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Background Malunion is a common complication of distal radius fractures. Ulnar
shortening osteotomy (USO) may be an effective treatment for distal radius malunion

Methods The use of USO for treatment of distal radius fracture malunion is described
for older patients (typically patients >50 years) with dorsal or volar tilt less than 20
degrees and no carpal malalignment or intercarpal or distal radioulnar joint (DRUJ)

Description of Technique Preoperative radiographs are examined to ensure there are
no contraindications to ulnar shortening osteotomy. The neutral posteroanterior (PA)
radiograph is used to measure ulnar variance and to estimate the amount of ulnar
shortening required. An ulnar, mid-sagittal incision is used and the dorsal sensory
branch of the ulnar nerve is preserved. An USO-specific plating system with cutting jig is
used to create parallel oblique osteotomies to facilitate shortening. Intraoperative
fluoroscopy and clinical range of motion are checked to ensure adequate shortening and

Previous outcomes evaluation of USO has demonstrated improvement in
functional activities, including average flexion-extension and pronosupination motions,

Conclusion The concept and technique of USO are reviewed for the treatment of distal
radius malunion when specific indications are observed. Careful attention to detail related
to surgical indications and to surgical technique typically willimprove range of motion, pain
scores, and patient-reported outcomes and will reduce the inherent risks of the procedure,
such as ulnar nonunion or the symptoms related to unrecognized joint arthritis.

Abstract
when appropriate indications are observed.
arthritis.
congruous reduction of the ulnar head within the sigmoid notch.
Results

Keywords and patient reported outcomes.
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Ulnar shortening osteotomy (USO) was described first by Milch
to treat radial shortening after distal radius fractures.! The
indications for USO have expanded to include treatment of
other etiologies of ulnar-sided wrist pain.>~> However, USO
continues to be a useful treatment method for distal radius
malunion or shortening.?'® Although fixation methods
for USO have evolved since Milch’s original description of
osseous wiring,' the anatomical and biomechanical principles

supporting this method of reconstruction for post-traumatic
alterations of distal radius alignment remain largely un-
changed. Distal radius fracture displacement and subsequent
malunion may cause alterations in the relationships of the
distal radius and ulna through the distal radioulnar joint
(DRUJ) and may cause secondary effects at the ulnocarpal joint.

Alterations in DRUJ anatomy following injury may involve
articular incongruity and/or a displacement of the normal
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surface contact areas of the distal radial sigmoid notch and
ulnar head. The DRUJ is a diarthrodial joint; the larger radius
of curvature of the concave surface of the sigmoid notch
permits the radiocarpal unit to both rotate and translate
about the fixed ulna in this inherently unstable joint."""'2
The morphology of the sigmoid notch includes several differ-
ent types in the coronal plane, where the articular surface is
flat face, ski slope, C shape, or S shape.'? The influence of these
morphological differences on outcomes following injury and
on treatment decision-making is not well known; however,
increasing awareness of DRUJ mechanics may assist in our
understanding of these issues. While the radial head contains
the longitudinal axis of rotation for pronosupination at the
elbow, the ulnar fovea at the base of the ulnar styloid is the
location of the rotational axis at the wrist.'* Joint stability is
imparted by both static and dynamic soft tissue structures.
Static stabilizers include the triangular fibrocartilage com-
plex (TFCC) described by Palmer and Werner,'® composed of
the triangular fibrocartilage, meniscus homologue, palmar
and dorsal radioulnar ligaments, the extensor carpi ulnaris
(ECU) subsheath, and the ulnolunate and lunotriquetral
ligaments.'® The TFCC provides a surface for the ulnar carpus
to transmit axial forces, supports the ulnar carpus through
ligamentous attachments, and creates a stable attachment for
the distal radius to the ulna at the DRU]J. The relative length of
the distal ulna to the distal radius, termed ulnar variance, has
been described in non-injured wrists in the normal popula-
tion from -0.13 to —~0.29 mm in one study,'” with the variance
shifting by an average of 1.34 mm from full supination to
pronation'®1?

Distal radius malunion is the most common complication
of distal radius fractures and can occur in up to 11% of
operatively treated fractures and 23% of conservatively man-
aged fractures.”’’~>3> Normal anatomical parameters have
been defined with normal volar tilt of 11 degrees, radial
inclination of 22 degrees.* Intra-articular malunion of the
distal radius may involve articular incongruity at the radio-
carpal joint and/or DRU]J, whereas extra-articular fractures
may alter surface contact forces and center of rotation for
distal radius and ulna mechanics. Complex fractures may
involve both intra- and extra-articular malalignment. Atl-
hough there is no consensus on precise acceptable postinjury
radiographic parameters for all patients, there is agreement
that volar tilt up to -10 to -15 degrees, radial inclination >15
degrees, radial length between 7 and 15 mm, and ulnar
variance <3 mm different from the contralateral side are
generally accepted.z“‘26

Regardless of the method for fracture management, rela-
tive shortening of the radius leads to an acquired ulnar
positive variance that can cause an ulnar impaction syn-
drome from increased load and shear forces transmitted
through the distal ulna.?’ In previous cadaveric studies,
increase in ulnar variance by 2.5 mm lead to 42% increase
in ulnocarpal loading27; as ulnar variance increases, there is
an incremental increase in measured force imparted at the
ulnocarpal joint.28 Alterations in the normal relationship of
the distal radius and the ulna at the DRU]J can cause increased
tensile stress on the TFCC, leading to loss of pronation and
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supinention.29"33 Likewise, alterations in the normal volar tilt
lead to abnormalities in the DRU]J contact and kinematics.
Hirahara and colleagues showed the torque required to
achieve full DRUJ motion was incrementally increased as
the dorsal tilt of the distal radius progressively increased.>*
Nishiwaki and colleagues used a cadaveric distal radius
malunion model and revealed that as the distal radius
progressively extends, the distal ulna translates distally,
ulnarly, and volarly during active supination.3> Volar trans-
lation of the distal ulna was increased after the TFCC was
sectioned.*®

Extra-articular malunions can be classified as involving
relative shortening of the radius, a change in the volar tilt or
inclination of the distal radius, or both. In radial shortening,
the positive ulnar variance may lead to mechanical wear and
eventual perforation of the TFCC and impaction of the ulna
against the lunate, triquetrum, and lunotriquetral inteross-
eous 1igament.36‘38 Some authors suggest that recreating the
normal relationship of the length of the distal ulna to the
distal radius best restores normal DRUJ kinematics and
function.3439-43

Biomechanically, USO decreases the abnormal contact of
the ulnar head with the ulnar wrist, resulting in an improved
biomechanical relationship of the ulna, radius, and ulnar
carpus.** When evaluating distal radius malunion with a
change in either normal tilt or radial inclination, USO has
improved stability of the DRU]J by increasing the tension of the
TFCC.36-38.44-46 Thjs relationship has been shown biome-
chanically by Nishiwaki and colleagues, where progressive
shortening of the ulna led to increased peak contract forces
within the DRU]J, thereby increasing the stability of the
DRUJ.** While most malunions are composed of a combina-
tion of deformities in multiple planes, alteration in the normal
relationship of the ligamentous structures of the TFCC and the
bony articulation of the ulnar head with the sigmoid notch
lead to abnormal kinematics.

Patients presenting with malunion of the distal radius can
complain of weakness, loss of wrist and forearm motion,
decreased grip strength, DRU]J instability, and ulnar-sided
wrist pain.2#2¢-36:37 On exam, patients may have a prominent
distal ulna from volar malunion of the distal radius, or they
may have radial deformity of the wrist due to loss of radial
inclination. Patients may have pain during supination and
pronation of an ulnarly deviated wrist (ulnocarpal stress
test).* Patients may also have pain during flexion and exten-
sion of the ulnarly deviated wrist (TFCC stress test).* Radio-
graphically, the deformity of the radius is analyzed in terms of
loss of normal inclination, volar tilt, ulnar variance, and
compensatory deformities of the proximal and midcarpal
rows. A neutral forearm rotation posteroanterior (PA) radio-
graph is used to determine ulnar variance and compared with
the contralateral side if ulnar positive variance is thought to
be an etiology of ulnar-sided wrist pain. In the setting of
abnormal positive ulnar variance, a >3 mm difference com-
pared with the uninjured side, cystic changes in the ulnar
head, ulnar aspect of the lunate, or radial aspect of the
triquetrum can be visualized.* The DRUJ, radiocarpal, and
midcarpal joints are analyzed to evaluate for advanced signs
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Fig. 1a-d Neutral forearm rotation PA (a) latera,l (b) and oblique, (c) views are obtained to evaluate radiographic outcomes following a distal
radius fracture. Comparison views with the contralateral wrist (d) may assist in assessment of ulnar variance.

of arthritis, as its presence may influence reconstructive
options. (~Figs. 1a-d)

Methods

Uso for distal radius malunion is indicated for patients who
have failed conservative management and are not candidates
for corrective osteotomy of the distal radius malunion. Be-
cause of the risk of associated development of radiocarpal
arthrosis, Srinivasan et al have recommended that patients be
older than 50 with dorsal or volar tilt less than 20 degrees.’
Because USO corrects only the relationship of the distal ulna
to the carpus and sigmoid notch, any preoperative carpal
malalignment or radiocarpal/midcarpal arthritis are relative
contraindications to surgery. Distal radius dorsal tilt greater
than 20 degrees may be considered as relative contraindica-
tions due to the limitations posed by the radial malunion,
uncorrectable by USO. Pre-existing DRUJ arthritis can be
exacerbated by USO and should be considered as a
contraindication.

Multiple surgical techniques and osteotomy positions on
the ulna have been described for USO.'® USO through the
ulnar diaphysis has been described using parallel oblique*” or
transverse® cuts, as well as complementary step cuts.*’ All
techniques require that attention be paid to rotation of the
ulna, and must provide for adequate bone contact to mini-
mize the risk of nonunion or malunion. To facilitate control of
rotation, various cutting jigs have been described that use
parallel cuts, to control the amount of ulnar shortening.*®
Recently, Greenberg and colleagues described USO using an
extra-articular distal metaphyseal osteotomy.*® Preoperative,
neutral, posteroanterior radiographs should be evaluated to
estimate the amount of ulnar shortening needed to recreate
the normal proximal-distal relationship of the ulna with the
sigmoid notch, ensuring it to be ulnar negative.

Surgical Technique

We prefer an USO-specific cutting jig system that creates
parallel oblique cuts in the ulnar diaphysis. The patient is
placed supine on the operating table and a well-padded
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Fig. 2 (a) Intraoperative radiographs are obtained to evaluate plate placement prior to osteotomy. (b) Successful shortening is aided by a

standardized cutting jig and reduction clamps.

tourniquet is used on the upper arm. The procedure is
completed on a hand table either with an assistant holding
the elbow flexed or by extending the arm and placing bumps
underneath the elbow with the forearm supinated. A traction
tower using finger traps may also be used without traction
applied to facilitate forearm positioning. The ulna is exposed
using the interval between the flexor carpi ulnaris (FCU) and
ECU muscles. Care is taken to protect the dorsal sensory
branch of the ulnar nerve. Retractors are placed volarly and
dorsally to protect the soft tissues and the jig is applied to the
ulna, allowing for parallel osteotomies. Preoperative imaging
is reviewed to measure the amount of ulna that must be
excised to recreate normal ulnar length with the sigmoid
notch. A standard 3.5 mm six- or seven-hole compression
plate that allows lag screw fixation and compression is used

as part of the jig for fixation of the osteotomy (~Figs. 2a,b).
Recently, a study by Martin and colleagues presented at the
2014 Annual Meeting of the American Academy of Orthopae-
dic Surgeons determined that a perpendicular clamp com-
pression method provided improved osteotomy site
compression compared with traditional compression screw
technique and that the addition of a lag screw increased
compression also®° (personal communication, Dan A. Zloto-
low, M.D., March 2014) Prior to fixation of the osteotomy,
fluoroscopy is used to confirm appropriate shortening and
alignment of the ulna, relative to the radius and sigmoid notch
(=Figs. 3a,b). Wrist and forearm range of motion is evaluated
for joint congruity. Following osteotomy stabilization and
wound closure, the patient is placed into a padded plaster
or fiberglass splint that is converted to a short arm orthoplast

b

Fig. 3 Neutral forearm rotation PA (a) and lateral (b) radiographs demonstrate distal radioulnar alignment following osteotomy.
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splint at 2 weeks. A home-based therapy regimen of wrist and
finger range of motion is initiated, and patients are restricted
to lifting, pulling, and torsional activity against resistance of
no more than 1 Ib. Serial radiographs are obtained, commen-
surate with osseous healing. Weight bearing is not advanced
until signs of osseous healing are observed radiographically,
typically at 10-12 weeks postoperatively.

Results

Outcomes of USO for the treatment of distal radius malunion
have been described, although reports have been limited to
small case series. Srinivasan et al described USO for distal
radius malunion in 18 patients with an average of 5.6 mm of
shortening of the ulna. They showed statistically significant
improvement in objective range of motion; average flexion-
extension arc improved from 79 to 105 degrees and prono-
supination arc increased from 121 to 162 degrees. Patient-
reported outcomes improved significantly with average visu-
al analog scale (VAS) pain score decreasing from 4.1 to 1.9,
and Quick Disabilities of the Arm, Shoulder, and Hand
(QuickDASH) score decreasing from 43 to 11.” Fricker and
colleagues described USO for distal radius malunion in 20
patients as part of a larger cohort and described high satis-
faction unless there was preoperative DRU] arthritis.® Oskam
et al also published a series of 10 patients treated with USO.
They had a relatively high complication rate with four non-
unions and two poor functional outcomes. The authors
attributed these poor results to patients with a volar radio-
carpal angle greater than 20 degrees.'? Tatebe et al completed
USO on 16 patients for distal radius malunion and showed
improved flexion-extension (81 to 103 degrees), pronsupi-
nation arc (120 to 142 degrees), and grip strength (49 to
69%).8

Discussion

USO has been shown to be an affective treatment option for
distal radius malunion for specific indications. Biomechani-
cally, USO prevents pathologic articular contact of the ulnar
head with the ulnar carpus, while improving the normal
relationship and soft tissue constraints between the distal
ulna and sigmoid notch of the radius. The appropriate patient,
with age-appropriate functional requirements, no pre-exist-
ing DRU]J arthritis, and malunion <20 degrees, can be suc-
cessfully treated with USO with predictable functional
improvement. Complications from USO, although uncom-
mon, include nonunion or malunion of the osteotomy and
hardware irritation necessitating removal. Although multiple
surgical techniques for USO have been described, correcting
the proximal-distal relationship of the ulna to the malunited
radius and to the carpus may provide reasonable outcomes
for the challenging condition of distal radius malunion.
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