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 � Injuries to the scapholunate joint are the most common 
cause of carpal instability.

 � An isolated injury to the scapholunate ligament may prog-
ress to abnormal joint mechanics and degenerative carti-
lage changes.

 � Treatment for scapholunate instability is aimed at arrest-
ing the degenerative process by restoring ligament conti-
nuity and normalising carpal kinematics.

 � Early arthroscopic diagnosis of scapholunate injury is 
mandatory for establishing the prognosis of the injury, as 
a proper ligament repair is recommended within four to 
six weeks after trauma.

 � In this review, anatomy, diagnosis and treatment of 
scapholunate ligament injury and carpal instability are 
discussed. Recommendations for treatment based on the 
stage and classification of injury and the degree of instabil-
ity and arthritic changes are proposed.

Keywords: wrist; wrist arthroscopy; scapholunate ligament; 
carpal instability

Cite this article: EFORT Open Rev 2017;2:382–393.  
DOI: 10.1302/2058-5241.2.170016

Anatomy
The scapholunate (SL) ligament (SLL) is the most com-
monly injured carpal ligament.1 The SLL is C-shaped and 
has three structurally distinct parts: volar; membranous; 
and dorsal (Fig. 1).2 The dorsal part of the SLL is the strong-
est and the primary stabiliser of the SL joint and can resist 
forces of up to 260 N.3 The avascular proximal membra-
nous portion does not provide any significant laxity 
restraint (63 N), while the volar part of the SLL (118 N) 
plays an important role in terms of rotational stability.4,5 
The dorsal part of the SLL measures 2 mm to 3 mm in 
thickness and is in the range of 2 mm to 5 mm in length. 
The vascular supply to the scaphoid and SLL is delicate. 
The main vascular contribution comes from the radial 
artery. Extra-osseous vessels enter the dorsal ridge of the 

scaphoid and supply two-thirds of the bone. It also 
appears that the radio-scapholunate (RSL) ligament pro-
vides a vascular supply directed at the SLL complex.

Types of injury and classification

There is a gradient of SL injury severity, when it occurs. It 
ranges from occult, dynamic SL dissociation (gap), fol-
lowed by carpal collapse, finally ending up in disabling 
arthritis (scapholunate advanced collapse (SLAC)) wrist.1 
It often takes three to 12 months after trauma before 
dynamic instability develops and SL dissociation is noted 
radiologically (SL angle > 60° and SL gap > 3 mm on 
clenched-fist or ulnar-deviation radiographs). For this 
development and progression to occur, an additional tear 
or gradual, continuous elongation of the secondary liga-
ment stabilisers of the SL ligament is needed.6

Approximately 5% of all wrist sprains have an associ-
ated SL tear.7,8 SLL injuries are often associated with distal 
radius fracture (40% of the cases on average), particularly 
fractures of the radial styloid, the so-called Chauffeur’s 
fracture (Fig. 2).9,10

An SL injury can be classified as partial or total and the 
degree of instability is arthroscopically classified according 
to Geissler (Table 1).11

Carpal instability and symptoms

Carpal instability (CI) is the end-result of a wrist ligament 
injury.12,13 When CI results in a major malfunction of a 
joint between the bones in the same carpal row (intra-
carpal ligaments: SL, lunotriquetral (LT)), the case is 
defined as CI dissociative. In mid-carpal instability, also 
known as CI non-dissociative, which is not further 
described in this review, there is no dissociation between 
SL or LT in the proximal row, but instead a dysfunction of 
both radiocarpal and mid-carpal joints, where the latter 
tends to predominate and is not often associated with 
general hyperlaxity of the joints.

The failure of the injured ligament and the step-by-
step attenuation and elongation of its secondary con-
straints6 produce abnormal carpal kinetics (altered stress 
with the inability to bear functional loads) and abnormal 
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kinematics (abnormal carpal movement). The degree of 
carpal instability can vary from minor micro-movements, 
due to ligament attenuation and partial ruptures, to gross 
carpal displacement with abnormal radiographic carpal 
alignment.14

After a significant wrist trauma, a spectrum of wrist liga-
ment injuries can develop. When the injury is a mild sprain, 
an occult pre-dynamic instability can be present. In more 
severe trauma, a dynamic instability (only possible to visu-
alise in stress and load radiographs), characterised by the 
complete disruption of all parts of the ligament, can be 
present.15 This dynamic instability is further characterised 
by the following: the ligament parts are still reparable, not 
yet retracted or necrotic, with good healing potential; the 
secondary constraints and stabilisers are still intact or 
attenuated to a minor degree and there is no carpal mala-
lignment or cartilage damage. In static instability, an asym-
metrically widened SL gap (> 3 mm) is present on neutral, 
static radiographs with a clear and typical history and dis-
tinct physical examination. Frequently, static instability is 
most often found months to years after the index trauma.

When the SLL is injured, the scaphoid tends to move 
into volarflexion, while the lunate, which is still fixed to 
the triquetrum, is forced, due to carpal kinematics, to fol-
low the triquetrum into dorsal extension. The opposite 
happens with time when the LT ligament (LTL) is injured. 
This static instability is often referred to radiologically as 
dorsal intercalated segment instability (DISI), following an 
SLL injury (Fig. 3), and volar intercalated segment instabil-
ity (VISI) following a LTL injury.

SL dissociation is the most common form of CI.
patients with an SLL injury often present with a ‘click’ 

or ‘pain’ on the dorso-radial aspect of the wrist and there 
is often an episode of clear injury preceding the symp-
toms. Swelling and limited grip strength and range of 
movement (ROm) are also common symptoms.

Complications after scapholunate ligament injury

The end result of long-standing SLL injury with dissocia-
tion (SLD) is always DISI and a so-called SLAC wrist 
(Fig. 4).16,17 SLAC is the most common pattern of degen-
erative arthritis of the wrist. It develops following SLD with 

Table 1. Geissler’s classification11

Grade Description

Grade I Attenuation and/or haemorrhage of the interosseous ligament as observed from RC space. No incongruence of carpal alignment in mC 
space = > treatment by immobilisation

Grade II Attenuation and/or haemorrhage of the interosseous ligament as observed from RC space. Incongruence and/or step-off as observed from mC 
joint. A slight gap (less than the width of a probe, < 2 mm) between the carpal bones may be present => treatment by reduction and pinning

Grade III Incongruence and/or step-off of the carpal alignment are observed in both the RC and mC space. The probe may rotate and pass through the 
gap (> 2 mm) between the carpal bones => arthroscopic reduction or open reduction and pinning or repair

Grade IV Incongruence and/or step-off of the carpal alignment are observed in both the RC and mC space. Gross instability with manipulation is noted. A 
2.7-mm arthroscope may be passed through the gap between the carpal bones (‘drive-through phenomena’). Total injury => open re-insertion 
or ligament reconstruction

RC, radiocarpal joint; mC, mid-carpal joint

Fig. 1 The scapholunate ligament is C-shaped. Its dorsal (D) 
component is the strongest (p, proximal; V, volar).

Fig. 2 Chauffeur’s fracture with concomitant scapholunate 
dissociation.
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rotary subluxation of the scaphoid. The degenerative 
changes first affect the radial styloid, then the radio- 
scaphoid joint, followed by parts of the mid-carpal joints. 
The head of the capitate, in particular, can erode fairly rap-
idly when it is subsequently dislocated into the gap 
between the lunate and the scaphoid. The radiolunate 
joint is not typically involved in SLAC arthritis, due to the 
spherical shape of the lunate and the congruity of the joint 
between the lunate and the lunate fossa of the radius.

The average time from the initial trauma to SLAC devel-
opment is unknown and variable, depending, among 
other things, on the severity of the trauma, injured associ-
ated ligaments and secondary stabilisers, probably the ini-
tial step between the scaphoid and the lunate, and the 
individual configuration of the wrist. Empirically, SLAC 
wrist is most often found three to 15 years after the index 
injury. For the patient, SLAC wrist can sometimes be 
almost asymptomatic, but it is most often debilitating, 
with pain, limited and restricted ROm and loss of 
strength.17,18

Diagnosis of scapholunate ligament injury

SLL injury is common in young individuals and it is often 
the consequence of a fall forwards from a height, sport 
injuries or a motorcycle accident.

Clinical examination

A clinical examination of wrist ligament injuries consists 
mainly of palpation and laxity and provocation tests.

A positive Watson’s test (scaphoid shift manoeuvre) 
(Fig. 5) indicates a total SL injury. However, positive tests 
occur in approximately 20% of the normal population, 
which contributes to diagnostic difficulties.3,19 When per-
forming the scaphoid shift manoeuvre, the examiner 
grasps the wrist from the radial side, placing the thumb 
on the palmar prominence of the scaphoid, while holding 
the fingers firmly around the distal radius. This enables the 
examiner’s thumb to push on the scaphoid with counter-
pressure provided by the fingers. The examiner’s other 
hand grasps the patient’s hand at the metacarpal level to 
control wrist position. Starting in ulnar deviation and 
slight extension, the wrist is moved radially with simulta-
neous slight flexion and with constant thumb pressure 
applied to the scaphoid. The Watson’s test is positive if the 

Fig. 3 Dorsal intercalated segment instability (DISI) with a 
scapholunate angle of approximately 90° (S, scaphoid; L, lunate 
(red)).

Fig. 4 Scapholunate (SL) advanced collapse after an SL injury, 
with subsequent arthritic changes at the radiocarpal and mid-
carpal joints (SL advanced collapse - SLAC III). Also note the 
volarflexed scaphoid, appearing triangular distally with the 
so-called ‘ring sign’.
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scaphoid is unstable and can be subluxated dorsally and 
the patient experiences pain at the dorsum of the wrist.3,19 
The SLL can also be examined with the so-called ‘finger 
extension test’ (maximum finger extension against resist-
ance, during simultaneous volar flexion of the wrist), 
although this test can sometimes also be positive if the 
patient has dorsal synovitis or ganglia.

Radiological examination

Although current non-invasive radiology may suggest 
several injury characteristics, the actual extent and nature 
of most ligament tears is not known precisely until the 
patient is assessed using an arthroscope or by open 
surgery.20

Plain radiographs

The initial diagnosis of SL injury can be difficult, as it often 
takes three to 12 months before dynamic instability is 
detected on plain radiographs (with clenched-fist films 
and ulnar deviation) with an SL gap of > 3 mm and an SL 
angle of > 60°. The radiological definition (plain films) of 
DISI (Fig. 3) is as follows:

1) on an anteroposterior view, signs of SLD, the nor-
mal trapezoidal configuration of the scaphoid, may 
be lost and it may appear triangular, sometimes 
with the so-called ‘ring sign’21 (Fig. 4);

2) on the lateral view, a dorsal tilt of the lunate is typi-
cally shown: SL angle > 60° and capitolunate angle 
> 30° (the capitate is displaced posteriorly com-
pared with the distal radius).

MRI and MR arthrography

It has been generally accepted that appropriate parameter 
settings for mRI are very important for high accuracy.22

In 2013, Ringler22 proposed an mRI strategy for the 
wrist ligaments to increase accuracy in diagnosing wrist 
ligament injuries:

1) magnetic strength ⩾ 1.5-T;
2) dedicated wrist coils;
3) field of view ⩽ 10 cm;
4) slice thickness ⩽ 2 mm;
5) matrix ⩾ 384 × 256;
6) mRI sequences including T1-weighted, fat- 

saturated pD or T2-weight fast spin echo.

In my opinion, the most important thing, however, is 
to have an experienced, dedicated radiologist working 
closely with the hand surgeon.

The SLL is C-shaped and thin (2 mm to 4 mm). The mRI 
diagnostics of injuries can therefore be challenging and 
difficult. Andersson et al23 showed recently that a negative 
result from mRI is unable to rule out the possibility of a 
clinically relevant injury to the SLL or other ligaments of 
the wrist.

A complete tear of the SLL is diagnosed on mRI when 
there is a distinct area of discontinuity with increased sig-
nal intensity on fluid-sensitive sequences or a complete 
absence of the ligament. Other observations that may 
indicate an injury include severe distortion of ligament 
morphology, such as fraying, thinning or abnormal 
course. Secondary findings on mRI, such as the presence 
of excessive mid-carpal joint fluid and associated ganglia/
synovitis, are sometimes important for an awareness of an 
existing ligament injury, but they are generally not help-
ful. The absence of SL diastasis or DISI deformity cannot 
exclude even a complete SLL tear.24 A good knowledge of 
the mRI appearance of ligamentous anatomy, coupled 
with high-quality imaging and clinical history, is much 
more effective than mRI alone.22

Wrist arthroscopy: indications

The indications for wrist arthroscopy are wide and vary 
considerably, from performing a diagnostic procedure for 
chronic wrist pain to ligament reconstructive surgery and 
fracture reduction. Radiocarpal arthroscopy should always 
be accompanied by mid-carpal arthroscopy, which is essen-
tial when making the diagnosis of SL and LT instability. The 
cartilage, ligaments and joint capsule can be assessed and 
the injuries can be evaluated in terms of dynamic instabil-
ity, degree of injury (partial, total), quality of the tissue, 
repairability and healing capacity. The grading scale 
reported by Geissler et al11 (Table 1) provides a means of 
staging the degree of injury to the intrinsic ligaments and 
instability in order to choose the best type of treatment.

Injuries to the intrinsic carpal ligaments can be visualised 
from the radiocarpal joint - the SLL preferably from the 
portal between the third and fourth extensor tendon com-
partment (Fig. 6). It is important not only to assess the 
unimportant and insignificant proximal membranous por-
tion of SLL but also to proceed all the way up to the distal, 

Fig. 5 Watson’s test – ‘scaphoid shift’ manoeuvre.
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visualising the dorsal component of the SLL. Otherwise, it is 
easy to overestimate the degree and severity of the injury.

Non-surgical treatment

A combination of proprioceptive, neuromuscular training 
and physiotherapeutic treatment regimens appears to 
yield the greatest improvement in the sensorimotoric con-
trol and stability of joints in terms of both rehabilitation 
and treatment strategies.25 However, the more exact role 
of wrist proprioception and neuromuscular stability train-
ing after wrist ligament injuries and carpal instability 
needs to be further elucidated,26 although it has its role, 
especially in partial SLL injuries and pre-dynamic and 
dynamic instabilities.

Surgical treatment of acute-subacute scapholunate injury

SL injury and deficiency and its treatment remain an 
unsolved problem in wrist surgery. Failure to diagnose 
and treat SL injuries, especially in the young adult with 
high demands, can lead to the progressive deterioration 
of function, instability, pain, loss of grip strength and 
finally articular damage.17 Acute total SLL injuries need to 
be treated within four to six weeks after trauma with 
suture repair or re-insertion and pinning. partial injuries 
are not best treated by open surgery. Instead, the treat-
ment options are arthroscopic debridement or thermal 
shrinkage, pinning or physiotherapy with the re- education 
of the flexor carpi radialis (FCR). It is crucial to diagnose 
the SLL injury in the acute stage, as chronic SL instability is 
very difficult to treat because of its complexity. many dif-
ferent methods have been suggested in the past,5,27-31 
some with promising results and some with less promis-
ing results. It is clinically difficult to treat SL ruptures and 
the results are inconsistent.32,33 The injury is often missed 
because of difficulties in the clinical diagnosis and initial 
normal plain radiographs. Even if the SLL injury is diag-
nosed acutely, the ligament remnants are often short and 

retracted, making it difficult to re-attach the ends. The SL 
complex is also exposed to great tension and torsion and 
must be able to sustain great loads. Because of these fac-
tors, it is not unusual for SL repairs to deteriorate with 
time. From all the available evidence, the best treatment 
for SLD is early surgical intervention performed directly 
when the diagnosis is made. This provides the best oppor-
tunity to restore the anatomy and prevents unfavourable 
attritional changes in the SLL and the secondary stabilisers 
of the wrist. The dorsal SLL plays a very important role in 
the stabilisation of the loaded carpus, but its importance 
should not be over-emphasised. In low-demand patients, 
good status of the secondary stabilisers with compensa-
tory effects from the adjacent capsule-ligamentous struc-
tures and the dynamic strength of specific muscles may 
sometimes effectively ensure good carpal stability, at least 
for some years.34 In general, however, if an SLL rupture 
has not healed, the risk of progressive joint deterioration 
and SLAC development is definite. The wrist should be 
better prepared to sustain loads if the SL is functional. 
Treatment options are based on the clinical stage at pres-
entation and the time that has elapsed since injury. Acute 
injuries are arbitrarily defined as those presented within 
four weeks after the initial trauma, subacute injuries as 
those presented at four weeks to six months and chronic 
injuries as six months after the initial trauma. While the 
ideal time for acute repair has not yet been defined, all 
intrinsic carpal ligaments tend to undergo rapid degener-
ation in as short a time as two to six weeks, after which 
primary repair may be difficult or even impossible and 
ineffective.3 Early diagnosis and open repair is still the 
benchmark and is strongly advocated. Capsulodesis is rec-
ommended for augmentation simultaneously with liga-
ment repair but not as an isolated treatment. Direct open 
repair with ligament sutures, osteosutures, or bony fixa-
tion with bone anchors supplemented by Kirschner-wire 
fixation and/or capsulodesis35,36 produce good results in 

Fig. 6 a) Wrist arthroscopy technique. The 2 mm to 3 mm probe inserted through the 6R portal testing the scapholunate (SL) 
ligament (SLL) in a right wrist. b) Arthroscopic diagnosis of a total SL injury in a left wrist, a so-called Andersson-Garcia-Elias type  
1a - ligament avulsion off the scaphoid, according to our new proposed classification (see Discussion and Fig. 9). This total SLL injury 
and instability with a ‘drive-through phenomena’ corresponds to Geissler grade IV injury (Table 1).
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the short- and mid-term. Direct repair of the SLL is rec-
ommended for complete tears if there are no signs of 
arthritis and when the secondary wrist stabilisers remain 
normal.

During open surgery, it is possible to inspect directly 
the cartilage and look for concomitant ligament and 
chondral lesions. The most important dorsal component 
of the SLL is the one that can most often be directly 
repaired. There are no ideal open treatment options in 
the subacute setting for the volar part of the SL, as an 
open volar approach requires incision through the impor-
tant secondary ligament stabilisers. A longitudinal dorsal 
incision centred over the SL interval is used. The dorsal 
retinaculum is divided along the third compartment and 
the fourth compartment is subperiosteally reflected 
ulnarly. The wrist joint is exposed through a longitudinal 
capsular incision or with a ligament-sparing technique 
according to Berger and Bishop.37 The dorsal and proxi-
mal membranous portion of the SLL is evaluated. Once 
reduced anatomically, percutaneous pin fixation from the 
scaphoid into the lunate and from the scaphoid into the 
capitate is performed. This pinning technique has been 
shown to be the strongest method.38 The ligament is then 
repaired using free needles, sutures, osteosutures and/or 
bone anchor sutures, depending on the type of injury. In 
some cases, it is easier to place the sutures into the liga-
ment prior to the final reduction and then simply tie them 
all once the SL joint has been reduced and stabilised. A 
straight direct repair with sutures or suture anchors has 
remained a reliable technique in the acute setting, but 
the open technique is limited to the correction of the dor-
sal part of the SLL. Biomechanical research has previously 
indicated that only the dorsal SLL needs to be repaired to 
achieve relatively normal carpal kinematics in cadavers, 
but this has subsequently been the subject of debate in 
recent studies.1,28

The mid-term outcome after open subacute SL repair 
overall shows that > 70% of the patients will have a sig-
nificant improvement in pain, grip strength will reach 
approximately 85% of the normal wrist and movement 
will become almost 80% of that of the normal side.35,36 
Radiographic degenerative changes in the long-term 
occur in < 30% of patients. Exact reduction and percuta-
neous Kirschner-wire fixation with or without augmenta-
tion with dorsal capsulodesis has also been recommended 
for acute partial and total tears. Exact reduction and 
Kirschner-wire fixation without open suture39 has shown 
good to excellent results in patients with an acute or suba-
cute presentation of SL rupture. Exact reduction, prefera-
bly under arthroscopic control in acute cases, is necessary 
when using this method of pinning alone. pins should be 
left in situ for eight weeks.

If the appropriate conditions in terms of reducibility 
and healing are met, direct ligament repair and capsular 

augmentation may be used in some cases, even if the 
injury is older than four to six weeks.35 Direct repair and 
augmentation with a dorsal capsulodesis in chronic cases 
with dynamic SL instability also appears to be favourable 
in the short-term in some patients, according to Cohen 
and Taleisnik,35 although the results appear to deteriorate 
both clinically and radiographically with time in patients 
who place high demands on their wrist.

Arthroscopic suture techniques of the SL and con-
comitant dorsal capsuloplasty have also recently been 
described.40 Some of these studies should, however, be 
critically analysed, as most of the included patients 
appear to have had partial injuries.

Surgical treatment for chronic scapholunate dissociation and 
scapholunate advance collapse wrist

The choice of procedure for SL injury1,7 in the absence of 
arthritis depends on the extent of the lesion, quality of the 
ligament remnants and reducibility of the joint. Older 
injuries with dynamic instability, which is still reducible, 
can be treated by some kind of ligament reconstruction.

Various tendon reconstruction techniques for the SL 
have been described in the past and the techniques have 
evolved considerably. In 1995, Brunelli and Brunelli27 sug-
gested the use of a strip of the FCR tendon to adjust both 
the distal and proximal parts of the scaphoid instability with 
rotatory subluxation. The strip of FCR is passed through a 
transverse hole drilled across the distal scaphoid to the dor-
sal part of the scaphoid neck and then anchored to the 
ulnar part of the distal radius. The three-ligament tenodesis 
(3LT) technique (Fig. 7) is a further developed and modified 
technique and appears to be an improvement. using this 
technique, the FCR tendon is used to augment the palmar-
distal connections of the scaphoid (which enhances and 
replicates the scapho-trapezio-trapezoid (STT) ligaments), 
the dorsal SLL is reconstructed and the ulnar translation of 
the lunate is reduced (which enhances the dorsal radiotri-
quetral (RTq) ligament).29 A distally based strip of the FCR 
tendon, approximately 8 cm long and 3 mm wide, is har-
vested and passed through a drill tunnel from the palmar 
tuberosity of the scaphoid to the point of insertion of the 
dorsal SLL. The lunate should be easy to reduce, otherwise 
this technique is not recommended. A channel over the 
reduced dorsum of the lunate is carved with a rongeur and 
an anchor suture is placed in the cancellous bone. The FCR 
strip is then tightened through a slip in the RTq ligament 
and sutured once again to itself under tension. Kirschner-
wire fixation between the scaphoid and lunate and 
scaphoid- capitate should remain in place for eight weeks. 
This 3LT technique has shown promising results, with sig-
nificant improvements in pain and improved alignment 
but reduced movement and grip strength. In general, 
modified Brunelli ligament reconstruction and tenodesis 
using tendon grafts produce satisfactory results when it 
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comes to correcting reducible chronic SL instability in 
wrists without pre-operative notable osteoarthritis. This 
repair technique achieves a relatively pain-free wrist, with 
acceptable grip strength and normal SL distance, but with 
loss in the arc of movement and sometimes a loss of long-
lasting correction of the SL angle. Garcia-Elias et  al29 
reported a series of 3LT repairs involving 38 patients with a 
follow-up of approximately four years, in which they found 
that 75% of the patients returned to their normal occupa-
tional/vocational activities and experienced significant 
pain relief at rest. The patients regained approximately 
75% of flexion and extension movement on average com-
pared with the non-injured contralateral side. The average 
grip strength was 65% relative to the contralateral side. A 
recurrence of carpal collapse and DISI occurred in only 5% 
of the patients.

There are now also arthroscopically assisted ligament 
reconstruction methods that aim to reconstruct both the 
dorsal and volar part of the SLL, as described by Corella 
et al,28 for example. With this approach, it is possible to 
reconstruct the dorsal SLL and the dorsal and volar sec-
ondary stabilisers while causing minimal damage to the 
soft tissues and avoiding injury to the volar secondary sta-
bilisers, the posterior interosseous nerve and detachment 
of the dorsal intercarpal (DIC) ligament.

Dorsal capsulodesis was first described by Blatt.41 He 
used a proximally based strip of the dorsal wrist capsule to 

create a dorsal tether to the distal scaphoid for stabilisa-
tion and to prevent the tendency towards volar flexion 
and rotatory subluxation of the scaphoid. Alternatives are 
the method described by Linscheid and Dobyns,32 who 
used a strip of the DIC ligament, and Herbert’s method 
with a distally based capsular flap. However, the use of a 
dorsal capsulodesis alone for the treatment of chronic 
static SL instability is not enough. In a recent study in 
2012, megerle et al42 followed the mid-term (mean eight 
years) results for 50 patients who underwent dorsal cap-
sulodesis with a strip of the DIC ligament. After significant 
improvement directly post-operatively, the mean SL and 
radiolunate angles deteriorated to pre-operative values at 
final follow-up and the authors showed that capsulodesis 
alone was unable to maintain carpal reduction over time. 
They also found some evidence of early degeneration. 
Dorsal capsulodesis alone is not a recommended tech-
nique nowadays.

In cadaveric and clinical studies, the strength of bone-
ligament-bone grafts43 has been shown to be similar to 
that of the normal ligament. more commonly used grafts 
are bone-retinaculum-bone, second or third metacarpal-
carpal-bone or hamate-capitate grafts, with or without 
screw augmentation. There is some lack of long-term 
results for this type of surgery, which makes it difficult for 
hand surgeons to determine its appropriate use. Early 
results have indicated that this method could play a role in 
the treatment of SL dissociation in the future,43 but the 
consolidation of the graft in this compromised area is dif-
ficult and this technique still needs further research. Van 
Kampen et al44 state that they have abandoned the tech-
nique of bone-ligament-bone graft for SL injury for other 
less technically demanding procedures.44

A new method, the SL axis method (SLAm) for SLL 
reconstruction, has also shown promising results in a 
cadaveric study. The SLAm appears to achieve an improved 
and closer SL interval and better SL-angle correction com-
pared with conventional techniques of SLL reconstruction, 
according to Lee et  al.31 The method provides compres-
sion centrally and thereby improves the strength of both 
the dorsal and volar parts of the SL joint. No clinical results 
related to this method have so far been reported.

In symptomatic static irreducible SLD, the most com-
monly advocated treatment is partial fusion. SL fusion is 
probably the least reliable option, with small areas of 
bone contact and a high separating force in the SL interval 
by the capitate. Nonunion has been reported in approxi-
mately 50% using this method. STT fusion is a more diffi-
cult but more reliable option, with an average rate of 
nonunion in all reported series of 14%.3,16 The goal is to 
re-align the proximal pole of the scaphoid with the scaph-
oid fossa of the radius. It is important to maintain the 
external proportions of the bones and to achieve correct 
alignment of the scaphoid with a radioscaphoid angle of 

Fig. 7 The three-ligament tenodesis. A schematic drawing (S, 
scaphoid; L, lunate; RTq, dorsal radiotriquetral ligament; FCR, 
flexor carpi radialis).



389

TREATmENT OF SCApHOLuNATE LIGAmENT INJuRy: CuRRENT CONCEpTS

between 40° and 60°. Over-reduction must be avoided 
because of restricted movement and impingement. 
under-reduction with a preserved SL gap can also be a 
problem. most daily activities involve the dart-throwing 
movement (extension-radial deviation to flexion-ulnar 
deviation)45 and this movement occurs in the mid-carpal 
joint. RSL fusion and distal scaphoidectomy could there-
fore be a good choice, especially if there are degenerative 
cartilage changes in the radiocarpal joint and the mid- 
carpal joint is normal. The early results of this fusion pub-
lished so far are promising.

The surgical management of the degenerative wrist 
due to SLAC is still a challenging choice among several 
different surgical options. Total wrist fusion historically 
provides predictable pain relief at the cost of a complete 
loss of movement and shock absorption. The complica-
tion rate in total wrist fusion is also relatively high 
(approximately 15%). In the event of a SLAC wrist (SLAC 
I to IV is explained in Table 2), only some kind of salvage 
operation can be recommended. Wrist denervation can 
only be used selectively. In SLAC I, a radial styloidectomy 
may relieve the pain and postpone further surgery. In 
SLAC II, the most used options are proximal row carpec-
tomy (pRC) or four-corner fusion (4CF) (Fig. 8). In the 
short-term, these two operations produce similar results 
with pain relief and a ROm of flexion 30° to 40°, exten-
sion 30° to 40° and 75% maintained grip force.46 In SLAC 
III (mid- carpal arthritis), the only alternative is 4CF or per-
haps pRC plus resurfacing of the proximal part of the capi-
tate with resurfacing capitate pyrocarbon implant. In 
older patients, with a low ROm pre-operatively and a 
round and blunt-shaped capitate, pRC can be recom-
mended. In patients younger than 35 years or with a 
pointed, peaked and narrow capitate, 4CF can be recom-
mended. Some scepticism is, however, in order in terms 

of the long-term viability of a joint with a completely mis-
matched articular surface between the capitate and the 
lunate fossa of the radius. Long-term radio-capitate 
degeneration after more than ten years of follow-up is, 
however, often asymptomatic and generally only present 
in about 10% to 20% of patients after pRC. However, sev-
eral other studies have reported a significantly larger num-
ber of patients with secondary arthritic changes after pRC, 
although most are symptom-free. There is a lack of well-
conducted studies, but mulford et al46 reported and con-
firmed in a systematic review that both 4CF and pRC 
produce a clear improvement in pain and subjective out-
come measurements for patients with symptomatic SLAC 
wrists. pRC can perhaps provide a better post-operative 
ROm, with less risk of the potential complications specific 
to 4CF (10% more complications occurring; such as non-
union, hardware problems and dorsal impingement). This 
systematic review reported that the risk of subsequent 
osteoarthritis, albeit most often asymptomatic, is signifi-
cantly higher after pRC. Subjective outcomes and quality 
of life, pain relief, ROm and grip strength appear to be 
similar in both groups.

Total wrist fusion is an option in SLAC IV, but total wrist 
arthroplasty has increased in number in the last few years, 
as the survival rate of the new generation of arthroplasties 
has increased markedly.47

The treatment of SLL injury in different stages is sum-
marised in Table 2.

Discussion
many factors contribute to the choice of treatment for SL 
injuries. Garcia-Elias et al29 developed a set of five ques-
tions that provide a useful framework for developing a 
stage-based treatment algorithm:

Fig. 8 plain radiographs (anteroposterior view - right wrist) of proximal row carpectomy (a) and four-corner fusion (b).
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1) Is the dorsal SLL intact?
2)  Does the dorsal SLL have sufficient tissue to be 

repaired?
3) Is the scaphoid posture normal?
4) Is any carpal malalignment reducible?
5)  Is the cartilage on the radiocarpal and mid-carpal 

surfaces normal?

Kitay and Wolfe4 added one more question: does the 
abnormal SL relationship involve two distinct planes of 
deformity (widening and rotatory)?

According to the thesis by Andersson in 201648 and 
Andersson and Garcia-Elias in 2013,49 we still need to take 
another factor into account. None of the questions above 
mention the different types of ligament rupture as a factor 

Fig. 9 Classification of the dorsal scapholunate (SL) ligament injury, according to Andersson-Garcia-Elias. Type 1: lateral avulsion 
(42% of all SL injuries); type 2: medial avulsion (16%); type 3: mid-substance rupture (20%); type 4: partial rupture plus 
elongation (22%).

Table 2. Treatment of scapholunate (SL) ligament (SLL) injury in different stages

SLL injury - 
different stages

Stage 1: pre-dynamic occult 
instability, partial tear

Stage 2: dynamic 
instability

Stage 3: static instability, 
no DISI and easily reducible

Stage 4: DISI Stage 5: SLAC

Injured ligaments partial SL injury (volar)
Dorsal SLL intact

Incompetent dorsal 
SLL or
Total SLL complex 
injury + partial injury 
or attenuation of volar 
secondary stabilisers

Complete SL injury and 
injury or
Attenuation of volar or dorsal 
secondary stabilisers

Complete SL injury with 
secondary changes of 
all secondary stabilisers

As in stage 4

Static radiographs Normal usually normal SL gap ⩾ 3 mm SL gap > 3 mm
+
SL angle > 60° to 80°

I Arthritis: radial styloid
II Arthritis: radioscaphoid
III Arthritis: midcarpal
IV panarthritis

Stress radiographs Normal, but abnormal 
fluoroscopy

Abnormal Grossly abnormal unnecessary 
examination

unnecessary 
examination

Choices of 
treatment

Arthroscopic debridement or 
thermal shrinkage, pinning or 
capsulodesis or
physiotherapy with re-
education of FCR

Open SL repair or
Re-insertion with dorsal 
capsulodesis as an 
augmentation

Open SL repair with 
capsulodesis or 3LT 
ligament reconstruction 
or other similar ligament 
reconstruction

Reducible: 3LT ligament 
reconstruction
Fixed: some kind of 
intercarpal fusion (SL, 
STT)

I Radial styloidectomy
II 4CF or pRC
III 4CF or pRC + RCpI
IV Total wrist fusion or 
total wrist arthroplasty

DISI, dorsal intercalated segment instability; FCR, flexor carpi radialis; 4CF, four-corner fusion; pRC, proximal row carpectomy; RCpI, resurfacing capitate pyrocar-
bon implant; SLAC, scapholunate advanced collapse; 3LT, three-ligament tenodesis; STT, scapho-trapezio-trapezoid; I-IV, SLAC-wrist stages.
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to consider. Any treatment algorithm that does not take 
account of whether the ligament has stretched out, rup-
tured or torn off the bone is incomplete. In fact, for the treat-
ment to be successful, it needs to be based on a detailed 
evaluation of all the factors influencing the outcome. Cer-
tainly, the type of ligament rupture is an important one.

The new proposed classification of dorsal scapholunate 
ligament injury by Andersson and Garcia-Elias49 (Fig. 9) has 
both a descriptive and therapeutic value. By all accounts, 
different types of SLL injury require different types of sur-
gery. If the healing potential of a torn SLL is optimal, repair-
ing the lesion, if easily reduced, in order to recover its 
original functional strength is the most reasonable 
approach. The thesis by Andersson48 and other current 
opinions claim that repair should be performed within four 
to six weeks after the index trauma.1,4,7,20 After that, the 
ligament ends undergo fibrotic changes, degenerates and 
ends up not being possible to suture. In SLL injuries, 
Andersson-Garcia-Elias types 1 and 2 with avulsion inju-
ries, the time to repair could perhaps be extended beyond 
four to six weeks, due to better blood supply and ligamen-
tous integrity to either the scaphoid or the lunate.2,6 In par-
ticular, the 1b injury ought to be preferable from the point 
of view of healing, as it contains a bony fragment and is 
re-inserted to the dorsal ridge of the scaphoid, where the 
blood supply enters the scaphoid.2 The healing potential 
of a torn SLL is probably more optimal in acute avulsion 
injuries with a bony fragment or in a mid-substance injury 
with fresh but not attenuated or retracted ligament ends. 
In these cases, an open repair with ligament re-attachment 
or suture repair and augmented pin fixation is the most 
reasonable approach.29,35,36,49 Bone-to-bone healing is 
preferable compared with ligament to bone.50

The proposed classification is easy to adapt in the clini-
cal setting. The Andersson-Garcia-Elias classification of SL 
injuries can be used in both open and arthroscopic sur-
gery and in acute, subacute and chronic injuries. It is also 
important to keep in mind that it is easy to overestimate 
the extent of SLL injury and the grade of laxity using only 
the Geissler classification,11 particularly in patients with 
joint hypermobility. Different types of SLL injuries should 
probably be treated by different methods of surgery. 
While Andersson-Garcia-Elias type 3 mid-substance rup-
tures (only 20% of the cases) may allow a direct repair, 
also by arthroscopic technique, ensuring end-to-end con-
tact of the two ligament stumps, type 1 or 2 ligament 
avulsions do not allow this. In fact, if the entire ligament 
has been pulled off the bone, the only feasible solution is 
to re-attach the avulsed ligament to the denuded bone 
with trans-osseous sutures or, most commonly, with 
anchor sutures, by open surgery. Type 4 injuries, involv-
ing the elongation of a subtotal ruptured SLL, can be 
treated by detaching the elongated fascicle and 

advancing it to a more distal position over the dorsolateral 
ridge of the scaphoid, including the augmentation of the 
repair with some sort of capsulodesis or tenodesis. In 
some of the patients who have a type 4 injury, arthro-
scopic plication may also be an alternative. An arthroscop-
ically assisted SL capsuloplasty and suture may not be 
possible in all patients, particularly not when the ligament 
has avulsed off the bone (60% of the cases; Andersson-
Garcia-Elias types 1 and 2), leaving no ligament remnant 
on one side.49 most patients will require ligament re-
attachment techniques using trans-osseous sutures, bone 
anchors or ligament reconstruction.

Conclusions
A negative result from mRI is unable to rule out the possi-
bility of a clinically relevant injury to the SLL. Clinical prov-
ocation wrist tests are of limited diagnostic value. The 
current gold standard, wrist arthroscopy, remains the pre-
ferred diagnostic technique with sufficient conclusive 
properties when it comes to wrist ligament injuries.

Four different types of SL injury exist, according to the 
new classification by Andersson-Garcia-Elias. The type of 
SL injury can probably be decisive for the choice of surgi-
cal approach and for the healing conditions.

According to the literature, the integrity and quality of 
the dorsal SLL, the posture of the scaphoid (widening and 
rotatory), carpal alignment and cartilage status contribute 
to the choice of treatment for SL injury. Early diagnosis is 
mandatory. Ligament-reconstruction techniques should 
only be performed when there is easily reducible DISI.

The best treatment of choice in different grades of SL 
injury is, however, still a matter of discussion and debate. 
SLL injuries remain a challenging problem, even to experi-
enced hand and upper extremity surgeons. There is still a 
lack of consensus among hand surgeons as to the appro-
priate treatment of various stages.

ICMJE ConflICt of IntErEst statEMEnt
None declared.

fundIng
No benefits in any form have been received or will be received from a commercial 
party related directly or indirectly to the subject of this article.

author InforMatIon
Department of Hand Surgery, Sahlgrenska University Hospital, Göteborg, 
Sweden and Department of Orthopaedics, Institute of Clinical Sciences, The 
Sahlgrenska Academy, University of Gothenburg, Göteborg, Sweden.

Correspondence should be sent to:  Jonny K. Andersson, MD, PhD, Department 
of Hand Surgery, Sahlgrenska University Hospital, SE-413 45 Göteborg, Sweden. 
E-mail: jonny_a@telia.com



392

lICEnCE
© 2017 The author(s)
This article is distributed under the terms of the Creative Commons Attribution-Non 
Commercial 4.0 International (CC BY-NC 4.0) licence (https://creativecommons.org/
licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribu-
tion of the work without further permission provided the original work is attributed.

rEfErEnCEs

1. Kuo CE, Wolfe sW. Scapholunate instability: current concepts in diagnosis and 
management. J Hand Surg Am 2008;33:998-1013.

2. Berger ra. The gross and histologic anatomy of the scapholunate interosseous 
ligament. J Hand Surg Am 1996;21:170-178.

3. garcia-Elias M. Carpal instability. In: Wolfe SW, Hotchkiss RN, Pederson WC, Kozin SH, 
eds. Green’s operative hand surgery. Vol 1. Sixth ed. New York: Elsevier Churchill Livingstone, 
2011:465-522.

4. Kitay a, Wolfe sW. Scapholunate instability: current concepts in diagnosis and 
management. J Hand Surg Am 2012;37:2175-2196.

5. Corella f, del Cerro M, larrainzar-garijo r, Vázquez t. Arthroscopic 
ligamentoplasty (bone-tendon-tenodesis). A new surgical technique for scapholunate 
instability: preliminary cadaver study. J Hand Surg Eur 2011;36:682-689.

6. short Wh, Werner fW, green JK, sutton lg, Brutus JP. Biomechanical 
evaluation of the ligamentous stabilizers of the scaphoid and lunate: part III. J Hand Surg 
Am 2007;32:297-309.

7. Chennagiri rJr, lindau tr. Assessment of scapholunate instability and review of 
evidence for management in the absence of arthritis. J Hand Surg Eur 2013;38:727-738.

8. Jones Wa. Beware the sprained wrist. The incidence and diagnosis of scapholunate 
instability. J Bone Joint Surg [Br] 1988;70-B:293-297.

9. reichel lM, Bell Br, Michnick sM, reitman Ca. Radial styloid fractures. J Hand 
Surg Am 2012;37:1726-1741.

10. Mudgal C, hastings h. Scapho-lunate diastasis in fractures of the distal radius. 
Pathomechanics and treatment options. J Hand Surg Br 1993;18:725-729.

11. geissler WB, freeland aE, savoie fh, McIntyre lW, Whipple tl. Intracarpal 
soft-tissue lesions associated with an intra-articular fracture of the distal end of the radius. J 
Bone Joint Surg [Am] 1996;78-A:357-365.

12. linscheid rl, dobyns Jh, Beabout JW, Bryan rs. Traumatic instability of 
the wrist: Diagnosis, classification and pathomechanics. J Bone Joint Surg [Am] 1972;54-A: 
1612-1632.

13. Mayfield JK, Johnson rP, Kilcoyne rK. Carpal dislocations: Pathomechanics 
and progressive perilunar instability. J Hand Surg Am 1980;5:226-241.

14. gilula la. Carpal injuries: analytic approach and case exercises. AJR Am J Roentgenol 
1979;133:503-517.

15. Berger ra, Imaeda t, Berglund l, an Kn. Constraint and material 
properties of the subregions of the scapholunate interosseous ligament. J Hand Surg Am 
1999;24:953-962.

16. Watson hK, Ballet fl. The SLAC wrist: scapholunate advanced collapse pattern of 
degenerative arthritis. J Hand Surg Am 1984;9:358-365.

17. Watson hK, Weinzweig J, Zeppieri J. The natural progression of scaphoid 
instability. Hand Clin 1997;13:39-49.

18. Weiss KE, rodner CM. Osteoarthritis of the wrist. J Hand Surg Am 2007;32:725-746.

19. Yao J, skirven t, osterman al, Culp rW. Clinical assessment of the wrist. In: 
Cooney WP III, ed. The wrist: Diagnosis and operative treatment. Second ed. Philadelphia: 
Lippincott Williams & Wilkins, 2010:119-150.

20. adolfsson l, Povlsen B. Arthroscopic findings in wrist with severe post-traumatic 
pain despite normal standard radiographs. J Hand Surg Br 2004;29:208-213.

21. Cautilli gP, Wehbé Ma. Scapholunate distance and cortical ring sign. J Hand Surg 
Am 1991;16:501-503.

22. ringler Md. MRI of wrist ligaments. J Hand Surg Am 2013;38:2034-2046.

23. andersson JK, andernord d, Karlsson J, fridén J. Efficacy of magnetic 
resonance imaging and clinical tests in diagnostics of wrist ligament injuries: a systematic 
review. Arthroscopy 2015;31:2014-2020.

24. theumann nh, Etechami g, duvoisin B, et  al. Association between 
extrinsic and intrinsic carpal ligament injuries at MR arthrography and carpal instability at 
radiography: initial observations. Radiology 2006;238:950-957.

25. aman JE, Elangovan n, Yeh Il, Konczak J. The effectiveness of proprioceptive 
training for improving motor function: a systematic review. Front Hum Neurosci 2015;8:1075.

26. Valdes K, naughton n, algar l. Sensorimotor interventions and assessments for 
the hand and wrist: a scoping review. J Hand Ther 2014;27:272-285.

27. Brunelli ga, Brunelli gr. A new technique to correct carpal instability with 
scaphoid rotary subluxion: a preliminary report. J Hand Surg Am 1995;20:S82-S85.

28. Corella f, del Cerro M, ocampos M, larrainzar-garijo r. Arthroscopic 
ligamento-plasty of the dorsal and volar portions of the scapholunate ligament. J Hand Surg 
Am 2013;38:2466-2477.

29. garcia-Elias M, lluch al, stanley JK. Three-ligament tenodesis for the treatment of 
scapholunate dissociation: indications and surgical technique. J Hand Surg Am 2006;31:125-134.

30. harvey EJ, Berger ra, osterman al, fernandez dl, Weiss aP. Bone-
tissue-bone repairs for scapholunate dissociation. J Hand Surg Am 2007;32:256-264.

31. lee sK, Zlotolow da, sapienza a, Karia r, Yao J. Biomechanical comparison 
of 3 methods of scapholunate ligament reconstruction. J Hand Surg Am 2014;39:643-650.

32. linscheid rl, dobyns Jh. Treatment of scapholunate dissociation. Rotatory 
subluxation of the scaphoid. Hand Clin 1992;8:645-652.

33. Moran sl, garcia-Elias M. Acute scapholunate injuries. In: Cooney WP III, ed. 
The wrist: Diagnosis and operative treatment. Second ed. Philadelphia: Wolters Kluwer, 
Lippincott, Williams & Wilkins, 2010:617-641.

34. salva-Coll g, garcia-Elias M, leon-lopez Mt, llusa-Perez M, rodríguez-
Baeza a. Effects of forearm muscles on carpal stability. J Hand Surg Eur 2011;36:553-559.

35. Cohen Ms, taleisnik J. Direct ligamentous repair of scapholunate dissociation with 
capsulodesis augmentation. Tech Hand Up Extrem Surg 1998;2:18-24.

36. lavernia CJ, Cohen Ms, taleisnik J. Treatment of scapholunate dissociation by 
ligamentous repair and capsulodesis. J Hand Surg Am 1992;17:354-359.

37. Berger ra, Bishop at. A fiber-splitting capsulotomy technique for dorsal exposure 
of the wrist. Tech Hand Up Extrem Surg 1997;1:2-10.

38. Jakubietz Mg, Zahn r, gruenert Jg, et  al. Kirschner wire fixations for 
scapholunate dissociation: a cadaveric, biomechanical study. J Orthop Surg (Hong Kong) 
2012;20:224-229.

39. darlis na, Kaufmann ra, giannoulis f, sotereanos dg. Arthroscopic 
debridement and closed pinning for chronic dynamic scapholunate instability. J Hand Surg 
Am 2006;31:418-424.

40. Mathoulin Cl, dauphin n, Wahegaonkar al. Arthroscopic dorsal capsulo-
ligamentous repair in chronic scapholunate ligament tears. Hand Clin 2011;27:563-572.



393

TREATmENT OF SCApHOLuNATE LIGAmENT INJuRy: CuRRENT CONCEpTS

41. Blatt g. Capsulodesis in reconstructive hand surgery. Dorsal capsulodesis for the 
unstable scaphoid and volar capsulodesis following excision of the distal ulna. Hand Clin 
1987;3:81-102.

42. Megerle K, Bertel d, germann g, lehnhardt M, hellmich s. Long-term 
results of dorsal intercarpal ligament capsulodesis for the treatment of chronic scapholunate 
instability. J Bone Joint Surg [Br] 2012;94-B:1660-1665.

43. harvey EJ, Berger ra, osterman al, fernandez dl, Weiss aP. Bone-
tissue-bone repairs for scapholunate dissociation. J Hand Surg Am 2007;32:256-264.

44. van Kampen rJ, Bayne Co, Moran sl, Berger ra. Outcomes of capitohamate 
bone-ligament-bone grafts for scapholunate injury. J Wrist Surg 2015;4:230-238.

45. garcia-Elias M. The non-dissociative clunking wrist: a personal view. J Hand Surg 
Eur Vol 2008;33:698-711.

46. Mulford Js, Ceulemans lJ, nam d, axelrod ts. Proximal row carpectomy vs 
four corner fusion for scapholunate (SLAC) or scaphoid nonunion advanced collapse (SNAC) 
wrists: a systematic review of outcomes. J Hand Surg Eur Vol 2009;34:256-263.

47. Cooney W, Manuel J, froelich J, rizzo M. Total wrist replacement: a 
retrospective comparative study. J Wrist Surg 2012;1:165-172.

48. andersson J. Clinical and arthroscopic assessment of wrist ligament injuries and 
instability [dissertation]. Gothenburg, Sweden: University of Gothenburg, Sahlgrenska 
Academy, Institute of Clinical Sciences, 2016.

49. andersson JK, garcia-Elias M. Dorsal scapholunate ligament injury: A 
classification of clinical forms. J Hand Surg Eur 2013;38:165-169.

50. Park MJ, lee MC, seong sC. A comparative study of the healing of tendon autograft 
and tendon-bone autograft using patellar tendon in rabbits. Int Orthop 2001;25:35-39.


