related syndrome

2 Patients
Inflammatory arthritis

6 Patients
Endocrinopathy or chronic kidney disease

120 Adolescents enrolled to the study
(51 genu varum & 69 genu valgum)
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(range, 5.1°–11.9°) with the growth remaining of 1.9 ± 0.7 
years in the valgus group (n = 69). The remaining period 
of growth was shorter and the BMI was lower (older and 
thinner) in the varus group. In the varus group, the con-
tribution to deformity was 74.1% ± 27.6% at the proximal 
tibia (MPTA, 81.9° ± 2.0°) and 14.9 ± 25.1% at the distal 
femur (mLDFA, 88.1° ± 1.7°). The contribution was 69.8% 
± 30.8% at the distal femur (mLDFA, 82.4° ± 2.1°) and 
33.1% ± 27.8% at the proximal tibia (MPTA, 89.2° ± 1.9°) 
in the valgus group. The contribution of the distal femur 
was significantly higher in the valgus group compared to 
the varus group, and that of the proximal tibia was signifi-
cantly higher in the varus group. Details of the 2 groups 
and their comparisons are presented in Table 2.

Among the 51 varus limbs, all but 1 (98.0%) showed 
a varus alignment of the proximal tibia. Specifically, 31 
limbs (60.8%) showed a varus alignment with the MPTA 
< 82.5°. In contrast, 30 limbs (58.8%) had a non-varus 
alignment of the distal femur. Among the 69 valgus limbs, 
65 limbs (94.2%) showed a valgus alignment of the dis-
tal femur. Specifically, 35 limbs (50.7%) showed a valgus 
alignment with the mLDFA < 82.5°. On the other hand, 
46 limbs (66.7%) had a valgus alignment, and 23 limbs 
(33.3%) had a neutral alignment of the proximal tibia. The 
distribution of the mLDFA and MPTA in the varus and 
valgus groups are shown in Figs. 2 and 3.

Among the 3 radiographic idicators around the knee 
(mLDFA, JLCA, and MPTA), only the MPTA showed a 

Table 1. Intraclass Correlation Coefficients of Intra- and Interobserver Differences in Measuring Radiographic Indicators

Variable Observer 1* Observer 2* Interobserver†

Bone age (yr) 0.86 0.88 0.86

HKA alignment (°) 0.94 0.93 0.92

mLDFA (°) 0.87 0.85 0.85

MPTA (°) 0.84 0.86 0.83

JLCA (°) 0.90 0.91 0.88

HKA: hip-knee-ankle, mLDFA: mechanical lateral distal femoral angle, MPTA: medial proximal tibial angle, JLCA: joint line convergence angle.
*Calculated using the 2 measured values in each observer. †Calculated using the mean of 2 measurements in the observer 1 and that in the observer 2.

Table 2. Comparisons of Demographic Characteristics and Radiographic Measurements between the Varus and Valgus Groups

Variable Varus (n = 51) Valgus (n = 69) p-value

Sex (male : female) 29 (56.9) : 22 (43.1) 47 (68.1) : 22 (31.9) 0.283*

Bone age (yr) 13.8 ± 1.5 13.5 ± 1.0 0.218†

Growth remaining (yr)  1.4 ± 1.0  1.9 ± 0.7 0.003†

Body mass index (kg/m2) 18.6 ± 2.1 24.2 ± 3.6 <0.001†

Side (right : left) 22 (43.1) : 29 (56.9) 38 (55.1) : 31 (44.9) 0.268*

HKA alignment (°) Varus 7.1 ± 1.8 (5.1–12.1) Valgus 6.6 ± 1.5 (5.1–11.9) 0.167†,‡

mLDFA (°) 88.1 ± 1.7 82.4 ± 2.1 < 0.001†

Contribution of the distal femur (%)  14.9 ± 25.1  69.8 ± 30.8 < 0.001†

MPTA (°) 81.9 ± 2.0 89.2 ± 1.9 < 0.001†

Contribution of the proximal tibia (%)  74.1 ± 27.6  33.1 ± 27.8 < 0.001†

JLCA (°) 0.8 ± 0.9 0.2 ± 0.8 < 0.001†

Values are presented as number (%), mean ± SD, or mean ± SD (range).
HKA: hip-knee-ankle, mLDFA: mechanical lateral distal femoral angle, MPTA: medial proximal tibial angle, JLCA: joint line convergence angle, SD: 
standard deviation.
*Chi-square test. †Independent t-test. ‡Comparison between the absolute values.
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moderate correlation (r = –0.469) with the HKA align-
ment in the varus group. The mLDFA and JLCA had a 
weak correlation (r = 0.334 and r = 0.241, respectively) 
with the HKA alignment. In the valgus group, only the 
mLDFA showed a moderate correlation (r = 0.434) with 
the HKA alignment. The correlation of the JLCA and 
MPTA with the HKA alignment was weak (r = 0.026 and r 
= –0.314, respectively).

Subgroup Analysis
The MPTA was significantly lower and the frequency of 
MPTA < 82.5° was significantly higher in the varus ≥ 8.4° 
group compared to the varus < 8.4° group. In contrast, 
the mLDFA and the frequency of mLDFA > 91.5° were 
not significantly different between the 2 groups. In other 

words, severe genu varum was mainly associated with se-
vere deformity of the proximal tibia. The mLDFA was sig-
nificantly lower and the frequency of MPTA > 91.5° was 
significantly higher in the valgus ≥ 7.7° group compared 
to the valgus < 7.7° group. In other words, severe genu 
valgum was related to severe deformity of the distal femur, 
as well as that of the proximal tibia. Details of comparisons 
between the subgroups are presented in Tables 3 and 4.

DISCUSSION
The most important finding of this study is that genu 
varum was mainly associated with deformity of the proxi-
mal tibia and that genu valgum was related to deformities 
of the distal femur as well as proximal tibia in adolescents. 
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Table 3. Comparisons between the Varus ≥ 8.4° and Varus < 8.4° Groups 

Variable Varus ≥ 8.4° (n = 13) Varus < 8.4° (n = 38) p-value

Sex (male : female) 9 (69.2) : 4 (30.8) 20 (52.6) : 18 (47.4) 0.472*

Bone age (yr) 14.5 ± 1.4 13.5 ± 1.4 0.066†

Growth remaining (yr) 0.9 ± 1.3 1.5 ± 0.9 0.100†

Body mass index (kg/m2) 19.1 ± 1.8 18.4 ± 2.1 0.198†

Side (right : left) 4 (30.8) : 9 (69.2) 18 (47.4) : 20 (52.6) 0.472*

HKA alignment (°) Varus 9.5 ± 1.1 (8.4–12.1) Varus 6.2 ± 0.9 (5.1–8.3) < 0.001†

mLDFA (°) 88.5 ± 2.0 88.0 ± 1.6 0.417†

Frequency of mLDFA > 91.5° 1 (7.7) 1 (2.6) 0.449‡

Contribution of the distal femur (%) 15.2 ± 20.0 14.9 ± 26.9 0.991†

MPTA (°) 80.0 ± 2.0 82.5 ± 1.6 < 0.001†

Frequency of MPTA < 82.5° 12 (92.3) 19 (50.0) 0.018*

Contribution of the proximal tibia (%) 73.8 ± 20.1 74.2 ± 30.0 0.804†

JLCA (°) 1.0 ± 1.3 0.7 ± 0.8 0.127†

Values are presented as number (%), mean ± SD, or mean ± SD (range).
HKA: hip-knee-ankle, mLDFA: mechanical lateral distal femoral angle, MPTA: medial proximal tibial angle, JLCA: joint line convergence angle, SD: 
standard deviation.
*Chi-square test. †Mann-Whitney U-test. ‡Fisher’s exact test.

Table 4. Comparisons between the Valgus ≥ 7.7° and Valgus < 7.7° Groups 

Variable Valgus ≥ 7.7° (n = 18) Valgus < 7.7° (n = 51) p-value

Sex (male : female) 12 (66.7) : 6 (33.3) 35 (68.6) : 16 (31.4) 1.000*

Bone age (yr) 13.2 ± 1.1 13.6 ± 1.0 0.101†

Growth remaining (yr)  2.1 ± 0.8  1.8 ± 0.7 0.040†

Body mass index (kg/m2) 24.3 ± 4.1 24.2 ± 3.4 0.785†

Side (right : left) 11 (61.1) : 7 (38.9) 27 (52.9) : 24 (47.1) 0.746*

HKA alignment (°) Valgus 8.8 ± 1.2 (7.7–11.9) Valgus 5.9 ± 0.7 (5.1–7.5) < 0.001†

mLDFA (°) 81.2 ± 2.2 82.9 ± 1.9 0.007†

Frequency of mLDFA < 82.5° 13 (72.2) 22 (43.1) 0.065*

Contribution of the distal femur (%)  66.0 ± 19.8  71.1 ± 33.9 0.243†

MPTA (°) 89.9 ± 2.0 89.0 ± 1.8 0.073†

Frequency of MPTA > 91.5° 5 (27.8) 3 (5.9) 0.024‡

Contribution of the proximal tibia (%) 34.1 ± 22.6 32.8 ± 29.7 0.897†

JLCA (°) 0.0 ± 1.0 0.2 ± 0.8 0.094†

Values are presented as number (%), mean ± SD, or mean ± SD (range).
HKA: hip-knee-ankle, mLDFA: mechanical lateral distal femoral angle, MPTA: medial proximal tibial angle, JLCA: joint line convergence angle, SD: 
standard deviation.
*Chi-square test. †Mann-Whitney U-test. ‡Fisher’s exact test.
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Different from adults who need to undergo an osteotomy 
to correct coronal deformities around the knee, growing 
patients can be treated with hemi-epiphysiodesis with 
minimal morbidity.5-8,10,11) Our findings have relevance to 
planning of hemi-epiphysiodesis to correct genu varum 
or valgum in adolescents. The predominant deformity of 
the proximal tibia in the varus group suggests the need for 
hemi-epiphysiodesis only at the proximal tibia for ana-
tomical correction in most adolescents with genu varum. 
The amount of growth remaining in the distal femur is 
relatively greater than that in the proximal tibia in growing 
patients.9) It means that at least twice the remaining period 
of growth is needed when performing hemi-epiphysiode-
sis only at the proximal tibia compared to hemi-epiphysio-
desis performed at both distal femur and proximal tibia to 
correct the same degree of deformity. Regarding the valgus 
group, the distal femur, the main contributor of growth 
around the knee, showed higher contribution (69.8% ± 
30.8%) with the contribution of about one-third at the 
proximal tibia (33.1% ± 27.8%). In summary, the possibil-
ity of needing an earlier surgery should be considered in 
genu varum than genu valgum with the same degree of 
deformity.

The predominant tibial deformity of the varus group 
suggests the possibility that our study participants can be 
classified as having the adolescent form of tibia vara. There 
are 3 forms of tibia vara: infantile, juvenile, and adoles-
cent, based on the age at the onset of the deformity.22) This 
study only included the idiopathic cases that seemed to be 
developmental variations without definite pathology. To 
exclude patients with the undiscovered focal lesion around 
the distal femoral or proximal tibial physes, the STSD > 
5° of the HKA alignment was used as exclusion criteria. 
One of other exclusion criteria was a history of orthopedic 
bracing for angular deformity. Thus, it is difficult to say 
that the study participants in the varus group had sequelae 
or remaining deformities of infantile tibia vara. Neverthe-
less, mild deformity that occurred in the infantile or juve-
nile period may have persisted until the adolescent period. 
The etiology of tibia vara is not clear. But the association 
with obesity especially in juvenile and adolescent forms 
has been consistently reported in the West.22-25) It is note-
worthy that the mean BMI was 18.6 ± 2.1 kg/m2 in our 
51 adolescents with genu varum, as the finding contrasts 
to the prior reports in the West. None of the varus group 
had BMI ≥ 25 kg/m2. It is difficult to determine the etiol-
ogy of idiopathic genu varum based only on our results. 
However, we hope readers pay more attention to our clini-
cal experience of treating adolescents with idiopathic genu 
varum not associated with obesity. Other than obesity, the 

association between high activity levels and genu varum in 
adolescents has been repeatedly reported.26-28) Not includ-
ing the degree of sports participation was a limitation of 
our study. However, the aim of our study was not to iden-
tify the etiology of coronal deformities around the knee. 
Future studies on the topic should cover various factors of 
weight-bearing including obesity and sports participation.

The remaining period of growth was longer in the 
valgus group in the comparisons between the varus and 
valgus groups. Study participants in both groups were id-
iopathic cases without definite pathology. We believe that 
their degree of deformity used in the analyses would not 
have changed significantly over a few years. Therefore, it is 
difficult to say that the difference of the remaining period 
has clinical significance. With regard to BMI, it was higher 
(24.2 ± 3.6 kg/m2) in the valgus group than the varus 
group (18.6 ± 2.1 kg/m2). On the other hand, severe genu 
valgum was not related to higher BMI in subgroup analy-
ses between the valgus ≥ 7.7° and valgus < 7.7° groups. 
Walker et al.1) reported the association of obesity with 
idiopathic genu valgum. Among their 66 study subjects 
averagely aged 12.2 years, 47% had BMI ≥ 30 kg/m2 and 
71% were categorized as obese. Obviously, the difference 
between the East and the West should be considered to 
interpret the findings. This study was limited by its cross-
sectional design. Thus, it is difficult to conclude the causal 
relationship of obesity with the occurrence of genu val-
gum. Our opinion on the relatively high BMI in the valgus 
group and the relatively low BMI in the varus group is as 
follows: It is thought that high BMI and accompanying 
thick legs in the valgus group would have made the inter-
malleolar distance (between both ankles) more distant and 
facilitated the patients to visit the hospital with concern 
about the appearance compared to thin patients with the 
similar radiographic alignment of genu valgum. It is also 
thought that low BMI and accompanying thin legs in the 
varus group would have made the intercondylar distance 
(between the both knees) more distant and the fibular 
heads more prominent and facilitated the patients to visit 
the doctor compared to patients with thick legs and the 
similar radiographic alignment of genu varum.

There were several other limitations of this study. 
First, we could not discuss the actual prevalence rate of 
genu varum or valgum owing to our study design. Second, 
the lack of patient-reported outcome measures, associ-
ated with pain and limited function, was also a limitation. 
However, idiopathic coronal deformities around the knee 
in adolescents were not related to pain or limited function 
in most patients.3) Last, this study was also limited by the 
possibility of bias and type II errors because of the small 
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number of study participants. To study the most up-to-
date trends, we limited the study period to recent 4 years.

In our cohort of adolescents with idiopathic coro-
nal deformities, genu varum was mainly associated with 
deformity of the proximal tibia, whereas genu valgum was 
related to deformities of the distal femur as well as proxi-
mal tibia. Considering the predominant contribution of 
the proximal tibia, performing hemi-epiphysiodesis only 
at the proximal tibia is ideal to obtain anatomical correc-
tion in most adolescents with genu varum. Thus, the pos-
sibility of needing an earlier surgery should be considered 
in idiopathic genu varum than genu valgum with the same 

degree of deformity.
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