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The purpose of this study was to compare the stability 
and force of ultimate failure of the acromioclavicular 
joint (ACJ) after direct arthroscopic distal clavicle 
excision (DCE) through superior portals and indirect 
arthroscopic DCE through inferior portals in paired 
cadaveric shoulders.
Ten paired saline-embalmed cadaveric shoulders 
were operated alternatively using the indirect and di-
rect technique. Biomechanical testing was performed 
in the horizontal plane, testing displacement at 15N 
and 30N and finally failure strength was measured 
testing the constructs until failure occurred.
There was a significant difference in failure strength 
with the direct DCE being stronger : 766.6 N (SD 
233.5) against 540.3 N (SD 239.1) for the indirect 
DCE, p = 0.01334). There was no statistical difference 
for the displacement measured at 15N and 30N.
A direct DCE will result in a postoperative ACJ with 
greater ultimate failure strength compared to indi-
rect DCE because the inferior ACJ capsule can be 
better preserved.

Keywords : distal clavicle excision ; acromioclavicular 
joint ; shoulder arthroscopy ; surgical technique.

INTRODUCTION

Acromioclavicular joint (ACJ) pathology is a 
common cause of shoulder pain. The technique of 
open distal clavicle excision (DCE) was first de-
scribed in 1941, independently by Gurd (18) and 

Mumford (23). The main complications of the open 
techniques were distal clavicle instability (caused 
by excessive resection or capsular injury) and dehis-
cence of the deltotrapezial fascia. 

With the advent of arthroscopic surgery, tech-
niques have evolved to treat this painful condition 
through a minimally invasive approach. The critical 
role of the superior AC ligament in stabilising the 
ACJ has been demonstrated in previous stud-
ies (6,25)). The advantages of arthroscopic tech-
niques are a better visualisation, improved cosme-
sis, decreased postoperative activity limitations, 
increased ACJ stability through retention of the 
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 superior AC ligament, swifter return to sports and 
decreased narcotic requirement, the preservation of 
the superior AC ligament intact and the possibility 
to address concomitant shoulder pathology found in 
up to 50% of cases (2,7,8,9,15).

Several studies have investigated the clinical out-
come after open versus arthroscopic DCE.  Freedman 
et al (15) demonstrated the superiority of the arthro-
scopic procedure over the open procedure by a 
 better VAS score after one year. Disadvantages of 
the arthroscopic technique are cost and learning 
curve. 

The indirect (or subacromial) technique (17,19,30) 
was first described : the ACJ is excised using an 
 inferior bursal view. The disadvantage of this tech-
nique is that the entire inferior capsule and parts of 
the anterior and posterior capsule have to be excised 
to achieve a good access to the joint (Fig. 1). 

The direct (or superior) technique (1,2,28,31) 
 allows excision of the ACJ through 2 small superior 
portals, leaving most of the capsule intact (Fig. 2). 
In this technique the capsule and ligaments are sub-
periosteally elevated to expose the distal clavicle. 
The direct DCE leads to earlier pain relief and 
shorter hospital stay compared to the open proce-
dure (13) and permitted a faster return to athletic ac-
tivity compared to the indirect approach (5). A dis-
advantage of this technique is that it is technically 
more demanding.

Instability of the ACJ after DCE is a known com-
plication causing continuing pain after resection. 
Previous biomechanical studies have shown that AC 
ligaments and capsule control antero-posterior (AP) 
mobility, whereas supero-inferior (SI) translation is 
controlled by the coraco-clavicular ligaments (5,8-
10,16,20,22,27). Excessive resection of the ACJ cap-
sule results in increased AP mobility of the ACJ.

The two different arthroscopic techniques are 
commonly used in daily practice to treat ACJ arthri-
tis. To achieve a good visualisation of the ACJ in 
the indirect DCE the entire inferior and parts of the 
anterior and posterior part of the ACJ capsule have 
to be removed. In the direct approach only two 
small portals are made through the capsule. The 
purpose of this study was to compare the stability of 
the ACJ after direct arthroscopic DCE through su-
perior portals and indirect arthroscopic DCE 
through inferior view in paired cadaveric shoulders. 
Our hypothesis was that horizontal AC stability 
would be less affected when more of the ACJ 
 capsule was left intact. 

MATERIALS AND METHODS

Ten paired saline-embalmed cadaveric shoulders were 
available for this study. Only specimens without previ-
ous surgery in the proximity of both shoulder joints were 
used. On one shoulder an indirect arthroscopic DCE was 

Fig. 1. — Drawing of an indirect DCE, where the entire 
 inferior, anterior and posterior ACJ capsule is resected. Fig. 2. — Drawing of a direct DCE, where the damage on the 

ACJ capsule is limited to the anterosuperior and posterio-
superior portal.
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performed, on the contralateral shoulder a direct 
 arthroscopic DCE.

Surgical technique

Based on previous anatomical studies of the ACJ cap-
sule a 5 mm clavicular and a 2 mm acromial resection 
were undertaken (3,4,24,29), using a ClearCut Oval Burr 
(Arthrex, Naples, FL). For both techniques a 4 mm 30° 
arthroscope was used. The amount of resection was con-
trolled using a 4.85 mm ClearCut Oval Burr (Arthrex, 
Naples, FL) as a reference.

For the indirect DCE the ACJ was visualised and ex-
cised through 3 portals : posterior, lateral and anterosu-
perior underneath the ACJ. The accuracy of the lateral 
and anterosuperior portal placement was augmented us-
ing a spinal needle. The ACJ was opened with a shaver 
and a suction electrode, only removing the inferior ACJ 
ligament and capsule, and the most inferior parts of the 
anterior and posterior capsule. Visualisation of the ACJ 
was performed through the posterior, lateral and anterior 
portal alternatively. 

For the direct DCE the orientation of the ACJ and the 
edges of the clavicula and acromion were determined us-
ing 2 intramuscular needles. The ACJ was first visualised 
through a posterosuperior portal, made 5 mm posterior to 
the posterior edge of the ACJ and in line with the ACJ, 
penetrating the posterior capsule. The joint was entered 
with the arthroscope using serial dilatation : first with a 
4 mm obturator, than with the 4.5 mm obturator and 
 canula and finally with the 4.5 mm canula and 4 mm 30° 
arthroscope. Using a spinal needle the correct entry point 
of the anterosuperior portal was determined. From this 
portal resection was started using a shaver, suction elec-
trode and oval burr. Viewing and working portal were 
switched to achieve a complete 5 mm resection on the 
clavicle and a 2 mm resection on the acromion, as in the 
direct approach. 

Measurement setup

All tests were done in the Department of Anatomy in 
controlled conditions. After completion of the chosen 
procedure the entire scapula, clavicle, ACJ capsule and 
coracoclavicular ligaments were resected “en-bloc”. To 
control the translation of the clavicle in relation to the 
scapula in the horizontal plane a custom-made set-up was 
created. The scapula was fastened to the system with 3 
large screws. Rubber mats ensured that the scapula sat 
secure in the clamp and prevented the bone from fractur-
ing under compression. After fastening the scapula, the 

clavicle was inserted into the custom-designed clavicle 
clamp, where the clavicle was fixed in a tube with 
2 screws. The force was generated with a 12V DC motor 
driving the lead screw, which in turn activated the linear 
drive, giving the ACJ a forwards and backwards motion 
in the horizontal plane. 

Edwards (11) showed that typical tissue hysteresis oc-
curred with a load of 30 N across the ACJ and that at least 
3 cycles of preconditioning at the 30-N level were re-
quired to show reproducible cycles in all tested speci-
mens. Therefore a preconditioning loading level (0 to 
30 N, 1 Hz, 3 cycles) was chosen to simulate a small 
amount of force transmission across the joint (12). 

Before starting measurements, the Linear Variable 
Differential Transformer (LVDT) displacement sensor 
and the force transducer were zeroed at their current posi-
tion and force at full relaxation of the ACJ. Following 
this, the clavicle was put under a cyclic loading of 30 N 
for 3 repetitions at 1 Hz to ensure the tissue to be relaxed 
and to establish a baseline displacement. At this point 
force and displacement measurements were zeroed again. 
For the measurements, the force on the joint was in-
creased to 15 N and a displacement reading was taken. 
After this the force was zeroed and increased again to 
30 N, another displacement reading was done. The final 
test involved the force on the joint being increased gradu-
ally at a speed of 15 mm/s until the construct failed. Both 
a force and displacement reading were continuously 
 taken. Failure of the ACJ, clavicle or scapula concluded 
the testing. To not confuse the reader, the measurements 
were taken continuously at a sample rate of 200 Hz. The 
data were read off from a graph and analysed.

After failure point was reached the ACJ itself was 
evaluated for adequacy of resection : the inclination of 
the excised surfaces was measured and the presence of 
bony bumps or holes was recorded. 

Statistical evaluation

Statistica 10 (Statsoft) was used to calculate signifi-
cance. Statistical evaluation was performed by mixed 
model repeated measures analysis of variance (ANOVA). 
For the evaluation of the displacement at 15 N and 30 N 
logarithmic values were used. P-values of < 0.05 were 
considered significant.

RESULTS

Mean age of the specimens was 57.6 y (range 
41-76 y). All specimens in the direct group had 
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significant differences between both groups in fa-
vour of the direct group.

Instability of the ACJ is a common source of pain 
after DCE. In order to maintain sufficient ACJ sta-
bility after DCE the preservation of the ACJ capsule 
is important. The 2 incisions in the anterior and pos-
terior capsule in the direct DCE certainly violate the 
ACJ capsule, but the preservation of the inferior 
capsule seems important for the joint strength. 

Vertical instability after excision should not be a 
problem since the distances from the lateral edge of 
the clavicle to the attachment tuberosities of the 
trapezoid and conoid ligaments have been measured 
at 25 mm and 47 mm (26). Overzealous resection of 
the distal clavicle is possible in either technique and 
should be avoided. Nevertheless a spontaneous ver-
tical AC dislocation after indirect DCE has recently 
been published in a case report (21), where the 
CCL’s were probably harmed during surgery by an 
anterior portal placed too medially. The higher fail-
ure strength of the direct excisions diminishes the 
risk for traumatic AC dislocations.

The direct approach safeguards most of the ACJ 
capsule. Our study underlines the role of this cap-
sule by showing that the joint is stronger when more 
of the capsule is maintained. A better propriocep-
tion of the intact joint capsule may be an additional 
factor contributing to a swifter return to athletic ac-
tivities (5). The direct DCE is therefore recommend-
ed as an isolated procedure in the young and athletic 
patient. Since it is more time-consuming than the 
indirect DCE the decision to perform a direct or in-
direct DCE in conjunction with another procedure 
is left to the discretion of the treating surgeon.

Direct exposure of the pathology of the ACJ is 
another advantage of the direct technique. At this 
point a final decision concerning the procedure be-
ing indicated can still be made. When the DCE is 
resected in the indirect way, the inferior capsule has 
to be removed and surgical excision of the ACJ may 
have been started before the cartilaginous surfaces 
can be evaluated. Both techniques can easily be per-
formed with a standard 4 mm 30° scope. Since as-
sociated pathology is frequent, the authors recom-
mend an evaluation of the glenohumeral and 
subacromial space before entering the ACJ, irre-
spective of the technique used.

preservation of the inferior capsule. The anterior 
and  posterior capsule were damaged by the inser-
tion of the instruments. In the indirect group the in-
ferior capsule was completely removed, together 
with the inferior third of the anterior and posterior 
capsule.

Mean displacement at 15 N was 1.46 mm (SD 
0.78). The displacement in the direct group aver-
aged 0.77 mm (SD 0.55) and in the indirect group 
2.14 mm (SD 2.74) with the difference being non-
significant (p = 0.09664). Similar findings were 
noted for the displacement measured at 30 N, with a 
mean displacement of 2.36 mm (SD 0.95) and a 
 respective displacement for the direct and indirect 
group of 1.53 mm (SD 0.66) and 3.20 mm (SD 
2.92), p = 0.07997.

Nine out of 10 claviculo-scapular constructs 
failed in the ACJ. One clavicular fracture occurred 
in the direct group. Mean end point failure for all 
10 constructs was 653.4 N (SD 252.7). The direct 
DCE were significantly stronger than the indirect 
(respective mean failure values of 766.6 (SD 233.5) 
and 540.3 (SD 239.1), p = 0.01334). After failure 
all ACJ’s were evaluated. No inadequate resections 
were identified.

DISCUSSION

The purpose of this study was to compare the 
horizontal stability of the ACJ after direct ar-
throscopic DCE through superior portals and indi-
rect arthroscopic DCE through an inferior view in 
paired cadaveric shoulders. The hypothesis was that 
horizontal AC mobility after DCE would be less 
when more of the capsule was left intact. This was 
not confirmed in this study, as there was no statisti-
cal difference in the horizontal displacement be-
tween both groups. The ACJ’s were stronger after 
direct DCE compared to indirect DCE, when tested 
in the horizontal plane. This confirms findings of 
previous studies that the joint capsule is important 
for the strength of the ACJ (15).

To our knowledge no previous study investigated 
biomechanical strength after direct and indirect 
DCE. This study clearly demonstrated that ACJ’s 
were stronger after direct DCE compared to indirect 
DCE. Displacement at 15 and 30 N showed nearly 
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This study has some limitations. DCE was per-
formed on shoulders that were not known to have 
ACJ arthritis. Joint properties might change in the 
arthritic ACJ, thereby changing the biomechanical 
behaviour. There was neither control group of un-
treated shoulders nor a control group of open DCE’s. 
It would be interesting to know whether there is a 
difference between arthroscopic and open DCE. 
 Finally, as all studies of this nature, this is a “Time 
Zero” study, evaluating biomechanics at the time of 
surgery only. The capacity of clinically relevant 
capsular/ligamentous healing cannot be examined, 
and thus the persistence of these biomechanical 
changes is unknown.

To conclude, the treatment of arthroscopic DCE’s 
through a direct approach resulted in superior hori-
zontal ACJ ultimate failure strength compared to 
the indirect approach in a cadaver model, with a ten-
dency to better horizontal ACJ stability. The direct 
arthroscopic DCE may offer advantages, early in 
the postoperative period, in the young and athletic 
patient where the ACJ is subject to heavier loads.
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