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Introduction 

 

     It is well known that percutaneous screw application for 

example in the placement of interlocking screws for 

intramedullary nails implies a risk of damage to the radial and 

axillary nerve. Recently published minimally invasive 

techniques (MIPO) to stabilize proximal fractures of the 

humerus with percutaneous inserted locking plates involve an 

even higher risk of compromising the axillary and radial 

nerve. But the increasing interest to use minimally invasive 

percutaneous techniques expand the surgeon’s interest to 

securely locate all nerve structures in the affected area. 

     An anatomical study has been designed to define margins 

of a safety corridor that can be used to place orthopedic 

devices according to the nerve routes with a minimum of risk. 

 

Materials and Methods 

     Twenty-two formalin-alcohol fixed anatomical specimens 

from donors of the anatomical institute with no signs of 

previous injuries have been selected for the study. Of the 

specimens used, 18 were right side (82%). The mean age of 

the donors (12 female, 10 male) was 78 years (n=22). Mean 

length of the humeri was 318 mm (n=22; from min 274 to 

max 357; Stdev 23,6). 

     The skin and subcutaneous layers have been removed 

leaving muscles and nerve in its natural position. To 
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determine the position of the nerves according to the central 

axis of the humerus an instrument was designed consisting of 

a threaded rod to be inserted into the medullary canal from 

antegrad and a proximally attached outrigger with a leveling 

rule and a metering needle (Figure 1). 

 

Figure 1: The measuring instrument consists of a threaded rod (1) 

and an attached outrigger with an angular scale (5) (180°), a mm 

scale (4) and a pointer (2). The tip of the humerus is determined by 

a metal stripe (3). 

     The proximal-distal adjustment of the rule was made 

according to the highest point of the humerus (tip of the major 

tubercle), being the zero-point of the measurement. The 

lateral position (90°) between 180° (dorsal start point of 

measurement) and 0° (ventral end point of measurement) was 

defined as the midpoint of the greater tuberosity. Data were 

obtained semi-circumferentially by turning the intra-

medullary rod from the posterior position (180°) in steps of 

10° to the anterior position (0°). The metering needle was 

subsequently moved in 5 mm steps from the zero-point (tip 

of the major tubercle) along the leveling rule distally. Every 

hit of a nerve structure was recorded in a map. 

 

Figure 2: Base of the algorithm to calculate and reconstruct the data 

in a 3-D model as shown in Figure 3A. 

     A mathematical algorithm was used for calculation 

(Figure 2). The frequency of nerve hits in the respective 

position was presented in a diagram in false color mode. 

(GnuPlot Version 4.2). The total length of the bone from the 

tip of the humerus (= the tip of the major tubercle as the 

highest point of the humerus) to the most distal part of the 

radial condyle was determined to allow for an absolute (mm) 

and a relative (%) calculation of the respective nerve 

positions. 

 

Figure 3A: 3-D graphic demonstrating the hits of nerve structures. 

The frequency of the hits in the respective position is show in a false 

color mode and explained in the diagram. 

 

Results 

     The results are displayed in Figure 3A-C). The diagrams 

show the frequency of ‘hits’ of a nerve structure. Figure 3A 

shows a 3-D impression of the axillary and radial nerve route 

(lateral aspect). To easy the interpretation the same values are 

projected onto a straight surface in Figure 3B. On the y-axis 

the position of the hits is given in mm distal to the tip of the 

greater tubercle. Figure 3C shows the spread of hits relative 

to the bone length of the respective specimen. 

     Axillary nerve: The axillary nerve takes a slightly 

ascending course from posterior to anterior. The area of risk 

is approximately 40 mm broad and begins 40 mm (posterior) 

to 30 mm (latero-anterior) distal to the tubercle. Less than 60° 

anterior, nerve hits are rare. Interlocking screws or plates in 
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this area seem to be safe. 

 

Figure 3B: For a better interpretation, the data are projected onto a 

straight surface. Y-axis shows the distance from the greater tubercle 

in mm. The spread of the values reflects the different sizes of the 

bones. 

 

Figure 3C: All data are recalculated relative to the respective bone 

length of the specimen. The values are closer together. 

     Proximal to the nerve there is only a small zone up to 30 

mm away from the greater tubercle that can be considered as 

a safe zone. 

     Radial nerve: There is a high-risk zone for a radial nerve 

injury when distal interlocking screws are inserted from the 

lateral side (90° in Figure 3B) ranging from 160 mm to 260 

mm measured from the tip of the greater tubercle. At the 

dorsal aspect of the humerus (200 mm-210 mm distal to the 

greater tubercle) insertion of interlocking screws or plates 

seems to be much safer. A safe zone is also found at the 

antero-lateral aspect of the humerus at 60° to 40°. This broad 

safety zone builds the basis of the here define triangular 

safety zone (70 mm to 170 mm distal to the greater tubercle). 

At the anterior boarder of the evaluated circumference (at 0°) 

nerve hits are shown in the diagram that have their origin 

from the musculocutaneous nerve and its skin branches 

(Figure 3A-C). 

     Anatomical investigations on the topography of the 

axillary and radial nerve in the upper arm relative to 

anatomical landmarks were published by various authors. 

Few studies describe the topographical relationship between 

the two nerves and relate their position to a common bony 

landmark [1,2]. 

     To make the data usable, a simple and reliable referencing 

is required, which is easy to understand even under the usual 

operating conditions. Bony landmarks are particularly 

suitable because an image converter system is generally 

available. To define a bony reference for both nerves, we 

have chosen the tip of the humerus head. 

     Axillary nerve: The axillary nerve enters the deltoid 

muscle from posterior after curving around the humerus in 

close relationship to the bone. It splits into two branches to 

provide the posterior, middle and anterior portion of the 

muscle. 

     Loukas [3] investigated 100 specimens and found in 65 % 

of the cases the split into an anterior and a posterior branch 

in the quadrangular space before entering the deltoid muscle. 

In the remaining 35% the subdivision lay in the muscle. 

Gurushantappa [4] found 88% splits in the quadrangular 

space in 50 specimens (25 donors) and Leechavengvongs [5] 

stated that in 129 specimen the split of the nerve was 

exclusively located in the quadrangular space. The main 

branches of the axillary nerve divide into several subbranches 

to supply the different portions of the deltoid. Three patterns 

of distribution have been recognized [6]. 

     The space proximal to the axillary nerve: The goal of a 

topographical survey is to define safety zone for the 

percutaneous insertion of bone screws or plates. Studies on 

the axillary nerve usually aim to describe a safety zone at the 

humeral head proximal to the position of the main branch of 

the axillary nerve and refer the position of the nerve to the 
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Acromion. Most authors used the lateral edge of the acromion 

either the anterior, the middle or the posterior part as a 

reference point according to Figure 4 [3,7-16]. 

 

Figure 4: Schematical drawing to illustrate the different reference 

points at the acromion for measurements of the axillary nerve 

position. 

     The results of these studies vary depending on which part 

of the Acromion the measurement is referred to (Figure 4, 

Table 1). The distance from the antero-lateral Acromion to 

the axillary nerve (mean value from 6 authors) was 6.2 mm 

(5.3 cm to 6.3 cm). The value for the postero-lateral distance 

(mean value from 3 authors) was 6.7 (4.9 cm to 7.9 cm). In 

our study, in accordance with other authors, the course of the 

axillary nerve ascends from posterior to anterior. The 

individual studies on nerve position show great differences. 

This may be caused by the different shape of the Acromion. 

Another problem in choosing the Acromion as a reference 

point for the measurement is the variable distance of this 

landmark relative to the arm position (see below) and the 

frequent degenerative changes of the rotator cuff in an elderly 

population. Because of the variable position of the humeral 

head in relation to the acromion the values may lose 

reliability. Regardless of the choice of the anatomical 

measurement point, the readings may also be influenced by 

different fixation methods [5,9].

 

Table 1: Measurements of the axillary nerve relative to the acromion and tip of the humeral head. Values from different authors. 
 

 A B C D 

 Mean Min Max Mean Min Max Mean Min Max Mean Max Max 

             

Abhinav 2008 x x x 6.0 4.5 6.5 x x x x x x 

Bono 2000 x x x x x x x x x 6.1 4.5 6.9 

Burkhead 2009 5.5 3.1 7.3 5.8 4.3 7.4 5.7 4.1 7.1 x x x 

Burkhead 2009 * 4.5* 3.5* 6.5* 4.5* 3.5* 6.0* 4.6* 3.8* 5.6* x x x 

Cheung 2009 x x x 6.7 5.8 7.2 x x x x x x 

Cetik 2006 4.9 4.3 5.5 x x x 6.1 5.2 6.9 x x x 

Eysenyel 2014 x x x x x x 6.0 5.0 6.8 x x x 

Gurushantappa 2015 5.4 3.4 6.6 5.1 3.2 6.4 4.9 3.0 6.2 x x x 

Ikemoto 2015 x x x x x x 5.3 4.3 6.4 x x x 

Junior 2015 6.5 5.0 8.1 6.5 5.0 8.5 5.3 5.0 6.5 x x x 

Kamineni 2004 x x x 5.7 3.5 7.0 5.1 3.5 8.5 x x x 

Kwak 2016 x x x x x x x x x 6.0 5.2 6.7 

Loukas 2009 x x x x x x x x x 5.6 4.7 7.5 

Rotari 2012 7.9 6.5 9.0 x x x 7.2 6.0 8.5 x x x 

Stecco 2010 5.0 x x x x x x x x x x x 

Sung 2013 x x x 6.5 5.1 8.7 x x x x x x 

Traver 2016 x x x x x x 6.3 5.2 7.6 x x x 

Vathana 1998 x x x 6.7 4.7 8.9 6.3 4.3 8.2 x x x 

             

n 6 5 5 8 8 8 10 10 10 3 3 3 

Mean 5.9 4.5 7.3 6.1 4.5 7.6 5.8 4.6 7.3 5.9 4.8 7 

Min 4.9 3.1 5.5 5.1 3.2 6.4 4.9 3 6.2 5.6 4.5 6.7 

Max 7.9 6.5 9 6.7 5.8 8.9 7.2 6 8.5 6.1 5.2 7.5 

Note: *Values related to the fresh specimens. A: posterior acromion, B: midportion of acromion, C: anterior acromion, D: tip of humeral head  

 

     In accordance with Bono, Loukas and Kwak [2,3,17] we 

measured the position of the nerve relative to the humerus to 

avoid insecurities due to rotator cuff pathologies. The most 

proximal point of the humerus is an easily recognizable 

landmark during surgery. Because of the different reference, 

values referring to the lateral edge of the acromion cannot be 

compared directly to values referring tip the tip of the 

humerus. The values given by authors that use the tip of the 
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Table 2: Material (number of specimens) and correlation with humeral length, laterality, and gender of the authors in Table 1. 
 

 n L (cm) C (G) C (S) C (L) CwP F / E 

Abhinav 2008 30 (15) 31,0 (27,0-34,5) x x P<0,001 yes 30/0 

Bono 2000 100 (50) 35,3 (28,0-36,3) x x x x 100/0 

Burkhead 1992 102 (51) x pos x x yes 10/51 

Cheung 2009 7 x x x x yes 7/0 

Cetik 2006 24 30,4 (28,1-32,9) x x P<0,001 x 24/0 

Esenyel 2014 50 (25) 31,9 (24,0-33,5) x x p<0,05 x 50/0 

Gurushantappa 2015 50 (25) x pos neg x x 50/0 

Ikemoto 2015 22 (11) 30,3 (28,0-33,5) x neg p=0,026 x x 

Junior 2015 30 (20) x x p=0,027 x x 0/30 

Kamineni 2004 40 (30) x x x x x 0/40 

Kwak 2016 20 30,2(27,4-33,5) x x x x 0/20 

Loukas 2009 100 (50) x x neg x x 0/100 

Rotari 2012 16 30,7 (26,8-36,0) x x pos x 8/8 

Stecco 2010 16 31,0 x x x x 16/0 

Sung 2013 90 (45) 33,5 (28,0-40,8) P<0,001 neg P<0,001 x 0/90 

Traver 2016 10 x x x x x 10/0 

Vathana 1998 77 x x x x x 0/70 

Note: *All given values from the different authors are rounded to one decimal place, n: number of specimens (number of donors), L: humeral 

length, C(G): Correlation of distance with gender, C(S): correlation with side, C(L): correlation with length, CwP: Change with arm position, 

F/E: fresh / embalmed, x: not reported 

 

humerus as a reference point [2,17] correspond with a mean 

distance of 6.1 cm and 6 cm to our values at the posterior 

aspect of the humerus (Table 1 and Figure 3B). With a 

slightly ascending course of the axillary nerve to the ventral 

side the distance seems to decrease measuring 5 cm or less at 

the lateral and anterior nerve position. 

     Several studies have determined the link between nerve 

position and other morphological factors. A high correlation 

was found between nerve position and humeral length 

[7,9,12,14,18,19]. A statistically significant difference 

between right and left specimens was reported by Junior [13]. 

Other authors did not find such laterality differences [4,12]. 

Gender differences were also noted [4,8,19]. These may be 

interpreted in connection with bone length, as the bones of 

female donors are generally shorter. However, there was no 

statistically significant difference between male and female 

bone length in this study (t-test, p=0.062). The humeral 

length provides the strongest correlation with the nerve 

position. The mean length of the humerus in these studies is 

ranging from 30.2 cm to 35.3 cm (Table 2). The mean length 

in our study was 31.8 cm (ranging from 27.4 to 35.7) 

comparable to the dimension in other studies (Table 1). Our 

data support the link between bone length and nerve position 

for both the axillary and the radial nerve. 

     In our investigation we studied the entire course of the 

axillary nerve from the quadrilateral space to the anterior 

portion of the deltoid muscle. Each hit of a nerve structure 

was systematically noted. A broad variability was found 

leaving a 4 cm corridor around a ‘hot spot’ (=most frequent 

hits) where nerve structures have been identified. Posteriorly 

the ‘hits’ were concentrated 5 to 6 cm distal to our reference 

point. A true safety zone for insertion of screws into the 

humeral head proximal to the axillary nerve route is 4 cm at 

the posterior aspect of the humerus and no more than 2 to 3 

cm laterally. On its way to anterior the axillary nerve ascends 

slightly leaving only a 2 cm stripe at the humeral head for 

secure insertion of screws. The biceps groove is located at 

30° (out of the frontal plane). Beyond this point no 

macroscopic identifiable structures of the axillary nerve have 

been detected. Percutaneously inserted plates at the proximal 

humerus and their relation to the axillary nerve were tested 

by some authors [11,17,20-22]. They concluded that relevant 

nerve fibers regularly cross the plate and only the most 

proximal plate holes are secure. The results of their studies 

highlight the close and risky relation between nerve branches 

and plates in this area. 

     ‘Hits’ of relevant nerve structures are rare in the antero-

lateral region (20° to 50° anterior to the lateral position) of 

the proximal humerus (Figure 3A-C). It follows that it is best 

to use the more secure anterior position when inserting 

locking screws or implanting percutaneous plates. However, 

care must be taken to avoid damage to the long biceps tendon 

because the intertubercular sulcus is in close vicinity. For a 

lateral position of plates and screws a careful blunt dissection 

of the muscle and if necessary, visualization of the nerve is 

recommended. Even with careful preparation and 

identification of the nerve, the risk of iatrogenic injury is 

already given by the inevitable stretching of the nerve [15]. 
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     Burkhead [8] mentioned that the distance between 

acromial edge and axillary nerve especially in females can be 

less than 5 cm. He also observed a more cranial position of 

the nerve during abduction. Cheung [10] measured a 

significant reduction of the nerve distance from neutral 

position (6.7 cm) to 60° abduction (5.4 cm). He found no 

change of the distance during forward flexion. Abhinav [7] 

reported a reduction of the nerve distance of 1.5 cm (6.0 cm 

to 4.5 cm in abduction). Samart [18] also noted a reduction 

with the position of the upper arm (5.7 in 0° versus 5.3 in 90° 

abduction). 

     Although the connection with the nerve position and arm 

position may be interesting for some questions, it should be 

noted that most of the surgery on the shoulder is performed 

with the upper arm in an adducted position. 

     Using embalmed specimens for the investigation a 

dynamic measurement to detect a potential change in the 

position of the nerve does not make sense because of the 

inherent stiffness of the tissues. We therefore have not 

addressed this issue in our study. 

     In accordance with all studies in literature the distance 

between the apex of the humerus (or the acromion 

respectively) and axillary nerve is generally small. The map 

of nerve distribution showed that relevant branches of the 

axillary nerve are found close to the tip if the humeral head 

with a high variability that can hardly be estimated by 

humeral length, gender, or laterality. A proximal save zone 

for the insertion of interlocking screw or percutaneous 

application if plate screws in MIPO technique with respect to 

the axillary nerve cannot be defined with exception of the 

anterior surface of the proximal humerus. 

     Radial nerve: Mostly the interest was focused on the use 

of interlocking nails or fixator pin inserted from the lateral 

side [23,24]. Mostly, the interest was focused on the use of 

interlocking nails or fixator pin inserted from the lateral side. 

     Regarding the course of the nerve, there is a special 

interest in the nerve position in the dorsal and lateral humerus 

[23-31]. The position of the nerve is mainly described with 

reference to distal bony landmarks. Theeuwes [24] and 

Wegmann [31] used the center of the capitulum, Hackl [28] 

measured the distance from the olecranon fossa. Due to the 

purposes of the studies (i.e., placement of interlocking screws 

or position of external fixator screws), interest is directed to 

the safe zone distal to the course of the nerve. The authors 

use lateral radiographic projections of the nerve on the 

humerus. Measurements are made at the point where the 

nerve is crossing the posterior, middle and anterior boarder 

of the humerus. 

     In a recent study, Theeuwes defined the position of the 

radial nerve relative to the center of Capitulum and Trochlea 

(CCT) in plain radiographs (a.p. and lateral projection) [24]. 

Measurements were made relative from the center of the 

capitulum to the point where the nerve turns from posterior 

to lateral in the a.p. projection and in addition to the point 

where the nerve crosses the anterior boarder of the humerus. 

The first was calculated with 14.17 cm with a low variability 

and the latter was measured with 6.63 cm with a large 

variability ranging from 2.11 cm to 10.05 cm. Carlan [26] 

described the more proximal (posterior) course of the radial 

nerve in a position, where the nerve is in direct contact with 

the bone surface. He also used the center of the lateral 

epicondyle and measured the distance to the point where the 

nerve turns laterally (mean value 10.9 cm) with low variation. 

From this, it seems that especially the distal course of the 

nerve shows a high variability. The results of the studies are 

heterogeneous. The variability is high, and the nerve position 

seem difficult to predict. Therefore, clear recommendations 

for placing screws on the lateral side of the distal humerus 

can hardly be made. 

     Values given in the literature are difficult to compare 

because auf the different reference points used and although 

because auf the high variability of the nerve course. It is not 

possible to draw up a meaningful table. 

     The technique in our study to identify the nerve position 

relative to the humerus differs from techniques used by other 

others. The basic idea was to define secure positions for 

interlocking screws. Therefore, a ‘nail’ supported technique 

was designed (see Materials and Methods and Figure 1). 

Secure positions for percutaneously inserted screws or plates 

are identified using the tip of the humerus for both nerves. 

This allows the two nerves to relate to each other. Safety 

spaces between the two nerves can be easily identified. 

     With respect of the radial nerve our results cannot be 

simply compared to the results of other studies in literature. 

Distances given in absolute values from the tip of the humeral 

head show a broad variability of the radial nerve position. 

Figure 3A and B can help to find a secure zone independent 

of the individual humeral length. 

    The space between the lower border of the axillary 

nerve and the upper boarder of the radial nerve: 

Regarding the position of the axillary nerve, interest is 

directed to the safe zones proximal of the nerve and for the 

radial nerve to the safety zone distal to the nerve. Few studies 

deal with the lower limit of the axillary nerve compared to 
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the upper limit of the radial nerve [4,8]. Our study shows a 

relatively wide variation of nerve positions compared to the 

readings of other authors. The reason maybe that beside the 

main nerve structure substructures (branches) are also 

detected and mapped. The distribution of the subbranches of 

the axillary nerve follows distinct patterns and is 

systematically described by Stecco [6] and Lechavengovongs 

[5]. This distribution explains the broad risk zone in our chart. 

     With recently published papers [1,23,32,33] on minimal 

invasive bridging plate osteosynthesis the interest in safe 

corridors is rising. The percutaneous placement of a plate in 

the anterior shaft area of the humerus has been investigated 

[1,34] and a risk for both, the anterior located 

musculocutaneous nerve (plate strongly from anterior) and 

the posterior located radial nerve (tip of the plate screws 

protruding the contralateral cortex of the humerus) has been 

reported. According to our results the risk of nerve injury can 

be reduced using an antero-lateral plate position in the 

triangular nerve-free zone depicted in Figure 3A-C.  

     Different from all other studies in recent literature the risk 

of iatrogenic damage to the axillary and radial nerve was 

evaluated based on the center of the medullary cavity using a 

nail supported device. This technique is therefore imitating 

the real intraoperative situation whilst placing an interlocking 

screw with a nail supported targeting device, a bicortical 

fixator screw or a plate screw. Moreover, the tip of the greater 

tubercle is used as a reference in this study for both nerves. 

Results from this study provide a more reliable estimation on 

risky and safety zones and can be used as a reference in 

surgery. In the distal shaft area, a careful preparation of the 

soft tissues and exposing of the bone is recommended in any 

case. 
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