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Introduction: Congenital brachymetatarsia is a relatively rare condition that concerns
metatarsal bone shortening. The aim of this retrospective study was to assess the surgical
outcome of various forms of congenital brachymetatarsia treated by using our protocol.
Patients & methods: A total of 69 metatarsals in 44 patients with single or multiple
congenital brachymetatarsia were included in the study. When a single ray was affected in
a foot, we performed a one-stage lengthening using an intercalary autogenous iliac bone
graft. When multiple rays were affected in one foot, we performed a one-stage combined
shortening and lengthening procedure without an iliac bone graft. If intraoperative
distraction of the metatarsal could not achieve satisfactory toe-tip parabola, concomitant
proximal phalangeal lengthening was performed. The mean follow up was 3.5 (1.5-9) years.
Results: All patients were satisfied with the cosmetic and functional results. The average
length gain by one-stage lengthening in 56 metatarsals was 14 (6-21) mm. Six patients
with a combined shortening procedure regained a nearly normal parabola of the involved
foot. No case was complicated by subsequent neurovascular impairment. Conclusion: Our
experience suggests that satisfactory results can be achieved for the treatment of patients

with congenital brachymetatarsia, if surgical options are carefully individualized
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concerning the patient’s expectation and general foot appearance.

Congenital brachymetatarsia is a relatively rare
clinical condition that involves the shortening of
metatarsal bone due to premature epiphyseal clo-
sure. The fourth metatarsal is most commonly
involved, although any or multiple metatarsals can
be affected. The condition has a strong female pre-
dominance with a reported female to male ratio of
98:4 [1]. The deformity may cause pain because of
an altered metatarsal parabola. However, cosmesis
is the major concern among young women.

Many surgical techniques have been described
for the correction of brachymetatarsia, since an
autogenous bone graft from the calcaneus was
first reported in 1969 [2]. The most widely used
skeletal lengthening procedures are; one-stage
lengthening with an intercalary bone graft [1-3],
and gradual lengthening by callotasis (4-6]. Each
method has its advantages and disadvantages.
The advantages of one-stage lengthening over
gradual lengthening include a shorter period to
bony union, reduced scarring, and less morbidity.
The disadvantages of the one-stage procedure
include donor-site morbidity after a bone graft, a
smaller gain in length and more neurovascular
complications caused by rapid stretching [7.8].
The main advantage of gradual lengthening by
callostasis is that it does not require a bone graft,
and that it allows early weight bearing and has
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fewer neurovascular complications. The possible
disadvantages of callostasis include stiffness of the
metatarsophalangeal joint, scars or hyperpigmen-
tation around pin sites, a longer time for union
and the discomfort associated with attaching an
external fixator for an extended period [9,10].
Sometimes a shortening osteotomy of the adja-
cent metatarsal can be performed to restore a nor-
mal metatarsal parabola and a cosmetically
acceptable foot appearance [11-14].

When assessing a patient with brachymetatar-
sia, numerous variables should be considered,
including the number and sites of the rays
affected, the amount of lengthening, the method
of lengthening and fixation, and so on [15]. Our
approach to treat this deformity is to classify
patients first by the number of affected rays, and
then by the amount of required lengthening.
The purpose of this study was to evaluate the
surgical outcome of congenital brachymetatarsia
treated according to our protocol.

Patients & methods

Subjects & treatment protocol

We reviewed 69 cases of congenital brachymeta-
tarsia in 44 patients, which we had treated accord-
ing to our protocol between 1989 and 2002. All
patients were female and their average age was 16
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(8 to 36) years. All complained of an unsightly
short toe(s), and twelve patients experienced
mild occasional pain in adjacent metatarsal
heads when walking of which two had plantar
callosities and four had associated bilateral bra-
chymetacarpia. The main indication for surgery
was cosmetic, but patient selection for surgical
treatment was made when the patient fully
comprehended the expected results and possi-
ble complications. Surgery was not considered
if the patient had not reached skeletal maturity
due to possible physeal injury related with
lengthening, or if the patient had an unrealistic
expectation of the results.

We first categorized those patients with con-
genital brachymetatarsia into single- or multi-
ple-ray involvements and then grouped them
by the amount of lengthening required. When
a single ray was involved in a foot, we per-
formed a one-stage lengthening with an inter-
calary autogenous iliac bone graft. The amount
of required lengthening was a next considera-
tion, that is, concomitant proximal phalangeal
lengthening was planned if the measured target
length was rather large (usually more than 40%
of the metatarsal length). Actually, this addi-
tional proximal phalangeal lengthening was
decided during the operation, if intraoperative
gradual distraction of the metatarsal could not
achieve satisfactory toe-tip parabola. When
multiple rays were involved in the same foort,
we performed a one-stage combined shortening
and lengthening procedure without an iliac
bone graft, if the patient agreed to a general
shortening of the toes. Additional proximal
phalangeal lengthening using an intercalary
iliac bone graft was also performed in this com-
bined procedure if the new metatarsal parabola
could not produce satisfactory toe-tip parabola.
If the patient refused to accept shortening of
normal rays, we could choose either one-stage
lengthening or gradual lengthening by callosta-
sis in all affected rays. However, all patients
with multiple-ray involvement accepted the
combined procedure. The mean follow up was

3.5 (1.5 t0 9) years.

Treatment of single-ray brachymetatarsia

Sixty-eight one-stage skeletal lengthening proce-
dures (56 metatarsals and 12  proximal
phalanges) were performed in 38 patients by
means of intercalary autogenous bone grafting to
treat congenital brachymetatarsia affecting a sin-
gle ray of the foot. To achieve the target toe
length, 12 proximal phalanges were lengthened

concomitantly with the metatarsal of the same
ray. Involvement was unilateral in 20 patients
and bilateral in 18. Most of the affected meta-
tarsal was the fourth toe, and only one patient
with unilateral involvement and two with bilat-
eral involvement had isolated shortening of the
first metatarsal.

We performed the one-stage lengthening
using intercalary bicortical iliac bone as
described by Baek and Chung [16]. The osteot-
omy site was gradually distracted using an Inge
bone spreader for about 20 to 30 min to reduce
soft-tissue tension. When the amount of distrac-
tion was not enough, adjacent deep transverse
metatarsal ligaments were cut. This procedure
could easily increase several millimeters of fur-
ther distraction. Between 8 and 10 weeks after
surgery, the cast and K-wire were removed, and
12 weeks  postoperatively, when  radiology
showed union was solid, full weight bearing was
permitted. The procedure used for proximal
phalanx lengthening was similar (Figure 1).

Treatment of multiple-ray brachymetatarsia
A total of six patients with congenital brachymet-
atarsia of the first and one or two other metatarsals
were treated by a one-stage combined shortening
and lengthening procedure [14] using an interca-
lary autogenous bone graft from an adjacent met-
atarsal  (Figure2). In all patients, multiple
metatarsals were involved bilaterally, five patients
had short first and fourth metatarsals and one had
short first, fourth and fifth metatarsals. Every
patient that received the combined procedure was
informed and consulted preoperatively about
operation on normal rays, and agreed to accept
toe shortening. All operations were performed
bilaterally and postoperative management was the
same as for one-stage lengthening,.

Results

For one-stage lengthening for single ray
involvement, the average length gain and corre-
sponding percentage increase of 68 bones,
including 56 metatarsals and 12 proximal
phalanges, were 13 (5-21) mm and 33
(11-65)% respectively. In 56 metatarsal length-
ening procedures, length-gain averaging 14
(6-21) mm was obtained, which was equivalent
to an increase of 32 (11-51%). The corre-
sponding figures for the 12 proximal phalan-
geal lengthening procedures were 8 (5-11) mm
and 54 (47 to 65%). For the one-stage com-
bined shortening and lengthening procedures
for 13 metatarsals and three proximal phalanges
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Figure 3. A 22-year-old woman with brachymetatarsia of the left fourth toe.

operation (E).

A 22-year-old woman with brachymetatarsia of the left fourth toe before (A) and 1 year after operation (B). The radiographs show an
anteroposterior view before operation (C) after one-stage lengthening with an intercalary illiac bone graft (D) and 1 year after
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principal goal of treatment was to obtain a good
cosmetic result with restoration of a functional
metatarsal parabola.

When we evaluated patients with this deform-
ity, we considered the number of affected rays
first, and then the amount of required lengthen-
ing. In cases of single ray involvement, we always
tried to restore the normal length of the metatar-
sal. Kim and colleagues reported that shortening
of an adjacent bone reduced target length and
enabled them to carry out a one-stage lengthen-
ing instead of gradual distraction [15]. However,
in almost all our cases of single ray involvement,
we were able to lengthen the metatarsal by one-
stage lengthening with intercalary bone graft

without neurovascular impairment. If longer
lengthening was required, we were able to restore
normal ray length with concomitant proximal
lengthening  without
impairment, and gradual lengthening with callus

phalangeal functional
distraction was not necessary. We believe that
when only one ray is affected, shortening of a
normal ray should be weighed carefully against
the complications that may occur.

Proximal phalangeal lengthening was effective
to get a cosmetic (toe-tip) parbola, when intra-
operative gradual distraction of the metatarsal
could not achieve a satisfactory ray length.
Although it is ideal to accomplish both metatar-
sal and toe-tip parabolas, we think that toe-tip
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parabola is more important than metatarsal head
parabola to the patients, as most of them have no
pain or functional problem with their disturbed
metatarsal head parabola preoperatively and
their concern is mainly cosmesis.

Intraoperative gradual distraction using the
phenomenon of creep and stress relaxation has
been found sufficient to gain up to 21 mm of
lengthening [16]. Additionally, we found that
cutting the adjacent deep transverse metatarsal
ligaments were effective to gain more soft tis-
sue release without noticeable adverse effects.
Gradual lengthening by callotasis can use more
creep and stress relaxation than intraoperative
gradual distraction, however, according to
Choi and colleagues [17] who conducted a com-
parative study of one-stage lengthening and
lengthening by callostasis, the overall radio-
logic and clinical results of the two methods
were found to be comparable in terms of
length gain, complications, cosmesis and
patient satisfaction. The only statistical differ-
ence was the time period required to achieve
bony consolidation, which was shorter for the
one-stage lengthening method. So we believe
that one-stage lengthening with intercalary
bone graft is the better choice unless multiple
or longer lengthening is required.

The surgical procedure for single first metatar-
sal lengthening was not different from fourth
ray. Despite we don’t have enough data, we think
that the first ray lengthening should be aimed to
achieve less than the ideal target length, because
the first metatarsophalangeal joint has intrinsic
potential of deviation or subluxation, with only
one adjacent ray. Kim and colleagues [15] insisted

Highlights

¢ We conducted a retrospective study to assess the surgical outcome of
congenital brachymetatarsia treated using our protocol.

When a single ray was involved in a foot, we performed one-stage
lengthening using an intercalary autogenous iliac bone graft.
Concomitant proximal phalangeal lengthening was done, if intraoperative
gradual distraction of the metatarsal could not achieve satisfactory toe-tip
parabola.

When multiple rays were involved in the same foot, we performed a one-
stage combined shortening and lengthening without iliac bone graft, to
restore functional metatarsal parabola. Additional proximal phalangeal
lengthening using an intercalary iliac bone graft was performed if the
newly-formed metatarsal parabola could not produce satisfactory toe-tip
parabola.

From our experiences, satisfactory results can be achieved in treating
patients with congenital brachymetatarsia, by carefully individualizing the
surgical approach to meet a patient’s expectation and general foot
appearance.
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that postoperatively, shorter metatarsal was
preferable to metatarsals equal to or longer than
the second, in order to reduce complications
associated with excessive bone lengthening.

When multiple rays are short, one-stage
lengthening with an autogenous iliac bone
graft would require a large amount of bicorti-
cal bone to recreate the normal parabola, and
thus cause more donor-site morbidity and
additional scarring, and it might be associated
with the neurovascular compromise due to
increased soft tissue tension. On the other
hand, callus distraction requires an increased
cost and time, the placement of multiple
external fixators and an extended lengthening
time. Therefore, we addressed patients with
multiple affected rays by using a combined
shortening and lengthening procedure, and
used one incision, which reduced scaring. The
incidence of bilaterality has been reported to
be high in this deformity, i.e., up to 72% 1,
and all of our patients with multiple bra-
chymetatarsia were involved bilaterally. Since
they were operated on both feet simultane-
ously, they were satisfied with their shortened,
but symmetrical feet.

Usually no iliac bone graft was required for
one-stage combined shortening and lengthen-
ing. The excised bone from the adjacent meta-
tarsal was sufficient to achieve the target length,
and union was not delayed versus corticocancel-
lous iliac bone grafting. When we took a bicor-
tical iliac bone graft in single metatarsal
lengthening, we filled the defect with artificial
bone, e.g., Lubboc (OST Development,
France). Careful taking of the bicortical bone
graft from the inner cortex of the pelvis usually
does not cause much disturbance of the con-
tours of the iliac crest, but we have experienced
some patients complaining of the dimpling over
the crest, especially when a long bicortical bone
(usually about 4 cm size) was taken for bilateral
single-ray cases. Our experience showed that the
artificial bone available in the rectangular shape
could maintain the contour effectively.

Outlook

The treatment of congenital brachymetatarsia
can sometimes be difficult and many complica-
tions can occur during or after operation.
However, if the surgical option is carefully tai-
lored to meet a patient’s expectation and gen-
eral foot appearance, satisfactory results can be
expected for the management of congenital
brachymetatarsia.
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