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Brachymetacarpia and Brachymetatarsia in
Patients with Multiple Hereditary Exostosis
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Background: Multiple hereditary exostosis is a common autosomal dominant inherited musculoskeletal disorder that manifests
with multiple osteochondromas. The clinical manifestations and pathological characteristics of osteochondromas found in the long
bone and genetic alterations related to multiple hereditary exostosis have been widely reported. In this study, we investigated the
characteristics of brachymetacarpia and brachymetatarsia associated with multiple hereditary exostosis.

Methods: Of the 133 patients with a diagnosis of multiple hereditary exostosis who were recruited from 2005 to 2018, 101 pa-
tients who underwent plain radiography after 10 years of age were included. There were 55 male (54.5%) and 46 female (45.5%)
patients. Brachymetacarpia or brachymetatarsia was diagnosed when disruption of the Liévre parabola connecting the metacarpal
or metatarsal heads was observed on plain radiographs. Three orthopedic surgeons individually reviewed hand and foot plain ra-
diographs.

Results: Of the 101 patients, 41 patients (40.6%) had more than 1 brachymetacarpia (88 cases) or brachymetatarsia (81 cases).
Among 41 cases, 22 (53.7%) were male and 19 (46.3%) were female. The mean age at the time of radiographic evaluation of the
hands and feet was 14.6 years (range, 10-63 years). Shortening was most commonly found in the 3rd and 4th metacarpal or meta-
tarsal bones.

Conclusions: We found a relatively high incidence of brachymetacarpia and brachymetatarsia in our patients. Physicians should

suspect the presence of brachymetacarpia and brachymetatarsia when treating patients with multiple hereditary exostosis.
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Multiple hereditary exostosis (MHE) is a common auto-
somal dominant inherited musculoskeletal disorder that
manifests with multiple osteochondromas and cartilage-
capped bony outgrowths at the growth plates. The femur,
tibia, and fibula are most commonly affected, but the
humerus, radius, ulna, ribs, scapula, and pelvis are also in-
volved."” The number and location of lesions, the degree
of orthopedic deformities, and functional impairment vary
widely among patients. Approximately 40% of individuals
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with shortened and/or bowed legs have mild short stature
as a result of the deformities.”

We reviewed the literature to identify various physi-
cal conditions accompanying MHE and difficulties as-
sociated with multiple osteochondromas. Patients with
MHE have occasional deformation of the hands and feet,
but functional impairment is not severe. There are few
reports on the characteristics of the hand or foot of MHE
patients. Patients with MHE have hand and foot involve-
ment, but rarely show obvious and specific deformities.
The principal area of involvement in the hand appears
to be around the metacarpophalangeal joint. Metacarpal
shortening usually does not cause functional problems,
whereas angular deformity does cause problems and needs
surgical treatment.” Unfortunately, there is no evidence
that prevention of deformity is possible by early excision
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of osteochondromas.” The clinical manifestations and
pathological characteristics of osteochondromas found in
the long bone in patients with MHE and genetic altera-
tions related to MHE have been widely reported. However,
only few studies have focused on the short bone deformi-
ties of the hand and foot associated with MHE, and little
is known about the characteristics of patients with MHE
with regard to the hands and feet. Therefore, we con-
ducted a retrospective radiographic review of patients with
MHE of the hands and feet to evaluate the characteristics
of brachymetacarpia (BMC) and brachymetatarsia (BMT).

METHODS

This study was approved by the Institutional Review
Board of Chonnam National University Hospital (IRB No.
CNUH-2019-091), and the need for informed consent was
waived. All procedures were performed in accordance with
the relevant policies in South Korea and the tenets of the
Declaration of Helsinki. From January 1, 2005, to March
31, 2018, 133 patients with MHE were recruited. MHE
was confirmed when at least 2 osteochondromas of the
juxta-epiphyseal region of the long bones were observed
radiologically.”” Of the 133 recruited subjects, 101 patients
who underwent plain radiography of both hands and both

feet after 10 years of age were included. We were able to
proceed with 202 hand and 202 foot plain radiography.
BMC and BMT are described as relative shortening and
widening of metacarpal bones in the hands and metatarsal
bones in the feet, respectively. BMC or BMT can be diag-
nosed when disruption of the Lievre parabola connecting
the metacarpal or metatarsal heads is observed on plain
radiographs. We used the posteroanterior plain radio-
graphs of the hand to measure the metacarpal length and
the dorsoplantar plain radiographs of the foot to measure
the metatarsal length (Fig. 1). Three orthopedic surgeons
(YJC, WGL, and JYL) individually reviewed the hand and
foot plain radiographs (Fig. 2).

We analyzed the incidence of BMC and BMT. The
general characteristics and basic data of the patients were
summarized using descriptive statistics. The association
between the distribution of incidences of BMC and that
of BMT was analyzed using the chi-square test. Statistical
analyses were conducted using SPSS ver. 18.0 (SPSS Inc.,
Chicago, IL, USA). A p-value < 0.05 was considered statis-
tically significant.

RESULTS
Of the 101 patients with MHE, 41 patients (40.6%) had

Fig. 1. A 13-year-old female patient with
multiple hereditary exostosis underwent
follow-up at an outpatient department.
(A) The clinical photographs of both hands
with fingers spread out did not show
parabola disruption. (B) When the patient
made a fist, the third metacarpal head
looked dented. (C) The right hand radio-
graph showed a short third metacarpal
bone (red arrow).

Fig. 2. A 17-year-old male patient with
bilateral knee mass and bilateral valgus
deformity underwent follow-up radiography
at the outpatient department after the
diagnosis of multiple hereditary exostosis.
(A) Clinical photograph of both feet. (B)
Foot radiographs showing the short third
metatarsal bones (red arrows).
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more than 1 BMC or BMT. A total of 169 BMCs or BMTs
were found in 202 hands and 202 feet. The distributions of
BMCs and BMTs for each digit of the hands and feet are
shown in Fig. 3. Shortening was most commonly found in
the 3rd and 4th metacarpal and metatarsal bones; fewer
BMCs were found in the first metacarpal bone and there
was no first metatarsal BMT. There was statistically signifi-
cant difference in the distribution of BMCs and BMTs in
each digit of the hand and foot (p = 0.049) (Table 1).

Forty-one patients (40.6%) had more than 1 BMC
or BMT. Thirty-six BMCs occurred in the right hand; 31
BMCs, in the left hand; 35 BMTs, in the right foot; and 35
BMTs, in the left foot. Among 41 cases with more than 1
BMC or BMT, 22 (53.7%) were male and 19 (46.3%) were
female. The mean age at the time of radiographic evalu-
ation of the hand and foot was 14.6 years (range, 10-63
years).

There were 38 cases (37.6%) in which at least 1 BMC
was found in both hands: 8 cases (7.9%) had only 1 BMC,
22 cases (21.8%) had 2 BMCs, 3 cases (3.0%) had 3 BMCs,
and 5 cases (5.0%) had 4 or more BMCs. There were 36
cases (35.6%) in which at least 1 BMT was found in both
feet: 2 cases (2.0%) had only 1 BMT, 27 cases (26.7%) had
2 BMTs, 3 cases (3.0%) had 3 BMTs, and 4 cases (4.0%)
had 4 or more BMTs.

30 cases

5 cases

0 cases 1 cases

17 cases

6 cases

202 hands and 202 feet

Fig. 3. Of the total 101 patients who underwent examination, 41 (40.6%)
had at least 1 brachymetacarpia (BMC) or brachymetatarsia (BMT). Line
drawing showing the distribution of BMCs and BMTs for each digit.

DISCUSSION

MHE is a disease that causes osteochondromas in the
long bone physis. However, the metacarpal and metatarsal
bones in BMC and BMT are short bones with only 1 phy-
sis. This study investigated the abnormal shortness of the
metacarpal and metatarsal bones among the short bones
of the hand and feet in patients with MHE. Of the total
101 patients included in this study, 5 patients had BMC
alone, 3 had BMT alone, and 33 had both BMC and BMT.
Sixty of the 101 patients had no BMC or BMT. Over 40%
of the patients with MHE had at least 1 BMC or BMT,
which is higher than the previously reported incidenc-
es.”"" This discrepancy can be attributable to differences
in the timing of assessment or assessment criteria between
reports. In the current study, plain radiographs obtained
from patients over 10 years of age were used to improve
objectivity of the results. In addition to Turner’s syndrome,
pseudohypoparathyroidism, cretinism, sickle cell anemia,
and MHE should be included as causes of BMC or BMT."”
16)

In the current study, the number of BMCs and
BMTs in MHE patients was greater than the authors had
expected. The following hypotheses can be proposed to ex-
plain why BMC/BMT was found frequently in the patients
with MHE. The first hypothesis is that osteochondromas
directly affect the physis and interfere with bone length
growth. However, the validity of this hypothesis is ques-
tionable in that osteochondromas were not found in all the
bones with BMC or BMT and did not necessarily lead to
the discovery of BMC or BMT. The second hypothesis is
that MHE patients have a pathological physis. Osteochon-
dromas are caused by an abnormality of any component
or structure that constitutes the physis, and length growth
also interferes with a bone with only 1 physis, such as the
metacarpal or metatarsal bone. The third hypothesis is
that an unknown chromosomal mutation causes BMC and
BMT near the chromosomal mutation that causes MHE.
Although the diseases are separate, the distance between
chromosome mutations is relatively narrow and the ex-
pressions of the diseases often overlap.

Table 1. Comparisons of the Distribution of Brachymetacarpia (BMC) and Brachymetatarsia (BMT)

Case 1st 2nd 3rd 4th 5th Total
BMC 6 5 30 30 17 88 Cases
BMT 0 10 36 28 7 81 Cases
p-value 0.049%

*Chi-square test, statistical significance was considered when p-values were < 0.05.
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Seo et al.” found over 90% of patients with MHE
were affected by exostoses around the knee and approxi-
mately 20% of the patients had a valgus deformity of
the lower extremity and 25% of the patients were below
the 10th percentile for height. Coxa valga, genu valgum,
and valgus ankle have been reported as common clinical
features of MHE patients.”"” In our study, hand or foot
deformities or both were quite frequent in patients with
MHE, but few patients complained of pain or discom-
fort. The reason for the underestimation of the incidence
of BMC and BMT in patients with MHE is probably the
more pronounced deformation of the long bone due to the
nature of the MHE; the deformation of the hands and feet
is generally less noticeable, thus causing less concern in
patients. None of the patients with MHE underwent surgi-
cal treatment for BMC or BMT. Excision of an osteochon-
droma was performed on the subject who had difficulty
wearing general shoes due to a huge osteochondroma,
which was not a treatment performed for BMT but for the
osteochondroma.

Hand or foot deformities are difficult to describe
on the basis of naked-eye observations. Disruption of the
Liévre parabola connecting the metacarpal or metatarsal
heads on anteroposterior plain radiographs and naked-eye
observation of disruption of the parabola between the toe
tip or fingertip and the tips of the fingers or toes can be the
most reliable criteria of BMC or BMT. However, shortening
of the first and fifth metacarpal or metatarsal bones may
cause the parabola to extend, and then deformation may
be ignored or appear almost normal to the naked eye. The
reason for the small number of BMCs in the thumb or the
absence of BMT in the great toe is unclear because of the
difference in the location of the remaining 4 metacarpal or
metatarsal bones and physes. Disruption of the Lievre pa-
rabola as a diagnostic criteria may be less sensitive to detect
first BMC or BMT. Thus, further studies are needed.

Cates and Burgess'® performed a study that exam-
ined 42 hands in 22 MHE patients. They found the fifth
metacarpal bone had the highest incidence of exostoses
and the distal phalanges and thumb were less affected.
Most exostoses were located in the juxta-epiphyseal region.
Brachydactyly could be seen in patients with MHE when
no exostosis was present. The location and size of the ex-
ostosis had no relationship with increased bone shorten-
ing. Wood et al.” reported that the metacarpophalangeal

joints of the 3rd and 4th fingers were the most commonly
affected. In the study of Woodside et al.,*” the second and
fifth metacarpal bones were the most commonly affected,
with the thumb being the least affected. The ulnar side of
the hand showed the greatest shortening and angulation.
Castes and Wood also identified type B sessile lesions
most commonly in the hand, which is similar to the find-
ing reported by Woodside et al.>'**”

To date, the report by Wood et al.” is the largest
known study on MHE with BMC and BMT based on at
presentation and longitudinal data of 99 hands and feet,
while another large series includes 83 hands and serial
radiographs of 23 patients.”” These studies showed the
patients aged 7-10 years had the most tumors per hand,
which was related to the rapid skeletal growth during
those ages. Cates and Burgessm) reported a transient exos-
tosis rate of 4.9% in 7 patients based on their longitudinal
follow-up data.'” Woodside et al.” noted a loss of 8 tu-
mors per hand by spontaneous regression and an average
gain of 2.7 tumors over 16 years of follow-up.

One of the limitations of this study is that the data
were purely radiographic and had no clinical correlation.
Shortening was difficult to objectively measure on plain
radiographs due to the lack of control of digits. The lack
of a strict definition of BMC and BMT (especially for the
thumbs or great toes) is a significant limitation of this study.

Patients with MHE had a relatively high incidence
of BMT and BMC. The data presented provide physicians
with information on the presentation and natural history
of MHE through childhood, which would enable them to
counsel patients and patients’ families on the condition.
Physicians should suspect the presence of BMC and BMT
when treating patients with MHE.
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