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ABSTRACT
Introduction: Degenerative disorder involving the acromio-
clavicular joint (ACJ) is quite common especially in the elderly.
One of the surgical modalities of treatment of this disorder is the
Mumford Procedure.   Arthroscopic approach is preferred due to
its reduced morbidity and faster post-operative recovery.  One
method utilizes the anteromedial and Neviaser portals, which
allow direct and better visualization of the ACJ from the
subacromial space. However, the dangers that may arise from
incision and insertion of instruments through these portals are
not fully understood. This cadaveric study was carried out to
investigate the dangers that can arise from utilization of these
portals and which structures are at risk during this procedure.
Methods: Arthroscopic Mumford procedures were performed
on 5 cadaver shoulders by a single surgeon utilizing the
anteromedial and Neviaser portals. After marking each portals
with methylene blue, dissection of nearby structures were
carried out immediately after each procedure was completed.
Important structures (subclavian artery as well as brachial plexus
and its branches) were identified and the nearest measurements
were made from each portal edges to these structures. Results:
The anteromedial portal was noted to be closest to the
suprascapular nerve (SSN) at 2.91 cm, while the Neviaser portal
was noted to be closest also to the SSN at 1.60 cm. The
suprascapular nerve was the structure most at risk during the
Mumford procedure. The anteromedial portal was noted to be
the most risky portal to utilize compared to the Neviaser portal.
Conclusion: Extra precaution needs to be given to the
anteromedial portal while performing an arthroscopic distal
clavicle resection in view of the risk of injuring the
suprascapular nerve of the affected limb.  
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INTRODUCTION
The acromioclavicular joint (ACJ) which constitutes the distal
end of the clavicle and the medial clavicular facet of the
acromion process is a diarthrodial joint which is stabilized by the
acromioclavicular (AC) and the coraco-clavicular (CC)
ligaments. Degenerative disorder involving the ACJ is quite
common in the elderly population as well as in those with
traumatic ACJ separation or distal clavicle fractures (1).  This
condition presents as chronic pain in the upper shoulder region
which is clinically localized to the ACJ area and made worse by
cross-adduction of the affected shoulder (2). 

One of the surgical modalities of treatment of this disorder is the
Mumford Procedure (3), which entails excision of the distal 1
cm of the clavicle. This procedure can be performed via an open
approach or an arthroscopic approach (1,2,4,5).  Arthroscopic
approach is preferred due to its reduced morbidity and faster
post-operative recovery (2,5,6). Furthermore, it allows diagnosis
and treatment of other concomitant lesions associated with ACJ
arthrosis, such as rotator cuff tears, impingement lesions and
long-head of biceps pathologies (5-8). Open excision of the ACJ,
which is less commonly performed of late, has been associated
with numerous complications such as shoulder stiffness,
infection and prolonged local tenderness (9). Moreover, it has
been shown to violate the AC and CC ligaments responsible for
the stability in the ACJ (10). 

One variant of the arthroscopic method utilizes the Neviaser
portal (Fig. 1 – yellow line) and the anteromedial portal (Fig. 1
– blue line), which allows direct and better visualization of the
ACJ especially the superior aspect of the acromioclavicular
ligament and the joint capsule, thus enabling complete excision
of the distal clavicle. Other than arthroscopic Mumford
procedures, the Neviaser portal is also used in certain procedures
such as arthroscopic rotator cuff repair and superior labral repair.
The Neviaser portal is created from outside-in approximately 5
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to 10 mm posterior to the ACJ, while the anteromedial portal is
created in a similar manner 5 to 10 mm lateral to the clavicular
end. However, the close proximity of these portals to some
important structures such as the branches of the brachial plexus
and the subclavian vessels poses risk of injuring these structures
while this procedure is being performed. The objective of this
cadaveric study is to find out the dangers that can arise from
utilization of these two portals, while identifying which specific
structures are at risk when Mumford procedure is performed.

MATERIALS AND METHODS
10 shoulders from 5 male cadavers were used as subjects. The
cadavers were thawed a day before the planned procedure and
then put in a lateral decubitus positions with a 30-degree
posterior inclination just like any standard lateral shoulder
arthroscopic surgeries. Four portals were then made (standard
posterior viewing, direct lateral, anteromedial and Neviaser). A
bursectomy was then performed through the lateral portal using
a shaver blade to clear all the bursal tissue within the
subacromial space for better visualization of the rotator cuff and
also the inferior aspect of the ACJ (4).  

The arthroscope was then switched to the lateral portal. Once the
ACJ had been identified, the AM portal was made 5 to 10 mm
anterior and lateral to the anterior border of the ACJ (See Fig. 1),
followed by burring of the anterior aspect of the distal 1 cm of
the clavicle, using an acromionizer. The anterior half of the
distal clavicle was excised using this process; however, the
superior aspect of the distal clavicle residue is usually difficult to
visualize through the lateral and also the standard posterior
portals. 

The arthroscope was then shifted to the anteromedial portal
(where the superior aspect of this joint would be easily
visualized), and the Neviaser portal was then created. The portal
placement was first identified by inserting an 18G branula
approximately 10 mm posterior to the posterior border of the
ACJ (marked earlier before the starting of the procedure).
Through this portal, the excision process was completed while
visualization of the joint was done from the AM portal. By
switching between these two portals (Fig. 2), the Mumford
procedure was carried out completely until at least 8-10 mm of
the distal clavicle was removed (2). The acromionizer (4 mm in
diameter) was used to gauge the completeness of the excision.

Once the procedure has been completed, methylene blue dye
was injected into the portals to mark the edges of the two portals
and a dissection was then performed to identify the structures
which are at risk (namely the suprascapular nerve, the brachial
plexus and the subclavian vessels). The structures which are in
close proximity to these two portals were then recorded and the
distances between these structures and the edge of both portals
were measured using a Vernier caliper. Figure 3 showed the
process of measuring the distance between the anteromedial
portal to the brachial plexus of the left shoulder in one of the
cadavers.

RESULTS
All cadavers had no abnormalities around the subacromial space
and the ACJ. All five cadavers were thawed completely to allow
proper dissection and measurements. Table 1 shows the
measurement results for all 10 shoulders. Due to the limited
number of shoulders in this study, the median instead of the
mean value was chosen.

Table 1 : The distance between the suprascapular nerve, the
musculocutaneous nerve and the brachial plexus and the
subclavian vessels to the anteromedial and Neviaser portals, in
all 10 shoulders (5 cadavers).

Suprascapular Nerve
The median distance of the anteromedial portals to the
suprascapular nerve (SSN) is 3.69 cm (range, 2.91-5.00), while
the median distance of the Neviaser portals to the same nerve is
6.01 cm (range, 1.60-6.84). These results show that the Neviaser
portal can be very near this nerve, as close as 1.60 cm. The
closest distance of the anteromedial portal to this nerve is 2.91
cm. 

Musculocutaneous Nerve
The median distance of the anteromedial portals to the
musculocutaneous nerve (MCN) is 4.85 cm (range, 3.19-7.00),
with the median distance of the Neviaser portals to the nerve
being 6.79 cm (range, 5.50-9.13). This nerve appears to be at a
much lower risk to be injured compared to the suprascapular
nerve.

Brachial plexus and Subclavian vessels
The median distance of the anteromedial portals to the brachial
plexus and subclavian vessels is 5.67 cm (range, 4.12-7.50),
while the median distance between the Neviaser portals and
these structures is 7.75 cm (range, 6.00-9.23). The brachial
plexus and subclavian vessels appears to have the least risk of
being injured. Table 2 summarizes these findings

DISCUSSION
We believe this is the first cadaveric study investigating the
effects of arthroscopic Mumford procedure which specifically
looked at the structures at risk when the two portals
(anteromedial and Neviaser) are utilized in performing this
procedure.  Based on these measurements, the suprascapular
nerve is the structure most at risk during the Mumford
procedure. Among the two portals, the anteromedial portal is the
most 'dangerous' portal and needs extra precautions while
making its incision and during insertion of instruments and
arthroscope. The Neviaser portal is relatively safe to use during
this procedure albeit not completely being risk-free. The brachial
plexus and subclavian vessels are relatively risk-free.

A cadaveric study by Gartsman et al. in 1991 was done to
investigate the adequacy of bone resection performed through
arthroscopic Mumford compared to an open method (2).
Incomplete excision has been reported to be related to persistent
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Table 1: The distance between the suprascapular nerve, the musculocutaneous nerve and the brachial plexus and the subclavian vessels to the
anteromedial and Neviaser portals, in all 10 shoulders (5 cadavers).

No Cadaver Side Portals Distance to Distance to Distance to BP and
SSN (cm) MCN (cm) vessels (cm)

1 A3 Right Neviaser 6.44 9.13 9.23
Anteromedial 2.91 4.76 5.49

2 A3 Left Neviaser 6.00 6.91 7.99
Anteromedial 3.05 3.19 4.12

3 K4 Right Neviaser 3.00 5.50 6.00
Anteromedial 4.50 7.00 7.50

4 K4 Left Neviaser 2.60 5.50 6.00
Anteromedial 5.00 6.00 6.50

5 N1 Right Neviaser 6.27 7.43 8.17
Anteromedial 4.01 4.69 5.86

6 N1 Left Neviaser 6.03 8.38 9.00
Anteromedial 3.78 6.25 7.39

7 Half-torso Right Neviaser 6.84 7.93 8.69
Anteromedial 4.71 5.39 6.43

8 Half-torso Left Neviaser 6.06 6.67 7.11
Anteromedial 3.54 4.95 4.92

9 A4 Right Neviaser 1.70 6.50 7.20
Anteromedial 3.60 3.90 5.10

10 A4 Left Neviaser 1.60 6.45 7.50
Anteromedial 3.40 4.40 5.40

Table 2: Median distances between the two portals and the three structures being studied.

Median distance, cm AM portal Neviaser portal

Suprascapular nerve (SSN) 3.69 6.01
Musculocutaneous nerve (MCN) 4.85 6.79
Brachial plexus and subclavian vessels 5.67 7.75

Figure 1 Figure 2
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complaint of pain in the affected shoulder (4,11). However, one
study showed that excision should not exceed ten millimeters to
avoid post-operative pain (1). These two portals are used to
ascertain optimum excision of the distal clavicle bone while
protecting the superior acromioclavicular (AC) ligament during
an arthroscopic Mumford procedure. An alternative way of
ensuring complete excision is via the usage of a 70-degree
arthroscope (12), however this type of scope is not readily
available in all hospitals and also requires some degree of
learning curve for a particular surgeon to get used to. Using these
two portals allows any surgeons utilizing a 30-degree
arthroscope to perform an arthroscopic Mumford procedure
while at the same time enabling them to ensure complete
excision and avoid residual pain in their patients. 

The suprascapular and musculocutaneous nerves are the two
structures nearest to these two portals, this was why they were
chosen for this study. As the brachial plexus and the subclavian
vessels are also in the proximity especially to the anteromedial
portal, these structures were also included. Based on the results
of this study, the anteromedial portal needs to be used with
caution as the risk of this portal injuring both the suprascapular
and musculocutaneous nerves is quite high compared to the
Neviaser portal. Extra care and diligence are needed while
making the incision and also while inserting any instruments
through the anteromedial portal. 

A cadaveric dissection on 12 cadavers by Woolf et al. showed
that the superior-medial or Neviaser portal is 18.5 mm or greater
from the suprascapular nerve (13). Their finding is consistent
with our result which showed that the nearest distance from this
portal to the suprascapular nerve is 16.0 mm, probably because
the cadavers used in our study were all of Asian origin, who are
smaller in size compared to Caucasian cadavers used in their
study. A safe distance was defined as 10 mm in that particular
study (13), therefore the nearest distance obtained from our
study is still relatively safe. Another study done on 12 shoulders

also showed that the Neviaser portal is a safe portal to utilize
(14).

Even though the Neviaser portal usage poses risk to the
suprascapular nerve, the fact that the upper portion of this nerve
is always covered by the supraspinatus muscle (15) makes the
risk of injuring this nerve when using this portal somewhat less
marked compared to the anteromedial portal. However, in cases
where the supraspinatus tendon is torn and medially retracted,
the suprascapular nerve would then be exposed directly to the
incision to create the Neviaser portal and the risk would then be
higher, especially during release of the retracted tendon (16)
Therefore, extra precaution is needed if a Mumford procedure
were to be performed in a medially retracted supraspinatus
tendon tear.

This study was conducted on a small number of cadavers (only
10 shoulders). We propose further studies using a higher number
of cadavers, with an equal number of male and female cadaver
specimens and probably a variety of ethnicity as these variations
may show different findings than our current study.

CONCLUSION
When utilizing the anteromedial and Neviaser portals during an
arthroscopic Mumford procedure for ACJ arthrosis, extra
caution is needed especially when creating and inserting
instruments into the anteromedial portal, as this portal poses the
highest risk of injuring the suprascapular and musculocutaneous
nerves. A study on a higher number of cadaveric shoulders will
yield a more accurate result in the future.
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