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Rationale and Basic Science

Chronic scapholunate interosseous ligament (SLIL) deficiency
remains an unsolved problem in hand surgery. Scapholunate
injuries are the most common intercarpal ligament injury of
the wrist, and can be categorized according to severity as
predynamic, dynamic, static reducible, static irreducible, or
arthritic.1 The natural history following SLIL ruptures is

progression to carpal instability with a predictable pattern
of degenerative osteoarthrosis of the wrist, known as sca-
pholunate advanced collapse.2 When faced with a complete
ligament injury, nonsurgical measures are not likely to pre-
vent this progression and thus surgery is required. Surgical
treatment is directed toward restoring carpal alignment and
kinematics, with the ultimate goals of pain relief and avoid-
ance of the progression to degenerative osteoarthrosis.

Keywords

► scapholunate
► ligament
► scapholunate

ligament
► scapholunate axis

method

Abstract Background Treating chronic scapholunate ligament injuries without the presence of
arthritis remains an unsolved clinical problem facing wrist surgeons. This article
highlights a technique for reconstructing the scapholunate ligament using novel
fixation, the ScaphoLunate Axis Method (SLAM).
Materials and Methods In a preliminary review of the early experience of this
technique, 13 patients were evaluated following scapholunate ligament reconstruction
utilizing the SLAM technique.
Description of Techinque The scapholunate interval is reconstructed utilizing a
palmaris longus autograft passed between the scaphoid and lunate along the axis of
rotation in the sagittal plane. It is secured in the lunate using a graft anchor and in the
scaphoid utilizing an interference screw. The remaining graft is passed dorsally to
reconstruct the dorsal scapholunate ligament.
Results At an average follow-up of 11 months, the mean postoperative scapholunate
gap was 2.1 mm. The mean postoperative scapholunate angle was 59 degrees. The
mean postoperative wrist flexion and extension was 45 and 56 degrees, respectively.
The mean grip strength was 24.9 kg, or 62% of the contralateral side. The mean pain
score (VAS) was 1.7. There was 1 failure with recurrence of the pathologic scapholunate
gap and the onset of pain.
Conclusion While chronic scapholunate ligament instability remains an unsolved
problem facing wrist surgeons, newer techniques are directed toward restoring the
normal relationships of the scaphoid and lunate in both the coronal and sagittal planes.
The SLAM technique has demonstrated promise in preliminary clinical studies.
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Surgical options include soft-tissue and bony procedures,
with SLIL repair for acute injuries3–5 and reconstruction or
salvage procedures for chronic injuries.

Chronic loss of the SLIL results in dorsal proximal pole
scaphoid subluxation, with flexion of the scaphoid about the
radioscaphocapitate ligament (RSCL) and pronation along the
curve of the capitate. Over time, the RSCL, dorsal intercarpal
ligament, and other secondary supporting ligaments stretch
to accommodate the new resultant forces. Eventually, the
ligamentous and bony changes preclude a closed or even an
open reduction. Irreducible scapholunate subluxations are
not suitable for soft-tissue reconstructions and are best
treated with a salvage procedure.

The best candidates for soft-tissue reconstructions are the
subacute or early chronic SLIL disruptions, ideally where the
secondary restraints have not been compromised. The Bru-
nelli tenodesis and its modifications attempt to correct the
flexion posture and the dissociation of the scaphoid by
suspending the scaphoid along a tendon graft connecting
the volar trapezium to the dorsal lunate. The tendon lies
approximately in line with the normal long axis of the
scaphoid. As with all tendon-to-ligament reconstructions,
early creep and delayed elongation can be expected propor-
tional to the length of the tendon between fixation points.

Capsulodeses only focus on preventing scaphoid flexion by
tethering the distal pole of the scaphoid to either the trique-
trum or the distal radius. An additional technique may be
required to address the pronation and diastasis of the scaph-
oid and the dorsal angulation of the lunate.

Unfortunately, current reconstructive and salvage options
for chronic injuries are not ideal in restoring carpal kinemat-
ics back to the normal state. Current soft-tissue reconstruc-
tion procedures do not reliably restore normal carpal
alignment and kinematics long term.6–9 Additionally, partial
wrist arthodeses lead to the immediate alteration of carpal
kinematics.9,10

The rationale for the ScaphoLunate Axis Method (SLAM) is
to reconstruct the scapholunate complex with a tendon
autograft within the scaphoid and lunate along the central
axis of rotation. The graft is fixed close to the scapholunate
joint to minimize the effects of creep within the tendon graft
due to the short segment of tendon graft between the bones.
The idea of a construct placed in the middle of the two bones
close the axis of rotation is similar to the RASL (reduction
association scaphoid and lunate), initially introduced by
Rosenwasser and colleagues.8 The tendon graft acts as a
flexible biological tether between the two bones rather
than a stiff metal screw. The tendon graft that is fixed to
bones on either side of a joint may also be compared with the
clinically successful reconstruction of the anterior cruciate
ligament of the knee. The remaining autograft is passed and
secured dorsally to the lunate to reconstruct the important
dorsal portion of the scapholunate ligament.

Indications

The indications for the SLAM technique are still evolving, but
it will most likely have the greatest utility in a relatively broad

spectrum of pathology, from acute (under 2 weeks), to
subacute (between 2 weeks and 3 months), to chronic (over
3months) stages of scapholunate dissociation. It may be used
for dynamic (seen only on radiographic stress views such as
the clench pencil view)11 or static (seen on nonstress views)
cases of dissociation. The scapholunate joint must be reduc-
ible (with or without the use of 0.062-inch K-wires), and
there should be no evidence of posttraumatic arthrosis in the
radioscaphoid, midcarpal, or radiolunate joints. Reducible is
defined as being able to achieve anatomic carpal positionwith
a combination of compressing the scapholunate joint with the
C-shaped guide and pushing the capitate head palmarly. If
0.062-inch K-wires are used in the scaphoid and lunate as
reduction joysticks, they should not bendwhen the bones are
reduced. Otherwise, this is too much force and the scapho-
lunate dissociation is considered irreducible. In this scenario,
this reconstructive method should not be employed, and a
salvage procedure such as a scaphoid excision and four-
corner arthrodesis or proximal row carpectomy is more likely
to provide more predictable results. Given the size of drill
holes and implants, this reconstruction should only be used in
skeletally mature adults with a normal-sized scaphoid and
lunate.

Contraindications

The main contraindications for the SLAM would be an irre-
ducible scapholunate dissociation (unable to reduce with
0.062-inch K-wires without bending them), any evidence of
posttraumatic arthrosis in the radioscaphoid, midcarpal, or
radiolunate joints, and previous scapholunate repair or re-
construction because of the riskof carpal fracture or ischemia.
Similarly, patients with smaller scaphoids or lunates seen on
radiographs should not be treatedwith this technique for fear
of fracturing one of the bones.

Surgical Technique for the ScaphoLunate
Axis Method

A dorsal approach to the carpus is made via any type of
capsulotomy of the surgeon’s preference. A separate 3-cm
longitudinal incision is made over the anatomic snuffbox. Lastly,
the standard transverse incisions overlying the palmaris longus
tendon for harvest of the autograft are used. The vital structures
are identified and retracted. These structures include the super-
ficial radial nerve and the radial artery. A capsulotomy is
performed to visualize the radial aspect of the scaphoid. The
dorsal and palmar aspects of the scaphoid are identified.

The SLAM reconstruction is performed with a kit (►Fig. 1;
Arthrex, Inc., Naples, FL). This kit includes guidewires, a
cannulated step drill (2.85 mm leading and 3.78 mm trail-
ing), the tendon graft anchor (“Bullet Anchor,”
3.5 mm � 7 mm; ►Fig. 2), tendon passer, and the PEEK
(polyether ether ketone) scaphoid interference screw (4 mm
� 10 mm). A C-shaped reduction drill guide is very useful for
maintaining the reduction aswell as guiding the placement of
the central guidewire. This reusable guide is packaged
separately.
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The pointed tip of the C-shaped reduction guide is placed
on the proximal ulnar aspect of the lunate at its midpoint in
the anteroposterior dimension. Access to this spot is achieved
bymaking a transverse incision in the capsular tissue ulnar to
the dorsal radiocarpal (DRC) ligament. Alternatively, extend-
ing the inverted T–shaped capsulotomy as far ulnarly as
possible aids in visualization of proximal ulnar corner of
the lunate. Separate dissection and retraction of the extensor
digiti minimi is usually needed. The cannulated compression
sleeve of the reduction guide is then applied to the scaphoid.
It is important for the starting point on the scaphoid to be
midlateral between the dorsal and palmar borders. The
scapholunate joint is then reduced by compressing the joint
with the ratcheting mechanism of the C-shaped reduction
drill guide while at the same time pushing the capitate head
palmarly. When the capitate head is pushed palmarly, the
lunate is reduced out of dorsal intercalated segmental insta-
bility (DISI; ►Fig. 3). An axial load of the carpus can help
“mold” the scapholunate joint to the capitate head. Reduction
occasionally requires the use of joystick, 0.062-inch K-wires,
placed in the lunate and the distal pole of the scaphoid from

dorsal to palmar. Once the scapholunate joint is reduced, it is
pinned with the central guidewire through the inner sleeve
on the C-shaped reduction drill guide. The guidewire must be
in the center of the scaphoid and lunate in the sagittal plane
and in the proximal ulnar corner of the lunate in the coronal
plane. This is the most essential portion of this procedure and
great care must be taken to ensure the correct position of this
guidewire. Eccentric placement outside of the center of the
scaphoid and lunate in the lateral plane may lead to disrup-
tion of the cortices of the scaphoid or lunate during the
subsequent steps and should not be tolerated. A secondary
wire is used to stabilize the carpus and to assure that the
reduction guide stays in place during the remainder of the
procedure (►Fig. 4A, B). The distal palmar hole adjacent to
the central wire on the guide is frequently the best to use for
the secondary wire. Anatomic reduction and precise pin
placement is confirmed on posteroanterior (PA) and lateral
fluoroscopic images. The radio-opaque drill guide will often
obstruct the fluoroscopic image. Instead of trying tomove the
guide and thus stressing the construct, angling the arm of the
guide a few degrees distally or proximally is sufficient to
move the opaque guide out of the way of the X-ray beam. The
optimal position of the tip of the central wire is at the
proximal ulnar corner of the lunate on the PA view and
central within the scaphoid and lunate on the lateral view.
Thewire is passed across the scapholunate joint slightly distal
to its midaspect. The cannulated step drill (distal end has a
narrower diameter than proximal end) is then drilled over the
central guidewire (►Fig. 5A, B) and stopped before reaching
the far cortex of the lunate. The drill hole in the lunate is 10.7
mm2 and the mean surface area of the lunate joint surface
with the scaphoid is 190mm2. The percentage of the drill hole
to the joint surface is therefore�5.6%. The depth of the drill is
measured off the C-clamp guide and confirmed under fluo-
roscopy. The holes in the scaphoid and lunate are irrigated
with normal saline with a long spinal needle and syringe to
remove the debris that may block easy passage of the tendon
graft. The tendon autograft (palmaris longus or alternatively
one-half of flexor carpi radialis or other tendon autograft) is
shuttled into the lunate anchor through the eyelet with the

Fig. 1 The SLAM kit. (Courtesy of Arthrex, Inc.)

Fig. 2 The graft anchor. (Courtesy of Arthrex, Inc.)

Fig. 3 Placement of the reduction C-ring guide. (Courtesy of Dan A.
Zlotolow, MD.)
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tendon passer (►Fig. 6). The tendon graft is dressed on the
lunate bullet anchor by pulling it taut on the bullet anchor
inserter. Care is taken to make sure that the tendon does not
cover the reverse barbs on the bullet anchor. The anchor with
tendon autograft is passed through the outer sleeve of the
reduction guide. If it does not pass easily, the tendon graft
must be trimmed or it will not pass into the lunate. The

Fig. 4 (A) Placement of the central guidewire in the perfect center–center position in the lunate and scaphoid. Placement of the secondary
stabilization wire as well. (Courtesy of Dan A. Zlotolow, MD.) (B) Radiograph (wrist PA) of two wires placed.

Fig. 5 (A) Passing the step drill into the lunate over the central guidewire. (Courtesy of Dan A. Zlotolow, MD.) (B) Radiograph (wrist PA) of step drill in place.

Fig. 6 Tendon graft threaded through the anchor.
Fig. 7 Impacting the anchor with the tendon graft into the lunate.
(Courtesy of Dan A. Zlotolow, MD.)
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anchor with the tendon is then advanced untilmild resistance
is encountered, typically at the point where the narrower
hole in the lunate starts. Using a mallet, the anchor and graft
are tapped until seated into the ulnar side of the lunate under
fluoroscopic guidance (►Fig. 7). The secondwire is left in for 6
to 8 weeks.

Biomechanical testing has shown pullout strength of the
anchor and tendon graft in a Sawbonesmodel (Model #1522–
04, Pacific Research Laboratories, Vashon, WA) to be 161.5 N.
The density of these blocks is comparable to that of normal
human cancellous bone (30 lb/ft3; unpublished internal data,
Sawbones, Pacific Research Laboratories, Vashon, WA). The
final position of the anchor should be near the proximal ulnar
corner of the lunate. While holding tension on both free
tendon ends to pretension the graft, the scaphoid interfer-
ence screw is then placed into the hole in the scaphoid
alongside the tendon graft parallel to the second wire
(►Fig. 8) until the screw is buried beneath the radial cortex
of the scaphoid (►Fig. 9). The excess tendon graft is then
passed radially and dorsally over the carpus and fixed to the
dorsal aspect of the lunate. The tendons are sutured to the
remnant of the scapholunate ligament if available, then to the

DRC ligament as it attaches to the triquetrum and/or the
lunotriquetral ligament (►Fig. 10). The dorsal aspects of the
lunate and scaphoid that the graft passes above are decorti-
cated to provide a healthy bleeding bony bed to allow for
healing of the graft.

Alternative Surgical Technique
If the surgeon does not wish to use the C-clamp targeting
guide to drill the path for the graft in one pass, an alternative
technique may be employed. This technique involves drilling
the lunate and scaphoid independently in two separate steps.
Because the autograft used for the reconstruction is pliable,
the tunnels in the scaphoid and lunate may not need to be
perfectly collinear as would be obtained with a single drill
technique as described above. Therefore, some surgeons may
find this alternative technique somewhat simpler than the
single drill technique.

The lunate and scaphoid are drilled independently. The
scapholunate interval is opened to expose the radial articular

Fig. 10 Final reconstruction with dorsal stabilization of the remainder
of the graft. (Courtesy of Dan A. Zlotolow, MD.)

Fig. 11 The double-drill technique. The first guidewire is placed into
the center of the articular surface of the lunate advancing it toward the
proximal ulnar corner of the lunate.

Fig. 8 Placement of the PEEK interference screw into the scaphoid.
(Courtesy of Dan A. Zlotolow, MD.)

Fig. 9 Final reconstruction (coronal cut through the carpus). (Cour-
tesy of Dan A. Zlotolow, MD.)
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surface of the lunate and the ulnar articular surface of the
scaphoid. The first guidewire is drilled into the lunate in the
center of the radial articular surface in a trajectory toward the
proximal ulnar corner of the lunate (►Fig. 11). Its appropriate
position is confirmed on fluoroscopy, and the cannulated step
drill is then used to drill the lunate alone until the drill
approaches the ulnar cortex. Once the lunate tunnel is drilled
and confirmed under fluoroscopy, the guidewire is removed
and a newguidewire is placed in the ulnar articular surface of
the scaphoid in a trajectory toward the waist of the scaphoid.
This wire is drilled through the radial cortex of the scaphoid
and exits the radial wound, while the branches of the dorsal
radial sensory nerve and dorsal branch of the radial artery are
protected (►Fig. 12). Once the correct position of the wire is
confirmed under fluoroscopy, the scaphoid is drilledwith the
step drill, ensuring the entire scaphoid is drilled with the
trailing threads of the cannulated drill. Once both tunnels are
confirmed, the graft is prepared as described above and first
impacted into the lunate through the SL interval (►Fig. 13).
Once the proper position of the graft is confirmed fluoro-
scopically, the handle of the inserter is removed and the two
tails of the graft are passed through the scaphoid from the
ulnar side out through the radial incision (►Fig. 14). The
interference screw is placed and the remaining steps are
completed as described above. Use of a large point reduction
clamp to compress the scapholunate joint can be considered.

Rehabilitation

The patient is placed in a short arm thumb spica splint for
2 weeks postoperatively. At 2 weeks, the sutures are removed
and a short arm cast is applied. After 6 weeks, the cast and the

second K-wire are removed, and the patient is placed in a
thermoplastic wrist splint in slight extension (15 degrees)
made by the hand therapist. Gentle active and active-assisted
range ofmotion of thewrist is initiated. Initially, dart throwers
motion8 and supination/pronation are performed, then wrist
flexion, extension, and radial and ulnar deviation at 8 to
9 weeks. Strengthening is started 10 to 12 weeks postopera-
tively. Light weight lifting and sports may start at 4 months
postoperatively. No contact sports are allowed for 6 to
9months, depending on the sport and level of activity. Activity
modification of avoiding extended wrist loading is discussed
with thepatient. Loading should bewith a neutralwrist, as this
minimizes the strain on the scapholunate ligament complex.

Fig. 14 The double-drill technique. The two tails of the graft are
passed through the hole in the scaphoid via a suture passer (seen at the
bottom of the figure).

Fig. 12 The double-drill technique. The second guidewire is placed into the
center of the articular surface of the scaphoid advancing it to the ridge
between the articular and nonarticular borders of the scaphoid.

Fig. 13 The double-drill technique. The graft anchor and graft are
impacted into the lunate.
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Potential Complications

In addition to standard potential surgical complications, the
specific potential risks of this procedure are carpal fracture,
carpal ischemia, graft or implant failure, and loss of reduction.
Carpal fracture is the most serious possible complication, but
is avoidable if adherence to the described surgical technique
is ensured. Namely, the most important step of the technique
is the placement of the initial guidewire exactly in the center
of the scaphoid and lunate on the lateral view. If the guidewire
is central, the subsequent drill hole and implant/graft will be
central. Eccentric placement of the wire, either dorsally or
palmarly, puts the scaphoid or lunate at risk for fracturewhen
drilling, inserting the graft and anchor, and inserting the
interference screw in the scaphoid (secondary to hoop
stresses). If the surgeon finds that the scaphoid hole and
implant/graft are too dorsal or palmar, the interference screw
should be abandoned and the tendon ends are pulled taut and
tied dorsoulnarly to the DRC ligament and/or lunotriquetral
ligament. On the PA view, the best line of placement of the
graft is just distal to the midpoint of the scapholunate joint.

Preliminary Results

At the time of thiswriting, there have been�45 cases of SLAM
performed for scapholunate instability in the United States
and an additional 70 cases in Europe. The preliminary reports
from surgeons havebeen generally favorable, and clinical data
following at least 2 years of follow up are currently being
collected. In a preliminary review of the early experience of
this technique for three academic hand surgeons in the
United States, the outcomes of 13 patients treated since
2012 were evaluated (unpublished data). For this cohort,
the mean follow-up period was 11 months (range: 3–25).
The average age of the patients was 48 years (range: 29–65).
The mean preoperative scapholunate gap was 5.4 mm and
the mean postoperative gap was 2.1 mm (p < 0.05). The
mean preoperative and postoperative scapholunate angle
was 70 and 59 degrees, respectively (p < 0.05). The mean
postoperative wrist flexion and extension was 45 and 56
degrees, respectively. The mean grip strength was 24.9 kg, or
62% of the contralateral side. Themean visual analog scale for
pain was 1.7 (range: 0–4). There was one failure with resto-
ration of the pathologic scapholunate gap and the onset of
pain. This patient was the oldest of the cohort (65 years) and
was ultimately treated with a proximal row carpectomy with
good short-term results. Arguably, the age of this patient was
a relative contraindication for a reconstructive procedure,
and a salvage procedure should have been considered
initially.

Discussion

Surgical methods of treating scapholunate instability include
direct repair, capsulodeses, tendon reconstructions, tenode-
ses, bone-ligament-bone reconstruction, scapholunate fu-
sion, scapholunate screw, and others.2,5,6,8,12–17 No
reconstruction to date has reliably restored scaphoid exten-

sion, closed the SL gap, and corrected scaphoid pronation. The
ideal scapholunate reconstruction should (1) provide a bio-
logic solution for a biologic (ligament injury) problem, (2)
reconstruct both the volar and dorsal SLIL to avoid eccentric
gapping, (3) place fixation points close to the SL joint to
minimize creep, (4) avoid having tissue or implants on
articular surfaces, (5) allow for eventual all arthroscopic
reconstruction, and (6) restore normal kinematics to both
optimize motion and prevent late degenerative changes.

Several capsulodesis techniques have been used for the
treatment of these injuries. Although they generally address
scaphoid flexion in the sagittal plane, they do not reliably
reduce and stabilize the scapholunate gap in the coronal
plane.6,17 Not associating the scaphoid and the lunate allows
the lunate to remain dorsiflexed, leading to abnormal loading
patterns.8 While the results of capsulodesis have not been
tied to maintenance of a reduced scapholunate interval, the
number of patients included in these studies and their
relative heterogeneity make it difficult to conclude that
associating the scaphoid and the lunate does not matter.
Furthermore, the procedures that tether the scaphoid to
the distal radius may limit wrist flexion.

Several tenodesis procedures have been used as an alter-
native to capsulodesis to restore carpal stability while pre-
serving motion. Some techniques tether the scaphoid to the
distal radius limiting wrist flexion.18 These reconstructive
procedures also focus on reconstructing the dorsal scapho-
lunate ligament only. Reconstructing the dorsal ligament only
may lead to gapping of the volar interval, also leading to
abnormal kinematics and loading. Overall, favorable short-
term results have been reported for less severe injuries, but
long-term studies are lacking.12,18–20 There has not been any
proven benefit of tenodesis versus capsulodesis.21

Scapho-trapezio-trapezoid arthrodesis has been used as
an alternative method of treatment for this condition. Carpal
kinematics andmotion are altered as the scaphoid is linked to
the distal carpal row, and long-term studies have shown up to
a 50% progression to arthrosis.10,22

Scapholunate arthrodesis has also been described in the
treatment of scapholunate dissociation. The procedure is
associated with a high rate of nonunion, although several
authors have reported favorable clinical results with a fibrous
nonunion.15,23–25 In a modification of Herbert scapholunate
fusion, the reduction and association of the scaphoid and
lunate (RASL) procedure was developed to ideally create a
fibrous nonunion between the scaphoid and lunate.8,16 Since
the SL axis is inconstant during wrist motion,26 the screw
tends to spin eccentrically within the scaphoid and/or the
lunate which may eventually lead to cavitary bone loss and
screw loosening. Some surgeons routinely remove the screw
to prevent this complication. To date, there are limited out-
comes data.

This manuscript describes a technique for SL reconstruc-
tionwhich utilizes a two-tailed tendon autograft placed along
the axis of rotation of the scaphoid and lunate and secured
using a tendon graft anchor. This is coupled with reconstruc-
tion of the critical dorsal SL ligament. The SLAM leads to
improved SL interval and SL angle correctionwhen compared
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with current techniques of SL reconstruction.27,28 While
better radiographic parameters do not necessarily portend
a favorable clinical outcome, the results are encouraging that
the concept is biomechanically sound.

The goals of the SLAM reconstruction are to create a
multiplanar tether between the scaphoid and lunate bones.
The reconstruction does not restore volar SLIL function.
Instead, one of the tethers is placed in the central axis
between the scaphoid and lunate bones, borrowing on the
promising data from the RASL reconstruction. The SLAM
technique also incorporates a dorsal tendon graft reconstruc-
tion, which recreates the dorsal portion of the SLIL. The dorsal
SLIL secures the scaphoid from subluxating dorsally out of the
lip of the dorsal radius and resists scaphoid flexion and
pronation. Together, the double tether may help to prevent
scapholunate translation and diastasis better than a single
spanning reconstruction.

Because there is not one true axis between the scaphoid and
the lunate throughout wristmotion in any plane, the SLAMhas
at least a theoretical advantage over the RASL in that it is a
biological repair and that the tendon graft is not as rigid a
construct as a metal screw. Another possible advantage over
previous techniques is that fixation of the autograft is achieved
near the SL joint in both the lunate and scaphoid, reducing the
potential for creep compared with previous methods.

The SLAM reconstruction holds promise for exceeding the
biomechanical characteristics of two of the common proce-
dures performed for scapholunate ligament reconstruction
(Blatt capsulodesis and modified Brunelli 3-ligament tenod-
esis).28 The initial clinical results with this technique are
favorable, but the caveat is that the studies of the long-
term outcomes of this procedure are currently lacking, and
enthusiasm for this technique should be tempered until these
studies are performed. Currently, clinical data of patientswho
have had this procedure done at least 2 years ago are being
collected in the United States and Europe.
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