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ABSTRACT 

 

Neck is a commonly injured body region in all crash severities. Impairments from neck injuries are often seen to 

affect women more than men in vehicle crashes. In this paper, we study the sex-differences in neck morphology 

using publicly available anthropometry database. The differences in neck circumference and neck length 

between men and women are quantified using Bayesian linear regression. Posterior predictive distributions of 

the neck anthropometries for males and females of 5th, 50th, and 95th percentiles sizes were used to evaluate 

sex-differences. The neck length variations can be attributed to stature. However, the neck circumference was 

considerably different between men and women. The 95th female neck circumference was seen to be smaller 

than 5th male neck circumference. These findings highlight distinct morphological patterns between women and 

men, underscoring the need for sex-specific representations in injury assessment. 
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INTRODUCTION 

Improvements of advanced driver assistance systems (ADAS) capabilities and the ongoing development of 

automated driving systems are likely to lead to a decrease in crash severities in the future [1]. 

Although lower crash severities are associated with a reduced risk of fatality, mitigating occupant injuries in 

these low-severity collisions remains a significant challenge [2]. As low-severity crashes are expected to 

account for an increasing proportion of traffic accidents, their societal and economic burden due to medical 

treatment costs, and potential long-term impairment remain challenge [3, 4]. Among the spectrum of injuries 

sustained in motor vehicle crashes, neck injuries—and particularly whiplash-associated disorders (WAD)—

remain prevalent across all crash severities, including lower severity [5, 6]. These injuries still remain 

challenging not only for their high incidence but also for their potential to result in permanent medical 

impairment [7].  

 

Studies have shown that females have a higher risk of experiencing WAD compared to men [8]. This sex 

disparity from epidemiology highlights the importance of investigating sex-specific anatomical and 

biomechanical differences of the neck, both at the cervical spine level and the surrounding tissues [9]. While 

several studies have characterized structural differences in cervical vertebrae and soft tissue anatomy between 

males and females, few have examined sex differences in neck musculature [10–12]. Yet, neck muscles play a 

critical role in both passive and active stabilization of the head and neck during pre-crash and crash loading 

conditions, especially at lower-speed impacts [13]. A detailed understanding of neck anthropometry—that 

intrinsically describes the neck muscles morphology—across sexes and body sizes is therefore important for a 

better understanding of the sex-differences in neck biomechanics.  

 

The aim of the study is to quantify sex-specific differences in neck anthropometry, specifically for neck 

circumference and neck length, for the 5th, 50th, and 95th percentile adult male and female populations.  

METHODS 

Length and circumference of the human neck were analyzed for sex-differences using Bayesian linear regression. 

In this study we used the Anthropometric Survey of U.S. Army Personnel (ANSUR-II) data, which consists of 93 

anthropometric measurements from 6,068 from U.S. Army personnel (4,082 men; 1,986 women) [14]. The neck 

length (described as neck link in ANSUR-II) and circumference were regressed on sex, stature, and body mass 

index (BMI), following the approach previously described in Fichera et al [15]. 
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Let 𝑖 index for single individuals and 𝑗 ∈ {male, female} denote sex, the likelihood and the model were built as 

follows: 

y = μ + ε 

ε ~ Normal(0, σ) 

μi = αj + βj (Hi - Hmean) + γj (BMIi - BMImean) 

where Hi and BMIi were mean-centered by their sample averages Hmean and BMImean. The intercept αj represented 

the expected value of the anthropometric measure for sex 𝑗 at average stature and BMI; βj and γj captured 

sex-specific associations with stature and BMI, respectively.  

In the models, weakly informative priors were used to regularize the estimates: α∼Normal(mean,10), 

β∼Normal(0,1), γ∼Normal(0,1), σ∼Uniform(0,10). The prior for 𝛼 was centered on the average neck 

circumference or length across the full dataset. Posterior inference employed the No-U-Turn Sampler (NUTS). 

For each model we ran four chains with 2,000 iterations per chain (1,000 warm-up and 1,000 sampling), yielding 

4,000 posterior draws used for summaries and derived quantities. The models were implemented in PyMC 5.1.2. 

Each of the Bayesian regression model returned a distribution for the neck circumference and length, called 

posterior distribution. 

From the posterior distribution, we generated a synthetic population of posterior predictive draws by repeatedly 

sampling parameter space. The posterior predictive draws were generated from individuals corresponding to the 

5th, 50th, 95th female and male percentiles [16]. The percentiles for the stature are reported in Table 1, whereas the 

BMI was held constant at 25 kg/m2 across all three categories. 

Table 1: Stature 5, 50, 95th percentiles according to Jelenkovic et al. 2016 [16]. 

 

 Female Stature (cm) Male Stature (cm) 

5th Percentile 151 163 

50th Percentile 165 178 

95th Percentile 179 194 

RESULTS 

The neck length showed an increasing trend with stature of the human body, irrespective of the sex (Figure 1: 
Posterior predictive distributions of neck length for males (in blue) and females (in red), shown for the 5th, 50th, 

and 95th percentilesFigure 1). Posterior predictive distributions overlapped for the neck length, indicating no sex-

related differences.  In contrast, the neck circumference was considerably different between females and males, 

and increased progressively from 5th to 95th percentile (Figure 2) within each sex. The mean neck circumference 

for a 95th female (34cm) was seen to be smaller than that of a 5th male (37.5 cm), as shown in Table 2. The High-

density intervals (HDI) of the posterior predictive distributions further underscored this pattern: while HDIs (Table 

2) overlapped for neck length, those for neck circumference showed clear dofferences between men and women. 
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Figure 1: Posterior predictive distributions of neck length for males (in blue) and females (in red), shown 

for the 5th, 50th, and 95th percentiles. 

 

 
 

Figure 2: Posterior predictive distributions of neck circumference for males (in blue) and females (in red), 

shown for the 5th, 50th, and 95th percentiles. 

 

 

Table 2: Averages and 95% HDI intervals for the neck length and neck circumference for 5th, 50th, 95th 

percentile female and male.  

 

 Neck Length (cm) Neck Circumference (cm) 

  Average 95% HDI Average 95% HDI 

Female 5th 9.8 [7.8; 12.0] 31.8 [29.1; 34.5] 

Female 50th   10.8 [8.5; 12.8] 32.9 [30.2; 35.8] 

Female 95th  11.7 [9.6; 13.9] 34.0 [31.3; 36.8] 

Male 5th    10.1 [8.0; 12.2] 37.5 [34.9; 40.4] 

Male 50th   11.2 [9.1; 13.5] 38.7 [35.8; 41.4] 

Male 95th   12.4 [10.3; 14.6] 39.7 [36.8; 42.3] 
 

 

DISCUSSION 

The goal of this study was to investigate sex differences in neck anthropometry. Results showed sexual 

dimorphism for neck circumference, but not for neck length. In this study, we compared three percentile groups 

– that reflect population specific distribution of different stature and mass - variables that are known to differ 

between males and females, since men on average are taller and thus heavier than women. Prior work reported a 

size-matched comparison between the sexes, by controlling for stature and BMI [15]. Even when these key 

anthropometric variables were controlled for, the neck circumference still differed between males and females. 

Thus, these findings of percentile comparisons together with the size-matched comparisons strengthen the 

conclusion that neck morphological differences between females and males are intrinsic rather than resulting 

from stature or BMI differences. These findings were earlier reported by Vasavada et al. with limited number of 

sized matched volunteers [11]. 

 

Currently, percentiles of the population are widely used in evaluating risk and crash scenarios for occupant 

safety. The current standard relies on the use the average male or small female representations of the human 

body as a proxy to represent a larger proportion of the population. Our finding indicates that the female neck 

cannot be regarded as a scaled-down version of the male neck in size, particularly when evaluating neck-related 

injuries which are prevalent even in low-speed crashes.  
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LIMITATIONS 

A limitation of this study lies in the composition of the anthropometric dataset, which was collected from 

individuals in military service, and therefore reflects a younger adult population and may represent a selected 

population in terms of fitness and health status. Although greater variability can be expected with inclusion of 

an older and more general population sample, the inferences remain valid  as height and mass are used as 

predictor variables in the regression models.   

CONCLUSIONS 

The morphology of neck structure shows distinct patterns between women and men, indicating the need for sex-

specific representations in injury evaluations. This study provides the geometric reference values for female 

models recently developed and currently under development, especially to define anthropometry and develop 

injury criteria.  
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