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Ulnar Longitudinal Deficiency

Hilton P. Gottschalk and Michael S. Bednar

�Introduction

Ulnar longitudinal deficiency (ULD) is a rare 
condition that usually affects the entire upper 
limb, including the elbow, forearm, and hand. It 
has been reported to occur in 1:25,000 live births. 
ULD is most commonly unilateral [1, 2]. It is a 
sporadic, non-inherited condition, but can be 
associated with other musculoskeletal anomalies, 
such as proximal femoral focal deficiency, fibular 
and tibial deficiency, scoliosis, and finger differ-
ences [1, 2].

�Embryology

To better understand the clinical appearance 
and variation in the spectrum of ULD, one 
must first review the development of the upper 
limb. Starting around days 26 to 52 after fertil-
ization, the limb bud develops around three 
axes: proximal-distal, dorsal-ventral, and 

radial-ulnar [1, 3–5]. Each axis has its own sig-
naling center:

	1.	 Apical ectodermal ridge (AER) coordinates 
the proximal-distal outgrowth

	2.	 Zone of polarizing activity (ZPA) controls 
radial-ulnar asymmetry

	3.	 Progress zone (PZ) for dorsal-ventral differ-
entiation [3, 6]

Integral to these specialized zones are several 
signaling molecules. They include fibroblast 
growth factors, sonic hedgehog, and bone mor-
phogenic proteins. These molecules affect each 
other through feedback loops [3]. In regard to 
ULD, sonic hedgehog is responsible for develop-
ment of ulnar-sided forearm structures as well as 
the four ulnar-sided digits [1]. The thumb abnor-
malities occasionally seen in ulnar dysplasia can 
be explained by the sonic hedgehog-fibroblast 
growth factor feedback loop [6].

�Classification and Clinical Picture

The spectrum of clinical presentation of chil-
dren with ULD is variable. A majority will 
have involvement in their entire upper limb. 
Classification systems focus on the elbow/
forearm abnormalities [7–11], hand [12], and 
more specifically the thumb and first web 
space [13].
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The commonly used Bayne classification [7] 
describes the progression of deficiency noted at 
the elbow and forearm. Its original description 
had four types and was later modified by 
Havenhill et al. [8]. This modified classification 
of ULD is as follows:

	 I.	 Normal length ulna with ulnar-sided hand 
anomalies

	II.	 Hypoplasia of the ulna (presence of distal 
and proximal ulnar epiphysis)

	III.	 Partial aplasia of the ulna (absence of the dis-
tal or middle one-third of the ulna)

	IV.	 Total aplasia of the ulna (complete absence 
of the ulna)

	 V.	 Complete absence of the ulna with radio-
humeral synostosis (fusion of the radius to 
the humerus)

Goldfarb et al. [14] proposed a type V ulnar 
longitudinal dysplasia incorporating cases of 
severe radiohumeral synostosis with humeral 
bifurcation or a large medial epicondyle. Given 
the rarity of the disease along with variable pre-
sentation, Buck-Gramcko [15] stated that the 
pathological findings in ulnar deficiency are so 
different in their involvement and distribution 
that it was impossible for him to divide them into 
any classification system. Although Bayne and 
others describe the elbow and forearm abnormal-
ities, treatment has really been focused more on 
the hand and digits. Cole and Manske [13] pre-
sented a classification system based upon the 
characteristics of the thumb and first web:

	A.	 Normal first web space and thumb
	B.	 Mild first web and thumb deficiency
	C.	 Moderate to severe first web and thumb defi-

ciency; potential loss of opposition; malrota-
tion of the thumb into the plane of the other 
digits; thumb-index syndactyly; absent 
extrinsic tendon function

	D.	 Absent thumb

The authors of this classification scheme point 
out that it is the complexity of the radial-sided 
problems that requires the majority of surgical 
procedures, so their classification will focus the 

surgeon’s attention on those deficiencies most 
important for the restoration of function. Their 
conclusion was that ULD is best classified by an 
elbow/forearm system, supplemented by hand 
classification [13].

�Associated Anomalies

Unlike patients with radial longitudinal defi-
ciency, children with ULD rarely have heart or 
hematopoietic anomalies. However, these chil-
dren may have associated musculoskeletal anom-
alies such as proximal femoral focal deficiency, 
additional hip pathology (coxa vara), tibial or 
fibular ray deficiency, phocomelia, scoliosis, 
clubfeet, and spina bifida [1, 16].

�Upper Arm and Shoulder

Patients with ULD may have hypoplasia of their 
proximal humerus and shoulder region. Despite 
this abnormality, most patients do not have 
restricted motion [15].

�Elbow

There is quite a bit of variation in the clinical 
presentation of children with ULD.  They may 
have an elbow that is stable, unstable, or fused. 
Their affected joints may have normal, hypo-
plastic, or severely deformed articular surfaces. 
Patients may present with congenital dislocation 
of the radial head, which may cause subsequent 
deformity to the distal end of the humerus [15]. 
El Hassan et  al. [17] reported that 12% of the 
children they treated with ULD had a radiohum-
eral synostosis. In their series, they described 
patients’ elbows in 20–90° of flexion and no 
elbows in full extension [17]. Others have 
described patients having elbows fixed in full 
extension [11] or with severe flexion and rota-
tion, so that the hand is positioned behind the 
child and away from the opposite, uninvolved 
hand. This creates the so-called hand on flank 
deformity [18].
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�Forearm

Buck-Gramcko [15] reported that patients with 
different types of ulna defect showed no correla-
tion to the severity of the involvement of other 
parts of the arm. He described patients presenting 
with ULD expressing all variations of other hand 
and elbow anomalies. Most patients with ULD 
will have a shorter than normal forearm 
(Fig. 11.1). Havenhill et al. [8] described a varia-
tion of patients with a normal forearm but defi-
ciencies isolated to the ulnar side of the hand—a 
type 0 ulnar longitudinal deficiency.

In ULD, ulnar hypoplasia is most common 
(60%) with partial absence of the ulna reported in 
22.5% and complete absence in 18% of patients 
[15]. Some patients with ULD will have a fibro-
cartilaginous mass, possibly representing the 
anlage of the absent portion of the ulna [16]. This 
is commonly seen in Bayne types II and IV and 

may be the cause for radial bowing and wrist 
deviation, although this point has been debated 
[16–22].

�Wrist

Children may present with angulation of their 
wrist, but it is typically not as severe as that seen 
in radial longitudinal deficiency (see Fig. 11.1c). 
El Hassan et al. [17] reported that patients with 
ULD had wrists that were positioned in neutral in 
71% of patients, with the remaining having wrists 
resting in 5–40° of ulnar deviation. Those patients 
with the wrist in neutral position had essentially 
normal wrist range of motion. However, when 
their wrists were in ulnar deviation, patients had 
limitations of radial deviation, wrist flexion, and 
extension [17]. Controversy over the role of the 
ulnar anlage and its relationship to wrist deviation 

Fig. 11.1  (a) Anteroposterior and (b) lateral radiographs 
of a 2-year-old boy with bilateral ulnar longitudinal defi-
ciency type II/A. (c) Clinical photograph showing exces-

sive wrist ulnar deviation. (d) The wrist position rests in 
neutral
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continues [15–17]. Patients may present with 
absent carpal bones in correlation with missing 
digital rays, and synostoses occur in 30% to 40% 
of cases [15].

�Hand

Approximately 90% of patients with ULD have 
missing digits and 30% have syndactyly [1]. 
Multiple digital anomalies can be seen in the 
patients with ULD, ranging from a full comple-
ment of digits to just one digit. Ectrodactyly has 
been well documented in patients with ULD [1, 
13, 15, 17]. Often, the patient’s existing digits 
are not normal, with variations of hypoplasia, 
missing phalanges or metacarpals, syndactyly, 
and synostoses between phalanges and metacar-
pals [15].

Seventy percent of patients with ULD have 
abnormalities related to the thumb [1]. El Hassan 
et al. [17] reported that 11 of 17 limbs with ULD 
had digital anomalies, with four of those limbs 
having absent thumbs. Swanson et  al. [11] and 
Broudy and Smith [21] reported that 68% and 
100% of their patients with ULD had radial-sided 
hand abnormalities, respectively. Cole and 
Manske [13] reported that 73% of the 55 patients 
evaluated had an abnormal thumb or first web 
space. Their classification system describes the 
spectrum of thumb and first web space involve-
ment from normal all the way to aplastic [13]. 
Evaluating a patient’s thumb and first web space 
deficiencies is important, as surgical intervention 
to alter the radial-sided abnormalities in the hand 
may provide more substantial gains for a patient’s 
function than operations elsewhere along their 
arm [1, 13, 15–17].

�Treatment

Treatment of patients with ULD depends on the 
function of the limb. Nonoperative intervention 
typically consists of early stretching and splinting 
starting at a young age. Depending on the function 
of the hand, surgical intervention may be war-
ranted. Tissue distraction is a more invasive method 

of stretching and may be an adjunct to surgical 
management. The majority of surgical interven-
tions in patients with ULD are performed on the 
hand, including syndactyly releases, deepening of 
the first web space, and first metacarpal rotational 
osteotomies [1, 13, 15, 16]. In special circum-
stances, other procedures, including excision of an 
ulnar anlage, humeral rotational osteotomy, and 
creation of a one-bone forearm, may be indicated.

�Hand

Hand function can be improved with syndactyly 
releases, reconstruction of the thumb (opponens-
plasty, pollicization), and deepening of the first 
web space [1, 16, 23]. Ezaki and Carter [16] rec-
ommend delaying hand surgery until the child’s 
second year of life. The reconstruction proce-
dures of a child’s hand are very important in 
improving their function; waiting for the child’s 
hands to get larger allows for a more precise sur-
gery and thus a better result [16].

First metacarpal rotational osteotomy is indi-
cated when a child’s hands has digits that all lie in 
the same plane. The goal of this rotation is to 
allow for prehension with the pulp of the digits. 
Rotation of other metacarpals and even phalan-
ges to achieve this goal should also be consid-
ered. Ezaki and Carter [16] report that there is a 
tendency for a slow loss of rotation after surgical 
intervention, and they recommend concomitant 
realignment of muscle power with tendon trans-
fers to help prevent derotation.

�Wrist

Controversy over excision of the ulnar anlage 
continues to be debated within the literature [11, 
15–17, 21, 22]. However, there is some agree-
ment as to which patients may benefit from early 
anlage excision. Indications for ulnar anlage 
excision [1, 15–17, 22] include the following:

	1.	 Greater than 30° of fixed ulnar deviation
	2.	 Clinically documented progression of ulnar 

deviation
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It is recommended that excision of the ulnar 
anlage be performed at age 6 months. Proponents 
of early excision state it may improve both the 
function and appearance of a patient’s arm [1, 7, 
22]. The anlage acts as a tether and will restrict 
radial growth and increase deformity of the fore-
arm. In addition, the forearm will double in 
length by age 3 years, and resection of the anlage 
will provide the best possibility for unrestricted 
growth of the limb [16, 22].

To excise the ulnar anlage, either a longitudi-
nal or lazy “S” incision is used over the ulnar 
border of the forearm and wrist. Usually the 
flexor carpi ulnaris is absent, and the neurovas-
cular bundle (if present) is directly under the 
skin and will need to be protected. Distally, it is 
crucial to dissect the anlage off of the carpus 
and radius completely. Following distal resec-
tion, the patient’s wrist should be passively cor-
rected to a neutral position. Resection of the 
entire fibrous anlage proximally is not required; 
usually resection of the distal third is adequate 
[16]. If excessive bowing of the radius is pres-
ent, then an osteotomy can be performed at the 
same time. Postoperative management includes 
immobilization of the patient’s wrist in a neutral 
position for 6 weeks followed by stretching and 
splinting for at least 6  months. Some authors 
have recommended nighttime splinting with a 
short arm orthosis until patients reach skeletal 
maturity [23].

�Forearm

The forearm of patients with ULD can be chal-
lenging to treat. Multiple procedures have been 
described: creation of a one-bone forearm [1, 15, 
23, 24], radial osteotomies [18–20], and forearm 
lengthening [25, 26].

Several authors [1, 16, 27, 28] have advocated 
that the only indication for creating a one-bone 
forearm is in the presence of forearm instability 
that is disabling to the patient. Thus, this proce-
dure should rarely be done, knowing that any 
possible improvement in cosmetic appearance 
will be offset by the loss of function.

Radial osteotomies have been described 
[18–20] and may be performed at the same time 
as excision of the ulnar anlage if excessive 
bowing exists [16]. Although the forearm may 
be malrotated, most children do not require a 
forearm rotational osteotomy to improve their 
function [1].

Chen et al. [26] describe a case using an exter-
nal fixator distraction osteogenesis of the ulna in 
a child with a Bayne type II deformity. They 
reported an 81-mm lengthening over 7 months, 
with gradual reduction of a dislocated radial 
head. Elbow range of motion increased and pres-
ervation of preoperative forearm rotation was 
documented.

Schachinger et al. described the use of soft tis-
sue distraction in two children with Bayne type II 
deformities prior to definitive one-bone forearm 
surgery [29]. This seems to be an option in this 
very specific subset of patients.

�Elbow/Humerus

When a child’s hand is positioned behind the 
body, the “hand-on-flank deformity,” a rota-
tional osteotomy near their elbow may be use-
ful [1, 16–18, 23]. These patients typically have 
a radiohumeral synostosis with a hyperpronated 
forearm, bowing of the radius, and flexion and 
rotation of the elbow [17, 18]. The procedure 
can be performed at the level of the distal 
humerus through a lateral incision. Careful dis-
section is used to expose the humerus. Kirshner 
wires are placed distal and proximal to the pro-
posed osteotomy site in a parallel fashion. The 
distal skeletal fragment is rotated so that the 
patient’s hand is now positioned in front of the 
trunk. Care must be taken in this rotation sur-
gery, as the patient’s vessels and nerve are at 
risk for serious damage. If needed, it may be 
useful to shorten the patient’s humerus as well. 
The osteotomy can be fixed with either trans-
verse wires or plate and screws depending on 
the size of the patient. Their arm can then be 
treated postoperatively in a long arm cast for 
4–6 weeks.

11  Ulnar Longitudinal Deficiency



176

References

	 1.	Bauer AS, Bednar MS, James MA. Disruption of the 
radial/ulnar axis-congenital longitudinal deficiencies. 
J Hand Surg Am. 2013;38(11):2293–302.

	 2.	Koskimies E, Lindfors N, Gissler M, Peltonen J, 
Nietosvaara Y.  Congenital upper limb deficien-
cies and associated malformations in Finland: 
a population-based study. J Hand Surg Am. 
2011;36A:1058–65.

	 3.	Oberg KC, Feenstra JM, Manske PR, Tonkin 
MA.  Developmental biology and classification of 
congenital anomalies of the hand and upper extrem-
ity. J Hand Surg Am. 2010;35A:2066–76.

	 4.	Tickle C, Summerbell D, Wolpert L. Positional sig-
naling and specification of digits in chick limb mor-
phogenesis. Nature. 1975;254:199–202.

	 5.	Tickle C. Experimental embryology as applied to the 
upper limb. J Hand Surg Am. 1987;12B:294–300.

	 6.	Yang Y, Kozin SH. Cell signaling regulation of verte-
brate limb growth and patterning. J Bone Joint Surg. 
2009;91A(Suppl 4):76–80.

	 7.	Bayne LG. Ulnar club hand (ulnar deficiencies). In: 
Green DP, Hotchkiss RN, Pederson WC, editors. 
Operative hand surgery. 3rd ed. New York: Churchill 
Livingstone; 1993. p. 288–303.

	 8.	Havenhill TG, Manske PR, Patel A, Goldfarb 
CA. Type 0 ulnar longitudinal deficiency. J Hand Surg 
Am. 2005;30A:1288–93.

	 9.	Kummel W.  Die missbildungen der extremitaeten 
durch defect, verwachsung und ueberzahl. Bibliotheca 
Medica (Casse). 1895;Heft 3:1–83.

	10.	Ogden JA, Watson HK, Bohne W. Ulnar dysmelia. J 
Bone Joint Surg. 1976;58A:467–75.

	11.	Swanson AB, Tada K, Yonenobu K.  Ulnar ray defi-
ciency: its various manifestations. J Hand Surg Am. 
1984;9A:658–64.

	12.	Ogino T, Kato H.  Clinical and experimental stud-
ies on ulnar ray deficiency. J Pediatr Orthop. 
1983;3:37–40.

	13.	Cole RJ, Manske PR.  Classification of ulnar defi-
ciency according to the thumb and first web. J Hand 
Surg Am. 1997;22A:479–88.

	14.	Goldfarb CA, Manske PR, Busa R, Mills J, Carter 
P, Ezaki M.  Upper-extremity phocomelia reexam-

ined: a longitudinal dysplasia. J Bone Joint Surg. 
2005;87A:2639–48.

	15.	Buck-Gramcko D.  Congenital malformations of the 
hand and forearm. Chir Main. 2002;21:70–101.

	16.	Carter PR, Ezaki M, Oishi S, Herring JA. Disorders of 
the upper extremity. In: Herring JA, editor. Tachdjian’s 
pediatric orthopaedics, vol. 4. 1st ed. Philadelphia: 
Saunders; 2008. p. 536–9.

	17.	El Hassan B, Biafora S, Light T. Clinical manifesta-
tions of type IV ulna longitudinal dysplasia. J Hand 
Surg Am. 2007;32A:1024–30.

	18.	Miller JK, Wenner SM, Kruger LM. Ulnar deficiency. 
J Hand Surg Am. 1986;11A:822–9.

	19.	Carroll RE, Bowers WH. Congenital deficiency of the 
ulna. J Hand Surg Am. 1977;2:169–74.

	20.	Straub LR.  Congenital absence of the ulna. Am J 
Surg. 1965;109:300–5.

	21.	Broudy AS, Smith RJ.  Deformities of the hand 
and wrist with ulnar deficiency. J Hand Surg Am. 
1979;4A:304.

	22.	Flatt AE. The care of congenital hand anomalies. St 
Louis: Quality Medical Publishers; 1994.

	23.	James MA, Bednar M. Deformities of the wrist and 
forearm. In: Green DP, Hotchkiss RN, Pederson WC, 
Wolfe SW, editors. Green’s operative hand surgery. 
5th ed. New  York: Churchill Livingstone; 2005. 
p. 1479–83.

	24.	Vitale CC.  Reconstructive surgery for defects in 
the shaft of the ulna in children. J Bone Joint Surg. 
1952;34A:804–10.

	25.	Smith AA, Greene TL. Preliminary soft tissue distrac-
tion in congenital forearm deficiency. J Hand Surg 
Am. 1995;20A:420–4.

	26.	Chen GX, Zhou ZA, Yang L. Ulnar lengthening using 
a half ring sulcated external fixator for ulnar longitu-
dinal deficiency: a case report. Cell Biochem Biophys. 
2013;67(2):809–12.

	27.	Laurin CA, Farmer AW.  Congenital absence of the 
ulna. Can J Surg. 1959;2:204–7.

	28.	Blair WF, Shurr DG, Buckwalter JA. Functional status 
in ulnar deficiency. J Pediatr Orthop. 1983;3:37–40.

	29.	Schachinger F, Girsch W, Farr S. Soft tissue distrac-
tion prior to single bone forearm surgery in ulnar 
longitudinal deficiency: a report of two cases. J Hand 
Surg Asian Pac. 2018;23(1):153–7.

H. P. Gottschalk and M. S. Bednar


	11: Ulnar Longitudinal Deficiency
	Introduction
	Embryology
	Classification and Clinical Picture
	Associated Anomalies
	Upper Arm and Shoulder
	Elbow
	Forearm
	Wrist
	Hand

	Treatment
	Hand
	Wrist
	Forearm
	Elbow/Humerus

	References




