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Abstract

Purpose The most common place for suprascapular nerve
entrapment is the suprascapular notch. The aim of the study
was to determine the morphological variation of the loca-
tion of the suprascapular nerve, artery and vein, and mea-
sure the reduction in size of the suprascapular opening in
each type of the passage.

Methods A total of 106 human formalin-fixed cadaveric
shoulders were included in the study. After dissection of
the suprascapular region, the topography of the supra-
scapular nerve, artery and vein was evaluated. Addition-
ally, the area of the suprascapular opening was measured
using professional image analysis software.

Results Four arrangements of the suprascapular vein,
artery and nerve were distinguished with regard to the
superior transverse scapular ligament: type I (61.3 %)
(suprascapular artery was running above ligament, while
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suprascapular vein and nerve below it), type II (17 %)
(both vessels pass above ligament, while nerve passes
under it), type II (12.3 %) (suprascapular vessels and
nerve lie under ligament) and type IV (9.4 %), which
comprises the other variants of these structures. Statisti-
cally significant differences regarding the suprascapular
opening were observed between the specimens with types
II and III. Anterior coracoscapular ligaments were present
in 55 from 106 shoulders.

Conclusion The morphological variations described in
this study are necessary to better understand the possible
anatomical conditions which may promote suprascapular
nerve entrapment (especially type III). They may be useful
during open and endoscopic procedures at the suprascap-
ular notch to prevent such complications as unexpected
bleeding.

Keywords Suprascapular nerve entrapment - Anatomical
variation - Suprascapular nerve - Suprascapular artery -
Suprascapular vein

Introduction

The natural passage of the suprascapular nerve provides
several locations where it is predisposed to compression
and injury. According to orthopaedic surgeons, the most
common point for nerve compression and traction injury is
the suprascapular notch [16, 26]. The suprascapular nerve
is the structure that always passes under the superior
transverse scapular ligament [20, 21, 24]. However, the
location of the associated suprascapular artery and vein is
highly variable [22, 23, 25].

In the etiopathology of suprascapular nerve entrapment,
less attention has been paid to the topography of the
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complete suprascapular triad: the nerve, artery and vein.
Nevertheless, this is a very important subject, because the
route taken by the suprascapular artery under the superior
transverse scapular ligament could be one of the possible
causes of suprascapular nerve entrapment [2, 22, 23].

This article offers a new classification of the supra-
scapular nerve, artery and vein topography at the supra-
scapular notch region. Our study uses image analysis
software to present a precise description of the space below
the superior transverse scapular ligament for the passage of
the suprascapular nerve. Furthermore, earlier observations
of the suprascapular triad have been only macroscopic and
approximate, and not supported by any calculations, and
the present study is the first to take this approach. Addi-
tionally, the present study analyses the topography of the
anterior coracoscapular ligament upon entry to the supra-
scapular nerve passage.

Materials and methods

The study was performed on 106 formalin-fixed cadaveric
shoulders (55 right and 51 left) collected in the Department
of Anatomy, Medical University of £.6dz. In all cadaveric
shoulders, after horizontal incision along the clavicle, the
skin was separated from the trapezius, deltoid and pecto-
ralis major muscles. Next, the trapezius and the deltoid
muscles were disinserted and reclined to expose the supra-
and infraspinatus muscles. After retraction of the supra-
spinatus muscle from the supraspinatus fossa, the superior
border of the scapula and superior transverse scapular
ligament was visualized. The morphological characteristics
of the structures in the suprascapular notch region, the
relationship of the suprascapular nerve, artery and vein
with the other structures and the presentation of any
abnormal masses in this area were noted.

To normalize measurements, all photographic docu-
mentation was obtained from a standardized position of the
camera and shoulder. The same scale was used for all
measurements. The shoulders were fixed with an adjustable
clamp and ring stand at the same distance from the camera
for each observation. Digital photographic documentation
was processed in MultiScanBase v.18.03 software (Com-
puter Scanning System II, Warsaw, Poland) to obtain the
area of the suprascapular opening (aSSO) in various loca-
tion of the suprascapular triad (Fig. 1). Each measurement
was taken three times by one investigator, and the mean of
the values was calculated. For the sake of the investigation,
the area of the suprascapular opening was defined as the
area limited superiorly by the inferior border of the superior
transverse scapular ligament, laterally and medially by the
osseous walls of the suprascapular notch, and inferiorly by
the superior border of the anterior coracoscapular ligament

i

/I

Fig. 1 Schematic arrangement of measurements of the suprascapular
opening in different types of suprascapular nerve, artery and vein
arrangement. / suprascapular artery, 2 suprascapular vein, 3 supra-
scapular nerve, 4 superior transverse scapular ligament, aSSO area of
the suprascapular opening

or inferior border of the suprascapular notch for specimens
without an anterior coracoscapular ligament. The diameters
of the suprascapular nerve and artery were also measured.

The sex and age of the donors were unknown. The
research project was approved by the Bioethics Commis-
sion of the Medical University of £6dZ (protocol ID no.
RNN/12/10/KE).

Statistical analysis
All data analysis was performed using Statistica 10 software

(StatSoft Polska, Cracow, Poland). The Shapiro-Wilk test
was used to confirm whether the distribution of continuous
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Fig. 2 Type I arrangement of the suprascapular nerve, artery and
vein at the suprascapular notch. a Structures at the cadaver,
b schematic arrangements. / suprascapular artery, 2 suprascapular
vein, 3 suprascapular nerve, 4 superior transverse scapular ligament.
La lateral, Me medial

variables was normal. The Mann—Whitney test was used to
assess the statistical differences regarding the area of the
suprascapular opening between samples with an anterior
coracoscapular ligament and those without, for each type of
suprascapular triad topography. To evaluate the intra-
observer and inter-observer repeatability of measurements
of the area of the suprascapular opening, this parameter was
calculated in 20 specimens again by the same researcher and
by the second author. Linear regression analysis was used to
calculate the R? value, which determined the level of
agreement. The bias was assessed with the Bland—Altman
plot, which depicts the percentile difference between two
measurements (Y axis) against their mean (X axis). Mean,
standard deviation, median, minimum and maximum for
continuous variables were used as descriptive statistics. A
p level of <0.05 was accepted as statistically significant.

Results

In all the investigated cadaveric shoulders, a single
suprascapular nerve was found. It was found to pass below

@ Springer

Fig. 3 Type II arrangement of the suprascapular nerve, artery and
vein location at the suprascapular notch. a Structures at the cadaver,
b schematic arrangements. / suprascapular artery, 2 suprascapular
vein, 3 suprascapular nerve, 4 superior transverse scapular ligament.
La lateral, Me medial

the superior transverse scapular ligament near the inferior
wall of the suprascapular notch or the superior border of
the anterior coracoscapular ligament.

Four types of suprascapular vein, artery and nerve loca-
tion were distinguished in relation to the superior transverse
scapular ligament. In type I (65/106-61.3 %), the supra-
scapular artery runs above the superior transverse scapular
ligament, while the suprascapular vein and nerve run below it
(Fig. 2). Type II (18/106-17 %) included specimens in
which two vessels pass above the superior transverse scap-
ular ligament, while the nerve is situated beneath it (Fig. 3).
In type II (13/106-12.3 %), the suprascapular vessels and
nerve lay directly under the ligament (Fig. 4). Type IV (10/
106-9.4 %) comprised the other variants of these structures:
among others, the occurrence of the accessory suprascapular
veins, and the cases in which the analysed structures pass
under the anterior coracoscapular ligament (Fig. 5). Double
suprascapular veins were found on two extremities (2.4 %)
(Fig. 5): in the first case, it passed above the superior trans-
verse scapular ligament (Fig. 5a), and in the second case,
below the anterior coracoscapular ligament (Fig. 5b).
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Fig. 4 Type III arrangement of the suprascapular nerve, artery and
vein location at the suprascapular notch. a Structures at the cadaver,
b schematic arrangements. / suprascapular artery, 2 suprascapular
vein, 3 suprascapular nerve, 4 superior transverse scapular ligament.
La lateral, Me medial

The mean surface areas of the suprascapular opening in
the specimens with types I, II, III and IV of the supra-
scapular triad location were 30.9 £ 18.4, 32.1 + 14,
22.6 & 12.4 and 30.7 £ 20.9 mm?, respectively (Table 1).
According to the Mann—Whitney test (p > 0.05), only the
mean surface areas of the suprascapular openings in types
I and III specimens were significantly different
(p = 0.0263).

An anterior coracoscapular ligament was found in 55 of
the 106 shoulders (51.9 %) (Figs. 5b, 6). Taking into
consideration the types of the suprascapular vein, artery
and nerve location at the suprascapular notch, an anterior
coracoscapular ligament was found in 19 type II speci-
mens, 15 type III specimens, 12 type I specimens and 9
type IV specimens. The suprascapular nerve passed under
the anterior coracoscapular ligament in three of the 106
specimens (2.8 %) and superior to it in 52 (49.1 %). The
mean diameters of the suprascapular nerve and artery were
248 £ 0.6 mm and 2.33 £ 0.5 mm, respectively (mean
and standard deviation).

The intra-observer and inter-observer degrees of agree-
ment were R* = 0.9985 and R? = 0.9895, respectively.

Fig. 5 Type IV arrangement of the suprascapular nerve, artery and
vein location at the suprascapular notch (double suprascapular vein).
1 suprascapular artery, 2, 3 suprascapular veins, 4 suprascapular
nerve, 5 superior transverse scapular ligament, 6 anterior coraco-
scapular ligament. La lateral, Me medial

Details concerning limits of agreement and bias are pre-
sented in Bland—Altman plots (Fig. 6). The Bland—Altman
plot and R* value confirm that digital method of mea-
surement is a very reliable technique throughout the range
of area of the suprascapular opening.

Discussion

The most important finding of the present study was the
quantitative analysis of the space available for the path of
the suprascapular nerve in different locations within the
suprascapular triad at the suprascapular notch. According
to our study, specimens with a type III suprascapular triad
arrangement, i.e. the suprascapular vessels and nerve lie
beneath the superior transverse scapular ligament, were
found to have the smallest mean area of the suprascapular
opening compared to the others. Such observation is
important for a better understanding of the possible mor-
phological conditions that may promote suprascapular
nerve entrapment.
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Table 1 Area of the suprascapular opening in different types of suprascapular vein, artery and nerve location at the suprascapular notch

Measurement Type Number of Mean SD Min—-max Median
specimens (1)
Area of the suprascapular Type 1 65 30.9 18.4 4.6-85.4 255
opening (mm’) Type II 18 32.1 14 6.3-68.2 297
Type IIT 13 22.6 12.4 10.2-58.3 18.3
Type IV 10 30.7 20.9 10.7-76.8 235

SD standard deviation, Min minimum, Max maximum

Fig. 6 A Bland-Altman plot A
depicting the bias and limits of 0.025
measurements of the area of the
suprascapular opening (a) one
researcher (two measurements
by the same researcher—1la and
1b)—intra-observer
repeatability; (b) two
researchers (1 and 2)—inter-
observer repeatability

0.000

Difference between Researcher 1a and Researcher 1b
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0
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The results of this paper may also have clinical value in
endoscopic and open procedures of suprascapular nerve
decompression. The topography of the suprascapular triad
should be taken into consideration as an important risk
factor in the formation of suprascapular nerve entrapment,
particularly the case of the type III arrangement. Such a
condition could be further exacerbated by the presence of
any concomitant, extraordinary mass, such as a paralabral
ganglion cyst. Although this may be a sufficient, and
probably the most common, cause of suprascapular nerve
neuropathy, hematoma or any neoplastic tumour (i.e. sar-
coma) could also have an influence [5].

One classification of the configuration of the supra-
scapular vein, artery and nerve at the suprascapular notch
has previously been described [25]. Our classification is
partially similar to Yang’s [25]. The most common
arrangement, according to our classification, is the type I
suprascapular triad topography and was presented in 65
shoulders (61.3 %). Although this arrangement is compa-
rable with Yang’s type IIC, the rates of occurrence are
significantly different, with only three shoulders being
graded as IIC according to Yang et al. [25]. Also, although
the configurations of the suprascapular triad according to
Yang’s type I and our type II are similar, the frequency of
occurrence was found to be considerably lower (17 %) in
our study than that of Yang et al. [25] (59.4 %). Type III is
the same according to both classifications, and its fre-
quency in our study (12.3 %) was found to be similar to
Yang et al. [25] (10.9 %). It may be that such significant
differences in frequency of location of the suprascapular
nerve and vessels at the suprascapular notch depend on the
studied population. It would be reasonable to assume that
its occurrence varies worldwide based on population;
indeed, the incidence of the anterior coracoscapular liga-
ment has been found to vary from 18.8 to 60.0 %
depending on population [1, 2, 18]. In the present study, the
frequency of occurrence of the anterior coracoscapular
ligament was 51.9 %, which was lower than that described
by Avery et al. [1] (60 %) in the American population.
However, it was higher than seen by Bayramoglu et al. [2]
(18.8 %) in the Turkish population, and Piyawinijwong and
Tantipoon [18] (28 %) in the Thai population.

The problem of suprascapular nerve entrapment for-
mation is complex and depends also on factors such as the
shape of the suprascapular notch [14, 21], the shape of the
superior transverse scapular ligament [19, 20], the presence
of hypertrophied suprascapular muscle [7], a completely
ossified superior transverse scapular ligament [8, 13] or the
presence of the a spinoglenoidal ligament [17]. However,
the most important factor in suprascapular nerve entrap-
ment formation is probably the position of the suprascap-
ular nerve [15, 22]. Our description of the suprascapular
nerve course in the suprascapular notch is similar to those

of Bayramoglu et al. [2], Greiner et al. [10] and Piyawin-
ijwong and Tantipoon [18]. In their studies, the supra-
scapular nerve was always seen to pass between the
superior transverse scapular ligament and anterior coraco-
scapular ligament. In our study, it was found to run supe-
rior to the anterior coracoscapular ligament in 52 of 55
cases and inferior to it in 3 of 55. The diameter of the
suprascapular nerve measured in the present study is
2.48 + 0.6 mm (mean 4 SD). This value is similar to
previous descriptions: 2 mm [11], 3 mm [12], 3.3 mm [1].

Yang et al. [25] noted the presence of a single supra-
scapular artery in all shoulders, and double suprascapular
veins in 19.4 % of them. These findings were significantly
higher than those of our study: accessory suprascapular
veins were only observed in 2.4 % of the cases examined in
the present study. Chen and adds [6] reported an accessory
suprascapular artery which accompanied the suprascapular
nerve under the superior transverse scapular ligament.
Although no such vessels were found in the present study,
this is an important finding because they probably reduce
space for suprascapular nerve passage and also contribute
to the supply of the middle third of the clavicle by several
periosteal branches.

The nonspecific symptoms of suprascapular nerve neu-
ropathy can result in late diagnosis when atrophy of the
supraspinatus and infraspinatus muscles is present. As this
mainly occurs in patients under 38 years of age, it would
seem to be a demographic problem [9, 26]. According to
Gosk et al. [9], the outcome of surgery depends on the
length of time between symptom onset and the surgery
itself, and the pathology underlying the nerve compression.
Therefore, studies on anatomical variations of structures
located at the suprascapular region should be helpful in the
diagnosis and treatment of this pathology.

Our study had some limitations. In the proposed clas-
sification, type IV is a heterogeneous group that comprises
cases with suprascapular openings displaying a wide range
of areas. Thus, without knowing the morphology of par-
ticular type IV suprascapular notch, no information about
structures occupying the suprascapular notch can be
obtained. Moreover, as the dissected shoulders were
obtained from different donors, it was not possible to
evaluate the symmetry of the triad types. Finally, as the sex
of specimens remained unknown, no conclusions could be
reached regarding inter-gender differences in triad types.
Nevertheless, our study is the first to use a quantitative
method to discern the influence of suprascapular triad
topography on the space available for the suprascapular
nerve travelling under the superior transverse scapular
ligament. This is significant, because according to our
results, the type III arrangement allows less space for the
passage of the suprascapular nerve. Knowledge of the
topography of the suprascapular triad may also prevent
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unforeseen bleeding after suprascapular artery or vein
injury [3, 4, 16].

Conclusion

The new classification of the suprascapular triad topogra-
phy presented herein and the quantitative analysis of the
space available for the path of the suprascapular nerve are
important for a better understanding of the possible mor-
phological conditions that may promote suprascapular
nerve entrapment, especially those with a type III
arrangement.

Conflict of interest The authors declare that they have no conflict
of interest.

Open Access This article is distributed under the terms of the
Creative Commons Attribution License which permits any use, dis-
tribution, and reproduction in any medium, provided the original
author(s) and the source are credited.

References

1. Avery BW, Pilon FM, Barclay JK (2002) Anterior coracoscapular
ligament and suprascapular nerve entrapment. Clin Anat
15:383-386

2. Bayramoglu A, Demiryiirek D, Tiiccar E, Erbil M, Aldur MM,
Tetik O, Doral MN (2003) Variations in anatomy at the supra-
scapular notch possibly causing suprascapular nerve entrapment:
an anatomical study. Knee Surg Sports Traumatol Arthrosc
11(6):393-398

3. Bhatia DN, de Beer JF, van Rooyen KS, du Toit DF (2006)
Arthroscopic suprascapular nerve decompression at the supra-
scapular notch. Arthroscopy 22:1009-1013

4. Bouliane M, Beaupre L, Ashworth N, Lambert R, Silveira A,
Sheps DM (2013) Suprascapular nerve injury during arthroscopic
superior labral repair: a prospective evaluation. Knee Surg Sports
Traumatol Arthrosc. doi:10.1007/s00167-013-2415-1

5. Carroll KW, Helms CA (2002) Magnetic resonance imaging of
the shoulder: a review of potential sources of diagnostic errors.
Skeletal Radiol 31:373-383

6. Chen D, Adds P (2011) Accessory suprascapular artery. Clin
Anat 24:498-500

7. Duparc F, Coquerel D, Ozeel J, Noyon M, Gerometta A, Michot
C (2010) Anatomical basis of the suprascapular nerve entrap-
ment, and clinical relevance of the supraspinatus fascia. Surg
Radiol Anat 32:277-284

8. Edelson JG (1995) Bony bridges and other variations of the
suprascapular notch. J Bone Jt Surg Br 77:505-506

9. Gosk J, Urban M, Rutkowski R (2007) Entrapment of the
suprascapular nerve: anatomy, etiology, diagnosis, treatment.
Ortop Traumatol Rehabil 9:68-74

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

Greiner A, Golser K, Wambacher M, Kralinger F, Sperner G
(2003) The course of the suprascapular nerve in the supraspinatus
fossa and its vulnerability in muscle advancement. J Shoulder
Elbow Surg 12:256-259

Harmon D, Hearty C (2007) Ultrasound-guided suprascapular
nerve block technique. Pain Physician 10:743-746

Hirokawa D, Eliezri Y, Desciak E, Campanelli C (2010) Supra-
scapular nerve injury during Mohs surgery and review of the
surgical anatomy of the nervous structures of the supraclavicular
triangle. Dermatol Surg 36:1756-1758

Hrdicka A (1942) The adult scapula: visual observations. Am J
Phys Antropol 29:73-94

Hrdicka A (1942) The adult scapula: additional observations and
measurements. Am J Phys Antropol 29:363-415

Kim SH, Kim SJ, Sung CH, Koh YG, Kim YC, Park YS (2009)
Arthroscopic suprascapular nerve decompression at the supra-
scapular notch. Knee Surg Sports Traumatol Arthrosc
17(12):1504-1507

Lee JJ, Yoo YS, Hwang JT, Kim DY, Jeon SJ, Hwang SM, Jang
JS (2013) Efficacy of direct arthroscopy-guided suprascapular
nerve block after arthroscopic rotator cuff repair: a prospective
randomized study. Knee Surg Sports Traumatol Arthrosc. doi:10.
1007/s00167-013-2451-x

Pecina MM, Krmpotic-Nemanic J, Markiewitz AD (2001) Tunnel
syndromes: peripheral nerve compression syndromes, 3rd edn.
CRC Press, Boca Raton, pp 49-55

. Piyawinijwong S, Tantipoon P (2012) The anterior coracoscap-

ular ligament in Thais: possible etiological factor of suprascap-
ular nerve entrapment. Siriraj Med J 64:S12-S14

Polguj M, Jedrzejewski K, Majos A, Topol M (2012) Variations
in bifid superior transverse scapular ligament as a possible factor
of suprascapular entrapment: an anatomic study. Int Orthop
36:2095-2100

Polguj M, Jedrzejewski K, Podgérski M, Majos A, Topol M
(2013) A proposal for classification of the superior transverse
scapular ligament: variable morphology and its potential influ-
ence on suprascapular nerve entrapment. J Shoulder Elbow Surg
22:1265-1273

Rengachary SS, Burr D, Lucas S, Hassanein KM, Mohn MP,
Matzke H (1979) Suprascapular entrapment neuropathy: a clini-
cal, anatomical, and comparative study. Part 2: anatomical study.
Neurosurgery 5:447-451

Ringel SP, Treihaft M, Carry M, Fisher R, Jacobs P (1990)
Suprascapular neuropathy in pitchers. Am J Sports Med 18:80-86
Tubbs RS, Smyth MD, Salter G, Oakes WJ (2003) Anomalous
traversement of the suprascapular artery through the suprascap-
ular notch: a possible mechanism for undiagnosed shoulder pain?
Med Sci Monit 9:BR116-9

Urgiiden M, Ozdemir H, Dénmez B, Bilbasar H, Oguz N (2004)
Is there any effect of suprascapular notch type in iatrogenic
suprascapular nerve lesions? An anatomical study. Knee Surg
Sports Traumatol Arthrosc 12:241-245

Yang HJ, Gil YC, Jin JD, Ahn SV, Lee HY (2012) Topographical
anatomy of the suprascapular nerve and vessels at the supra-
scapular notch. Clin Anat 25:359-365

Zehetgruber H, Noske H, Lang T, Wurnig C (2002) Suprascap-
ular nerve entrapment: a meta-analysis. Int Orthop 26:339-343


http://dx.doi.org/10.1007/s00167-013-2415-1
http://dx.doi.org/10.1007/s00167-013-2451-x
http://dx.doi.org/10.1007/s00167-013-2451-x

	The variable morphology of suprascapular nerve and vessels at suprascapular notch: a proposal for classification and its potential clinical implications
	Abstract
	Purpose
	Methods
	Results
	Conclusion

	Introduction
	Materials and methods
	Statistical analysis

	Results
	Discussion
	Conclusion
	Conflict of interest
	References




