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Coronal malalignment of lower legs
depending on the locations of the
exostoses in patients with multiple
hereditary exostoses
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Abstract

Backgrounds: Though malalignment of lower legs is a common pathologic phenomenon in multiple hereditary
exostoses (MHE), relationship between locations of exostoses and malalignment of lower legs remains unclear. This
study examined radiographs of MHE patients in an attempt to evaluate the tendency of coronal malalignment of
lower legs with different location of exostoses on lower legs consisting of two parallel long bones.

Methods: Between 2000 and 2017, we retrospectively reviewed the anteroposterior films of the teleo-
roentgenographics of 63 patients with MHE. The patients were classified into four different groups depending on
the locations of the exostosis, which occurred on both proximal and distal tibiofibular joints (A), proximal
tibiofibular joint (B), distal tibiofibular joint (C), and not for the tibiofibular joint area (D). To evaluate the influence of
the location of exostoses on coronal malalignment of lower legs, medial proximal tibia angle (MPTA), lateral distal
tibia angle (LDTA), and fibular shortening were analyzed for each group.

Results: Significant difference was observed in multiple comparative analyses for each of the four groups. On MPTA
radiologic analysis, group A showed greatest value with significant difference compared with groups C and D (vs.
(B): p = 0.215; vs. distal joints (C): p = 0.004; vs. (D): p = 0.001). Group B showed significant difference only with group
D (vs. distal joints (C): p = 0.388; vs. (D): p = 0.002), but for group C and D showed no significant difference. For
LDTA, only group A showed significant difference compared to other groups (p < 0.001). With regard to tibiofibular
ratio for evaluation of fibular shortening, group A showed the lowest ratio (vs. (B): p = 0.004; vs. (C): p = 0.655; vs. (D):
p < 0.001). Group C also presented the significant lower ratio than group D (p = 0.002).

Conclusions: For evaluation of the coronal malalignment of lower legs in MHE patients, not only ankle around the
distal tibiofibular joint but also proximal tibiofibular joint should be examined, in that, lower limb deformity
occurred by two parallel long bone which has self-contained joint.

Level of evidence: Level III, retrospective comparative study.
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Background
Multiple hereditary exostoses (MHE), with an estimated
frequency of at least once per 50,000, is one of the most
common bony dysplasia occurring in the metaphysis of
bones developed by endochondral ossification [1, 2]. The
most common symptom of MHE is presence of palpable
mass or limitation of range of motion, and rarely malig-
nant change [3]. In addition, most of the patients with
MHE have a high tendency of developing bony deform-
ities in the extremities. The growths may alter bony de-
velopment and lead to angular deformity with or
without subsequent length discrepancies. The relative
shortening of the fibula and obliquity of the distal tibia
epiphysis results in valgus deformities of the ankle [4–7].
Moreover, osteochondromas in distal tibiofibular articu-
lar area may impart a tethering effect to lateral growth
in distal joint, resulting in valgus deformity in the ankle
[8]. Several authors have reported ankle valgus deform-
ities in distal tibiofibular articular area around the ankle
joint in patients with osteochondroma [9–11]. However,
in terms of the prevalence of MHE, most of the common
lesions were reported around the knee joint [2]. Consid-
ering that the lower legs below the knee joint consist of
two parallel long bones (such as forearms), which influ-
ence bony growth, proximal articular area should also be
considered as an important factor for review of deform-
ities of ankle valgus presented as tibia bowing. Until
now, there exists no report about coronal malalignment
in MHE involving both the lower legs.

We postulated that tendency of coronal malalignment
in the lower leg might be influenced by the locations of
exostosis including proximal tibiofibular articular area
around the knee joint as well as distal tibiofibular articu-
lar area around the ankle joint in view of tethering factor
between the two parallel bones.
Apparently, the aim of this study was to evaluate cor-

onal malalignment along with a thorough evaluation of
the lower legs, distal tibiofibular articular area around
the ankle joint, and proximal tibiofibular articular area
around the knee joint using anteroposterior teleoroent-
genographic radiographics.

Methods
This research was conducted through a retrospective re-
view of patients diagnosed with MHE from Jan 1, 2001,
to Jan 1, 2017. Inclusion criteria for this study were pa-
tients with MHE who had radiographs of anteroposterior
teleo-roentgenographics, in particular, who had any
radiograph before surgical intervention or had not
undergone any surgical intervention. Moreover, retro-
spective of multi-group comparative study involving a
tertiary referral center was approved. Exclusion criteria
included inadequate radiographic findings. In addition,
patients who visited initially with operative state at other
departments were excluded.
All the patients within inclusion criteria were classified

into four different groups depending on the locations of
the exostosis. The patients with exostoses who had both

Fig. 1 Method of classification of the lower leg of MHE patients depending on the location of the exostosis. Figure A shows a patient in group A
who have lesion of exostoses both the proximal and distal tibiofibular joints of the lower leg. Figure b shows the patient classified as group B
that only have the exostoses involving the proximal tibiofibular joint of the lower leg. Figure c shows a radiograph of a group C patient with only
the distal tibiofibular joint invasion. Figure d shows a group D that have lesion without both proximal and distal joint involvement
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proximal and distal tibiofibular articular joints area were
classed as group A, proximal tibiofibular joint area as
group B, distal tibiofibular joint area as group C, and ab-
sence of tibiofibular joint area as group D (Fig. 1).

Radiographic analysis
For non-operative patients, radiographic analysis was
conducted using the last follow-up radiographs. On the
other hand, for patients who underwent any surgical
intervention were evaluated using last follow-up pre-
operative radiographs. In addition, the radiographic
analysis was performed for all the four groups. To
measure the angulation of lower leg, in particular,
around knee and ankle joint, medial proximal tibial
angle (MPTA) and lateral distal tibial angle (LDTA)
were evaluated (Fig. 2).
To measure the fibular shortening, relative fibular/tibia

length was evaluated. Relative fibular length to the tibia
is determined by comparing each of longitudinal line
from the top to base. If angular deformity was severe,
two longitudinal lines from top and base were measured
and summed the distance from the intersection point
(Fig. 3).

Statistical analysis
Statistical analysis was carried out using the SPSS soft-
ware. The Kruskal-Wallis test and Tukey test were ap-
plied to compare the four different groups based on the
location of exostosis. Statistical significance was ascribed
to P < 0.05.

Results
Among 70 patients diagnosed with MHE who visited
our department (Chonnam National University Hospital
Orthopedic department) from Jan 2001 to Jan 1, 2017,
63 patients with 126 limbs were sorted out. Five patients
who had no radiographs of pre-operative state and 2 pa-
tients with inadequate quality were excluded. Total 63

Fig. 2 Measurement of radiographic angle of MPTA and LDTA. The
MPTA is determined by measuring the angle created by a line of the
central axis of the tibia and a second line drawn across the proximal
tibial epiphyseal surface or joint line. In a similar way, LDTA is
measured by the angle created by a line of central axis of the tibia
and a second line drawn across the distal tibial epiphyseal surface or
talar plafond

Fig. 3 Method of the measurement of fibular shortening based on
relative fibular length to the tibia. Relative fibular length to the tibia
is determined by comparing longitudinal line from the top to base.
In severe case of angular deformity, two longitudinal lines from top
and base were measured and summed the distance from the
intersection point

Table 1 Mean age at last radiographic record of each group

Number of lower legs Mean age, y

Group A 51 14.5 (range, 4.4 to 36.0)

Group B 29 10.9 (range, 4.4 to 20.8)

Group C 20 12.6 (range, 4.7 to 32.1)

Group D 26 11.4 (range, 4.1 to 32.1)
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patients with 126 limbs were classified into four groups
for evaluating the relationship between tendencies of
lower limb valgus deformity and location of exostosis.
The mean age at the time of last radiographic record of
the four groups is summarized in Table 1; no significant
differences in these values were noted.
Significant results were obtained from the Kruskal-

Wallis test on evaluation of MPTA, LDTA, and fibular
shortenings among the four groups. Moreover, the
Tukey test was performed to find significant differences
between comparisons of each group.
In terms of MPTA radiographic analysis implying val-

gus deformity around the knee joint, group A showed
the greatest value followed by group B, C, and D
(Table 2). And group A exhibited significant difference
than the other two groups (vs. (B): p = 0.215; vs. distal
joints (C): p = 0.004; vs. (D): p = 0.001). Though proximal
group B showed more valgus implying values than distal
group C, there was no significant difference between the
two groups (vs. distal joints (C): p = 0.388). However
group B showed significant difference than group D (vs.
(D): p = 0.002), whereas, group C showed no significant

changes in values compared with group D. Conse-
quently, group A showed most valgus implying values
on knee joint, and proximal group B appeared to be
more influencing on proximal tibiofibular joint than
distal group C compiling MPTA radiologic values
(Table 3).
On LDTA radiographic analysis, which suggested val-

gus deformity of ankle joint, group A showed the lowest
value in the degree of ankle valgus deformity. Following
were the groups C, B, and D in a decreasing trend
(Table 2). Group A was the only group which showed
significant result with the p-value lower than 0.001.
However, p-value of other three groups except for group
A showed no significant difference (Table 4).
Fibular shortening was evaluated for each group based

on the relative length of tibia and fibula axis. On tibio-
fibular ratio analysis, group A showed the lowest ratio
followed by group C, B, and D (Table 5). Group A
showed significant difference compared to other groups
except for group C (vs. (B): p = 0.004; vs. (C): p = 0.655;
vs. (D): p < 0.001). Moreover, group C presented the
lower ratio than other groups except for group A and

Table 2 Radiographic assessment of four groups classified based on the location of bony exostosis site on the lower leg

Group A (Both) Group B (Proximal) Group C (Distal) Group D (Others)

Mean SD Mean SD Mean SD Mean SD

MPTA 93.43° 3.46° 92.26° 2.01° 91.08° 1.46° 89.67° 1.45°

LDTA 78.96° 6.54° 86.10° 2.76° 85.22° 3.74° 88.78° 2.14°

Considering the value of both MPTA and LDTA as a reflection of genu valga and ankle valgus deformity for each, group A seemed to have a tendency of valgus
deformity at most in knee and ankle joints
On analysis of MPTA radiographic analysis implying valgus deformity around knee joint, group A showed the greatest value followed by group B, C, and D. With
LDTA radiographic analysis suggesting valgus deformity on ankle joint, group A showed the lowest value in the degree of ankle valgus deformity. The next
following groups were C, B, and D in decreasing order

Table 3 P-value of intergroup difference in MPTA

Radiographic Index Comparison between the groups P-value

MPTA A (Both) B 0.215

C 0.004

D 0.001

B (Proximal) A 0.215

C 0.388

D 0.002

C (Distal) A 0.004

B 0.388

D 0.263

D (Neither) A 0.001

B 0.002

C 0.263

Group A seemed to have significant difference than the two groups (vs. (B):
p = 0.215; vs. distal joints (C): p = 0.004; vs. (D): p = 0.001). Though group B
showed more valgus implying values than group C, there was no significant
difference between the two groups (vs. (C): p = 0.388). But group B showed a
significant difference than the group D (vs. (D): p = 0.002), and group C
showed no changes in values compared with group D

Table 4 P-value of intergroup differences in LDTA

Radiographic Index Comparison between the groups P-value

LDTA A (Both) B 0.000

C 0.000

D 0.000

B (Proximal) A 0.000

C 0.939

D 0.139

C (Distal) A 0.000

B 0.939

D 0.060

D (Neither) A 0.000

B 0.139

C 0.060

Group A was the only group, which showed a significant result, the p-value
lower than 0.001. However, p-value of other three groups except for group A
showed no significant difference. Although significant difference was not
observed except for group A, group C was thought to be affected more than
group B with regard to LDTA value
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showed significantly lower ratio compared to group D
(p = 0.002) (Table 6).

Discussion
MHE is a congenital autosomal dominant disorder as
proven by geno-phenotype research of EXT gene family
[12–15], which is involved in the regulation of cartilage
synthesis most often originating at the metaphysis of
long bones. Among the commonly stated symptoms of
MHE, cartilage capped bony growth resulting in angular
deformity is the typical characterization. Numerous
studies have reported the manner in which the lesions
around the distal tibiofibular articulation area influence
ankle deformities and subsequently resulting in hypopla-
sia of the lateral aspect of the distal tibia epiphysis and
valgus deformation in patients of MHE [6, 7, 16].
Among the commonly noted studies on the occur-

rence of MHE on lower legs, Schemale et al. [2] reported
occurrence of MHE lesions in the proximal tibia in ap-
proximately 70% of patients, and knee joint as the most
commonly involved region. In terms of bony growth, the
growth around the knee is the major phenomenon and

the knee accounts for about two-thirds of the growth in
the lower limbs [17, 18]. Considering the research about
occurrence rate of osteochondroma or exostoses in the
lower extremities [2] and the growth potential of lower
extremity around the knee joint account for which is the
largest in lower extremities, the only distal tibiofibular
articular lesion has a limitation to provide an explan-
ation of ankle valgus deformity. In view of anatomical
morphology of lower legs constructed in two parallel
long bones affecting bony growth to each other, both
the lesions around the distal and proximal tibiofibular
articular area should be included to evaluate the coronal
malalignment of lower leg in patients with MHE.
This study focuses on the severity of the malalignment

of the lower limb depending on the location of the exo-
stoses. Despite the location of tumors at various lesions
in the lower limb, the overall tendency of the malalign-
ment in MHE was at the site of valgus deformity.
In view of the tendency of valgus deformity, group B

with proximal tibiofibular joint showed more valgus ten-
dency on MPTA and group C with distal tibiofibular
joint showed more valgus tendency on LDTA. Moreover,
group A with both proximal and distal tibiofibular joint
showed the most valgus tendency around the ankle joint
as well as the knee joint.
Fibular shortening was also most prominent in group

A followed by group C, B, and D. By combining the re-
sults, it becomes apparent that Group A showed signifi-
cant difference compared to other groups except for
group C and group C showed significant difference than
group D. Both proximal and distal joint combined lesion
had utmost impact on fibular shortening followed by
distal joint involved lesion.
The obtained results could be interpreted comprehen-

sively by stating that MHE occurring at the proximal
and distal tibiofibular joint area has more influence on
malalignment of each joint. However, considering the re-
sult of group A that both proximal and distal tibiofibular
involved MHE have utmost coronal malalignment of
lower leg.
However, further evaluation of the correlation between

the osteochondroma development and angular deformity
needs to be investigated as osteochondroma developing
diaphyseal or metaphyseal area can also affect angular
deformities. Moreover, delicated impact of exostoses af-
fecting angular deformity was not evaluated. Hence, this
study has some limitations in that it focuses only on
malalignment by exsostoses location around the joint.

Conclusions
This study reveals that the tendency of ankle valgus de-
formities might be influenced by the locations of exosto-
sis on lower legs including the proximal tibiofibular
articular area around the knee joint and distal

Table 5 Relative fibula length

Group Relative fibular length

Mean SD

A 0.9572 0.0265

B 0.9747 0.0176

C 0.9639 0.0215

D 0.9874 0.0126

Total 0.9686 0.0243

On tibiofibular ratio analysis, group A showed the lowest ratio followed by
group C, B, and D

Table 6 P-value of intergroup difference on fibular shortening

Radiographic Index Comparison between the groups P-value

Fibular shortening
(Fibula/Tibia length)

A (Both) B 0.004

C 0.655

D 0.000

B (Proximal) A 0.004

C 0.307

D 0.137

C (Distal) A 0.655

B 0.307

D 0.002

D (Neither) A 0.000

B 0.137

C 0.002

Group A showed significant difference compared to other groups except for
group C (vs. (B): p = 0.004; vs. (C): p = 0.655; vs. (D): p < 0.001). Moreover, group
C presented the lower ratio than other groups except for group A and showed
significant lower ratio compared to group D (p = 0.002)
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tibiofibular articular area around the ankle joint. In par-
ticular, when both the proximal and distal tibiofibular
joints were involved, malalignment seemed to be more
severe. Therefore, for evaluation of ankle valgus deform-
ity in MHE patients, not only ankle around the distal
tibiofibular joint but also proximal tibiofibular joint
should be examined, in that, lower limb deformity oc-
curred by two parallel long bone which has self-
contained joint. In addition, the patients with involve-
ment of both proximal and distal tibiofibular joints
should be extensively followed up or managed.
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