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A Functional Classification of the Congenital Anomalies of the
Extremities and Spine

Se 11 Suk, M.D,, Moon Sang Chung, M.D., Sang Hoon Lee, M.D,,
Choon Ki Lee, M.D., Byung Wha Yoon, M.D. and Francis Young In Lee, M.D.

Department of Orthopedic Surgery, College of Medicine, Seoul Nalional University,
Seoul, Korea

Various classifications of congenital anomalies of the extremities and spine have been
proposed and are in use. Some are based on anatomy, some on embryology, presumed etio-
logy, or therapeutical approach. An ideal classification would help better understanding and
treatment of various kinds of congenital anomalies. It should be simple, logical, and broad
enough to include most of the congenital anomalies with minimal confusion.

In this paper, we are proposing a functional classification of congenital anomalies of the
extremities and spine based upon the concept that development of each organ is processed
by differentiation and modulation according to the genetically determined information and
by control mechanism at particular moment. We classified congenital anomalies into struc-
tural failure where quality of certain tissue is abnormal and functional failure where control
mechanisms failed to regulate organogenesis. We divided structural failure into generalized
and localized form while we divided functional failure into differentiation and modulation
failures. Differentiation failure was subdivided as either formation failure or segmentation
failure. Formation failure, segmentation failure, and modulation failure were specified accor-
ding to the timing of failed inhibition and topography.

Key Words : Classification, Congenital anomalies.
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Fig. 1. Patterns of basic cell divisions.
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Table 1. Congenital failure

1. Structural failure
1) Generalized

osteogenesis imperfecta, osteopetrosis,

arthrogryposis multiplex congenita
2) Localized
melorheostosis

2. Control failure(functional failure)
1) Differentiation failure
a) Formation failure

b 483 A A4uct 2274 AAE A
F(Macrodactyly) 59 714¢ ¥58 4 9g

Aol ek
ol 4z} e A7 DA AT eI A
23l 4% W oAe zdolde AsHel
ol olg WA WHE WAL + gt 7]
A 7 3dH(Functional failure)z} Ao w3}

A4 718 $Fsdes, 75d Age o

b) Segementation failure

2) Modulation failure

Table 2. Control failure(funtional failure)

9

|

5

2 9lgt F+z3 #H¥(Structural failure)o 2
A 3]

A

A

el A7\ Agel AR oo we

Age AAA W Fa g

Division Inhibition Early Late
1. Differentiation failure
1) Formation Deficiency Overformation

Transverse

Longitudinal

Mixed

2) Segmentation failure

Transverse

Longitudinal

Mixed

congenital amputation
phocomelia

proximal focal femoral deficiency
congenital constriction band
cleft hand, Kirner’s deformity
Madelung’s deformity

radial club hand

wedge vertebra, hemivertebra
congenital coxa vara

avertebra, delta bone

polydactyly, mirror hand
double vertebrae

hyperphalangism
lumbarization

polydactyly with
hyperphalangism

Coalition

Dissociation

syndactyly

congenital radioulnar synostosis
sympahalangism

Klippel-Feil syndrome

Unsegmented bar

trigger thumb

thumb clutched hand
camptodactyly

wind blown hand, club foot

congenital dislocation of
radius

congenital dislocation of
patella

congenital dislocation of
shoulder

congenital dislocation of
hip

cengenital dislocation of
knee
developmental laxites

2. Modulation failure Micro- Macro-
Transverse microdactyly(narrow) macrodactyly(wide)
Longitudinal brachydactyly(short) macrodactyly(long)

achondroplasia
Mixed small hand macrodactyly(typical)
cretinism hemihypertrophy
gigantism
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& Y59 (Table 1, 2).
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&) A} B Z(Osteogenesis imperfecta), A1 A
oiard A =rE-Z(Arthrogryposis multiplex
congenita)§eo] gler] T4 yue Fzx3
A ghol| = F44 F4 47452 (Melorheostosis),
Zok Zo] 9t} (Table 1).
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. 3. Failure of formation. A) Aphalngia. Early inhibition, Transverse Deficienty. B) Radial
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950 42 4 Ack(Fig. 2).
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o -
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Transverse Def.

Mixed L-T Def.

(e ol
[0] =[O [©

(o)

(@]

(@) @24
Qo] B[00 -2 oo 2 [O*

Poly-

Late (e}
% Hyper-
(@]

Ql[C] Mixed P-H
@)t}

@ljieljte)

Ollo] 0]

®: proximal, *:distal

Fig. 2. Schematic illustration of failure of
formation.

club hand. Early inhibition, Longitudinal Deficiency. C) Mirror hand. Late inhibition, Trans-
verse. D) Polydactyly with triphalanial thumb. Late inhibition, Mixed.
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(Hyperphalangism), 73 A}~(Mirror hand), °]

Z# 4(Double vertebrae), 42 223} (Lum-
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FAILURE OF SEGMENTATION
Inhibition 1 stago il Anomaly
Syn-
Early .sym.
Syn-Sym
Trans. dissociation
Late
Longit. dissociation
OF-{C]
Mixed T-L dissociation
@ ;O}
®: proximal, k: distal

Fig. 4. Schematic illustration of failure of
segmentation.

Fig. 5. Failure of Segmentation. A) Symphalangism. Early inhibition, Longitudinal. B) Syn-
dactyly. Early inhibition, Transverse. C) Camptodactyly. Early inhibition, Mixed. D) Congenital
dislocation of radius ; Ulnar club hand. Failure of Segmentation, Late inhibition, Transverse ;
Failure of Formation, Early inhibition, Longitudinal.

~ 827 -



2) BEZEE: EAATL A7 A} E3
sho] 27k AAHo g HeE|EA] XIa 279
Ao} =)Aol s AAlEol EAEAY H
gl5o] ole Ay 718 Hole Afetn A
7+3t ol et(Fig. 4).
z71d Aol 9ste] FAHl 7} dejrz
File Ao 2 x5 (Syndactyly), ¥
A -&#%(Symphalangism), X4 24 F 3¢
(Congenital radioulnar synostosis), 732
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2. MEAE
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FAILURE OF MODULATION

St
Inhibition I 2ge Anomaly
o %
[0)0} e} Micro- (narrow)
Early o] o] Micro- (short)
——
fe) Micro- (typical)
(e}
O Ol—A—=OII0]  Macro-(wide)
/ (o)ie}
o«
)
Late e il Macro- (long)
[elfeljie}
el [O}[O)[C] Macro- (typical)
@)}

®:proximal, %:Distal

Fig. 6. Schematic illustration of failure of

modulation.

Fig. 7. Failure of Modulation. A) Brachydactyly. Early inhibition, Longitudinal. B) The mid-
dle finger of the right hand is longer. Late inhibition, Longitudinal. C) The tips of the ring
and little finger is broader. Late inhibition, Transverse. D) Typical macrodactyly of the index
and middle finger. Late inhibition, Mixed.
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clavicle

e

Fig. 8-A). Streeter age group XW(41 days). Differentiating mesenchymal blastema shows dis-
cernible five finger rays. During this kind of differentiation stage, early or late inhibition mi-
ght cause mainly failure of formation. f.r.: finger rays. B) Streeter age group XXM (55 days).
Differentation of skeleton, joint, muscles, tendons, vessels, etc. is already evident. In this period,
failure of modulation might cause certain congenital anomalies. g.h.jt . glenohumeral joint, i.p.jt :

interphalangial joint.
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