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Abstract

Introduction. Brachymetatarsia is a relatively rare abnormal shortening of metatarsal bone with female predomi-
nance. No consensus exists about the ideal surgical treatment for this condition while the two common strategies are
gradual lengthening using external fixation and acute one stage lengthening. We describe the surgical technique of
acute lengthening using iliac bone graft and report our results. Materials and Methods. Twelve patients (11 females,
one male) with 14 short metatarsals were treated in our hospital over a 12-year period. The mean age was 17.4 years
(range 14-28 years). Treatment protocol included metatarsal osteotomy, lengthening of extensor tendon and per-
cutaneous tenotomy of the flexor tendon at the level of affected MP joint. Autologous iliac bone graft was inserted
after elongation of the metatarsal by distraction through the osteotomy site and fixed using Kirshner wire. Results.
Average metatarsal shortening was 13mm (range, 11-18 mm). The metatarsal length gained was an average of 12mm
(range, 11-15 mm). Uneventful bone union was achieved in all cases after six weeks. At the end of treatment, the
normal cascade of the metatarsal heads (metatarsal parabola) had been restored in 11 of the 14 metatarsals treated.
There were no wound complications or pin tract infections around the wire. All but one patient were satisfied with
the cosmetic appearance of the foot. Conclusion. Based on our experience, acute metatarsal lengthening using an
iliac autugraft is a reliable and effective treatment method for congenital brachymetatarsia in adolescents and young
adults.

Level of Evidence: Level IV Case series.
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doi: 10.21823/2311-2905-2019-25-3-84-89

OBHOMOMEHTHAA KOPpEeKUUsA BpOXXAEHHOM 6paxumeTaTap3mnm
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Pedepar

BeedeHue. BpaxumMeTaTap3usl SIBISIETCSI OTHOCUTENBHO PeKO MaToMoTHel ! aHOMaaAbHOTO YKOPOUeHMSI TITI0C-
HEBBIX KOCTeIl, Harboee YacTo BCTPEUAIOIIEeiics Y )KeHIIMH. B HacTosII[ee BpeMsl OTCYTCTBYeT KOHCEHCYC B OTHO-
MIeHUM U[IeaTbHOT0 XUPYPIUUECKOTO MEeTO/Ia IeUeHusI JaHHOIi fedopMalni, U CyLeCTBYIOT 1Be 00IeNpU3HAHHbIE
CTpaTeruy jiedeHus : oCTeNeHHOe yIIMHeHMe C MICII0b30BaHyeM YPeCKOCTHOTO OCTeOCHHTe3a ¥ OHOMOMEHTHOe
yIJVHeHMe C IpYMMeHeHMeM ayTOTpaHCIIJIaHTaTa. ABTOPbI ONMCBIBAIOT XMPYPIUUECKYI0 TEXHUKY U IPUBOIST CBOU
pesynbTaThl BBIIIOTHEHMSI OLHOMOMEHTHOJ IpOLiefypbl YIJIMHEHMSI C MCIIO/NIb30BaHMEM ayTOTPaHCIUIAaHTaTa U3
rpe6Hs OAB3IOUIHOM KocT. Mamepuain u memodst. 3a 12-neTHuil mepuop, B KIVMHNUKe ObUTM TIPOOMEePUPOBaHbI 12
nanueHToB (11 )XeHIIMH, 1 My)XuMHa) ¢ yKOpoueHUsIMM 14 1uirocHeBbIX KocTeil. CpeHUI BO3pacT MalyieHTOB —
17,4 net (ot 14 no 28 net). [IpoTOKOJ JleyeHMSI BK/IIOYAI OCTEOTOMMIO IUTIOCHEBBIX KOCTEN, YAJIMHEeHMe CYXOXMINS
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pasrubaTessi 1 Upe3KOXKHYI0 TEHOTOMMIO CyXOKWIMSI crubaTesst Ha ypoBHe AedhopMUPOBAHHOIO MSICTHO-(haaaHTro-
BOI'O CyCTaBa. AyTOTPaHCIIJIAaHTAT U3 TPeOHSI MOAB3L0UIHOM KOCTM ITOMeIlaau B 061acTh OCTEOTOMUM TOCJIe JUC-
TpaKkUMy IUTIOCHEBOI KOCTu U dukrcupoBanu cnuiamm Kupiinepa. Pe3yasmamet. CpeHsIS BeIMIMHA yKOpOYe-
HUS IUIIOCHEBBIX KocTeli cocrasisia 13 MM (B guanasoHe oT 11 no 18 mm). CpenHsig BeauMuuHa AJOCTUTHYTOTO
yaJMHeHust cocraBuia 12 mm (B auamnasose ot 11 go 15 mm). KocTHoe cpaleHe 6e3 0CJIOKHEHM Y BCeX Maly-
€HTOB Hab/anM yepes MecTb Hellellb. B pe3ynbTaTe jeueHus 6bI0 BOCCTAHOBIEHO HOPMaJIbHOE aHATOMUYe-
CKO€ COOTHOIIIeHMe IroJI0BOK TUTIOCHEBBIX KOCTell (TTtocHeBas mapabosa) y 11 n3 14 maocHeBbIX KOCTei. ABTOPBI
He HAGIIOmANIN CIy4aeB OCIOXKHEHMUS 3aKMUBJIEHUSI XUPYPIUUECKOi paHbl win uHGeKUUM B 06/1aCTy BBeLeHMUs
cnuil. 3a UCKJIIOYEeHMEeM OJHOTO BCe MalMeHThl ObUIM YA,0BIETBOPEHBI ICTETUUYECKMM BHEIIHUM BUIOM CTOIIBI.
Baxnrouenue. Vicxons 13 OmbiTa aBTOPOB, OAHO3TAIIHOE yIJMHEHNe IIJII0OCHEBBIX KOCTel C IpMMeHeHeM ayTo-
TpaHCIUIAaHTATa U3 MOJB3/I0IIHOM KOCTU SIBSIETCS HALEXKHBIM U 3D (QEeKTUBHBIM METOLOM JIeUeHUsT BPOXKIEeHHOI!

6paxumeTaTap3un y MOJPOCTKOB U TAIMEHTOB MOJIOLOTO BO3pacTa.

VYpoBeHb JoKa3aTeabHOCTH: [V, cepusi KIIMHNYECKMUX HaGII0IeHMIA.
Kirouesble cioBa: medopmalius, 6paxumMeraTap3usi, OMTHOMOMEHTHAsI KOPPEKIINS.

Introduction

Brachymetatarsia is defined as a short metatarsal
that ends more proximally to the parabolic arc of the
metatarsal heads. It is a rare, female dominant disor-
der with an estimated incidence of 0.02-0.05% and a
female to male ratio of up to 25:1 [1, 2]. The condition
may be unilateral or bilateral and may involve one or
more metatarsals.

Commonly, the mid metatarsals are affected, most
frequently the fourth metatarsal [1-4]. The abnor-
mally short ray is thought to be the result of retarded
growth or premature closure of the epiphyseal plate.
Although the exact etiology is not clear, congenital
and acquired forms are recognized. The congenital
form can be idiopathic, the most common form, or as-
sociated with other conditions, such as Turner’s syn-
drome, Down’s syndrome, sickle cell anemia or multi-
ple epiphyseal dysplasia [2]. It may also be acquired as
aresult of trauma or surgery before epiphyseal closure
[5]. In brachymetatrsia, the normal metatarsal parab-
ola deforms and the toe of the involved metatarsal ap-
pears shorter (Fig. 1). This results in abnormal fore-
foot pressure distribution and accompanying transfer
metatarsalgia, shoe irritation, callosities and cosmetic
issues [6-8]. Brachymetatarsia and its accompanying
complaints increase in severity until bone maturity is
reached.

Conservative treatment with metatarsal pads, or-
thotics, toe splinting, and accommodative shoe wear
is usually ineffective. Improvement of function and
cosmetics can be achieved by surgery. Two principal
treatment strategies are commonly applied, the first is
acute lengthening using a graft (autograft or allograft)
and the second is distraction osteogenesis with exter-
nal fixation [1-5]. The purpose of surgical reconstruc-
tion is resolution of pain, proper forefoot alignment
and function and improvement of cosmetic appear-
ance [9, 10].

Each strategy has its benefits and drawbacks.
Gradual lengthening with external fixation has been
suggested for lengthening more than 1.5 cm. The pro-

cedure is done through an open osteotomy or percu-
taneously [5, 10-19]. There are a number of signifi-
cant advantages described using callus distraction.
Gradual correction allows unlimited length gain and
reduces the risk of neurovascular structure stretching,
it allows earlier weight bearing and it eliminates the
need of autologous bone grafting and the accompany-
ing donor site morbidity. The disadvantages of gradual
correction include the risk of pin tract infection, adja-
cent joint stiffness, subluxation or axial deviation of
the metatarsophalangeal joint, prolonged time to bone
union, subsequent prolonged treatment course and
the risk of premature callus consolidation. In addition,
poor patient tolerance with external fixation devices
contributes to lower satisfaction rates [10, 11, 13-18].

The advantage of one-stage lengthening is the
shorter period to bone union and hence shorter
treatment course. There is less morbidity and high-
er compliance with acute correction [10, 12, 20, 21].
Possible disadvantages include donor-site morbidity,
neurovascular impairment including ischemia of the
toe caused by rapid stretching, limited length gain
(13-15 mm) and delayed or nonunion of the graft
[1,6,7,20,21,22, 23, 24].

Fig. 1. Clinical appearance of 4™ toe
brachmetatarsia
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The purpose of this study was to describe the sur-
gical technique of acute lengthening using iliac auto-
graft and to evaluate our results.

Materials and Methods

Twelve patients (11 female, one male) with 14 short
metatarsals were treated in our hospital over a 12 year
period. One of the patients had bilateral 4th metatar-
sal shortening and one patient had two metatarsal
bones (3* and 4') involved in the same foot. Mean age
at surgery was 17.4 years (range, 14-28 years), and all
patients had reached skeletal maturity by the time of
treatment.

Surgical technique

Patients were placed in the supine position and a
sterile tourniquet (Hemaclear, OHK, Israel) was ap-
plied. A straight dorsal approach was used to expose
the base of the relevant metatarsal bone. In order
to prevent stretching of adjacent soft tissues and to
eliminate deforming factors, Z lengthening of the
extensor tendon was performed followed by percu-
taneous flexor tenotomy at the metatarsophalangeal
joint level (Fig. 2). The level of desired osteotomy was
marked at the base of the metatarsal using fluoros-
copy, and an oscillating saw was used to make a trans-
verse osteotomy. The next step was insertion of a
1.6 mm Kirshner Wire (KW) (sharp-pointed at both
ends) through the metatarsal shaft towards the center
of the tip of the toe (Fig. 3) as preparation for bone
graft insertion and fixation.

Gradual gentle distraction using a laminar spread-
er or a Hintermann retractor was used to elongate the
bone through the osteotomy gap to a clinically and
radiographically desired length (Fig. 4). At this stage
the sterile tourniquet was removed for careful exami-
nation of the vascular status of the toes. We used a
3-cortical bone graft harvested from the iliac bone in
the desired dimensions, followed by reshaping and re-
sizing the graft to accommodate the width of the met-
atarsus bone and the desired length. After insertion of

Fig. 2. Z-lengthening of the 4'" toe extensor tendon

the autograft, the KW was used to fixate the graft to
the proximal metatarsal and, after fluoroscopic verifi-
cation of the correct position in both planes, the wire
was driven to the tarsal bone (Fig. 5). The extensor
tendon was sutured in the desired length followed by
wound closure.

Fig. 3. 1.6 mm Kirshner wire inserted through
the metatarsal shaft toward the center
of the tip of the toe

Fig. 4. Acute lengthening of the metatarsal
through the osteotomy gap using a laminar spreader.
Note the position of the retrograde Kirshner wire
inserted in preparation for graft fixation

Fig. 5. 3and 4™ brachymetatarsia. Iliac crest
bicortical autograft was harvested and reshaped to
fit the desired length and width of the metatarsus.
Autograft fixated with the Kirshner wire to

the proximal metatarsus and tarsal bone
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In several cases, additional extensor tendon re-
lease was required in adjacent toes as a result of cock-
up deformities after elongation of the metatarsal. Our
postoperative protocol included below knee cast ap-
plication with no weight bearing for six weeks. After
removal of the cast and the KW, partial gradual weight
bearing was allowed.

Results

All the cases of brachymetatarsia in this series were
congenital and idiopathic. Average metatarsal short-
ening was 13 mm (range, 11-18 mm). Preoperative
complaints were pain in 83% of the cases, difficulties
with wearing shoes in 66% of cases, and concerns of

Fig. 6. Preoperative radiographs demonstrate

the altered metatarsal parabola and typical shortening
of the toe. Postoperative radiographs demonstrate
good bone union of the graft with restored parabola
and deformity correction

poor cosmetic appearance were reported by all pa-
tients treated (100%).

The metatarsal length gained was an average of
12mm (range, 11-15 mm). No stiffness or subluxa-
tion of the metatarsophalangeal joint was recorded
and there were no reports of significant postoperative
pain. Uneventful bone union was achieved in all cases
after six weeks. At the end of treatment, the normal
cascade of the metatarsal heads (metatarsal parabola)
had been restored in 11 of the 14 metatarsals treated
(Fig. 6, 7). There were no wound complications or pin
tract infections around the wire, and no neurovascu-
lar impairment. All but one patient were satisfied with
the cosmetic appearance of the foot (Fig. 8).

Discussion

Brachymetatarsia is a relatively rare clinical entity
of the foot that causes clinical disability and cosmetic
discomfort for the patient and might pose a challenge
for treatment. Although the patient may have com-
plaints regarding pain and discomfort in the affected
foot, the most common concern that urges the patient
to seek a surgical solution is that of cosmetic appear-
ance of the foot. The two surgical solutions that are
most commonly used to treat this condition are acute
lengthening using bone graft, and gradual, prolonged
distraction based on stepwise lengthening with exter-
nal fixation.

Fig. 7. Preoperative
and intra-operative radiographs
of 37 and 4" toe brachymetatarsia

Fig. 8. Preoperative and postoperative clinical pictures of 4% toe
brachymetatarsia
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There are several inherent advantages and draw-
backs described for each of the methods. The surgical
solution should be chosen with respect to the specific
patient’s condition and expectations, including the
age of the patient, the desired lengthening, the status
of the soft tissues including adjacent joints of the foot,
and the expected compliance with prolonged external
fixation treatment. Careful patient selection and ad-
justment of treatment are prerequisites for success of
treatment [25].

Since McGlamry and Cooper developed the tech-
nique of acute lengthening with bone graft, it has
been shown in several studies that it can be safely
used in metatarsals that need to be lengthened up to
15 mm [26]. The advantages of this method are main-
ly the short period of time needed for treatment and
not requiring external fixation. The most significant
drawbacks of acute correction are the limited length
gain possible, the risk of neurovascular impairment,
and donor site morbidity. Gradual correction using the
principles of distraction osteogenesis can be safely
used for metatarsals that need to be lengthened more
than 15 mm. This method allows early weight bear-
ing and no donor site morbidity. Drawbacks include
possible pin tract infection, stiffness and instability
of adjacent joints. Both methods have been evaluated
and reported in several studies [1, 2, 5, 15, 17, 20, 21,
22,217, 28].

A comparison between both surgical methods was
made by Choi et al who treated 15 metatarsals by acute
elongation with an autologous graft and 9 metatarsals
by gradual lengthening with callotasis. Results were
comparable in terms of functional outcome, cosmetic
appearance and satisfaction rate. The only statistical
difference noted was the time needed for bone con-
solidation, which was shorter in the acute lengthening
group [27].

Jones et al performed a comprehensive review of
all published data concerning the results of acute
lengthening with a bone graft versus gradual distrac-
tion. These authors included 761 short metatarsals in
61 different studies in the review, and surgical meth-
ods were compared in regard to demographics, surgi-
cal results and complication rates. In regards to length
gain. it was clearly shown that metatarsals were
lengthened more with gradual distraction compared
to acute lengthening (17.5 mm and 13.3 mm, respec-
tively) with higher percentages of metatarsal length-
ening (37.36% and 25.98%, respectively). According to
this review, gradual distraction took almost twice the
time needed for healing, partially due to more exten-
sive lengthening. It was clearly shown that major and
minor complication rates were higher among patients
undergoing callus distraction, most commonly stiff-
ness at the MTP joint and subluxation of the treated
metatarsal. Interestingly, neurovascular compromise
which is commonly discussed as a major risk in acute

lengthening was not mentioned in the studies re-
viewed by these authors [28].

In their series of 34 metatarsal undergoing acute
lengthening with an autograft, Baek et al used delib-
erate gradual distraction through the osteotomy site
for 20-30 minutes to avoid neurovascular compromise
[20]. We believe that careful, monitored distraction
during acute lengthening, with careful inspection of
toe viability and color, as in our study, is safe as long as
the metatarsal is not over-lengthened. Furthermore,
we performed Z lengthening of the extensor tendon
and flexor tenotomy in all cases, which further reduc-
es soft tissue tensioning and the subsequent risk of
neurovascular impairment and stiffness.

Giannini et al used an allograft for one stage
lengthening and reported good results of 50 short
metatarsals treated, with a mean lengthening of
13mm and no incidence of soft tissue stretching or
neurovascular impairment. The authors postulated
that lengthening should not be more that 23% of
the metatarsal length. Despite the fact that in some
cases the metatarsal parabola was not perfectly re-
stored, the majority of patients were satisfied with
the results. These authors allowed all patients to
bear weight on their hindfoot immediately after sur-
gery with a special shoe [2].In the current study. we
used an iliac autograft and achieved similar gain of
length (average 12mm). We had no incidence of com-
plication in regard to the donor site, and very mini-
mal morbidity. Our post—operative protocol differed
by casting all treated feet and not allowing weight
bearing for six weeks, assuming that it would be safer
for graft position and bone healing.

In conclusion, based on our experience, acute met-
atarsal lengthening using an iliac autugraft is a reli-
able and effective treatment method for congenital
brachymetatarsia in adolescents and young adults.
We believe that it has less complications and a shorter
healing time compared to gradual correction. Even in
the cases in which the metatarsal parabola was not
perfectly restored, good functional and cosmetic re-
sults were achieved.
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