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The relative length of the ulna compared to the
radius, or ulnar variance, appears to be an important
element in wrist pathology. The length is determined
by age, genetic factors, load (i.e. gymnasts) and gross
elbow pathology. The negative ulnar variance or
short ulna has been associated with Kienbdck’s
disease, avascular necrosis of the scaphoid and
scapholunate dissociations. This could not be con-
firmed in our observations. On the contrary, a long
ulna (positive ulnar variance) is harmful for the
ulnar compartment of the wrist as it causes degen-
eration and perforation of the triangular fibrocar-
tilage complex (TFCC) and cartilaginous wear of
the carpal bones (ulnar impaction syndrome). The
ulnar variance is also determinant for the morphol-
ogy of the sigmoid notch of the radius. With wrist
arthroscopy a more precise diagnosis of ulnar wrist
pain has become possible.
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INTRODUCTION

The DRUJ (distal radioulnar joint) is phyloge-
netically a “young” joint. In most primates a real
synovial joint exists between ulna, triquetrum and
pisiform bone. In the hominoid a transition occurs
towards the situation in Homo sapiens (6, 51,
52). In men the DRUJ became a complex artic-
ulation with meniscus-like structures (TFCC —
triangular fibrocartilage complex — and meniscus
homologue) between ulna and carpus (10, 12, 47,
54, 72). Numerous anatomical variations exist,
and especially the length of the ulna compared
to the radius (ulnar variance or UV) can differ
between individuals, and may even change during

one’s lifetime (14, 17, 25, 37, 45, 49, 62). The
influence on the UV and the effect of the UV on
the wrist joint, the pathologies around the DRUJ
and the TFCC, and the appropriate solutions are
currently under investigation. This paper com-
ments on these interrelationships and relates them
to the author’s experience.

ULNAR VARJANCE

The length of the ulna compared to the radius
is not constant among individuals, nor during
lifetime. This relative length is expressed as the
ulnar variance (UV) (45). When the ulnar length
differs by less than 1 mm from the radius, this
is a neutral UV or ulna zero.

Measurement of UV requires a standardized
technique of radiography and a reliable and re-
producible measurement technique. As has been
noted by Epner (30), Kristensen (49) and Naka-
mura (62), the length of the ulna changes during
pronation and supination (9). In supination the
radius is parallel to the ulna and at its maximal
length the UV decreases. The opposite is true
during pronation.

To overcome this phenomenon, the “zero-po-
sition” exposure is recommended (shoulder ab-
ducted to 90° and elbow flexed at 90°, with
neutral position of the forearm and the hand
aligned with the forearm axis) (30). As pointed
out by Kristensen (49), none of the measurements
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of UV before 1983 can be interpreted since no
details about the rotational state of the forearm
are known. Palmer (69) described a technique of
measurement with concentric circles, but other
methods have been reported (37), with reliable and
comparable results (87).

There is a wide distribution of UV in the
population (fig. 1) ranging from -4 to + 2 mm,
the mean being (in our population) - 0.42 mm.
Other values have been found by different authors
(14, 17, 21, 25, 37, 45, 49, 55, 62) (see table I).
Black and asian populations seem to have more
positive values (37, 62).

Only Nakamura (62) found a significant differ-
ence between males and females. Furthermore his
observation of an increasing UV with advancing
age has now been confirmed. Hafner and Poz-
nanski (40) noted a similar finding in growing
children, De Smet et al. found the same in adults
(21, 25), and Fortems ez al. (35) confirmed it in
an elderly population.

The mechanism of this lengthening of the ulna
(or shortening of the radius) has not yet been
resolved. Murata et al. (60) claimed the degen-
eration of the radial head to be responsible for
this pseudo-lengthening of the ulna. We were not
able to confirm this in a cadaver dissection of 38
elbows and wrists.

ULNAR VARIANCE

Fig. 1. — Distribution of UV among a normal population.

Table I. — Normal UV

Nakamura 1991 62 | 325
D’Hoore 1991 25 | 125

Author Year | Ref. | N Mean UV | Uy U, U_
Hulten 1928 1 45 | 400 - 0.7 16 61 23
Gelberman | 1975| 37 | 419 bl +0.7 21
0.27 13
Chan 1980 | 14 | 400 0.83 48.2 418 10
Kristensen 1986 100 - 0.84
Czitrom 1987 | 17 65 - 0.38 41.5
Mandelbaum | 1989 25 - 0.54

0.2 322 393 274
- 042 |38 18 43

FACTORS DETERMINING THE UV

It is obvious that genetic factors determine the
phenotype ; also in the determination of UV, the
genes are major contributors. The striking paral-
lelism between left and right wrists is an argument
for genetic determination, even in professions or
sports with a significant overuse of one upper
limb.

Forstner, Tolat et al. and the present authors
(33, 34, 93) were able to distinguish 3 types of
sigmoid notches of the radius, each of them
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correlated with the UV (fig. 2). Increasing UV is
also correlated with decreased thickness of the
TFCC (35, 70) (fig. 3). These two morphological
correlations are additional arguments for genetic
determination of UV.

Of course with twin studies this should be
conclusive, but the limited series of adult twins
with radiographs of their wrists in zero position
prevents detailed statistic evaluation.

Besides (normal) genetic determination, other
external influences cannot be denied. Submitting
the immature wrist to prolonged compression
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Fig_ 2. — 3 types of sigmoid notch.
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Fig. 3, — Corrclation beiween UV and TFCC ihickness.

and/or repetitive (microjtraumata, as is seen in
(female} gymmasts (3, 24, 27, 55, 93, 99), leads to
ulnar overgrowth, due to a premature arrest of the
radial growth place. Fracture dislocations (Essex-
Lopresti) or removal of the radial head (12, 31, 56,
57, 91) lead to proximal migration of the radius
with an important ulna plus in a high percentage
of the cases.

INFLUENCE OF ULNAR VARIANCE
ON THE WRIST

The variability of the ulnar length would not
be more than a curiosity il differences in UV had
not been associated with wrist pathology.,

a) Ulna minus

Attention was drawn to this form of UV by
Hulten in 1928 (45), who associated a negative
UV with Kienbiock’s disease. This was confirmed
later, and the clinically good results of radial
shortening or ulnar lengthening (the so-called
leveling procedures) were additional arguments to
explain the etiology of avascular necrosis of the
lunate (4, 5, 7, 8, 11, 29, 37, 45, 49, 61, 64, 68,
76, 82, 85, 86, 88, 92, 106, 109) (tables ILII1, 1V).
The recent observations by Kristensen (49, 50),
Nakamura (62} and D Hoore (24, 25), however,
could not correlate ulna minus with Kienbdck's
disease when scx/age-matched controls were used,
and when careful radiographic techniques (zero-
position) were respected.

These papers cannot provide enough cvidence
for Kienbdck’s disease as being caused by uneven
pressure on the lunate by the longer radius.
Leveling procedures therefore are not more than
osseous decompressive techniques. Other proce-
dures such as triskaphe-arthrodeses can give sim-
ilar effects (5, 44, 94, 102, 104, 105).

Our personal review of 17 radial shortenings
(100) demonstrated the incffectiveness of leveling
procedures on the morphology of the lunate and
the impairment of DRUJ {unctioning, Pressures
in the DRUJ increase considerably after ulnar
shortening (107).
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Parkinson ez al. (75) suggested nontraumatic
avascular necrosis of the scaphoid (Preiser’s dis-
ease) (78) to result from negative UV. Cumulative
data of published cases (18, 22) and the series of
the Mayo Clinic were able to rule out this sug-
gestion (101) (table V).

Table II. — UV and Kienbock’s disease

Author Ref. Year uv

Hulten 45 1928 -2.04
Gelberman 37 1975 - 1.40
Armistead 7 1982 -3.01
Sundberg 88 1983 -2.04
Kristensen 49 1986 —1.42
Kristensen 50 1987 - 1.04
Wun-schen 108 1990 -1.22
Nakamura 62 1991 -0.37

Table I1I. — Effect of ulnar lengthening on Kienbock’s disease

Author Ref. | Year N 9% Good results
Tilbert 92 1968 10 100
Armistead 7 1982 20 90
Sundberg 88 1983 19 95
Schattenkerk 85 1987 15 70

Table IV. — Effect of radial shortening on Kienbock’s disease

Author Ref. | Year N % Good results
Calandriello 11 1966 10 90
Axelson 8 1973 19 100
Rosemeyer 82 1976 19 68.5
Eiken 29 1980 8 87
QOvesen 68 1981 8 87
Almgvist 4 1982 12 91
Schattenkerk 85 1987 20 70
Nakamura 61 1990 23 83
Weiss 105 1991 29 87

Table V. — UV and Preiser’s disease

Cumulative data of Preiser D’Hoore Nakamura
positive : 5 39% 32%
neutral : 10 19% 39%
negative : 8 43% 27%
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Since no avascular necrosis of the lunate nor
of the scaphoid was ever published after a Dar-
rach’s resection of the ulnar head, we think that
negative UV has limited or no influence on carpal
vascularity.

Czitrom et al. (17) correlated negative UV and
recent scapholunate dissociation. Although his
series is similar to ours, we could not find a similar
correlation in a group of 43 cases of scapholunate
dissociations, compared to 125 controls.

b) Ulna plus

The degenerative changes in the ulnar compart-
ment of the wrist due to increased ulnar length
have been called the “ulnar impaction syndrome”
(36).

Palmer’s biomechanical investigations (71) have
demonstrated a considerable pressure shift to the
ulnar side of the wrist when the ulna is lengthened
by 2 mm (or more). The effect of this increased
pressure in the ulnar part of the wrist, is expressed
as more frequent perforations of the TFCC (35,
72, 73, 74), degenerations of the ulnar head (95),
the lunate and triquetrum (72, 92). Also ruptures
of the lunotriquetral ligaments have been asso-
ciated with ulna plus.

The recommended treatments for this pheno-
menon have been debated. Although shortening
of the ulna seems obvious (53), the different types
of sigmoid notches (33, 34, 93) can make the
outcome hazardous. Decompression of the ulnar
compartment by resection of the ulnar head
(totally, partially or only a “wafer” removed) have
failed in our hands to provide reproducible results
9, 16, 32, 59, 103). Leveling with an arthrodesis
of the DRUJ, associated with a cuff resection
proximal to the DRUJ (Sauvé Kapandji’s proce-
dures) (fig. 4) gave us the most reliable outcome
with 80% good results (15, 20, 23, 38, 39, 46, 58,
63, 83, 84, 90, 96, 110).

The ulna plus with osteoarthritis of the DRUJ
can be the cause of rupture of extensor tendons.
Not only in rheumatoid arthritis, but also in
Madelung’s deformity and constitutional or post-
traumatic ulna plus, the attrition of the ulnar head
has been held responsible for sequential rupture
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of the extensor tendons of the long fingers (13,
19, 28, 42, 65, 79, 89, 98).

Fig. 4. — Sauvé-Kapandji procedure.

ARTHROSCOPY
AND UV-RELATED PATHOLOGY

After the knee and shoulder, the wrist is prob-
ably the third most frequent joint to be arthro-
scoped. Since the development of smaller instru-
ments, Inspection of the interior of the wrist
became possible. But what is the value ?

From the therapeutic point of view, only a few
procedures (107) are possible : removal of a loose
body {112), suturing the TFCC (111) and “ectomy”
procedures. The results of these “ectomy” proce-
dures are still open to discussion, and transporting

the good results in knee arthroscopy to the wrist
would be overly optimistic. More critical and long-
term follow-up results are required (41, 66, 67, 80).

For the diagnosis, on the contrary, we can be
more affirmative, since we found in a considerable
percentage of wrists with negative arthroscopy,
additional information leading to further (usually
surgical) treatment (16, 43, 48, 88, 81, 97). We
(97) dare to conclude that diagnostic arthroscopy
of the wrist is an important achievement in the
evaluation of ulnar-sided pathology of the wrist,
as has been mentioned by several other authors
(48, 81).

CONCLUSIONS

In reviewing the literature we were surprised by
the lack of “hard data” to support statements. A
careful selection of papers, and personal experience
and investigations concerning ulnar variance have
led to the following conclusions :

— Ulnar variance is determined by age, genetics,
loading and elbow pathology.

— Determination of the UV requires a standard-
ized technique of radiography.

— Negative ulnar variance is not an important
etiological factor in Kienbdck’s disease, in
Preiser’s disease, or in scapholunate disloca-
tions.

— Positive ulnar variance leads to the “ulnar
impaction syndrome” with perforation of the
TFCC, cartilaginous degeneration of the lu-
nate, triquetrum and ulnar head.

— The morphotype of the sigmoid notch of the
radius and the thickness of the TFCC is
correlated with ulnar variance.
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SAMENVATTING

L. DE SMET. Overzicht artikel. Ulnar variance : feiten
en verzinsels.

De relatieve lengte van de ulna of “ulnar variance” ten
opzichte van de radius blijkt een belangrijke parameter
te zijn. Deze ulnar variance wordt bepaald door erfe-
lijkheidsfaktoren, leeftijd, belasting van de pols (o.a. bij
turners) en ernstige elleboogafwijkingen. Het bepalen
van deze ulnar variance vereist gestandardiseerde radio-
grafieén en een reproduceerbare meettechniek. De korte
ulna werd als etiologie geopperd voor het ontstaan van
de ziekte van Kienbock, aseptische nekrose van het
scaphoid en scapholunaire dissociaties. Dit konden wij
niet bevestigen. Daarentegen heeft een lange ulna wel
een nefaste invloed op het ulnaire polscompartiment
met degeneratie en perforatie van het ligamentum trian-
gulare en kraakbeenletsels van de carpus. De ulnar
variance bepaalt de morfologie van de sigmoid notch
van de radius. Arthroscopie van de pols is een nuttig
technisch onderzoek voor ulnaire polspijn.



ULNAR VARIANCE 9

RESUME

L. DE SMET. Article de synthése. Variantes morpho-
logiques du cubitus : faits et fiction.

La longueur relative du cubitus par rapport au radius,
ou la variance cubitale est un paramétre important.
Cette longueur est déterminée par des facteurs géné-
tiques héréditaires, 1"age, les sollicitations (p. ex. les
gymnastes) et une éventuelle pathologie grave du coude.
Pour déterminer cette variance cubitale, il faut dis-
poser de radiographies standardisées et d’une technique

de mesure reproductible. Le cubitus court a été mis
en rapport avec la maladie de Kienbock, la nécrose
du scaphoide et la dissociation scapho-lunaire. La sta-
tistique ne confirme pas cette hypothese. Par contre
le cubitus long induit une pathologie importante dans
le compartiment cubital du poignet : perforation et
dégénérescence du ligament triangulaire, lésions cartilagi-
neuses des os du carpe. La variance cubitale détermine
la morphologie de la facette articulaire interne du
radius. L’arthroscopie du poignet est une technique
fiable dans la mise au point d’une souffrance cubitale.
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