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Abstract

Brachymetatarsia is a congenital anomaly characterized by the shortening of one or more metatarsal
bones, which impacts both the functionality and appearance of the foot. This study describes a case
of bilateral brachymetatarsia treated through an oblique osteotomy with an autologous calcaneal
graft. One of the feet presented a complication of digital necrosis due to excessive lengthening.
Despite this setback, the final outcomes were favorable, with proper graft integration and satisfactory
functional recovery. The surgical treatment of brachymetatarsia encompasses various techniques,
including gradual bone distraction, wedge osteotomy, and single-stage osteotomy, with or without
grafting. Single-stage osteotomy with autologous grafting is particularly notable for its ability to correct
significant deformities and reduce recovery time. However, it is crucial to avoid excessive lengthening
to prevent vascular complications. The use of an autologous calcaneal graft offers advantages such as
better integration and a lower risk of rejection. A review of the literature indicates that this technique is
effective when appropriately selected for moderate or severe cases. Compared to other options, single-

stage osteotomy is more efficient, although it requires precise control of the lengthening process.

Keywords: Brachymetatarsia; Congenital deformity; Surgical treatment; Osteotomy; Bone graft.

Introduction

Brachymetatarsia is a congenital deformity characterized by
the shortening of one or more metatarsal bones, often the fourth
metatarsal [1,2]. Due to misalignment and overload on the sur-
rounding joints and tissues, this condition not only alters the ap-
pearance of the foot but can also cause pain and affect the biome-
chanical function of the foot [1]. Surgical treatment is considered
the most effective option to correct the deformity and restore
normal foot functionality, despite several conservative treat-
ments being described [2,3].

The primary goal of surgical treatment for brachymetatarsia is
to restore the length and alignment of the affected metatarsal,
improving both the biomechanical function and aesthetic appear-
ance of the foot [3]. Two main surgical techniques are described
in the literature: one-stage osteotomy (shortening through imme-
diate distraction with bone graft) and gradual lengthening using
external distraction devices [1,4].

Gradual lengthening with external distraction, also known as
callotasis or the llizarov technique, has gained popularity in re-
cent decades due to its ability to correct more severe cases of
brachymetatarsia and reduce complications associated with bone
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grafts [3,5]. This procedure involves placing an external fixation
device on the affected metatarsal, followed by an osteotomy. The
bone is then gradually lengthened through controlled distraction
of the device, typically at a rate of 0.5-1 mm per day [6-8].

One-stage osteotomy, also known as acute metatarsal length-
ening, involves cutting the affected metatarsal bone and insert-
ing an intercalary bone graft, usually taken from the iliac bone
or using bone substitutes [2,5]. Among the one-stage lengthening
techniques, the following approaches are described:

Wedge osteotomy with intercalary bone graft: This involves
performing a wedge osteotomy on the affected metatarsal, and
the resulting defect is filled with a bone graft (autologous, alloge-
neic, or banked). Internal fixation with plates and screws is usually
used. This technique is indicated for lengthenings up to 15 mm.
Complications include an increased risk of nonunion, bone graft
failure, or delayed consolidation [9].

Segmental osteotomy with internal fixation: This technique is
based on a segmental osteotomy of the metatarsal with internal
fixation, avoiding the use of bone grafts. It is an acute lengthening
procedure where the desired length is achieved in a single surgical
stage using fixation with plates, screws, or intramedullary nails. It
is indicated for lengthenings of less than 10 mm. This technique
carries a higher risk of stress at the osteotomy site, delayed con-
solidation, and misalignment [10].

L-shaped osteotomy: In this technique, an “L” shaped osteoto-
my is performed, which facilitates both mechanical stability of the
bone and one-stage correction. Internal fixation with screws or a
special plate is used. It is suitable for small to moderate lengthen-
ings, with a lower risk of mechanical failure. However, it presents
difficulties in achieving lengthenings greater than 15 mm and pos-
sible overload on the metatarsophalangeal joints [11].

Z-plasty metatarsal osteotomy: A “Z” shaped osteotomy is
performed on the metatarsal to facilitate longitudinal expansion.
This approach allows for a more precise correction of length and
also facilitates realignment in the case of angular deformity. It is
useful for moderate lengthenings and is an option for patients
with mild to moderate angular deformities. Complications include
issues related to fixation and postoperative alignment [12].

Oblique osteotomy with banked bone graft: This technique in-
volves an oblique osteotomy of the affected metatarsal, followed
by the interposition of a banked bone graft to achieve lengthen-
ing. Internal fixation with plates or screws is used to stabilize the
graft and the recipient bone. It is suitable for lengthenings greater
than 15 mm, where graft stability is essential for the success of
the procedure. It carries a high risk of bone necrosis and graft fail-
ure [13].

The objective of this article is to present a case of bilateral
brachymetatarsia treated using the oblique technique with an
autologous calcaneal graft. In one of the cases, digital necrosis
occurred due to excessive lengthening. Ultimately, the results ob-
tained were satisfactory.

Materials and methods

A 41-year-old woman presented to the podiatry clinic on April
8, 2022, due to pain in the plantar area of the third metatarsal.
She reported no allergies or significant medical history, although
she mentioned similar deformities in her family. Her risk assess-
ment score according to the Autar scale was 12 points, she was
overweight, and her SF-36 score was 84 points. Neurological and
vascular examinations were normal.

Clinically, first ray insufficiency was observed, leading to mild
hallux abductus. Additionally, overload was identified in the sec-
ond and third metatarsals, secondary to bilateral brachymetatar-
sia of the fourth metatarsal. Biomechanical evaluation revealed a
valgus flatfoot (FPI+7) with first ray insufficiency and overload on
the central rays.
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Figure 1: Preoperative clinical image.
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Figure 2: Preoperative radiological image.

www.journalonsurgery.org



Radiological studies revealed a slight deviation of the first
metatarsophalangeal segment, with an increase in intermetatar-
sal angles (14° on the left foot and 12° on the right), interphalan-
geal angles (16° on the left foot and 14° on the right), and hallux
abductus valgus angles (24° on the left foot and 20° on the right).
No alterations were found in the PASA or DASA angles. The meta-
tarsal parabola angle, according to Merchan, measured 137° on
the left foot and 134° on the right.

Regarding the brachymetatarsia, the fourth metatarsal was
thin, with slender cortices and in dorsiflexion, showing a shorten-
ing of 8 mm on the left foot and 6 mm on the right. The M4-M5
intermetatarsal angle was 9° on the left foot and 8° on the right.

On June 4, 2022, surgery was performed on the left foot. An
Austin Youngswick osteotomy with slight plantarflexion and a 3
mm dorsal wedge was performed, along with a cylindrical Akin
osteotomy removing a 4 mm wedge. Additionally, triple Weil os-
teotomies were carried out on the second and third metatarsals,
arthrodesis of the proximal interphalangeal joints of the second
and third toes, and an oblique osteotomy with an autologous cal-
caneal graft to address the brachymetatarsia of the 4™ metatarsal.
The incision was made dorsally over the proximal diaphysis of the
fourth metatarsal, with a perpendicular osteotomy to the meta-
tarsal axis, and a 7 mm autologous bone graft was inserted, fixed
with a temporary 1.5 mm pin.

Antibiotics, analgesics, low-molecular-weight heparin, and vi-
tamin D were prescribed for the first 10 days. Serial wound care
was performed over 5 weeks, using a non-removable posterior
splint. At week five, the fixation pins from the osteotomies and
arthrodesis were removed, and by week six, the patient transi-
tioned to wearing rigid-soled athletic shoes and began gait reha-
bilitation. Six months later, the patient showed complete recov-
ery, with good clinical and radiological progression.

On August 23, 2023, it was decided to operate on the right foot
following the same surgical plan. However, during the first dress-
ing change, partial necrosis of the fourth toe was detected due
to excessive lengthening of the metatarsal. The fixation pin was
removed early, and vasodilators were administered to improve
blood circulation. After delimiting the necrosis, partial excision of
the fourth toe was performed at eight weeks, removing part of
the distal phalanx and the nail unit.

Despite this complication, one year later, the patient shows
good clinical recovery and resolution of symptoms.
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\\Figure 3: Partial toe necrosis.

Figure 4: Clinical and radiological images two years post-surgery.
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Discussion

Brachymetatarsia is a congenital deformity characterized by
the shortening of one or more metatarsals, affecting both the
functionality and appearance of the foot. Although its prevalence
varies, it is most commonly seen in the fourth metatarsal. Over
the past few decades, new surgical techniques have been devel-
oped to treat this condition, ranging from gradual bone distrac-
tion to one-stage osteotomy with bone grafting [7,14].

This article analyzes a case of bilateral brachymetatarsia treat-
ed with oblique osteotomy using an autologous calcaneal graft,
highlighting the complications and outcomes while comparing the
various surgical techniques currently available.

One-stage osteotomy is a popular approach for treating
brachymetatarsia, allowing for immediate lengthening of the af-
fected metatarsal without the need for multiple surgeries or pro-
longed periods of gradual bone distraction [9,11,13]. In the case
presented, an oblique osteotomy with an autologous calcaneal
graft was chosen, a technique that offers several advantages.

According to Sepulveda et al. (2024), oblique osteotomy is an
effective method for correcting deformities ranging from moder-
ate to severe, as it provides a larger bone surface for graft fixation
and facilitates faster bone consolidation. In this case, the use of
autologous grafts from the calcaneus reduces the risk of rejec-
tion and improves graft integration with the recipient bone. This
technique is particularly beneficial for patients requiring signifi-
cant lengthening while avoiding complications associated with al-
lografts [1].

Although combined osteotomy techniques have advantages,
one of the main risks is excessive metatarsal lengthening, which
can lead to vascular complications. In this case, digital necrosis
was observed in one foot, likely caused by excessive lengthen-
ing [14-16]. The literature documents this as a potentially serious
complication, as exceeding a safe lengthening limit can compro-
mise distal tissue vascularization [15].

Barik et al. (2021) note that maintaining a balance between
preserving distal vascularization and achieving adequate func-
tional length is one of the primary challenges of bone-lengthening
techniques. Digital necrosis can lead to a loss of functionality and
may require additional interventions to preserve tissues [2].

Gradual bone distraction is primarily used for patients requir-
ing more substantial lengthening. The technique described by
Machado et al. (2021) involves applying an external fixator af-
ter performing an osteotomy to gradually lengthen the affected
metatarsal [8]. Although it allows for precise control of length-
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ening and reduces the risk of vascular complications, it has the
disadvantage of being a prolonged procedure that requires an
extended recovery period.

The use of external fixators can also cause patient discomfort
and increase the risk of infections at the pin insertion sites [17,18].

Another surgical option is wedge osteotomy, which involves
cutting the metatarsal and inserting a bone graft to lengthen the
bone [8,13,14]. According to Fusini et al. (2022), this technique is
suitable for moderate lengthenings and allows for effective graft
consolidation. However, the risk of pseudoarthrosis or delayed
consolidation, especially with allograft use, is one of the main
challenges of this technique [5].

One-stage osteotomy without a bone graft is another option.
This technique involves performing an osteotomy of the metatar-
sal and then fixing the bone without grafts using plates or screws
[4,5,17]. While less invasive and avoiding the risks associated with
grafting, its use is limited to cases requiring minimal lengthening.
Cho et al. (2020) indicate that for lengthenings under 10 mm, one-
stage osteotomy without grafting can be effective, but for more
severe deformities, a graft is necessary to ensure adequate stabil-

ity [6].

Despite the complication of digital necrosis in one foot, the fi-
nal outcome in the presented case was satisfactory. After an ap-
propriate follow-up period, the calcaneal graft successfully inte-
grated into both affected metatarsals, and the patient regained
both the functionality and appearance of the foot [15,19]. Ac-
cording to the literature, the functional and aesthetic outcomes
of one-stage lengthening procedures with grafting are generally
favorable when cases are carefully selected, and the limitations of
bone lengthening are respected [18-20].

Lamm et al. (2023) propose a classification system for
brachymetatarsia based on the severity of the deformity and sug-
gest that one-stage osteotomy with grafting is suitable for moder-
ate to severe cases, provided that lengthening limits are main-
tained to prevent complications [4].

Conclusion

Oblique osteotomy with autologous calcaneal grafting is an
effective technique for treating brachymetatarsia, particularly in
cases requiring significant lengthening. Despite the occurrence of
digital necrosis in the affected metatarsal toe, the final outcomes
were satisfactory. When compared to other techniques such as
gradual bone distraction, this method provides a safe and effec-
tive option, though it is crucial to avoid excessive lengthening to
minimize vascular risks.
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