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INTRODUCTION 
Humerus, the thickest and longest bone of upper 
extremity, by forming the arm of the skeleton, also 
forms joints with scapula, radius and ulna. The 
narrowing area between major and minor tubercle 
and the body of the humerus is called the collum 
chirurgicum (surgical neck) (1). Proximal humeral  

 

 
fractures constitute approximately 5% of all fractures 
(2). Fractures of the proximal humerus account over 
75% of all humeral fractures (3). In the last 5 years, 
the incidence of these fractures has increased by 
15% (2). Surgical neck is a very frequently fractured 
area of the proximal humerus as the humerus begins 
to taper down at this point and is structurally weaker 

ABSTRACT 
 
Purpose: Surgical neck fractures have been a subject to vast numbers of researches, its structural 
dispositions depending on the variants of sex and directional morphometry requires further investigation. 
Therefore, we aimed to evaluate sex and side differences by using morphometric measurements of 
humerus and surgical neck.  
 
Methods: In order to achieve the above-mentioned objective, measurements were performed on dry 
humerus specimens from 60 male and 60 female origins. The circumference of surgical neck (SNC) and 
humerus length (HL) were measured in centimeter. After the completion of these measurements the area 
(SNA) of surgical neck was calculated and the data obtained was utilized to create two separate indexes.  
 
Results: The circumference of surgical neck differed significantly between the sexes (p=0.001), but not 
between the right-left sides (p=0.054). Although there was a significant difference between male and 
female HL on the right side (p=0.001), there was no significant difference on the left side (p=0.051). The 
highest mean value of the SNC in females (7.13 cm) was lower than the minimum value obtained in males 
(7.20 cm). The lowest mean value of the SNA in males (4.92 cm2) was higher than the maximum value 
obtained in females (4.84 cm2). There was a significant difference between sexes for both indexes 
(p<0.05).  
 
Conclusion: The morphometric data of this area may be utilized for forensic investigations, it may provide 
insight for the fracture treatments and solving clinical problems. We are opined that since the 
measurements of surgical neck varies in male and female samples, it may be an essentially important 
structure in determining sex of a given skeleton.  
 
Keywords: Humerus, Collum Chirurgicum, Surgical Neck, Morphometry. 
 



J Basic Clin Health Sci 2021; 1: 35- 41  Ceri NG. Surgical Neck Anatomy 

 36 

(4, 5). It is the third most common type of fracture in 
adults and is 2-3 times more would-be common in 
females than males. One reason is the decrease in 
bone density in females with advancing age (6-8). 
Axillary nerve and posterior humeral circumflex artery 
are adjacent to the medial part of the surgical neck 
and the surgical neck fractures may cause damage to 
these important structures (9). There are many 
clinical and morphometric studies on the humerus 
and its proximal part (10-14). However, studies 
investigating the morphometry of surgical neck, which 
is the most frequently fractured part, are almost non-
existent (10, 15). While, neck fractures have been a 
subject to vast numbers of researches (16, 17), its 
structural dispositions depending on the variants of 
sex and directional morphometry require further 
investigation. As the preceding studies usually 
endeavor to investigate humerus length comparisons 
between the male and female samples, they rarely 
pay attention to the surgical neck-based comparisons 
in measurements (12-14). Yet, surgical neck is the 
most fractured structure on the proximal humerus, 
and by this, we are opined that a special focus shall 
be spotted on the surgical neck’s measurements for 
understanding its features. Although in the preceding 
studies, the measurements regarding surgical neck 
were not investigated in consideration of male and 
female differences (11-14), we observed a significant 
unlikeness of surgical neck measurements in male 
and female samples. Given the high clinical 
significance, but low number of investigations in this 
area, this study aimed to provide measurements on 
the surgical neck and evaluate the differences 
between the sexes and right-left sides 
 
METHODS 
 
A total of 120 dry adult humerus bones of Anatolian 
people belonging to 60 males (30 right, 30 left) and 
60 females (30 right, 30 left) were included in the 
study. Only, humerus bones without any structural 
deformities were used. Bones were obtained from the 
bone archive of Aydin Adnan Menderes University.  
The bones in our archive were received from the 
municipality, having the records of the sex clearly 
defined.  
 
At the beginning of the study, ten of the selected 
humerus were assessed independently by two 
anatomists. Ten days later, the same measurements 
were repeated and inter- and intra-observer reliability 

were assessed. All measurements were performed 
with tape measure of 0.1 millimeter (mm) sensitivity. 
For the measurement of the humerus length (HL) 
osteometric board tool was used (Figure 1A). The 
humerus length measured in centimeter (cm) from the 
most superior point of the proximal part to the most 
inferior point of the distal part of the humerus. 
Circumference of the surgical neck (SNC) was 
measured at 1 cm below the lowest point on margin 
of articular surface of head of the humerus (Figure 
1B). To find the surgical neck area (SNA), first, radius 
(r) was obtained with the formula 2πr (circle 
circumference formula =2πr) from the circumference 
measurements and then the formula πr2 (circle area 
formula = πr2) was used (π: 3.14). We composed two 
different indexes by calculating the ratio of the 
humerus length to the surgical neck area (HL/ SNA) 
and the ratio of the diameter of the surgical neck to 
the humerus length. (SND/HL).  
 
Statistical Evaluations 
The measurements were transferred to SPSS for 
Windows release 11.0 for statistical analysis. 
Minimum, maximum, mean and standard deviation 
values of the data were determined in centimeter and 
compared with female-male, right-left using 
Independent Samples t test. Statistical significance 
was considered p <0.05. 
 
 
RESULTS 
 
In the pre-study realized in order to assess the 
accuracy of the measurements, it was seen that there 
was no inter- and intra-observer difference in regard 
to morphometrical parameters. 
In Table 1, the value of the lowest mean of the 
circumference of the surgical neck (SNC) in the male 
humerus (left side) was 7.86±0.62 cm which was 
higher than the maximum value of the SNC obtained 
in the female humerus (7.80 cm). The value of the 
highest mean of the SNC in the female humerus (right 
side) was 7.13±0.43 cm which was lower than the 
minimum value of the SNC obtained in the male 
humerus (7.20 cm). 
In Table 2, a significant difference was observed 
between the sexes in the SNC on both sides 
(p=0.001). The SNC values on both sides were higher 
in males compared to females. 
In Table 3, the highest value of the humerus length 
(HL) was obtained in the male humerus (35.20 cm)  
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and the lowest value was obtained in the female 
humerus (25.60 cm).  
 
In Table 4, while there was no significant difference 
between male and female humerus length (HL) on the 
left side, there was a significant difference between 
male and female HL on the right side. There was a 
significant difference between the sexes in the length 
of humerus when the right-left sides were not taken 
into account. 
 
In Table 5, the value of the lowest mean of the 
surgical neck area (SNA) in the male humerus was 
4.94 cm2, which was higher than the maximum value 
of the SNA obtained in the female humerus. The 
value of the highest mean of the SNA in the female 
humerus was 4.06 cm2, which was lower than the  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
minimum value of the SNA obtained in the male 
humerus. A significant difference was observed 
between the sexes in the SNA on both sides. While 
there was no significant difference in the SNA 
between the sides in female, there was a significant 
difference in male. 
 
In Table 6, a significant difference was observed 
between the sexes in the ratio of the humerus length 
measurements (HL) to the surgical neck area (SNA) 
on both sides (p=0.000). A significant difference was 
observed between the sexes in the diameter of the  
surgical neck (SND) to HL on both sides (right side 
p=0.000 and left side p=0.004). 
 
 
 
 
 

 
Table 1. Measurements of the circumference of surgical neck  
 

SNC (cm) Sexes n Min.-Max. (cm) Mean (cm) SD 
Total Right-side Male-Female 60 6.2-9.0 7.65 .676 
Total Left-side Male-Female 60 6.0-8.90 7.41 .747 
Right-side Male 30 7.2-9.0 8.18 .403 
Left-side Male 30 7.2-8.9 7.86 .620 
Right-side Female 30 6.2-7.8 7.13 .439 
Left-side Female 30 6.0-7.8 6.96 .580 

Total Male 60 7.2-9.0 8.02 .544 
Total Female 60 6.0-7.8 7.04 .517 

SD: Standard deviation; Min: Minimum; Max: Maximum; SNC: Circumference of the surgical neck 
 
 
 

Table 2. T-test results from female-male comparison of the circumference of the surgical neck 
 
 Sexes n t SD p 

Right-side 
Male 30 

4.128 57.356 0.001* 
Female 30 

Left-side 
Male 30 

3.597 57.182 0.001* 
Female 30 

SD: Standard deviation; Min: Minimum; Max: Maximum; t: Student’s t-test; *p<0.05 
 
 
 

Table 3. Measurements of the humerus length 
 

HL (cm) Sexes n Min.-Max. (cm) Mean (cm) SD 
Total Right-side Male-Female 60 25.60-35.20 31.19 1.77 
Total Left-side Male-Female 60 27.90-34.80 31.28 1.59 
Right-side Male 30 28.10-35.20 31.80 1.47 
Left-side Male 30 29.80-34.80 32.08 1.42 
Right-side Female 30 25.60-34.20 30.57 1.85 
Left-side Female 30 27.90-32.60 30.47 1.32 

Total Male  60 28.10-35.20 31.94 1.44 
Total Female 60 25.60-34.20 30.52 1.60 

SD: Standard deviation; Min: Minimum; Max: maximum HL: The humerus length 
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DISCUSSION 
Factors such as bone quality, age and sex are 
effective in the treatment of fracture (18, 19). For 
example, intramedullary nailing is a surgical 
procedure that is frequently used in the surgical neck 
fractures due to lower complication rate (20, 21) 
However, it is not an appropriate method of treatment 
for fractures with poor bone quality (22). There are 
studies emphasizing that in surgical treatment of 
proximal humerus fractures, decreasing of the bone 
density will negatively affect surgical fixation (23, 24) 
and therefore it is important to evaluate bone quality 
(25, 26). In our study, morphometric parameters of 
female surgical neck were significantly lower than 

Table 4. T-test results of female-male humerus length 
 
 Sexes n t SD p 

Right-side 
Male 30 

4.509 57.686 0.001* 
Female 30 

Left-side 
Male 30 

2.947 54.389 0.051 
Female 30 

Both-side Male 60 
5.088 116.79 0.000* 

Both-side Female 60 
SD: Standard deviation; Min: Minimum; Max: Maximum; t: Student’s t-test *p<0.05 
 
 
 

Table 5. T-test results from female-male comparison of the area of the surgical neck  
 

 Sexes Min-max N t SD p 

Right-side 
Male 4.94-6.44 30 

9.845 57.852 0.000* 
Female 3.06-4.84 30 

Left-side 
Male 4.92-6.30 30 

5.740 55.810 0.000* 
Female 2.86-4.84 30 

Right-side 
Male 

4.94-6.44 30 
2.308 50.195 0.000* 

Left-side 4.92-6.30 30 
Right-side 

Female 
3.06-4.84 30 

1.192 54.311 0.006 
Left-side 2.86-4.84 30 

SD: Standard deviation; Min: Minimum; Max: Maximum; t: Student’s t-test; *p<0.05 
 
 
 

Table 6. T-test results of female-male the ratio of the humerus length to the surgical neck area (HL/SNA) and the 
ratio of diameter of the surgical neck to humerus length (SND/HL) 
 

HL/SNA 
 Sexes N Mean±SD t SD p 

Right-side 
Male 30 6.00±0.61 

-7.494 47.594 0.000 
Female 30 7.63±1.02 

Left-side 
Male 30 6.63±1.04 

-4.445 53.779 0.000 
Female 30 8.05±1.39 

SND/HL 
 Sexes N Mean±SD t SD p 

Right-side 
Male 30 0.08±0.004 

5.498 54.358 0.000 
Female 30 0.07±0.006 

Left-side 
Male 30 0.08±0.007 

3.011 57.804 0.004 
Female 30 0.07±0.006 

SD: Standard deviation t: Student’s t-test; *p<0.05 HL: The humerus length; SNA: The surgical neck area; SND: Diameter 
of the surgical neck 
 

Figure 1: The measurement of the humerus. A) The 
measurement of the humerus length; B) The measurement of 
the surgical neck 
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male’s (p=0.001). For this reason, in the treatment of 
fractures of this region, besides bone quality 
anatomical evaluation depends on gender is also 
clinically important. 
Various bones are frequently used for sex and race 
determination in anatomy, anthropology and forensic 
studies. The humerus is a preferred bone related to 
sex and race determination (15, 27-29). In the studies 
performed in this area, it was concluded that the 
maximum diameter of the humeral head, the 
epicondylar width and the maximum length of the 
humerus are the most useful and the best 
discriminative measures in the determination of sex 
(10-14). In our study, there was a significant 
difference between the humerus length 
measurements from males and females (p=0.001). 
Although scarce volume of investigations is being 
carried out in respect of the surgical neck’s 
morphometric measurements, the studies mainly 
continue to focus on frequent humerus 
measurements (13, 14). But in our study, a significant 
difference was observed between the female and 
male surgical neck measurements (SNC, SNA and 
indexes HL/SNA and SND/HL) on the both sides. We 
think that using morphometric properties of the 
surgical neck can be an important measure in sex 
determination.  
 
A study by Ahmed et al (15), a total of 176 humerus 
bones (46 female, 130 male), evaluated in India. The 
circumference of the surgical neck was found to be 
7.99±0.70 cm in male, 9.08±0.63 cm in female. The 
results of the circumference of the surgical neck in our 
study were lower than the circumference of the 
surgical neck reported earlier. We thought that this 
situation could be well explained by race-related 
differences in anatomy.  
 
Barnes et al (10) found the mean humeral length was 
39.67±2.61 cm in right side of the female, 40.00±2.23 
cm in left side; and 45.38±2.95 cm in right side of the 
male, 44.78±2.48 cm in left side. In our study, the 
maximum length of the humerus on the right side was 
31.8±1.47 cm for males and 30.57±1.85 cm for 
females, on the left side was 32.08±1.42 cm for males 
and 30.47±1.32 cm for females. A study by 
Ogedengbe et al. (30) was carried out on a sample 
from a KwaZulu-Natal population and found that the 
mean the length of the humerus was 32.08±1.79 cm 
on the males, 29.46±1.55 cm on the females, 
irrespective of right and left side. The other study (31) 

is composed of 104 white and 88 black population in 
South Africans. The mean length of the humerus in 
white female population was 30.9-16.7 cm, in white 
male population was 33.5±17.9 cm; in black female 
population was 29.47±15.0 cm, in black male 
population was 32.8±14.8 cm. In a study conducted 
in India (32), the mean of the humerus length was 
31.07±1.41 cm on the males, 7.81±1.54 cm on the 
females. In these studies, we mentioned (10, 30-32) 
and our study, humerus length showed a significant 
difference between the sexes. Humerus length mean 
values of male were higher than female. However, in 
the study of Dare et al. (33) the humerus length 
values of Kenyan female were quite high compared 
to male. Different results in these studies were 
thought to be related to sex determination.  
 
CONCLUSION 
 
The morphometric data of the surgical neck is 
important in sex determination. Thus, within this 
scope, such feature may have an important 
supplementary value in respect of forensic 
investigations. Yet, even though there exist 
abundance of clinical and morphometric studies on 
the humerus and its proximal part, researches on 
surgical neck is close to none. Also, considering the 
lack of consensus for treating surgical neck fractures, 
we are opined that this area requires further and 
elaborate investigation for comprising its fundamental 
treatment methods and procedures. Hence, the 
knowledge and the comprehension towards it 
anatomic features shall be evaluated in time. In this 
respect we think that our work will provide a 
contribution towards clinical approach. 
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