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Bo Liu, MD, Jun-Hui Zhao, MD, Wen Tian, MD, Shan-Lin Chen, MD, Chun Li, MD, Jin Zhu, MD

翳辗翳鼷鼗蠲  To devisc a cOIllprehensiⅤ c c1assincati。 n systcm for isolatcd ong-1itde nnger

mctacarpa1syn。 stOsis that OⅡ ers a c1e盯 guidc to specinc“ eat1nent for each vanation of the

dcfom1” 。

蹰翳鳌瓢霾躐鹱 Based on thc expeⅡ ence of13cases(20hands)Of isolated Ⅱngˉˉ
l⒒dc nnger rneta-

carpa1 Syn。 stOsis, we devised a classincati。 n system that takes into account2key patllo-

log⒗ al fcattlres of tho malfOmaton∶ me fourth nftll inteIⅢ etacarpal盯 唱 le alld the∞ vco”

of hypoplasia of the nfth ray/In our classiflcation, a11pajents were diⅤ ided into 3 types,

according to the fourth-nfth inteIⅡ Ietacarpa1ang1e,and each typc、 Ⅴas further subdivided into

2subtypes according to the length of thc fifth ray.

髓翳鍪簸醣骧 Al120hands could be classincd according to our classincati。 n,inc1uding2hands of

type A(both A1),10hands of type B(9B1;1B2),and8hands Of type C(7C1;1C2)。

Patients of diffcrcnt c1assiflcation typcs rccciⅤ ed different trcat1ncnts according tO Our pro-

poscd classinc缸 i。n~related guidclines.It was also pOssilDle to classi灯 a11thC cases found in

Ⅱteraturc accOrding to this schcmc。

瘛 蠡勰蹰 勰 踽  Our classifica位 On f0r ong— little nngcr rnctacarpal synOstOsis is sirnple and casy tO

rcmcmbcr。 It is app1icab1cto a11possib1e vanations Of the congcnital anomaly and can guidc

Leatlllent for tllc whole spe∝ mm of tllc dcfOrlluty.(J Jf/T`〃 SIf7召 A冫992af艹 J9`∫ 丿8F-9J

3opγr冶肋r◎ 2@f亻 Dy r/r召 A阴召r氵 c△刀 S@c氵召″ ヵ rS伢售 召γ 犭 r/l召 HrT`7',A″
`·

ff乃 rs`ˉ cs臼△
'of 

Ⅱ

郎鲆 翮 蠛颥 瓣 嬲麟 踽 蜜嘁嫒髑 澜 TherapeLltic V,

鼍蔑:艚饕 嬲 镰翳蠛蘩 Classincad。 n,rnetacarpal syn。 stOsis。

ETACARPAL SYNOSTOSIS 1S a rare congenltal
hand malfomation characteized by the

partial or complete synostosis of 2 or more
a([i!∶jaccIlt metacalPds.Ths condt忆 n may prcscllt as

an iso1atcd abnomaⅡ ty or may Occur in association

with other complex abnormalities. such 3S t-elttr;-
polydactyly, radial and ulnar deficiencies, cleft hand.

and Apert syndrome.l a In patients with more com-
plex malformations, the metacarpal synostosis is not

the main problem, and it is most often neglected or
solved by ray resection.' Isolated metacatpal synos-

tosis, on the other side, accounts for a large propor-

tion of the patients that require surgical correction of
the fused metacarpals. Isolated metacarpal synostosis

most often involves the ring and little fingers.l'2's
There are few articles that specifically address this
isolated condition, and most reporled only a few
cases or described a technique used in a single
case.o'u tu

Two different classification systems for metacatpal
synostosis have been proposed. Buck-Gramcko and

Wood' described a classification based on the extent
of the synostosis. In type A, the synostosis occurs

@ zor4 ASSH. Published by Elsevier, Inc. A1l rights reserved. " $1
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on1y at thc base of the mctacarpa1.In typc B,thc

synOstosis extends up about haf由 c lengm of the

metacalPa1·  In type C, thc synostosis eXtcnds more

than ha1f the length and ORen曲 e cntre1cng曲 Of the

mctacalPal·  Foucher et al1 des..Ibed an easy-to-

remembcr cIassincau。 n system ushg 1ctters of山 e

dphabet σ ,U,Y,k)to desc五 be df℃ rent types Of me

synostosis.The purpose Of吐 Ⅱs a吐icle was to devise a

practica1 “eatIncnt-o五entcd classinca扭 。n systcn1,

based On a rclatiⅤ e1y 1盯 ge number of cases that

specinca11yf。 cus On isolated synostosis of thc fourth

and nfth metacarpa1s.We bascd our c1assincati。 n。 n

Our obscⅣ atiOn and treauncnt of 13 paticnts (20

hallds)with synOstO虹 s of the founh and nfth met⒏

carp时 s.A1thOugh o伍 cr typc,of mCtacarpal syno⒊

tOsis  scldom  requrc  surgical  cOⅡ ecuOn,  Our

classincati。 n schemc is appIicab1c to aⅡ  types of

metacalipal synOstOsis and can guidc treatInent for the

、vho1c spectmm of d1is ma1fO.IⅡ ation.

嬲邋了踺飚瑟鑫缸$盘瑙驴 搬琵T拙0拶$

After wc ObtE11ned thc approva1 of Our instituu。 nal

review bOard,wc re“ ospecuⅤ c1y reⅤ icwed a11patients

、Ⅴith metacarpal synOstosis of Ⅱ ng and1itt1c nngers

treated at our department fron11992to2012.Padents

with associated hand abnoIⅡ IaⅡ ties, such as central

polydacty1y,radial and u1nε Lr deflcicncies,c1eft hand,

and Apert syndromc, 、vere exc1udcd, 1Γ hirteen pa-

tients (20hands) 、ⅤCre included (Tab1e 1), We pCr~

foIIⅡ ed surgica1proccdures to coⅡ cCt the deforlmty

in 12padents(16hands)。

舍镞酽嗫藩爨§嘁馔镧 钺皤勰

We dcvised a classincad。 n systcm for motacarpal

synOstosis ofthe Ⅱ ng and1itt1e nngers based on2key

padho1ogica1features,mc fourth~nfth intemetacarpal

angle cMA)and the prcsence of sevcre shortening Of

thc nfth ray。  Padents were divided into 3 groups

under th^classmcat。 n system(TablC2;∏ g,1).

In type A(narrOw INlA t,/pel,thC INIA^less than

nOⅢ1a1.The raIlge ofIMA^from σ (i冫ara11cl growth

plate and epiphysis of fourth and nftla metacarpals Or

colnplete synostosis of thc fourtll and nfth mcta-

carp时 s with only1metacarpal head)tO nc,r1na1,In

typc B(wⅡ eIMA″ pe),the dCgree of IW1A is1盯 ger

than nOIⅡ Ia1.In typc C (rCv∝ se IMA type, or

conver。oent typel,the IMA is a negajve valuc,Each

typc includes 2 subtypcs bascd on thc prescnce of

scvere shoIte血 ng Of the nfth ray(F皂 .2).

We measured thc IMA On 山 c postcroantenOr

radogrI∶ 】∵l∶∶)h· The pr([)}∶ iected me忱 carp斑 grOwth hIlcs

were dra、 vn perpen山 cul肛1y through曲 e cpiphy蚯 s

Of each of the mctacarpal heads of the synostosed

metacarpals (Fig. 3). The IMA is the angle formed by
the intersection of these 2 lines. If the lines intersect
proximal to the epiphyses, the IMA is considered
divergent and the numerical value is positive. If the lines
intersect distal to the epiphyses, the angle is considered
convergent and the numerical value is negative. We find
the IMA to be a critical clinical indicator of deformity
progression and functional limitation.

The IMA of the adjacent metaca4)als varies among
individuals. Furthermore, this angle shows variability
with the abduction and adduction of the fingers.s
Therefore, it is not appropriate to set a constant
normative value of IMA as a reference to direct
corrective repair for all patients. We used a practical
method to determine normal IMA in each patient. In
unilateral cases, we used the ring-little IMA from the
contralateral side as a reference. In patients with
bilateral involvement, we used the index-middle IMA
from the same side as a reference. This was because
the normal range of IMA between the index-middle
finger metacarpals is very close to that between the
fourth and the fifth metacarpals (Fig. 3).

We also developed a method to determine the
presence of severe shortening of the fifth ray. We
routinely conducted the preoperative planning of an
opening wedge osteotomy of the deformed meta-
carpal (described later) using paper tracings of pre-
operative plain radiographs. In our experience, if the
tip of the little finger could not reach the proximal
interphalangeal joint of the ring finger after the virtual
opening wedge osteotomy of the fifth metacarpal, the
shortening of the little finger would be obvious and
unacceptable after the osteotomy. We defined these
patients as having severe shortening of the fifth ray,
and they were classified as subtype 2.

Treatment rtrategy

We proposed treatment guidelines based on our
classification system (Table 3).

In type A (narrow INIA) Q hands), the synostosis
between the fourth and the fifth metacarpals seldom
leads to a substantial cosmeric or functional problem.
Thus, treatment is typicalll not needed for type A
metacarpal synostosis. Neither of our 2 cases in this
type received surgical treatment.

In type B (wide IMA t1'per ( l0 hands), rhe IMA of
the fourth and fifth metacarpals is larger than normal,
which leads to 3 typical deformities. The palm is
obviously wider due to increa:ed distance between the
fourth and the fifth metacarpal heads. There is a bony
prominence over the ulnar side olthe palm (usually the
major concern of the parient'i and their parents) due to
excessive ulnar deviation of the tifth metacarpal head

J Hand Surg Am. .Yol. 39,January zor4
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Left{

Right∶ k

k

B1
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B1
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Bu垫⒈A1

C1

B1

B1

C1

C1
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A1∷

Lcf、 :B1
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C1   ∷

Borh

Both

L

L

L

L

R

R

R

L

Thumb*index +

metacarpal
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Both

Both
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*Parents of this patient rejected the surgery.
iCould not be classified by this classification scheme

Type 45IMA
∷ Prcsch。 。 of scˇ ρ~

§Ⅱ
rtC卩 9咕 of∏ Rh kay Ch缸 ac碰 stics of thc DcfolImtv

r.nd excessive radial deviation of the little finger at the
netacarpophalangeal joint. The web space between the
ing and the little finger is abnormally wide, which is
rroblematic because small objects easily fall out of the
:rand. We prefer an opening wedge adduction osteot-
,-rmy of the fifth metacarpal to achieve simultaneous
-engthening and correction of the angular deformity. A
:riangular or trapezoidal bone graft was harvested from
:he synostosis site Gig. 1). This technique was
Jescribed by Yamamoto et alo in a case report. We have
rsed this technique for most of our parients with

No/lluld σc扣瓯 -y∷ ∷ ∷

叱 Ⅱ p·dl血 ;∷ Wldc fotl⒒ hw占 ⒍ ∞ 砬 i⒛ 碰 h赤 c ∷

Ⅱ ψc:u叩 β汛 of∷
P斑Ⅱ

;。。。r1呷cn砘
Ⅱ Ⅱ

du。.Ⅲ

∷∷∷∷∷ ∷∷ ∷∷ ∷∷∷  ∷ ∷∷
N呷 W∷ pa” ;ab-i。 t90早 ￠ 0血

^of蛀
td△ n吧 ρ。 ∷

satisfactory results in the last 20 years. In some cases

with concomitant severe radial curving of the fourth
metacarpal, an opening abduction wedge osteotomy of
the fourth metacarpal was performed to decrease the
IMA further.

In type C (reverse IMA type) (8 hands), the
convergence of the fifth metacarpal head toward the
fourth metacarpal usually leads to an abnormally nar-
row palm. At rest, the little flnger is frequently
abducted, which can create cosmetic and functional
concems such as getting the little finger caught in

Type A
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Typc B
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FIGURE 1: Our classification system based on IMA: A type A, nanow IMA; B type B' wide IMA: C type C' reverse IMA
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宀
鼢

C

BA

F∶ G1丿 RE2: Each typc、 vas divided into2subtypes based on thc prcscncc of SCvCrc sholtening of thc广
i∷ r二

、vithout sevcrc shortcning of the fltll ray B TypC C2,rcvcrsc IRIA`vith scvcre shortcning of thc i亡
∷ r=∶

A - r p: C 1. reverse IMA

崽:;I:;星描c擀tn△ェ∵曳u扩瑟哏
cOnsidercd as a supplcn1Cn∶ 二:=「 Fr`1△ ch tO accOmp1ish

fu11cOⅡ Cction,

搬鑫氇夥敲餮曦

户d1 20 hands cOuld -c =∶ L`Ⅱ i:二  二ccording to Our

classificatiOn schCn1c T∷ ∶ ∴二工j§  frOI△  2 pa伍 ents)

werc c1assincd as t〉 Γc△  工Ⅰt∷ L BIA〃 pe)Ten

hands wcre classinc0三 >∷ 「:三  ∵ idc RΙ A″ p㈢
,

pockets or other enclosed spaces. Similar to type B' we

prefer an opening wedge osteotomy' The triangular or

irapezoidafbone graft is harvested from the synostosis

site and inserted into the radial side of the fifth meta-

calpal. This abduction osteotomy of the fifth metacarpal

corrects the negative IMA to normal (Fig' 5)'

For subtype 2, the presence of severe shortening

deformity ol the little {inger is a crucial factor that

affects both appearance and function of hand' which

should not be overlooked. One-stage opening wedge

-J Han,i Surq Am. . Vol. 39, January zorl
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CBA

FIGURE 3: Measurements of the IMA on a posteroanterior radiograph. The IMA is formed by the 2lines that are perpendicular to the
epiphyseal line of the fourth and fifth metacarpal heads. A Divergent configuration of the adjacent metacarpals forms a wide IMA (blue
Iines). B The normative target angles (green lines) are based on the contralateral normal hand of the same patient. C Convergent
configuration of the adjacent metacarpals fotms a reverse IMA (blue iines), and the IMA between the index and the middle ravs (ereen
Iines) is used as nofinative conftol because the synostosis is bilateral in this patrent.

MC. metacarpal

^ iop.l *.ig. ort"o,ory with bone graft hawesting from the
fusion site when necessary.

with t hands being 81 and t hand 82. Eight hands
were type C (reverse IMA type), with 7 CI and I C2
(Table 1).

It was not possible to classify 1 of our cases (left hand
of case 12) according to either the Buck-Gramckol
Wood or the Foucher classification (Table 1). This
case was classified as type B in our classification
system.

The 2 type A hands had minor deformity with
relatively normal function. Surgical fteatment was
unnecessary.

A11cascs of B1typc(9handS)wCre su吃 kaⅡ y

trcated by mcans of adductiOn 、Ⅴedge ostcOtomy

tcchniquc、 vith bOne graft bcing harvcsted frOn1thc

synOstosis site whcn neccssa￡
/。  SatisfactOry defor-

血 ″ corrcction was ach⒗ vcd in a11but1patient(lCft

hand of case12),In mis case,cOⅡ ectiOn of thc IRIA

was tcchnica11y insufncient Owing tO the cOIllpleXity

Of thc deforΠ Ⅱty,and second-stage OstcOtomy aillung

tO achievc norInal IMA was p1anned。

An abduction opening、vedgc OsteotOmy、 Ⅴas per-

fomcd f0ra11but 1 hand of C1 typc, CoⅡ cction of

the Iλ丌A in tllis typc lcd to a satisfactOγ  cosmcdc and
functional resu1t。  The same operation、vas propOscd
for a 7-ycar-old bOy 、vith this defo血 ty, but the

fani1y dccⅡ ncd it。

Parents of2cases of subtype2(1casC of B2and1

Casc of C2) declined thc suggcstion of distraction

1engthcning Of the nfth metacarpa1. Onc~stagc open-

ing 、Ⅴedge ostcOtOmy a1one 、vas donc for thcse 2

cases。  There 、vas substantia1 ilnprovcment of 曲 e

appearance Of the hand; hO、 veⅤer, the rcsidual

shoI1cning Of the1ittle nnger、 Ⅴas still Obvious and

、Ⅴas not sajsfaCtoΓ y in our vie、 Ⅴ。

鬈囊鲼禹飨鲛麈蘧缬鞫

Foucher et a11 and Buck-CIramcko and Wood2haⅤ e

prOposcd classincation systcms for mctacarpal syn~

ostosis,However,Buck-Gramcko aIld WO0d’ s clas-

sincati。 n2 has been cⅡ ticizcd because it does not

proⅤide cnough info∏ △ ation On mc morphology of

the metacarpals and does nOt guidc treatment,

Type Treatlncll|s蚋
∷

A甲
tρⅡγ

^
A1∷  ∷∷

AⅡ∷∷∷∷∷
:(Ⅱ∶deiM^,∷
Ⅱ∷∷∷∷
:,∷ ∷∷∷

c汹舔占i献 )

ci∷∷∷∷∷∷∷∷∷∷

a∷∷∷
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FE

FIGURE4: OurpreferredffeatmentstrategyfortypeBmetacarpalsynostosis.APreoperativeradiographofthehandshowsincreasedlMA
between the ring and the little fingers. B Clinical photograph shows increased web space between the ring and the little fingers and bony

prominence over the ulnar side of the palm. C The depiction of our preferred opening wedge adduction osteotomy for type B metacarpal

synostosis. A triangular or trapezoidal bone graft (red arrows) was harvested from the synostosis site. Note the correction of the IMA
depicted by the blue lines. D Opening wedge adduction osteotomy was accomplished with bone graft in position. E Postoperative radiograph

shows the corrected IMA and restoration of normal alignment of the fifth ray. F Postoperative appearance with the deformity corrected.

Foucher et all used letters of the alphabet (I,U,Y,k)
to describe different types of the synostosis. Although
intuitive, not all patients can be classified by this
scheme owing to the limitation of this kind of picto-
graphic classification system and the diversity of the

deformities. Our classification system covers a full
range of fourth-fifth IMAs, which is theoretically an

all-inclusive classification system. Moreover, Foucher
et al's classification system' is relatively complicated,
with a total of 8 subtypes. These subtypes were
described mainly to mimic the different shapes of the

deformity rather than to provide treatment guidelines.
Foucher et al' described k-shaped metacarpal synos-

tosis and preferred progressi\-e distraction lengthening
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FIGURE 5: The preferred treatment strategy for type C metacarpal synostosis. A Clinical photograph shows marked abduction of the

Iittle finger. B Preoperative radiograph shows reverse IMA between the ring and the little flngers. Note the convergence of the fifth

metacarpal head toward the fourth metacarpal with metaphyseal notching and excessive ulnar deviation of the metacarpophalangeal joint

of the little finger. C The depiction of the preferred opening wedge abduction osteotomy for type C metacarpal synostosis. A triangular

or trapezoidal bone graft (red arrows) was harvested from the synostosis site. Note the correction of the IMA depicted by the blue lines.

D Intraoperative photograph shows the osteotomies around the synostosis site. Note the preparation of the triangular-shaped bone graft

(blue anow). E, F Postoperative result at 9 months with corrected deformity and healing of the osteotomy site.

of the fifth metacarpal. However, the k-shaped
cases, which we classify as type C (reverse IMA),
were not always associated with severe shortening
of the fifth metacarpal. Actually, most of our type C
patients were subtype Cl (reverse IMA without
severe shortening). In these cases, good functional

and cosmetic results can be achieved by comecting
the reverse IMA alone without progressive distrac-
tion lengthening.

The reason why we defined subtype 2 as severe

shortening of the fifth ray was that, although many
cases were associated with hypoplasia of the fifth ray,
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most of them did not require len,ethening. An opening
wedge osteotomy provided sufficient lengthening of
the fifth ray for a satisfacton. cosmetic result. Other
authors also have found it_unnecessary to lengthen
the more ulnar metacarpal.' However, for the cases
with severe shortening, distraction lengthening of the
fifth metacarpal is highly recommended. The family
ofour subtype 2 case (case 2 in Table 1) declined our
suggestion of distraction lengthening of the fifth
metacarpal, and the cosmetic and functional outcome
was substandard. Although we did not have direct
data to support the effectiveness of this suggestion,
this lengthening technique has been used for meta-
carpal synostosis by several authors, and their results
were convincing.i'13'14 Thus, a potential benefit of
this classification scheme is a presumptive operative
plan that might include distraction lengthening to
maximally improve cosmetic and functional out-
come. A presumptive plan at the onset might allow
parents to better anticipate the staged process.

Foucher et alr commented that Y-shaped meta-
carpal synostoses were always accompanied by
divergence of the fingers. We do not agree with this
obseryation. The type B (wide IMA type) of our
classification system is similar to Foucher et al's y-
type. However, 2 of our type B patients are not
typical Y shape; 1 patient demonstrated 2 paralleled
fingers, and the other had convergence of the fingers
@ig. a). These findings support our opinion that the
key pathological feature of this deformity is the
abnormal IMA rather than the digital alignment more
distally.

Different techniques of treating the 2 joined meta-
carpals have been proposed by several authors.2'a'6'r2,1a
The most frequently performed procedure is bony sep-
aration with interposition of some form of spacer,
including iliac crest bone graft,2'a'7 silicone rubb"r,o,'4
costal cartilage,12 and bone substitute.s Curently, there
is general agreement that, no matter what kind of spacer
is used, recuffence of the coalition of the metacarpals is
almost inevitable.5'7't2'to However, our experience and
that of other authors is that, once the IMA of the
2 adjacent metacaqpals is improved and maintained,

a satisfacton' cosmetic and functional result can be
expected.s \one of our patients received a spacer
interposition prmedure. and we did not observe loss of
the correction.

One limitation of this paper is that only 1 patient in
our series has reached skeletal maturity. Although we
did not obsen'e anv cases that failed to maintain the
IN【A, fo1lo⒒ ∷up until skeletal matuⅡ ty 、ⅤⅡl bc
iImportant to cOn腼 our treatmcnt s“ategy,
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