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Abstract Ulnar shortening osteotomy is an accepted treat-
ment for ulnar impaction syndrome and numerous techniques
for have been described in the literature. We present our single
surgeon case series over 10 years of oblique ulnar shortening
osteotomy using a jig technique. A review of the current liter-
ature with reference to the risk of complications is included.
All patients undergoing ulnar shortening osteotomy from
2001 to 2011 were identified and case-notes were reviewed
retrospectively. Risks of complications included metalwork
irritation (51 %), non-union (6.3 %), refracture (1.6 %) and
chronic regional pain syndrome (1.6 %). Oblique ulnar
osteotomy using a jig technique is reliable and reproducible
in shortening the ulna and maintaining alignment, rotation and
compression at the osteotomy site. Symptoms improved in the
majority of patients. However, the morbidity associated with
the procedure may be underestimated as highlighted by our
complication rates. Surgeons should counsel patients appro-
priately when offering ulnar shortening osteotomy.

Keywords Ulnar impaction syndrome - Ulnar shortening
osteotomy - Complications

Introduction

Ulnar impaction syndrome (UIS) was first described by

Friedman and Palmar as a clinical condition characterised by
ulnar wrist pain, swelling and limitation of motion due to
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excess load bearing of the ulna head against the triangular
fibrocartilage complex (TFCC) and ulnar carpus [1]. With
continued impaction, progressive damage occurs including
TFCC tears, ulno-carpal chondromalacia, lunotriquetral liga-
ment tears, and ulnocarpal osteoarthritis [1]. These can either
be secondary to distal radius fracture malunion, premature
physeal arrest, radial head excision, Essex-Lopresti injury, or
due to primary or idiopathic UIS.

Ulnar shortening osteotomy is an accepted treatment for a
variety of ulnar sided wrist disorders. It is most commonly
used for UIS but has also been used in the treatment of distal
radioulnar joint (DRUJ) disorders [2—4], TFCC injuries [5-8],
and ulnocarpal instability [9]. The basis of treatment with
ulnar shortening for UIS is mechanical decompression of the
ulnocarpal joint by transferring load to the radiocarpal joint.
Ulnar shortening by 2.5 mm to a neutral ulnar variance has
been shown to reliably reduce the axial load transferred by the
proximal carpal row to the distal ulna, from 42 to 18 % [10].
The advantage is that the procedure remains extra-articular
when compared to other surgical techniques such as distal
ulnar excision, ulnar recession and the Wafer procedure
[11-13]. It maintains the integrity of the distal radioulnar joint
(DRUYJ) and its surrounding ligaments and joint capsule, al-
though the mechanics of the DRUJ may be altered [14].

Numerous techniques for ulnar shortening osteotomy have
been described in the literature. Traditionally, a transverse
freehand resection has been described to achieve the desired
shortening of the ulna [6]. However, oblique osteotomies were
introduced to increase the bony contact area for healing, im-
prove compression at the osteotomy site and reduce healing
time [15, 16]. More recently osteotomy techniques using de-
vices which allow precise width of bone resection have been
shown to improve the reproducibility, speed and ease of sur-
gery [16]. As a result, oblique osteotomy performed with the
aid of a jig has become popular and has been favourably
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reported in the literature [9, 16, 17]. Despite the evolution of
surgical techniques, reported complication rates for nonunion
and refracture are variable and have ranged from 0 to 4 % for
each of the methods. Metalwork removal rates vary from 0 to
45 % (Table 1).

This study reports the technique and complications over a
10 year period of performing ulnar shortening with an oblique
osteotomy cut with the aid of a commercially available jig.

Materials and Methods

All patients undergoing ulnar shortening osteotomy between
2001 and 2011, 63 consecutive cases of ulnar shortening
osteotomy were performed in 60 patients using the described
technique. There were 37 women and 23 men with an average
age of 46 years (range 14-75, SD — 13). Case-notes were
reviewed retrospectively to record: demographic data; pre-
operative symptoms; aetiology of the ulnar-sided wrist pain;
intra-operative details; bony union; and complications.
The average follow-up was 20 months (1-97, SD — 19).
Bivariate analysis was made using Fisher’s exact test.
Statistical significance was taken at the p < 0.05 level.
Patients were seen preoperatively by the senior author
(MAC) and a clinical diagnosis of UIS was made on the basis
of a strong history of localised ulna sided wrist pain, combined

with decreased range of wrist motion or decreased grip
strength. Physical examination included the ulnocarpal stress
test as described by Nakamura, in which pain is elicited when
the ulna is held and the wrist is deviated ulna-wards and the
forearm supinated under an axial load [26]. Radiographs were
taken pre-operatively with the shoulder positioned in 90° of
abduction and the elbow flexed to 90°. The forearm was po-
sitioned in mid-pronation. Ulnar variance was assessed using
the method of perpendiculars whereby the interval between a
line drawn perpendicular to the long axis of the radius at its
distal ulnar aspect and a parallel line marking the distal limit of
the ulna were measured [25]. If the diagnosis of UIS was in
doubt, patients underwent preoperative magnetic resonance
imaging (MRI). If there was evidence of a TFCC tear or, if
there was no clear radiographic evidence of UIS, a wrist ar-
throscopy was performed prior to, or at the time of, ulnar
shortening osteotomy.

Operative Technique

A skin incision was made over the subcutaneous border of the
ulna, protecting the dorsal sensory branch of the ulna nerve.
The interval between extensor carpi ulnaris and flexor carpi
ulnaris was identified and the periosteum elevated to allow
plate placement. The Osteotec Ulna Shortening System cut-
ting jig (Osteotec Ltd., Christchurch, Dorset, UK) was centred

Table 1 Summary of common complications from current literature
Wrists  Osteotomy Implant Plate Removal  Refracture Non-Union

Sunil et al. [17] 97 Transverse freehand(45) vs 3.5DCP 5/6hole 8 (8 %) 3(freehand) 3(freehand) (3 %)

Oblique Rayhack(52) vs Rayhack 1(jig)

(4 %)
Pomerance [18] 40 Rayhack vs Labosky single Rayhack vs 3.5DCP 14 (35 %) 13 %) 0
Mizuseki et al. [19] 24 Oblique, new jig 3.5DCP;5hole 6 (25 %) 1 (4 %) 0
Wehbe and Cautilli [20] 24 AO small fragment distractor  2.7DCP; 24 (100 %) 1 (4 %) 0
Horn [21] 25 LUSO screws oblique 3.5screwsx4 1 (4 %) 14 %) 0
Loh et al. [22] 23 Freehand oblique 3.5DCP;6hole 7 (30 %) 0 (not reported) 1 (4%)
Chen and Wolfe [2] 18 AO compression, oblique 3.5DCP;6hole 8 (44 %) 0 (not reported) 0
Darlis et al. [23] 29 Freehand stepcut 3.5DCP;7hole 3 (10 %) 0 0
Constantine et al. [24] 11 Transverse, frechand 3.5DCP;6hole 5 (45 %) 0 0
Back et al. [25] 31 Transverse, freehand 3.5DCP;6/7 hole Not reported Not reported 0
or 3.5TTP

Rayhack et al. [16] 23 Transverse freehand (23) Rayhack Not reported Not reported 1(radiographic)

Rayhack jig oblique(15)
Tatebe et al. [4] 6 Transverse frechand 35TTP 0 0 0
Minami and Kato [7] 25 Transverse frechand 3.5DCP;6hole Most 2 (8 %) 0
Chun & Palmer [1] 30 Oblique freehand 3.5DCP;6hole Not reported Not reported 0
Koppel et al. [9] 47 Freehand transverse(32) vs 2.7/3.5DCP; 6hole 35 (74 %) Not reported S(transverse) (15 %)

Freehand Oblique(17) 1(oblique)

(6 %)

Hulsizer et al. [6] 13 Freehand transverse 3.5DCP;6hole 2 (15 %) 1.8 %) 1(8 %)
Trumble et al. [8] 21 Freehand oblique 3.5DCP;7hole 0 0 0
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at the planned osteotomy site over the dorsoulnar border of the
ulna and fixed proximally and distally using cortical screws.
An oblique osteotomy was made using the cutting guides on
the jig to resect a wafer of bone between 2.5 and 3.5 mm
(Fig. 1), with the aim of reducing ulnar variance to just beyond
neutral wherever possible. If the ulnar variance was neutral, a
more conservative cut was made using the 2.5 mm jig. In
Madelung deformities, shortening was performed to offload
the ulna and to restore joint congruency to improve range of
movement. Irrigation was used to minimise the effects of
overheating when performing the osteotomy using the oscil-
lating saw. The cutting jig was removed along with the
resected bone (Fig. 2). A Dynamic Compression Plate
(DCP) (Synthes Ltd., Welwyn Garden City, UK) was used
in all but one case (61 five-hole 3.5 mm DCP and one eight-
hole 3.5 mm DCP). This was applied to the ulnar border of the
ulna and fixed proximally and distally using the pre-drilled
holes (Fig. 3). A titanium Reconstruction Plate (Synthes
Ltd., Welwyn Garden City, UK) had been used in the other
case as the patient reported a nickel allergy. The cutting jig is
designed to compress the osteotomy site and maintain the
normal rotation of the ulna once the distal and proximal cor-
tical screws are applied. The orientation of the osteotomy also
allows a single hole to be used in lag screw mode to maintain
compression at the osteotomy site. This mode of fixation was
used in all cases. A below elbow splint was applied for 6 weeks
post-operatively.

Postoperative Radiographic Assessment

Radiographs were performed postoperatively at 6 weeks and
then serially to assess for bony union or evidence of loosening.
Radiographic union was defined by trabeculation across the
osteotomy site, disappearance of the osteotomy gap and an
absence of adverse signs such as displacement at the
osteotomy site and implant loosening. If loosening or dis-
placement was noted, union was subsequently defined as cal-
lus bridging three out of four cortices on two views. Nonunion
was diagnosed on the basis of a persistent gap at the
osteotomy site and failure to demonstrate progression of
healing on serial radiographs beyond 6 months.

Fig. 1 Osteotec Ulna Shortening System cutting jig
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Fig. 2 Jig and resected wafer of bone removed

Results

The majority were carried out for idiopathic UIS (49 out of
63). Other reasons for performing ulnar shortening osteotomy
included nine patients with ulnocarpal impaction after distal
radius fracture malunion, four distal radius growth arrests
from childhood injuries, one secondary to polio (Table 2).

All patients pre-operatively demonstrated neutral or
positive ulnar variance on radiographs — mean 2.3 mm
(range — 0 to 10, SD — 2.0, median 2), which improved
post-operatively with a mean ulnar variance of —0.2 mm
(range — 3.0-8.0, SD — 2.0, median — 1).

Thirty-six patients (57 %) had pre-operative MRI scans of
the wrist to assess for TFCC tears. Thirty-eight patients (60 %)
underwent arthroscopy of the wrist prior to ulnar shortening
osteotomy. Of those, 32 (51 %) were performed as part of the
same surgical procedure. Twenty-one TFCC tears were record-
ed on arthroscopy or MRI, 16 of which were central, degener-
ative tears and five peripherally located tears/detachments.

Union Rates

Radiographic union was diagnosed in 59 cases (94 %). The
median time to union for these patients was 12 weeks (range
4-78). Of these, 10 (17 %) patients took over 6 months to
achieve union and were defined as delayed unions.

Fig. 3 Direct compression plate applied with lag screw using same
drill holes
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Table 2  Demographics of patient cohort and complications

UIS Previous Fracture Growth Arrest Other Total Significance (p-value)
Number 49 9 4 1 63 -
Age (years) 46 48 22 65 46 ns
Mean (range, SD) (26-67,11) (29-75, 16) (14-37, 10) (14-75, 13)
M:F 23:26 0:9 1:3 1:0 25:38 -
Length of FU (months) 15 (7-28) 13 (7-30) 12 (5-26) 6 15 (7-28) ns
Mean (range, SD)
Time to union (weeks) 12 (6-21) 7 (6-12) 18 (14-24) 10 12 (6-21) ns
Median (IQR)
Complications
Nonunion 4 4(6 %)
Refracture 12 %)
Metalwork Irritation 26 4 0 32 (51 %)

There were four nonunions (6.3 %). In three of the cases,
radiographic features were consistent with loosening of the
metalwork and subsequent hypertrophic nonunion. These pa-
tients had revision surgery at which stage the nonunion/partial
union was confirmed, excised and stabilised using a longer (7,
8, or 9-hole) 2.7 mm DCP. The use of a different calibre plate
allowed for new screw holes to be used in preference to pre-
existing screw holes. Demineralised bone matrix (DBX,
Synthes GmbH, Switzerland) was inserted into the nonunion
site. The average time to revision surgery was 20 months
(11, 12 and 38 months). All three cases were followed
up for an average of 42 months (15, 39 and 97 months)
and progressed onto radiographic union at a median of
4 months post revision (4, 4 and 21 months). One patient
had residual wrist pain and is awaiting further investigation for
clicking in the DRUI.

In the other case, the patient was listed for metalwork re-
moval for probable metalwork irritation as the cause of pain at
a mean of 13 months post index surgery.

The nonunion was noted at the time of surgery and a deci-
sion was made to treat the patient in plaster of Paris. This went
onto clinical and radiological union at 12 weeks.

Refracture

There was one case of refracture following plate removal in a
29 year-old female. Radiographically, she had progressed onto
rapid union but was troubled by discomfort over the plate.
The plate was removed 11 months post index surgery
with intra-operative evidence of union at the osteotomy
site. She re-presented to clinic with pain at the osteotomy site
post-operatively. Radiographs confirmed the refracture at
4 months post plate removal. There was no history of trauma
prior to refracture. This was initially managed conservatively
but went onto hypertrophic non-union, which was con-
firmed on computerised tomography. Definitive manage-
ment was with a 6-hole locking plate with iliac crest bone

graft. This went onto union at 8 weeks although the pa-
tient is still having significant pain and is undergoing
further investigation.

Metalwork Irritation

Persistent discomfort was a common finding postopera-
tively in 32 out of 63 patients (51 %) although it is
difficult to quantify the contribution of the metalwork
irritation to the symptoms. In 27 (43 %) cases, plate
removal was performed at the request of the patient.
An additional three patients declined further surgery and in
one patient the pain settled after a diagnostic injection.
The mean time to plate removal was 16 months (range
9-24, SD — 4, median 19). Two patients had residual
ulnar sided pain of unknown cause and were treated con-
servatively. Symptoms settled in 30 out of 32 patients and
required no further treatment.

Other Complications

There were no cases of deep infection or neurological
deficit. There was no radiological evidence of DRUJ
osteoarthritis although one patient complained of post
operative stiffness, but declined metalwork removal.
There was one case of complex regional pain syndrome
(CRPS) that occurred 2 months post-operatively in a
43 year old female. The patient was left with some
residual stiffness and discomfort at 9 months which
was treated conservatively.

A small proportion of patients developed other wrist
problems including radiocarpal osteoarthritis (one patient —
treated with neurectomy), pisotriquetral osteoarthritis (one pa-
tient — treated with injection) and wrist instability (one
patient — treated with wrist fusion).
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Discussion

Ulnar shortening osteotomy has been shown to provide sig-
nificant improvements in pain and function. However, little
attention is drawn to the risks and complications of ulnar
shortening osteotomy. Freehand techniques have been associ-
ated with longer healing times and higher incidence of non-
union [17]. They are also more prone to pitfalls such as errors
of angulation or rotation, overzealous or inadequate excision,
and poor bony contact of the osteotomy surfaces [19].
Technical tips have been described to prevent angulation or
rotational deformity and make compression easier [1].
However this does not address the problems of parallelism
and width excision that can be accounted for when using a
jig technique.

Although Hulsizer reported that 12 out of 13 patients
achieved complete pain relief at a mean of 2.3 years with
freehand transverse osteotomies, it was noted that four out
of 13 had postoperative complications [6]. Chun and Palmer
described an oblique frechand technique in a series of 30 cases
with good results and encountered few complications, and no
nonunions [1].

Outcomes and complication rates have been well docu-
mented in the literature comparing transverse and oblique as
well as freehand and jig assisted ulnar osteotomies. Table 1
summaries the current cohorts showing that complication
rates are low and largely independent on the type of osteotomy
used. The main focus of these studies is on the theoretical
advantages of assistive devices and the orientation of the
osteotomy.

Rayhack et al. introduced the precision oblique osteotomy
guide that allows more accurate excision. A specialised plate
and compression device was then applied to achieve maxi-
mum compression at the osteotomy site with a reported a
mean union time of 11 weeks and no incidence of delayed
or nonunion [16]. Labosky et al. introduced a double blade
technique to theoretically produce accurate ulnar shortening
osteotomy [15]. Unfortunately this technique does not address
the issue of compression at the osteotomy site. Horn used the
Long Ulnar Sliding Osteotomy (LUSO) jig and secured the
osteotomy site with interfragmentary lag screws [21].
Although there were no cases of delayed or non-unions in
his findings, one would question the stability of fixation and
the amount of time required to protect the osteotomy site until
union is achieved. Assistive devices provide additional bene-
fits for such osteotomies, but these devices are often expensive
and often are only used with specialised plates.

The incidence of nonunion or delayed union has been re-
ported as higher in transverse osteotomies when compared to
oblique osteotomies. Rayhack et al. demonstrated this in their
study, when they found delayed unions in their transverse
osteotomy series during preliminary review. Transverse
osteotomies were then abandoned in their cohort [16]. The
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theoretical advantage of oblique osteotomies may be attribut-
ed to the increase in surface area achieved by this technique.
Additionally, the lag screw increases interfragmentary com-
pression. According to the AO Foundation, interfragmentary
lag screws provide 2 to 4 kN of compression when compared
to Dynamic Compression Plates (DCP) which produce 0.6 kN
to 1.0 kN of compression [27]. The system we used enabled
precise parallel osteotomies. Compression was achieved with
the DCP augmented with a lag screw. Despite the theoretical
advantages of the described technique, our cohort reported 11
delayed unions and four nonunions. This is contradictory to
the current literature on oblique ulnar shortening (jig assisted)
osteotomies and their purported advantages over frechand or
transverse osteotomies.

Following ulnar shortening osteotomy, most techniques
place their plates on the dorsal or ulnar surface of the ulna as
this area is easily exposed. Unfortunately the drawback of
such technique is the high incidence of plate irritation and
removal. In our cohort, the incidence of plate removal was
45 %, which is higher than the reported rates in the current
literature. There are three theoretical ways to address
this issue — to place the plate on the volar aspect of the
ulna, to use a thinner plate, or to perform the osteotomy more
proximally where there is greater soft tissue coverage.
However, it would be more technically challenging to place
the osteotomy jig on ulnovolar surface because of its size, and
thinner plates may compromise the stability of the osteotomy
fixation. More proximal osteotomies have not been described
in the literature but would theoretically involve a more exten-
sive exposure.

Refracture has been reported in the literature but has been
associated with further trauma after plate removal. We had one
refracture with no associated trauma after plate removal at
11 months. Biomechanically, plates represent a load-bearing
implant and as a result, affects the strength and structure of
bone underneath the plate [18]. It has been postulated that
stress shielding from the plate is responsible for lost of bone
mineral density. Rosson et al. estimates that it takes 2 years for
cortical atrophy under the plate to return to its pre-fracture
strength after plate removal [28]. Malone et al. also showed
that microfractures occur around screw holes when they are
removed from tubular bones. These sites represent a stress
riser for fractures to occur and propagate with sufficient trau-
ma [29]. It is apparent that the greatest risk of refracture is
soon after metalwork has been removed. According to Sunil
and Pomerance, metalwork should only be removed once the
osteotomy has healed on sequential radiographs [17, 18]. In
our series, we found that oblique osteotomies in particular can
give an impression of cortical and trabecular continuity across
the osteotomy. If the angle of the x-ray beam is not in line with
the osteotomy cut, this will produce an oblique film with
overlap of the two osteotomy surfaces. In addition, the precise
cut and realignment from the described technique can make
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assessing radiographic union particularly difficult as the bone
heals by primary bone healing. Trabeculation across the frac-
ture site is often subtle and the plate often obscures the view
on plain radiographs. This can lead to the conclusion that the
osteotomy has united [17]. These factors may contribute to
our refracture rate particularly if there has been a delayed
union that has been missed. We therefore recommend that
plates should not be removed until at least 12 months after
initial fixation to avoid destabilising a delayed union.

In summary, oblique ulnar osteotomy using a jig technique
is consistently reliable and reproducible in shortening the ulna
and maintaining alignment, rotation and compression at the
osteotomy site. We have shown that, in the majority of pa-
tients, symptoms improved although a small proportion
(3.2 %) had residual pain after metalwork removal.
However, it would appear that the morbidity associated with
the procedure may be underestimated as highlighted by our
complication rates — 6.3 % risk of nonunion, 1.6 % of
refracture and, 45 % of patients requiring plate removal.
Surgeons should consider this and counsel patients appropri-
ately when offering ulnar shortening osteotomy, in particular
the likelihood of the need for plate removal.
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