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ABSTRACT

Background and Objectives: Axillary nerve is a terminal branch of the brachial plexus and can undergo injuries
or isolated damages during certain orthopaedic procedures. Lack of knowledge in position of the nerve and its
variation in the Indian population may lead to in-creased chances of its injuries. This study aims to determine the
mean distance of axillary nerve from the (i) anterolateral border of the acromion process and its relation to the
length of the humerus, (ii) the distance from the anteromedial tip of the coracoid process; and to compare the data
with similar studies from other countries to analyse its differences. Methodology: A cross-sectional study
comprising of sixteen upper limbs of embalmed human cadavers with two different approaches namely antero-
superior andthe deltopectoral approach. The axillary nerve is then found and measured between their respective
bony landmarks. Results: Axillary nerve’s position when measured from the acromion process had a positive
correlation with the humeral length (r=0.95, p<0.0001). The mean values arethen compared with similar studies
done in other countries and in India for analysing variations. Interpretations and Conclusion: The mean distance
of the axillary nerve from the anterolateral edge of the acromion process and the tip of the coracoid process were
measured and found out to be 5.63cm and 3.71cm respectively. An appreciable variation is observed while
comparing with papers from other countries. This gives an awareness of the position of the axillary nerve and its
variation in the Indian population.
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INTRODUCTION

Axillary nerve (root value: C5 and C6) emerges as a branch of posterior cord of brachial plexus and gives solid
branches to teres minor and deltoid. It additionally supplies the shoulder joint and the skin over it. Due to its unique
anatomical position, it is usually overlooked by surgeons and is prone to injury. The axillary nerveis most commonly
injured-6% of all the brachial plexus injuries®!; during numerous orthopaedic surgeries like shoulder arthroscopy
(16.7% incidence of axillary nerve injury in reverse shoulder arthroplasty™™), shoulder joint replacement (1-2% of
nerve injuries in rotator cuff disorders®®®)), and plate fixation (following after retraction of deltoid muscle) of the

proximal humerus. The axillary nerve is liable to be injured via acute trauma to the shoulder or via chronic repeated
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trauma like in ‘quadrilateral area syndrome’ (entrapment of axillary nerve).! Most of the consequences are neurapraxia
and in many cases, complete resection of axillary nerve and irreversible paralysis of the muscles supplied by it may
also occur. This is observed typically during several surgical approaches in the shoulder, and the lack of awarenessof the
axillary nerve’s position and its variation can cause these problems. Hence, It isvery much necessary to appreciate the
exact anatomical location of the nerve and its course to prevent the possible damages and to protect the nerve during

surgeries and injections.

This study can clear the controversy of the variations in the position of the axillary nerve in Indian population, hence,
beneficial for the orthopaedic surgeons and practitioners, especially during two different approaches (commonest:
anterosuperior approach®!% ysed presently in some surgeries like shoulder arthroplasty, inferior capsular shift, etc.,
and the deltopectoral approacht ™ in procedures like shoulder joint replacement and especially minimally invasive

plate osteosynthesis technique forproximal humerus fracturest® as will be used in the methodology as well. B9

MATERIALS AND METHODS
The instruments used consisted of electronic vernier calipers, common tools for dissections (scalpel, scissors, knife,

arterial forceps-toothed and non toothed, clamps), inch tape and threads.

Anterosuperior approach to measure the distance between the axillary nerve andthe anterolateral edge of the
acromion process

The specimens were dissected with the shoulder positioned in neutral rotation. Beforeskin incision, the accompanying
parameters were distinguished: coracoid process, anterolateral out-skirt of the acromion, spine of the scapula and the
acromioclavicular joint. The entry point was made beginning from the acromioclavicular joint over the front of the
acromion and broadened distally through the muscle gut of the deltoid, 5- 7cm from the anterolateral edge of the

acromion.

Upon completion of the incision, the anterior and middle portions of the deltoid were identified. The dissection was
then made between these two portions to approximatelyfive to seven centimetres from the anterolateral border of the

acromion, with distal exposure of the axillary nerve.

After identification of the axillary nerve, the deltoid was detached from the acromionto its anterolateral portion and the
distance of that portion and the axillary nerve was measured with an electronic vernier caliper. [Figure I: measurement
of the axillary nerve’s position (blue star) from the anterolateral edge of the acromion process (blue arrow) and raw

data provided in Table I].

Anterior deltopectoral approach to measure the distance between the axillarynerve and the anteromedial aspect of
the tip of coracoid process

The incision was made 12-14cm long between the coracoid process and the proximal humerus shaft by a curved line.
The deltopectoral groove and cephalic vein was then identified. The cephalic vein was then retracted or removed. The
deltoid muscle (inferior part) and the pectoralis muscles were then dissected to expose the clavipectoral fascia. The
coracoid process and the conjoint tendon were identified, andthe clavipectoral fascia was incised lateral to the conjoint
tendon and inferior to the coracoacromial ligament. The deltoid muscle was retracted later-ally and the conjointtendon

was retracted medially. The biceps brachii (especially the short head) and the coracobrachialis muscle were also
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removed and detached from the coracoid process. Hence, the proximal humerus was exposed with the confirmed
anatomical landmarks (subscapularis tendon, lesser tuberosity, and greater tuberosity). The subscapularis tendon was
then identified and divided vertically lateral to the musculotendinous junction. Hence, the axillary nerve was found
distal to the subscapularis and medial tothe proximal humerus entering the quadrangular space [Figure II: identification

of theaxillary nerve (blue arrow)].

After identification of the axillary nerve, the attachments present, the distance from the anteromedial tip of the coracoid
process to the origin of the branching of the axillary nerve was then measured using an electronic vernier caliper. [Figure
I11: Measurementof the axillary nerve (blue arrow) from the anteromedial tip of the coracoid process (blue star) and raw

data provided in Table I].
The two approaches were precisely done with the help of an orthopaedic surgeon.

In the end, after rejection of some shoulders specimens that didn’t meet the requirements, sixteen adult specimens were

taken into consideration for the calculation of mean and standard deviation, and for the comparison with other studies.

Correlation analysis between the distance measured from the nerve to the acromion process and the humeral length
(anterior distance) were also calculated and plotted using GraphPad Prism 8.2.1(Table V and Table VI provides the raw
data with the correlation analysis plotted in Graph | and Graph II) After this, the mean and standard deviation of the
distances was found (Table II) and compared with other studies if similar measurements are taken to analyse the

variation of the distances and the position of the axillary nerve in the Indian population (Table 111 and Table IV).

STUDY DESIGN
This is a cross sectional study conducted in the Department of Anatomy in the year 2019. The paper authored by
Gurushantappa et al (2015)™" revealed a mean of 3.56. Employing the above findings in the South Indian population,

the sample sizeof the present study has been estimated with a confidence interval of 95% as 16.

Sixteen shoulder specimens from human embalmed cadavers of both males andfemales were dissected. Cadavers with

damaged and pathological upper limb specimens were excluded from the study.

All the human shoulder cadavers were routinely fixed in formalin as per standard procedure and the specimens having

shoulder pathologies or which had surgical procedures were excluded.

RESULTS

The mean distance of the axillary nerve from the anterolateral edge of the acromion process is found to be 5.89 cm and
the mean distance of the axillary nerve from the tipof the coracoid process from the origin of the axillary nerve is found
to be 3.89 cm. The axillary nerve’s position when measured from the acromion process had a positivecorrelation with the
humeral length (r=0.95, p<0.0001). The axillary nerve’s position when measured from the tip of the coracoid process

had no correlation with the humeral length (r=0.30, p = 0.259).

The values have been measured with other papers to compare and analyse the variations found in the Indian population.
The variation of the distances of the axillary nerve from these bony prominences are appreciable when compared to
studies providing these values from different countries. However, the variations are almost negligible when comparing

the same values with the Indian papers.
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Table I: The raw data set extracted from the methodology of the currentstudy is given as below:

1 57.7 38.2
2 60.1 38.8
3 59.5 37.1
4 59 38.1
5 59.1 41
6 60.3 39.3
7 58.8 38.1
8 56.3 39.1
9 58.1 40
10 59.3 38.5
11 57.2 37.7
12 59.1 37.7
13 57.2 38
14 60.2 40.2
15 58.9 40
16 60.9 41.9

The raw data is then converted to cm in measurements and the mean, median,range and standard deviation were calculated

using GraphPad Prism 8.2.1.

Table I1: Measurement of mean, standard deviation and range of thedistances measured from the mentioned

landmarks to the axillary nerve’s position.

16
5.630 3.710 27.30
6.090 4.190 31.90
5.886 3.898 30.2678
0.1273 0.1329 1.3773

The values are measured with other studies to find the variation in andwithin Indian population.

Table 111: Comparison of distance of axillary nerve from the anterolateral edge of the acromion process with
different authors.

ﬁl:(hlnav G et al.(2008), Leicester, 13 6.0(0.6: 4.5 -6.5)
Cetik et al. (2006), Turkey 24 6.08

Rotari V et al. (2012), France** 16 7.2

Roberto Yukio et al.(2015), Brazil 22 5.32(-;4.3-6.4)
Stecco et al. (2010), Italy 16 6.8
Patra A etal.(2018), India 60 5.22 (Minimum : 3.5)
Present Study 16 5.89 (0.12;5.6 - 6.0)

The mean value of the present study is statistically significant (P<0.05) witha 95% of confidence interval (CI) when
compared to the mean values of theother studies.

**Although, the T test value when compared with the present values and the study by Rotari et al. was found to be
insignificant (P=0.063).
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Table IV: Comparison of distance of origin of axillary nerve from the tipof the coracoid process with different

authors.

Tubbs et al.(2001), USA 30 4

Apaydin et al. (2007), Turkey 30 3.7
Gurushantappa etal. (2015), India 50 3.56

Suman Tiwari et al. (2017), India 50 3.67

Present Study 16 3.89 (0.13;3.7-4.1)

The mean value of the present study is statistically significant (P<0.05) with a 95% of confidence interval (CI) when

compared to the values of theother studies.

Table V: Raw Data of length of humerus measured anteriorly with each values of the distance of axillary nerve

from the anterolateral edge of the acromion process.

5.77 29.2
6.01 314
5.95 30.9
5.9 31.2
5.91 30.6
6.03 315
5.88 31
5.63 27.3
5.81 29
5.93 30.8
5.72 28.2
5.91 30.4
5.72 28.5
6.02 314
5.89 31
6.09 31.9

R? Linear = 0.908
32,00

31.00+

Length of Humerus (cm)

28.00

27.00

5.60 5.70 5.80 5.90 6.00 6.10
Measured Distance (cm)
Graph 1: Correlation Analysis of the measured distance with length ofhumerus (anterior distance) in the

present study of table 5.

www.wjpsronline.com 255




World Journal of Pharmaceutical Science and Research Volume 3, Issue 4, 2024

Table VI: Raw data of length of humerus measured anteriorly with eachvalues of the distance of axillary

nerve from the tip of the coracoid process.

3.82 29.2
3.88 314
3.71 30.9
3.81 31.2
4.1 30.6
3.93 31.5
3.81 31
3.91 27.3
4 29
3.85 30.8
3.77 28.2
3.77 304
3.8 28.5
4.02 31.4
4 31
4.19 31.9
R? Linear = 0.090
el p=0.259, r = 0.300 °

G

g 30.00

H

g 5

&

3 . °

Measured Distance (cm )
Graph 1I: Correlation Analysis of the measured distance with length of humerus (anterior distance) in the

present study of table 6.

Figure 1.
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Figure 2.

Figure 3.

DISCUSSION

The distance of the axillary nerve from the anterolateral edge of the acromion processvaries from 5.22 cm to 6.08 cm
from various studies, and is summarized in Table 3. The highest mean value was observed in the study by Cetik et
al.’? and the presentstudy value are well within the range. The mean value of the present study is statistically

significant (P<0.05) with a 95% confidence interval, when compared to the values of the other studies.

The distance of the axillary nerve from the tip of the coracoid process varies from 3.56cm to 4 cm from various studies,
and is summarized in Table 4. The highest mean value was provided by Tubbs et al.**], and the present study value are
well within the range again. The mean value of the present study is statistically significant (P<0.05) with a 95%

confidence interval, when compared to the values of the other studies.
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In our study, all the specimens contained the origin of axillary nerve, branching out from the posterior cord of the
brachial plexus. The variations examined may be usuallyseen due to the variation of the origin of the nerve from the

(8 Another reason that the variations stay put regionally is due to its correlation

posterior cord of the brachial plexus.
with the length of the upper arm as well. Gurushantappa et al.™"!, Abhinav G et al.'!, and others have also concluded
that there is a strong correlation with the position of axillary nerve in the deltoid muscle and quadrangular space; and
the length of the humerus. Hence, the average growth and humeral length of the Indian population may act as a

determining factor in providing these variations regionally.

The embryological reasons for variations of peripheral nerves are as follows: Positionand width of a limb bud decide its
innervations. The limb bud is provided by the nervesof region of where it is embedded. Isolation of the growing structure
within the limb coordinates the developing nerve filaments (axons) and decides the bundling, prompting to the
arrangement of roots and trunks. As the outflow of chemoattractantsand chemorepulsants manages the developing
nerve strands (axons) in an exceptionally composed site-explicit design, any adjustments in motioning between the
mesenchymal cells and neuronal development cones can prompt critical varieties.™®!

From the studies by Cetik et al.'?, Patra A et al.l'! and Carla Stecco et al.'”), wecan infer the “safe space” of the
axillary nerve in the deltoid muscle, and how long cana deltoid splitting incision should be to prevent any iatrogenic and
traumatic injuries of the said nerve during operations in the shoulder regions, or during transdeltoid andanterosuperior
approaches of the shoulder. Abhinav G et al.* concludes with theirstudy that the deltoid split should not be done more

than 5 cm from the anterolateral edge of the acromion process.

The present study additionally provides a similar conclusion to the Indian orthopaedicand neurosurgeons even if the
variations are appreciable and the minimum distance ofthe position of the nerve stays more than 5 cm, as summarized in
Table 2.

This data can also be used in terms of clinical settings, since axillary nerve can also beinjured during intramuscular
22]

injections in the deltoid muscle and during anaesthetic blocks.t
Hence, from the present study, the variation of the axillary nerve’s position in the Indian population; comparing with
studies of other countries are appreciable, but negligible within the population; and these values can be updated and
kept in mind by Indian orthopaedic surgeons and neurosurgeons (especially for surgeons who may have the work
experience in other countries in their past) during plate fixation, joint re- placement surgeries, neurotization, etc. to

minimize the chances of axillary nerve injuries.

Furthermore, the knowledge of the position of the axillary nerve inferred from this study can also be employed by
anaesthetists during ad-ministrations of anaesthetic blocks for axillary nerve. This also decreases the risks of traumatic

nerve injuries during intra muscular injections in the deltoid.

REFERENCES

1. David Johnson. Pectoral Girdle and Upper Limb. In: Susan Stranding, editor. Gray’s Anatomy. 40th Ed. Elsevier
Churchill Livingstone, 2008; p. 821.

2. Marios Loukas, Joanna Grabska, Shane Tubbs, Nihal Apaydin, Robert Jordan. Mapping the axillary nerve within
the deltoid muscle. Surgical and Radiologic Anatomy, 2009; 31(3): 43-47.

www.wjpsronline.com 258




World Journal of Pharmaceutical Science and Research Volume 3, Issue 4, 2024

3.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Roberto Yukio Ikemoto, Luis Gustavo Prata Nascimento, Rogerio Serpone Bueno, Luiz Henrique Oliveira
Almeida, Eric Strose, and Joel Murachovsky: Axillary nerve position in the anterosuperior approach of the
shoulder: a cadaveric study. Acta OrtopBras, 2015 Jan-Feb; 23(1): 26-28.

Surgical Approaches in Shoulder Arthroplasty by William.W.Sager and MichealKhazzam (May 2018) Available
from: https://www.researchgate.net/publication/324913808_Surgical _Approaches_in_Shoulder_Arthroplasty
Apaydin Nihal, Tubbs R Shane, Loukas Marios, Dupare Fabrice. Review of the surgical Anatomy of the axillary
nerve and the anatomic basis of its iatrogenic and traumatic injury. SurgRadiol Anat, 2010; 32(3): 193-201.
Sang-Jin Shin, MD, Jae Kwang Kim, MD, Young Won Koh, MD. Minimally Invasive Plate Osteosynthesis for
Proximal Humeral Fractures: A Prospective Study of Clinical and Radiological Outcomes According to Fracture
Type. Available from : https://www.jshoulderelbow.org/article/S1058-2746(15)00210-4/fulltext

Martin Jaeger, Frankie Leung, Wilson Li. Deltopectal Approach to the Proximal Humerus. Available from:
https://surgeryreference.aofoundation.org/orthopedic-trauma/adult-trauma/proximal-
humerus/approach/deltopectoral-approach-to-the-proximal-humerus

Benjamin C Taylor, William Levine. Shoulder Anterior (Deltopectoral) Approach. Available from:
https://www.orthobullets.com/approaches/12061/shoulder-anteriordel-topectoral- approach (Updated: 5/29/2018)
Copeland SA, Levy O, Brownlow HC. Resurfacing arthroplasty of the shoulder. Tech Shoulder Elbow Surg,
2003; 4(4): 199-210.

Mackenzie DB. The anterosuperior exposure of a total shoulder replacement. Orthop Traumatol, 1993; 2: 71—
77.

Prakash Kuppasad Gurushantappa and Saniya Kuppasad: Anatomy of Axillary Nerve and Its Clinical Importance:
A Cadaveric Study J Clin Diagn Res, 2015 Mar; 9(3): AC13-AC17.

Cetik O, Uslu M, Acar HI, Comert A, Tekdemir I, Cift H. Is there a safe area forthe axillary nerve in the deltoid
muscle? Journal of Bone and Joint Surgery, 2006; 38(11): 2395-99.

Apaydin N, Uz A, Bozkurt M, Elhan A. The anatomic relationships of the axillary nerve and surgical land-marks
for its localization from the anterior aspect of the shoulder. Clin Anat, 2007 Apr; 20(3): 273-7.

Abhinav G, Sivaraman B, Matthew N, Grahame JS. A contribution to the calculation of a safe deltoid split. Int J
Shoulder Surg, 2008; 2: 52-55.

Tubbs R Shanne, Oakes PAC W Jerry, Blount Jeffrey P, Salter George, et al. Surgical landmarks for the proximal
portion of the axillary nerve. Journal of Neurosurgery, 2001; 95(6): 998-1000.

Christa L. LiBrizzi, BS, Jorge Rojas, MD, Jacob Joseph, BS, Alexander Bitzer, MD, Edward G. McFarland, MD.
Incidence of clinically evident isolated axillary nerve injury in 869 primary anatomic and reverse total shoulder
arthroplasties without routine identification of the axillary nerve. JSES Open Access, 2019 Mar; 3(1): 48-53.
Carla Stecco, Giorgio Gagliano, Luca Lancerotto, Cesare Tiengo, Veronica Macchi, Andrea Porzionato, Raffaele
De Caro and Roberto Aldegheri, Surgical anatomy of the axillary nerve and it_s implication in the transdeltoid
approaches to theshoulder, Journal of Shoulder and Elbow Surgery, 2010; 19(8): (1166).

Suman Tiwari, Jyothi N Nayak. Study of variations in the origin of Axillary Nerve from the posterior cord of
brachial plexus and its clinical importance. Int J Anat Res., 2017; 5(3.2): 4242-46.

Patra A , Singh M , Kaur H , Singla RK , Malhotra V. Re-definition of position and calculation of safe area for
axillary nerve in deltoid muscle with its clinical relevance: a cadaveric study. Anat Cell Biol, 2018 Jun; 51(2): 93-
97.

www.wjpsronline.com 259



https://www.researchgate.net/publication/324913808_Surgical_Approaches_in_Shoulder_Arthroplasty
https://www.researchgate.net/publication/324913808_Surgical_Approaches_in_Shoulder_Arthroplasty
https://www.jshoulderelbow.org/article/S1058-2746(15)00210-4/fulltext
https://www.jshoulderelbow.org/article/S1058-2746(15)00210-4/fulltext
https://www.orthobullets.com/approaches/12061/shoulder-anteriordel-topectoral-approach
https://www.orthobullets.com/approaches/12061/shoulder-anteriordel-topectoral-approach
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6444175/

World Journal of Pharmaceutical Science and Research Volume 3, Issue 4, 2024

20. Rotari V, Moussallem CD, David E, Mertl P, Havet E. Position of the anterior branch of the axillary nerve in
relation to the humeral bone length. AmJ Orthop (BelleMead NJ), 2012 Oct; 41(10): 452-5.

21. Nagda SH, Rogers KJ, Sestokas AK, Getz CL, Ramsey ML, Glaser DL, et al. Peripheral nerve function during
shoulder arthroplasty using intraoperative nerve monitoring. J Shoulder Elbow Surg, 2007; 16: S2e8.

22. Davidson LT1, Carter GT, Kilmer DD, Han JJ. latrogenic axillary neuropathy after intramuscular injection of the
deltoid muscle. Am J Phys Med Rehabil, 2007 Jun; 86(6): 507-11.

23. Stephen A Parada, Matthew F Dilisio, Colin D Kennedy. Management of Complications after rotator cuff
surgery. Curr Rev Musculoskelet Med, 2015 Mar; 8(1): 40-52.

www.wjpsronline.com 260




