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Abstract

Purpose The purpose of the study is to identify the safe

zone in which the surgeon can place the screws for fixation

of the coracoid graft during the Latarjet procedure to avoid

injuries of the suprascapular nerve with the shoulder in

internal and external rotation.

Methods The dissection on twelve fresh-frozen shoulders

was performed according to a standard posterior approach

to the gleno-humeral joint. The suprascapular nerve and its

branches for the infraspinatus muscle were identified at the

spinoglenoid notch region. Then, the distance between the

glenoid and the suprascapular nerve at the spinoglenoid

notch region was measured by using a ruler with the

shoulder at 90� internal rotation and at 90� of external

rotation.

Results The median distance between the glenoid and the

suprascapular nerve was 12 mm (range 6–15 mm) with the

shoulder at 90� of internal rotation and 19 mm (range

11–23 mm) with the shoulder at 90� of external rotation.

The distance between the glenoid and the suprascapular

nerve was statistically significantly greater with the

shoulder at 90� of external rotation than 90� of internal

rotation (P = 0.002).

Conclusions The suprascapular nerve is furthest away

from the glenoid with the shoulder at 90� of external

rotation. Therefore, the placement of screws in external

rotation of the humerus during glenoid bone block proce-

dures likely reduces the risk of iatrogenic injuries of the

suprascapular nerve.

Keywords Suprascapular nerve � Injury � Bone block �
Latarjet � Shoulder � Dislocation

Introduction

Significant bony defects of glenoid and humeral head

modify the congruency of glenohumeral joint surfaces and

could result in recurrent dislocations of the shoulder [2].

The management of the bone loss in traumatic anterior

glenohumeral instability is extremely challenging [9]. It is

generally accepted that a glenoid bone loss[25 % should

be managed by reconstruction with bone graft, Bristow or

Latarjet procedures [13]. Both Bristow and Latarjet tech-

niques involve transfer of the coracoid and the attached

conjoint tendon to the anterior scapular neck at the antero-
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inferior glenoid rim. The bony augmentation allows to

increase the arc of the glenoid and therefore the congru-

ency of the joint. Arthroscopic bone block procedures have

also been described [15, 16].

Given its good results, the use of Latarjet and others’

bony procedures has increased in the last decade to manage

patients with shoulder instability associated with signifi-

cant bony defects [3, 6, 8, 9]. The coracoid graft is usually

fixed to the antero-inferior aspect of the glenoid with bi-

cortical screws exiting on the posterior aspect of the

scapula. For this reason, although suprascapular nerve

injury is a rare complication of shoulder surgery, it can

occur after the Latarjet procedure [10]. The suprascapular

nerve enters in the supraspinatus fossa by passing under the

transverse scapular ligament at the scapular notch and

provides motor branches for the innervation of the supra-

spinatus muscle. Then, it courses distally passing in the

spinoglenoid notch at the base of the scapular spine and

enters in the infraspinatus fossa to provide motor branches

for the innervation of the infraspinatus muscle [14].

Because the suprascapular nerve runs along the posterior

aspect of the scapula, it is potentially vulnerable to injury

during glenohumeral procedures involving placement of

screws in the neck of the scapula. Moreover, the normal

course of the suprascapular nerve is modified when rotator

cuff tears occur [12]. Injuries to the suprascapular nerve

have been reported during surgery for shoulder instability,

up to 6 % [9].

Recently, a study from Ladermann et al. [7] firstly

evaluated the relation between the screws securing the

coracoid graft and the suprascapular nerve. To our

knowledge, no study evaluated the extension of the safe

zone in the internal and external rotation of the shoulder.

The aim of this study was to identify the safe zone, with

the shoulder in internal and external rotation, in which

surgeon can place the screws for the fixation of the cora-

coid graft during Latarjet procedure to avoid injuries of the

suprascapular nerve. This study aimed therefore to evaluate

the extension of the safe zone in a dynamic fashion to

detect the safer position of the shoulder during the place-

ment of the screws in Latarjet procedure. We hypothesized

that there was no difference in terms of extension of the

safe zone between internal- and external-rotated positions

of the shoulder.

Materials and methods

Twelve fresh-frozen shoulders with unknown history of

disease or trauma to the shoulder were used. Shoulders

with any evidence of rotator cuff tear at gross examination

were excluded from the study. There were six male and six

female cadavers with a median age of 59 years (range

52–82). The dissection was performed according to a

standard posterior approach to the gleno-humeral joint.

After the exposure of the infraspinatus and teres minor

muscles, the suprascapular nerve was identified at the

spinoglenoid notch region. The branches innervating the

infraspinatus muscle were also identified on the inferior

aspect of the muscle with a gentle dissection without

detaching the tendon of the infraspinatus muscle from its

insertion on the humerus. Then, the distance between the

glenoid and the suprascapular nerve at the spinoglenoid

notch region was measured by using a ruler with the

shoulder at 90� internal rotation and at 90� of external

rotation (Fig. 1). The glenoid can be defined as a shallow

pear-shaped cavity covered with articular cartilage. It is

located on the lateral angle of the scapula and articulates

with the head of the humerus. At the end, the scapula was

obtained in all specimens and the following measurements

were performed: the length of the scapula’s superior border

(a) and the maximum length of the antero-posterior diam-

eter of the glenoid (b). For each specimen, two examiners

performed all the measurements two times in blind fashion.

Statistical analysis

Data were recorded in a computer database and analyzed

using SPSS for Mac (version 16.0, SPSS Inc, Chicago, IL,

USA). Descriptive statistics were calculated reporting fre-

quencies and percentages for discrete data and medians

with range of values for continuous data.

Fig. 1 The distance between the glenoid and the suprascapular nerve

at the spinoglenoid notch region (c) was measured by using a ruler

with the shoulder at 90� internal rotation and at 90� of external

rotation. The length of the scapula’s superior border (a) and the

maximum length of the antero-posterior diameter of the glenoid

(b) were also measured
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Analysis of the relationship between the distance from

the glenoid to the suprascapular nerve and the length of the

scapula’s superior border (a) and the maximum length of

the antero-posterior diameter of the glenoid (b) was per-

formed, calculating the Spearman rank order correlation

coefficient (r).

Analysis of the intra- and inter-tester agreement was

performed with the intra-class correlation coefficient (ICC)

with 95 % of confidence interval (CI), ranging between 0.0

and 1.0.

The Wilcoxon signed-rank test was performed to com-

pare the measurements of the distance between the glenoid

and the suprascapular nerve achieved with the shoulder at

90� of internal and external rotation. Finally, the Wilco-

xon–Mann–Whitney test was performed to compare the

distance between the glenoid and the suprascapular nerve

in males and females in both internal and external rotation.

Because of the small number of cadavers, it has been

assumed that the values were not normally distributed. For

this reason, nonparametric statistical tests were selected. A

P value of\0.05 was considered significant.

Results

None of the specimens included in the present study

showed any evidence of rotator cuff tear at gross

examination.

In all specimens, the suprascapular nerve was identified

at the spinoglenoid notch region. The median distance

between the glenoid and the suprascapular nerve was

12 mm (range 6–15 mm) with the shoulder at 90� of

internal rotation and 19 mm (range 11–23 mm) with the

shoulder at 90� of external rotation. The distance between

the glenoid and the suprascapular nerve was statistically

significantly greater with the shoulder at 90� of external

rotation than 90� of internal rotation (P = 0.002).

In male samples, the median distance between the gle-

noid and the suprascapular nerve was 12 mm (range

6–15 mm) with the shoulder at 90� of internal rotation and

19 mm (range 17–23 mm) with the shoulder at 90� of

external rotation (P = 0.026). In female samples, the

median distance between the glenoid and the suprascapular

nerve was 10 mm (range 6–13 mm) with the shoulder at

90� of internal rotation and 18 mm (range 11–20 mm) with

the shoulder at 90� of external rotation (P = 0.027). The

comparison between the distances measured in both gender

did not show any significant difference in both internal

(n.s.) and external (n.s.) rotation.

In all specimens, the median length of the scapula’s

superior border was 111 mm (range 95–118 mm) and the

median maximum length of the antero-posterior diameter

of the glenoid was 30 mm (range 22–33 mm). The distance

from the glenoid to the suprascapular nerve did not cor-

relate with the length of the scapula’s superior border

(a) and the maximum length of the antero-posterior diam-

eter of the glenoid (b) in both internal rotation (r = 0.07

and r = -0.15, respectively) and external rotation

(r = 0.18 and r = -0.14, respectively) of the shoulder.

Finally, the measurements performed by two examiners

showed a very good inter-tester agreement: shoulder in

external rotation: ICC 0.98 (95 % CI 0.94–0.99), shoulder

in internal rotation: ICC 0.98 (95 % CI 0.95–0.99) and

intra-tester agreement; observer 1; shoulder in external

rotation: ICC 0.98 (95 % CI 0.93–0.99), shoulder in

internal rotation: ICC 0.99 (95 % CI 0.97–0.99); observer

2; shoulder in external rotation: ICC 0.97 (95 % CI

0.91–0.99), shoulder in internal rotation: ICC 0.99 (95 %

CI 0.96–0.99).

Discussion

The main finding of this study is that the suprascapular

nerve was significantly further away from the glenoid when

the shoulder is held at 90� of external rotation compared

with 90� of internal rotation. Thus, the posterior safe area

of the neck of the scapula, where the screws for the fixation

of the coracoid graft should be placed, is greatest in

external rotation.

In the last decades, cadaveric studies have been per-

formed to define the safe zone in the posterior aspect of the

neck of the scapula to avoid suprascapular nerve injuries

[1, 4, 5, 7, 11, 14].

Ebraheim et al. [4] performed an anatomic study using a

posterior approach to the scapula with the shoulder in

neutral position. They showed that the suprascapular neu-

rovascular bundle was at an average of 14 mm from the

glenoid rim, where it is adherent to the spinoglenoid angle

of the scapula. Dynamic measurements were performed

showing that the median distance between the glenoid and

the suprascapular nerve was 12 and 19 mm with the

shoulder at 90� of internal and external rotation,

respectively.

Although some authors showed that gender and scapular

dimensions influence the extension of the safe zone [5], we

found that the distance between the glenoid and the

suprascapular nerve did not correlate with the length of the

scapula’s superior border and the maximum length of the

antero-posterior diameter of the glenoid. Moreover, no

differences between males and females in terms of distance

between the glenoid and the suprascapular nerve were

found in both internal and external rotation. On the other

hand, the subgroup analysis confirmed that the safe zone is

significantly wider with the shoulder in external position in

both gender.
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Some authors defined the safe zone by investigating the

insertion angle of wires in the neck of the scapula. Bigliani

et al. [1] used three pins that were drilled in anterior–

posterior direction with different angles at the middle of the

glenoid neck just inferior and lateral to the base of the

coracoid process. The pin passed in a cranio-caudal

direction was the furthest away from the suprascapular

nerve at the spinoglenoid notch region with an average

distance of 16 mm. Shishido et al. [14] evaluated the safe

zone by measuring the insertion angle of a Kirschner wire

toward the suprascapular nerve at the base of the scapular

spine. The average values of the insertion angle were 37

and 17.5� spine in the transverse and sagittal planes,

respectively. The Kirschner wire drilled toward the bifur-

cation of the infraspinatus motor branch had average

insertion angles of 44.3 and 27.7� in the transverse and

sagittal planes, respectively.

Recently, a study from Ladermann et al. [7] firstly

evaluated the relation between the specific exit point of the

screws securing the coracoid graft and the suprascapular

nerve during the Latarjet procedure. The authors concluded

that the proximity of the suprascapular nerve to the pos-

terior glenoid rim puts this nerve at risk during insertion of

the screws used for the Latarjet procedure and recom-

mended to place the screw within 10� of the face of the

glenoid in the axial plane, which is safe and will avoid the

potential for suprascapular nerve injury. In this study, the

distance of the safe area of the posterior aspect of the neck

of the scapula was examined in a static setting, suggesting

shoulder surgeons to avoid iatrogenic injury to this nerve.

Our study implements such information, adding data on

dynamic evaluation of the nerve position. The main clinical

implication of our study is that the arm should be held at

90� of external rotation when inserting the guidewires into

cannulated screws to avoid damage to the suprascapular

nerve. However, despite the posterior safe area of the neck

of the scapula is grater in external rotation, we would

highlight that the minimum distance between the glenoid

and the suprascapular nerve is 11 mm.

To our knowledge, this is the first study to describe the

posterior safe area of the suprascapular nerve in a dynamic

fashion (internal and external rotation).

Strengths of this study were the homogeneity of the

sample, as shoulders with any evidence of rotator cuff tear

at gross examination were excluded from the study. Further

strengths of the study include the fact that the extension of

the safe area was determined in relation to the dimensions

of the scapula and the glenoid width in the anterior–pos-

terior dimension, and the results were consistent in all the

specimens. Moreover, data achieved in males and females

were compared.

This study has some limitations. Differences in the safe

zone between cadaveric and live patient’s shoulders or

between passive and active motion may exist. However,

the cadaveric nature of this study did not allow us to detect

such potential differences. We are also aware that the

sample size is small, but there is a limited availability of

cadavers, and we used all specimens we were able to

enroll. Moreover, a post hoc power analysis on our results

was performed, showing a power of 0.71 to detect a sig-

nificant difference at 5 % significance level.

Massimini et al. [12] showed that the normal course of

the suprascapular nerve changes when rotator cuff tears

occur. In the present study, only specimens without any

evidence of rotator cuff tear at gross examination were

included to examine a more homogenous sample and to

avoid potential bias. The course of the suprascapular nerve

in internal and external rotation in specimens with rotator

cuff tears could be assessed in future studies.

On the basis of the present study, we recommend to hold

the shoulder at 90� of external rotation during the place-

ment of screws in glenoid bone block procedures to reduce

the risk of iatrogenic injuries of the suprascapular nerve.

Conclusions

The present study compared the distance between the

glenoid and the suprascapular nerve at the spinoglenoid

notch region in fresh-frozen shoulders. The suprascapular

nerve is furthest away from the posterior edge of the gle-

noid with the shoulder at 90� of external rotation. Thus, the
posterior safe area of the neck of the scapula is the greatest

in external rotation.
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