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The primary stabilizers of the distal radioulnar joint (DRU]J)
include the superficial and deep radioulnar ligaments of the
triangular fibrocartilage complex (TFCC)."? Secondary stabil-
izers include the ulnocarpal ligaments, extensor carpi ulnaris
(ECU) sheath, pronator quadratus muscle, and interosseous
membrane. Loss of integrity in one or more of these stabil-
izers may cause instability of the DRU]J, resulting in ulnar-
sided wrist pain, weakness, and restricted range of forearm
rotation. Instability of the DRU]J is frequently associated with
distal radius fractures, and previous authors have reported
the radiographic indicators of DRU]J instability.>~” Owing to
the attachment site of the deep radioulnar ligaments, a
fracture of the base of the ulnar styloid or of the dorsoulnar
corner of the distal radius may contribute to DRU]J instability.
Previous investigators hypothesized that the severity of
fracture pattern and magnitude of fracture displacement are
important predictors for DRU]J instability associated with
distal radius fractures.>~® This article discusses the predictors
of DRUJ instability in distal radius fractures and focuses on
radial translation (DRUJ gap) as a predictor, based on our
clinical data as well as preliminary biomechanical analysis.

Materials and Methods

Clinical Study
From 2004 to 2012, we conducted a prospective study for
evaluating DRU]J instability associated with unstable distal
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Because the distal radioulnar joint (DRU]) is an inherently unstable joint, the diagnosis
and treatment of DRU] instability is often difficult in a clinical hand surgery practice.
Several soft tissue stabilizers are recognized, of which the deep limbs of the radioulnar
ligament are primary stabilizers. This article discusses the predictors of DRU] instability
in distal radius fractures based on our clinical and biomechanical analyses.

radius fractures. Open reduction with internal fixation (ORIF)
was performed on 346 patients with unstable distal radius
fractures. We defined unstable fractures requiring surgery as
fractures with one or more of the following: dorsal tilt angle
greater than 20° (or volar tilt angle greater than 20° in volarly
displaced fractures), radial shortening of more than 5 mm,
and intra-articular gap (measured in accordance with the
technique described by Fujitani et al?) or step-off of at least
2 mm. Patients with concomitant carpal and/or forearm
fractures, open fractures, and associated tendon or nerve
injuries were included in the study. We excluded skeletally
immature patients, patients with severe mental disorders,
patients with bilateral fractures, and patients with prior
ipsilateral wrist injuries. Our institutional review board ap-
proved this study, and we obtained informed consent from
each patient.

All 346 patients underwent open reduction and internal
fixation using volar locking plates and screws or intramedul-
lary nailing under general or brachial plexus block anesthesia.
Since 2008, we have treated 43 patients with extra-articular
fractures and without intra-articular involvement using in-
tramedullary nailing. Following fixation of the distal radius
fracture, the surgeon manually examined the radioulnar
ligament using the DRU]J ballottement test. The examiner
tried to force the distal ulna in both the dorsal and volar
directions relative to the radiocarpal unit with the forearm in
neutral rotation. The criteria for assessing DRU]J instability
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were not only the amplitude of the translation, but also the
quality of the end point. We defined DRU]J instability as a
condition in which there were no solid end points in either
the volar or the dorsal direction. We examined the contralat-
eral wrist as well to exclude patients with general joint laxity.
The injured wrist, which was judged to have ligamentous
DRUJ instability and was unstable relative to the opposite
side, was explored by arthroscopy followed by open surgery.
When we judged that there was a complete tear of the foveal
attachment, we performed an open capsulotomy to confirm
the tear and performed a foveal repair using bone anchors
(=~Fig. 1).

A long-arm cast was applied for 3 weeks after surgery in
patients who had a repair of the radioulnar ligament; the
remaining patients, who did not have complete ligament
tears, were given a short-arm splint for 2 weeks. All the
patients were observed during the outpatient clinic for a
minimum of 6 months after surgery. At each follow-up visit,
patients were asked about ulnar wrist symptoms such as a
painful click or a subjective sense of instability. The DRU]
ballottement test was performed again to evaluate chronic
instability. When we found clinical evidence of symptomatic
DRU]J instability in the postoperative period that had failed to
respond to conservative treatment, we took the patient back
to the operating room and explored the DRU]J to repair the
deep radioulnar ligament.

Radiographic Predictor of DRUJ Instability

Potential radiographic predictors of DRU]J instability in-
cluded three fracture characteristics: severity of the frac-
ture pattern, an ulnar styloid fracture, and the magnitude
of fracture displacement. We assessed the severity of
the fracture pattern according to the AO classification.
We used five radiographic parameters to assess the magni-
tude of fracture displacement: ulnar variance, radial incli-
nation, radial translation in a posteroanterior (PA)
radiograph, volar tilt, and sagittal translation on a lateral
radiograph.

Statistical Analysis

We tested the univariate associations between the outcome
variable and the potential predictor. A chi-square test was
used for categorical variables, and a Student t-test was used
for continuous variables. The outcome variable was the
presence or absence of DRU]J instability due to a complete
deep radioulnar ligament tear. We included predictor vari-
ables with significant differences in the univariate analyses
and the patient characteristic variables in the final logistic
regression analysis models to control their effects on possible
independent predictors. We performed a multivariate logis-
tic regression analysis using the log odds ratio of the pres-
ence of DRUJ instability as a dependent outcome variable.
Values of P less than 0.05 were considered statistically
significant. We derived adjusted odds ratios, computed 95%
confidence intervals, and considered factors to be significant
when the 95% confidence interval around the odds ratio did
not include 1.

Fig. 1 (a) Anteroposterior prereduction radiograph of a fractured
wrist with a complete deep radioulnar ligament tear. White arrow
indicates DRUJ widening between the distal radius and the ulnar head.
Note the significant radial translation of the distal radial fragment.
Arrow head points to the ulnar corner of the sigmoid notch of the
radius. (b) Arthrotomy confirmed there was a complete radioulnar
ligament tear at the fovea of the ulnar head (black arrow). We
reattached the ligament using a suture anchor. (c) Postoperative X-ray
indicating no DRUJ widening between the radius and the ulna. Two
suture anchors fix the radioulnar deep ligament foveal avulsion (black
arrow) and ulnar styloid fragment (white arrow).
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Biomechanical Study

Experimental Setup

We used three fresh upper extremity cadaveric specimens
during a preliminary biomechanical study. The humerus and
ulna were fixed to the testing apparatus with the elbow at 90°
flexion. The radius, carpus, and metacarpal bone were fixed
with the wrist in neutral position by Kirschner wires (K-
wires), and the radiocarpal unit was allowed to rotate freely
around the ulna. Weights were attached to the prime wrist
movers to simulate a physiological load according to Kobaya-
shi et al: extensor carpi radialis brevis (ECRB) and longus
(ECRL), 2.5 kg; ECU, 1.6 kg; flexor carpi ulnaris (FCU), 2.2 kg;
flexor carpi radialis (FCR), 1.6 kg; abductor pollicis longus
(APL), 1 1<g.8 A three-dimensional electromagnetic tracking
device (3SPACE FASTRAK; Polhemus, Colchester, VT, USA) was
used. One of two sensors was placed on the ulna, and the
other was placed on the radius (~Fig. 2). A screw was inserted
into the radial styloid and was connected to a suture to apply
loading in a radial direction.

DRU]J Dissociation Testing and Data Acquisition

The radius was passively translated in a radial direction
relative to the ulna using a load of 2 kgf in a radial direction
with the forearm in neutral rotation. DRUJ instability was
simulated by sectioning the following components of the
TFCC: the deep radioulnar ligaments, the TFCC disk proper,
the floor of the ECU sheath, the ulnocarpal ligaments, and the
DRU]J capsule. In both the intact and TFCC-sectioned wrists,
the DRU]J gap distances were measured during passive testing.

P}

L_

Fig. 2 Experimental setup of upper extremity specimens shows
fixation of the humerus and the ulna. The radius is held in the forearm
neutral rotation, and 2 kg of radially directed force is applied to the
distal radius fragment.
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The data were acquired by measuring changes in the location
of the radius relative to the ulna during the passive testing, as
monitored by the electromagnetic tracking device.

Results

Clinical Study

We found 22 patients with a complete radioulnar ligament
tear. Of these patients, 19 patients were diagnosed as having
DRUJ instability during the initial distal radius fracture
surgery via manual stress testing, and three patients were
diagnosed with DRU]J instability in the postoperative period
because of persistent wrist pain and subluxation of the DRU]J.
All of the 22 patients with DRU] instability were found during
open surgery to have a complete tear of the deep radioulnar
ligament from the foveal attachment.

The deep radioulnar ligament tears were reattached to the
fovea. The 19 patients who had a repair at the time of fracture
fixation showed a stable and painless DRUJ during the follow-
up period. Three patients showed DRU]J stability during the
fracture fixation and were found to have ligament tears
during the postoperative follow-up. One was a 39-year-old
man and the others were 55-year-old and 24-year-old wom-
en. The DRU]J gap distance of these patients was 4, 3, and
1 mm, respectively. At 4, 6, and 12 months after the initial
surgery, we performed open surgical repair of torn ligaments
at the fovea of the ulnar head followed by immobilization in a
long-arm cast for 3 weeks. The wrist pain and DRU] instability
subsided after the surgery.

In the current 346 prospective cohort, 22 patients had
gross DRUJ instability with complete deep radioulnar liga-
ment tears (=Table 1). The remaining 324 patients had no
gross DRU]J instability throughout the entire observation
period. In univariate analyses, only the radial and sagittal
translation were significant predictors of DRU] instability. The
radial translation (DRU]J gap distance) of the 22 patients with
complete tears averaged 5.0 mm (range: 0-12), whereas
those of the 324 patients without tears averaged 1.6 mm
(range: 0-6.4). Multivariate logistic regression analysis using
the initial cohort of 163 patients revealed that the radial
translation ratio was a significant independent risk factor
(adjusted odds ratio, 1.5; 95% confidence interval, 1.2-1.9;
P < 0.001). Multivariate logistic regression analysis revealed
that the sagittal translation ratio was not a significant inde-
pendent risk factor (adjusted odds ratio, 1.0; 95% confidence
interval, 0.2-1.0; P < 0.220).

Biomechanical Study

In the intact wrists, changes in the DRU]J gap distances during
passive mobility testing averaged 1.9 + 1.3 mm in neutral
forearm rotation. In the TFCC-sectioned wrists, average
change in the DRUJ gap distance increased to 4.6 + 1.4mm.

Discussion

In the current analysis, a radiographic finding of widening of
DRU]J gap distance on a posteroanterior view was the most
important predictor to identify DRUJ instability
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Table 1 Comparison of patient and fracture characteristics

Controls (n = 324) Cases (n = 22) P Value
Age (y) 64 + 19 60 + 18 .16
Sex .89
Female 201 (62%) 14 (64%)
Male 123 (38%) 8 (36%)
AO classification A3: 81 C1:33 A3:3C2:9 a2
C2: 97 C3: 66 C3:10
Ulnar styloid fracture 211 (65%) 18 (82%) 1

Controls: patients without complete radioulnar ligament tear
Cases: patients with complete radioulnar ligament tear

accompanying an unstable distal radius fracture. The deep
radioulnar ligament is a primary stabilizer of the DRUJ and
provides a transverse link between the distal radius and the
ulna. Therefore, it is reasonable to conclude that radioulnar
dissociation likely occurs when there is DRUJ instability
following fracture displacement and a complete deep radio-
ulnar ligament tear. Based on a multivariate analysis, the only
significant independent risk factor was an increase in the
DRUJ gap distance by 1 mm, which increased the risk of
radioulnar ligament tear by a factor of 5 in a patient of average
wrist width.

Our preliminary biomechanical investigation, which mea-
sured changes in radial translation of the distal radius
relative to the ulna, revealed that changes in the DRUJ gap
distances during passive mobility testing in the intact wrists
averaged 1.9 mm and those in the TFCC-sectioned wrists
averaged 4.6 mm. It was intriguing that these biomechanical
data are similar to our clinical data (=Table 2), which
indicated that radial translation (DRU]J gap distance) of the
22 patients with complete tears averaged 5.0 mm, whereas
those of the 324 patients without tears averaged 1.6 mm.
DRUJ widening in the fractured wrists was observed in
patients with complete deep radioulnar ligament tears,
even if no external force was applied. We acknowledge,
however, that the biomechanical model does not approxi-
mate the clinical situation, since there was no simulated
distal radius fracture and none of the wrist motors cause a 2-
kg radial translation force. Previous investigators hypothe-
sized that the severity of fracture pattern and magnitude of
displacement in the other specific radiographic parameters
are important predictors for DRU] instability associated with
distal radius fractures.>~” A cadaveric study found that up to
5 mm of radial shortening occurs after radial osteotomy

Table 2 DRUJ widening in radioulnar ligament tears (sectioning)

alone, but shortening by more than 10 mm did not occur
unless both the interosseous membrane and the radioulnar
ligament were transected.® Radial shortening of more than
5 mm can stretch the dorsal and palmar radioulnar liga-
ments and result in ligament tears. Omori et al ' investigated
three-dimensional changes in the length of the radioulnar
ligament in patients with malunited distal radius fractures
using computed tomography (CT). They found that, in a
malunited radius, the superficial and deep dorsal limbs of
the radioulnar ligament were significantly elongated com-
pared with the contralateral side. This length change corre-
lated with radiographic radial shortening and subluxation of
the DRUJ. They suggested that overstretching and disruption
of the dorsal radioulnar ligament in malunited distal radius
fractures with severely increased radial shortening produces
laxity in the DRUJ. In a retrospective study” that reviewed
221 patients who underwent surgical treatment for unstable
distal radius fractures, 10 patients were found to have DRUJ
instability by intraoperative manual testing. Based on a
univariate analysis, two factors increased the risk of DRUJ
instability in distal radius fractures: an open wound at the
wrist (relative risk: 4.5) and a positive ulnar variance of
6 mm or more on a prereduction radiograph (relative risk:
1.7). Saito et al' conducted a biomechanical study examin-
ing the effects of dorsal angulation deformity and radioulnar
ligament tears on DRU]J stability. The DRU] stiffness in dorsal
translation decreased significantly with dorsal tilts of 10°
and 20° in pronation. Subsequent transection of the superfi-
cial and deep radioulnar ligaments resulted in a significant
decrease of the DRU]J stiffness in in all forearm positions. The
authors concluded that the dorsal angulation of the radius
should be corrected to less than 10° of dorsal tilt to avoid
DRU]J instability.

DRU]J gap distance (mm)

Intact

Complete tear

Clinical data (n = 346)

1.6 + 1.2 (n = 324)

5.0 + 3.2 (n = 22)

Biomechanical data (n = 3)

19+13

46+ 14
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Nakanishi et al'? analyzed fracture patterns and displace-

ment in the DRU]J using three-dimensional CT scans of intra-
articular distal radius fractures. Of the 72 fractures analyzed,
8% had dorsal comminution and displacement of the DRUJ,
which may increase the risk for DRU]J instability.

Ulnar styloid fractures occur in isolation, but are often
associated with distal radius fractures. Because the radioulnar
ligament attaches to the base of the ulnar styloid, this type of
fracture may be a predisposing factor for DRU]J instability.
May et al’ reported that an associated ulnar styloid fracture
occurred in 143 of 166 patients (86%) with distal radius
fractures. Fractures at the base of the ulnar styloid and major
displacement of an ulnar styloid fracture were both found to
increase the risk of DRUJ instability. Bombaci et al® conducted
a prospective study of postreduction magnetic resonance
imaging (MRI) data for 60 consecutive patients with distal
radius fractures to determine the radiographic predictors of a
TFCC injury. The fracture pattern, according to the Frykman
classification, was found to be a significant predictor, and
fracture types 6 and 8, in which fracture lines both extend into
the sigmoid notch of the radius and involve the ulnar styloid,
more frequently had an associated TFCC lesion than the other
types of fractures.

Because the DRU] is inherently unstable, the diagnosis and
treatment of DRU] instability is often difficult in clinical hand
surgery practice. Although there is no robust evidence on
whether associated soft tissue injury affects clinical outcomes
for treating wrist fractures, knowledge of the predictors of
DRU]J instability is important.
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