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Abstract

Background: Purely ligamentous lesser arc, Mayfield grade 3 and 4, perilunate dislocations (PLDs) are uncommon.

Current recommendations are for open reduction and repair of the interosseous ligaments to prevent the devel-

opment of scapholunate dissociation and degeneration to a scapholunate advance collapse (SLAC) wrist. This study

proposes a less invasive treatment method which includes closed reduction and pinning alone without repair of the

scapholunate interosseous ligament. We propose that most patients will obtain good function and pain scores and the

few that develop instability may still have a reconstruction performed through a naïve surgical field.

Methods: Dislocations were reduced anatomically and held with buried K-wires which were removed at 6 weeks

with no specific rehabilitation protocol observed. Subjective assessment included Mayo wrist scoring system, wrist

range of movement, instability and grip strength testing. Radiological measurements included scapholunate distance,

scapholunate angle, radiolunate angle and osteoarthritis.

Results: Ten male patients, median age of 35 years, were followed up for a median of 22 months. Seven patients

underwent a closed reduction and anatomical pinning while three underwent open reduction due to unachievable

reduction by closed means. All of these patients presented at a median of 14 days after the injury occurred. None of

the patients had their scapholunate ligaments repaired or reconstructed. Mayo scores included three excellent scores,

two good scores and five fair scores. Instability was found clinically in one asymptomatic patient who had a positive

Watson shift test. Radiological scores include a median scapholunate distance of 2 mm, a scapholunate angle of 70°

and a radiolunate angle of 15°. Osteoarthritis was found in two patients, all of whom were asymptomatic.

Discussion: Current recommendations in the literature are that PLDs should be reduced via an open surgical

technique with repair of the scapholunate interosseous ligament (SLIL) and percutaneous pinning. However, the

results of this treatment strategy are not optimal and do not confer uniformly good results. We propose a closed

anatomical reduction and percutaneous pinning of the PLD. Our study shows that most patients will demonstrate

good function and pain scores when managed this way. A smaller number of these injured wrists will go on to

develop instability. However, the advantage of our method over the current recommendations is that when this

happens the reconstruction of the SLIL will be made easier through a naïve surgical field. 

Conclusion: We recommend the closed reduction and anatomical pinning of a purely ligamentous lesser arc injury.

This treatment strategy yields good results at medium term follow-up and preserves the option for the reconstruction

of the scapholunate interosseous ligament should instability develop. 
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All patients were placed in a below-elbow thumb SPICA
plaster in approximately 10 degrees of wrist flexion, for 6
weeks after which the plaster and wires were removed in
theatre under local anaesthesia. Patients were referred to the
physiotherapy service to regain wrist motion, but with no
structured rehabilitation or post-operative splinting protocol
(Figures 1 and 2). 

Follow-up and long-term assessment

At the follow-up visits patients underwent subjective and
objective clinical and radiological assessment. A subjective
clinical assessment included perception of pain and return to
function in terms of work and sport. The objective clinical
assessment included tests for carpal instability, wrist range
of movement and grip strength. The finger extension test
and Watson shift test were used to assess for carpal insta-
bility. Wrist flexion and extension of the injured and
uninjured side was measured using a hand-held goniometer.
Grip strength was measured in kilograms using the Jamar®

Hydraulic Hand Dynamometer. To measure grip strength
the patient was seated with the elbow flexed to 90 degrees,
arm adducted and forearm in neutral. Three readings were
recorded, alternating with the normal side to prevent
fatigue. The Mayo Wrist Score was calculated in order to
quantify the functional outcomes of this treatment method
and as a method for comparison between patient groups, i.e.
open versus closed wrist reduction and between the groups
who underwent two assessments. 

Radiographic investigation included a clenched fist,
neutral posterior-anterior (PA) and a lateral view of the
wrist. The scapholunate angle (SLA), scapholunate distance
(SLD) and radiolunate angle (RLA) were measured using
the digital measuring tools available with the Phillips iSite

Enterprise radiology software. The presence of osteoarthritic
changes of the radiocarpal and mid-carpal joints were also
recorded. The senior author, using the same radiographic
landmarks, performed all measurements. SL distance was
measured as the distance between the scaphoid cortex and
the lunate cortex at the centre of the scapholunate joint.15 The
SLA was measured between the longitudinal axis of the
lunate (drawn perpendicular to a line joining the dorsal and
volar poles of the lunate) and a line intersecting the volar
cortices of the proximal and distance convexities.16

Statistical methods

Subject characteristics were summarised using descriptive
statistics; for continuous variables, means and standard
deviations are reported, and for categorical variables, counts
and percentages are reported. Despite the small number of
study subjects, the normality of the distribution of
continuous data was assessed using the Shapiro Wilk Test.
Normally distributed data was summarised using means
and standard deviations, and the means compared in the
two groups using the Student’s t-test. Skewed data was
summarised using the median and range, and the medians
were compared using the Wilcoxon Rank-Sum/Mann
Whitney U-test. The level of statistical significance was set at
p<0.05. 

Results

The patient cohort included ten patients with a median age
of 35 years (min 18, max 53), all were male and all were right-
hand dominant. In five (50%) patients, the right hand was
injured. Six patients (60%) sustained their injury from a fall
from a height while the remainder were motor vehicle
injuries. 

Of the ten patients, seven presented immediately after
their injury and underwent successful closed reduction and
anatomical wiring. Three patients proceeded to open
reduction after closed attempts failed and all three were
found to have intra-substance tears intra-operatively. Of the
three that required open reduction there was a significant
delay to presentation and therefore surgery at a median of 14
days (min 14, max 21). All ten patients returned at 6 weeks
for removal of plaster and removal of wires. At final follow-
up one of the ten patients’ X-rays were not available for
analysis and this patient was excluded from the radiological
assessment.

Table I reflects the entire cohort at final follow-up, median
of 22 months (min 4, max 30). Nine of the ten patients
reported no pain with one patient reporting only mild,
occasional pain. This was reflected in the Mayo score that
showed an excellent score in three patients (30%), good in
two (20%) and fair in five (50%). Sixty per cent of patients
returned to work, while 20% were unemployed at time of
follow-up but found work subsequently. Only 20% did not
return to work and this was due to other injuries
sustained.

Figure 2. Flow diagram to summarise treatment protocol of
perilunate dislocations (PLDs)

6 weeks

• Removal of cast and wires under local anaesthesia in
theatre

• Physiotherapy (no structured programme)

PLD

• Closed reduction ephasised ± open (dorsal approach)
• Anatomical reduction
• Percutaneous pinning
• Below-elbow thumb SPICA cast

Follow-up

• Clinical assessment - 
Mayo Wrist Score, grip strength, ROM

• Radiological assessment - 
SL distance, SL angle, RL angle, OA
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One of the ten patients had a positive Watson Scaphoid
Shift test but was asymptomatic. No patients had a
positive finger extension test. The wrist range of
movement and grip strength of the total group, for the
injured side, was 76% and 90% respectively compared to
the normal side. 

The good clinical instability scores were in contrast to the
radiological variables with none being in the range that
the study deemed acceptable at final follow-up. Again, the
small numbers prevented significant statistical correlation;
however, the poor radiological scores did not correlate
with poor clinical scores. Two of the nine patients showed
arthritic changes on X-ray at final follow-up but experi-
enced no pain clinically. 

There were no post-operative complications such as
sepsis, broken metalware or arthrofibrosis.

Discussion

There is currently no disagreement in the literature
concerning the importance of the scapholunate
relationship in wrist biomechanics and whether accurate
reduction of the carpus is imperative to favourable long-
term outcome in PLDs.11,17-20 However there is controversy
as to whether to achieve reduction via open or closed
means and how to maintain the scapholunate relationship.
There is no clear evidence to suggest that open reduction
and acute repair of the SLIL is advantageous to closed
reduction and pinning alone. Currently there is only one
small study by Inoue and Kuwahata21 of 14 patients, that
compares closed reduction and pinning to open reduction,
SLIL repair and pinning. In this study no statistical
difference in outcome between these two groups was
found.21

Open treatment, including ligament repair, is aimed at
preventing scapholunate advanced collapse, i.e. the
SLAC wrist. The SLAC wrist is seen with acceleration of
the post-traumatic osteoarthritis and wrist instability
found with conservative treatment at long-term follow-
up. However, when looking at whether or not an open
reduction and internal fixation, without repair of the
SLIL, is beneficial to a good radiological score and
functional outcome, a study by Forli et al.11 has the
longest follow-up with an average of 13 years (range,
10–25). They conclude that there is a tendency for
patients to show degenerative changes on X-ray with
time and that good reduction, not necessarily the SLIL
repair, results in a better radiological score. They also
state that poor reduction results in worse degenerative
changes; however, that this does not seem to translate
into a poor functional outcome.11 In our study we
achieved anatomic reduction in seven of ten patients
with closed manipulation, which is comparable to that of
Adkison et al.3 Of these, only one patient showed signs of
osteoarthritis on X-ray follow-up and scored fair on the
Mayo score with no pain, full range of movement and
grip strength 93% compared to the uninjured side.

table i: results of entire patient cohort including
subjective and objective assessments

Subjective clinical assessment

Pain

None n = 9 90%
Mild occasional n = 1 10%
Moderate, tolerable n = 0 0%
Severe to intolerable n = 0 0%
Mayo Wrist Score

Excellent n = 3 30%
Good n = 2 20%
Fair n = 5 50%
Poor n = 0 0%
Return to work

Yes n = 6 60%
No n = 2 20%
Unemployed* n = 2 20%
Objective clinical assessment

Watson pivot shift test

Positive n = 1 10%
Negative n = 9 90%
Finger extension test

Positive n = 0 0%
Negative n = 10 100%
Range of motion arc** Median (min, max)**
Injured 109° (75°, 160°)
Normal 143° (105°, 190°)
Grip strength Median (min, max)
Injured 43 kg (8 kg, 96 kg)
Normal 48 kg (28 kg, 88 kg)
Radiological assessment Total (n = 9)
Scapholunate distance 2 mm 

(2 mm, 5.9 mm)Injured (Median [min, max])
Scapholunate angle

70° (43°, 92°)
Injured (Median [min, max])
Radiolunate angle

15° (0°, 27°)
Injured (Median [min, max])
Osteoarthritis

Yes n = 2 22%
No n = 7 78%

*Both unemployed found work subsequent to injury
** Injured vs normal sign rank test p = 0.0078
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Open treatment of PLDs using dorsal or dorsal and volar
combined incisions, for reduction and ligament repair
have also shown poor results.7,22,23 Hildebrand et al.24

performed an open reduction through a combined dorsal
and volar approach on a mixed cohort of patients who
sustained both PLDs and perilunate fracture dislocations
(PLFDs).24 Despite good Mayo scores and wrist range of
movement they reported high complication rates and poor
patient satisfaction. Trumble et al.25 described combined
dorsal and volar approach with repair of the SLIL,
protected by a looped interosseous cerclage wire, to give
better compression across the SL interval compared to 
K-wires.25 This study reported good range of movement
and grip strength when compared to the contralateral side
and no deterioration of the SL gap or angle over time, in
keeping with the work of Forli et al.11 Unfortunately
outcomes such as pain, instability or the incidence of
osteoarthritis were not assessed and their results were
equivocal with regard to return to work and function. In
addition, more than half the patients required re-operation
in order to remove broken metal-ware. No comment was
made concerning the integrity of the SLIL repair at the
second procedure. Apart from equivocal results achieved
with closed and open methods of treatment, implant
failure, and other surgical complications such as flexor
tendon adhesions, superficial and deep wound sepsis and
arthrofibrosis should be taken into account when consid-
ering the open treatment of PLDs.1,22,24-26

Table II compares this study with several other studies
assessing the open treatment of these lesser arc injuries.
The results of our study are comparable in most included
fields. Table III summarises our rationale for a more conser-
vative approach. The underlying premise is that some
patients will do well without repair of the SLIL provided
that anatomical reduction is achieved and maintained
while the surrounding soft tissues heal. That is, not all
patients go on to develop instability, precluding the need
for potentially extensive yet unnecessary surgery in an
already traumatised wrist. Those patients that do progress
to develop symptomatic scapholunate dissociation select
themselves out and are able to have an open recon-
struction by one of the well-described techniques with the
added benefit of a relatively unscarred surgical field.
Secondly the SLIL has undergone tensile failure resulting
in a circumferential mid-substance tear of both the volar
and dorsal ligaments. Repair is unlikely to yield a
ligament of sufficient strength to maintain carpal
dynamics once the patient is mobilised. In addition, repair
of both the SLIL and LT ligaments would require a
combined dorsal/volar approach respectively, increasing
the likelihood of surgical complications.

A limitation of this study is its small number of patients,
which makes statistical correlation with clinical results
difficult. It should be reiterated however that this study
looks at an uncommon and very specific injury pattern
and its numbers are comparable to those found in current
similar studies. Furthermore, there are limited patient-
related outcome measures (PROMs) included in this study.
Although not as comprehensive as some of the more
recent PROMs such as the patient-related wrist evaluation
score, we did use the Mayo Wrist Score to assess functional
outcomes. We chose this scoring system, as did many of
the landmark articles on this topic, in order to achieve
meaningful comparison with them. Potential bias exists in
the study’s interpretation of the post-operative X-rays.
Only the senior surgeon in the study performed the
analysis with no independent control. However, this was a
radiological assessment, based on objective criteria, and it
should be noted that the radiological parameters were not
within normal range and reported as such, which speaks
to their objectivity. 

table ii: Comparison of the literature – treatment methods and outcomes

Number of

patients

Follow-up

period

Average Mayo

Wrist Score

Flexion/

extension arc

Percentage of

normal side
Grip strength

Percentage of

normal side

Forli11 (2010) 11 10–25 y 77 94° 76% 36 kg 87%
Study 10 4–30 m 80 109° 76% 43 kg 90%

*Trumble25 (2004) 22 49 m ------ 106° 80% 35 kg 77%
*Hildebrand24 (2000) 6 3y 1 m 66 82° 57% 35 kg 73%
*Sotereanos27 (1997) 3 2 y 6 m 65.5 89° 71% 23 kg 77%
* All open +/- combined volar/dorsal

table iii: reasons for a less invasive approach

With a less invasive approach

• Further surgical insult in an already traumatised wrist is
avoided

• Open and repair method results are not unequivocally good
• Open and repair method has its own set of complications
• Tissue planes for future surgery are preserved
• It is impractical to repair ligament primarily as undergone

tensile failure
• The group that will benefit from more extensive reconstructive

surgery is selected out
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Conclusion

In conclusion, the results of this study show that the closed
reduction and pinning of a purely ligamentous lesser arc
injury or Mayfield type 3 and 4, yielded no poor results at
medium-term follow-up. Furthermore it would appear that
there is no medium-term benefit to repairing a ruptured
SLIL. This approach minimises surgical trauma to the
damaged wrist and preserves tissue planes for future
surgery should it be required.
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