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The effect of the three-ligament tenodesis on the 
scapholunate angle and scapholunate gap was stud-
ied. A comparison was made between these angles 
preoperatively and postoperatively in 12 patients. 
There was a significant decrease in the scapholunate 
angle from 77 to 68°, and the scapholunate gap was 
reduced from 4.25 mm to 3.29 mm. We also studied 
the correlation between scapholunate angle and 
scapholunate gap postoperatively in a cohort of 25 pa-
tients and found a significant correlation.
This suggests that the principle of the procedure is 
correct, but the aims are not fully achieved, and that 
the procedure has a similar effect on SL gap and SL 
angle.
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INTRODUCTION

Scapholunate (SL) instability is the most frequent 
type of carpal instability (12). The intrinsic (interos-
seous) scapholunate ligament is the main stabilizer 
of the carpus.

Ruptures of the SL ligament create a pattern of 
collapse of the carpus called DISI (dorsal interca-
lated segment instability) with flexion of the scaph-
oid, extension of the lunate, and dissociation of the 
lunate and scaphoid bones. On radiographs this re-
sults in an increased scapholunate distance (normal-
ly less than 2 mm) and an increased scapholunate 

angle on the lateral view (normally between 45 and 
60°). Both parameters assess the SL malalignment 
in patients before surgery. Procedures such as sca-
photrapeziotrapezoid (STT) arthrodesis (15) and the 
original Brunelli procedure (3) concentrate on re-
ducing the SL angle without addressing the SL gap.

When rotatory disassociation is seen, some at-
tenuation of extrinsic ligaments must have occurred. 
This was the rationale for the flexor carpi radialis 
(FCR) tenodesis described by Brunelli and 
Brunelli (3). A distally based strip of the FCR is 
passed through a drill hole through the scaphoid and 
fixed on the dorsal rim of the distal radius. Later 
Van den Abbeele et al (14) and Garcia-Elias et 
al (8) modified this procedure and fixed the tendon 
strip onto the dorsal aspect of the lunate (Fig. 1). 
Brunelli (4) explicitly requested not to call this 
modification “modified Brunelli”. Following these 
suggestions the term “three-ligament tenodesis” 
should be used. 

Good clinical outcomes were reported but there 
is limited radiological data. Before evaluating the 
clinical outcome it is important to see if the 
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technique does what it was supposed to do : correct 
the DISI.

The aim of this study was to evaluate the effect of 
the three-ligament tenodesis procedure on the SL 
angle and SL gap and to to investigate the correla-
tion between these measurements after the surgery. 

MATERIAL AND METHODS

We performed two investigations.
In our first study, there were 12 patients, 10 

males, 2 females with a mean age of 43 years 
(range : 35 to 57). With a chronic, static DISI, treat-
ed with the three-ligament tenodesis, the SL angle 
greater than 60° and the SL gap greater than 2 mm. 
Patients who had osteoarthritis, inflammatory disor-
ders and severe (post)traumatic deformities other 
than that caused by the SL injury were excluded. 
The preoperative and postoperative radiographs had 
to be available and to have been taken in the correct 
(zero) position. We excluded those patients who 
subsequently had a salvage procedure because none 
of these had radiographs we could use at one year 
after surgery.

We also wanted to investigate carpal alignment 
in patients in which we were confident that stabili-
sation was completely achieved and the indication 
for surgery had been correct. The preoperative and 
postoperative radiographs had to be available and to 

have been taken in the correct position with the 
wrist in neutral. In this cohort we studied the chang-
es of the SL angle and SL gap after three-ligament 
tenodesis.

Secondly we investigated the correlation between 
the SL angle and the SL gap after ligamentoplasty 
in 25 consecutive patients with chronic, static SL 
dissociation treated with the three-ligament tenode-
sis, with or without preoperative radiographs and 
regardless of whether a salvage procedure subse-
quently had been done or not. There were 18 men 
and 7 women with a mean age of 40.2 years (range : 
26 to 59).

All measurements were done electronically 
(Fig. 2) with the measuring device available in the 

Fig. 1. — Drawing of the procedure

Fig. 2. — Schematic measurements on the radiographs
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radiology software package. The interval between 
operation and evaluation was at least 12 months. 
We analysed the data using the paired t-test to eval-
uate the change in measurements before surgery and 
over 12 months later. Correlation was assessed with 
the Spearman correlation coefficient. Significance 
was set at p < 0.05.

RESULTS

The SL angle on the lateral radiographs was 77° 
preoperatively (SD 9.04) and was found to be re-
duced to 68° (SD 14.90). This decrease was signifi-
cant (p = 0.026, paired t-test) However the angle 
became normal with a value of 60° or less in only 
three wrists.

The SL gap decreased from 4.3 mm (SD 1.72) 
preoperatively to 3.3 mm (SD 1.88). This difference 
was also significant (p = 0.002, paired t-test). The 
gap was normal (less than 2 mm) in only four cases.

In the second study of 25 patients, the mean SL 
angle was 47° (SD 11.1) and the SL gap was 5.3 mm 

(SD 2.03). The correlation coefficient between the 
two measurements was high (r = 0.7) and was sig-
nificant (p = 0.036) (Fig. 3).

DISCUSSION

The choice of treatment for chronic scapholunate 
dissociation remains controversial. Blatt (2) described 
a dorsal capsulodesis, with which a good outcome 
has been reported, mostly for dynamic SL instabili-
ty (10,17,18). When the deformity becomes static, 
more aggressive reconstruction procedures may be 
required and there is still no consensus whether soft 
tissue reconstruction or a limited arthrodesis should 
be done (1,3,5,11,13-18).

Brunelli and Brunelli (3) based their procedure on 
reconstructing the palmar ligaments and reducing 
the scaphoid tilt, without any effort to close the SL 
gap. The three-ligament tenodesis (8) reinforces the 
palmar STT ligaments, closes the SL gap and re-
duces the scaphoid rotation.

Fig. 3. — Scatter plot of data : X-axis = SL-angle, Y-axis = SL-gap
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Most reported case series focus on the clinical 
outcomes (5,7,11,13) but include wrists with dynamic 
and static DISI. One report (13) did not present ra-
diographic data on 23 patients with static DISI who 
were retrieved and evaluated. Another study (14) re-
ported no improvement in patients with static DISI. 
Garcia-Elias et al (8) mentioned a carpal collapse 
pattern but did not provide radiological data. Chabas 
et al (5) reported the radiographic outcome and 
found the SL angle was improved from 63° to 54°, 
but had relapsed to 62° at 37 months follow-up. We 
found that the SL angle and SL gap improved, but 
full correction was uncommon. A moderate to 
strong correlation was found between these two 
parameters, indicating that the procedure probably 
affects both the SL gap and the SL angle.
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