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HIGHLIGHTS 

 

• Northern Finns aged 20, 30, and 46 exhibit clear sex discrepancy in L4 dimensions 

• The width, depth, and height of L4 estimate sex with an accuracy of > 80% 

• Men show lower correct sex estimation rates than women 

• Sex estimation accuracy is lower among those aged 46 than those aged 20 or 30 
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SEX ESTIMATION FROM DIMENSIONS OF THE FOURTH LUMBAR VERTEBRA IN NORTHERN FINNS OF 20, 30, 

AND 46 YEARS OF AGE 

 

ABSTRACT 

Background: Accurate sex estimation (sexing) is crucial for successful forensic identification. For the cases 

in which only a part of the skeleton or individual skeletal elements are available, we investigated the sex 

estimation potential of the fourth lumbar vertebra (L4) among 20-, 30-, and 46-year-old Northern Finns.  

Material and methods: Magnetic resonance imaging scanned living subsamples of the Northern Finland 

Birth Cohort 1966 (scan at 46 years, n=1363) and the Northern Finland Birth Cohort 1986 (repeated scans 

at 20 and 30 years, n=375) provided the material for the study. After screening the scans for vertebral 

pathologies, we measured the maximum and minimum widths, depths, and heights of the L4 body. The 

mean vertebral width, depth and height were calculated together with vertebral cross-sectional area and 

volume. Sex estimations were performed using univariate and multivariate logistic regression analysis.  

Results: We detected marked sex discrepancy in all the studied parameters of L4 (p<0.001). In the groups 

aged 20, 30, and 46 years, the regression models reached correct sex estimation rates of 86.4%, 87.7%, and 

82.8%, respectively. At each time point, multivariate models proved more accurate than univariate models. 

Men showed consistently lower correct sex estimation rates than women.  

Conclusion: Among 20-, 30-, and 46 year-old Finns, combining the measurements of width, depth, and 

height of the L4 body can be used to estimate sex with an accuracy of > 80%. Vertebral width, depth, and 

height seem to yield as accurate sex estimates as more complicated vertebral parameters. 

 

 

KEY WORDS: Sex estimation, L4, vertebral dimensions, magnetic resonance imaging, Forensic Anthropology 

Population Data  
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INTRODUCTION 

 

Successful identification of unknown deceased individuals is one of the primary aims of forensic medicine 
[1-7]. It is necessary not only as part of medicolegal investigations of crime but also in natural disasters and 
occasionally in cases of natural death when the remains are poorly preserved [1, 5]. Although molecular 
techniques have evolved considerably in recent years, anthropological methods of assessing skeletal 
remains play an established role in the identification process [6, 7]. An osteobiography, i.e., the biological 
profile of an unknown individual, is typically established first, using estimations of the individual’s ancestry, 
sex, age, and stature [6, 8]. These data can then be accompanied by more specific investigations of the 
individual’s identity. 

Sex refers to the biological genotype of a human [9]. When profiling an unknown individual, sex estimation 
(i.e., sexing) is crucial for accurate subsequent estimation of age and stature [2, 5]. As bones typically 
express discrepancies between the sexes and are generally stable elements in the adult body, a wide range 
of skeletal features have been used for sexing [1, 8]. For example, morphologic characteristics of the 
cranium, pelvis, mandible, sternum, sacrum, femur, patella, humerus, radius, and small bones of the hand 
and foot have been used. Estimation accuracy has ranged from 64% to 100% [2], depending on skeletal 
region, the parameters used, the measurement method, the study population, and other methodological 
factors of the studies. An accuracy of ≥ 80% to ≥ 95% is commonly considered satisfactory [2, 10]. As only a 
few bones may be recovered or sufficiently preserved for profiling, further data is needed to describe the 
bones of other skeletal sites as potential indicators of sex. 

There is a clear sexual dimorphism in vertebral size [11-15]. For example, the vertebral cross-sectional area 
is 20% to 30% larger among men than women, indicating that vertebral morphology may prove useful in 
sex estimation [16]. Ostrofsky et al. [17] recently studied various morphological parameters of the lumbar 
vertebrae (L1—L5) of 98 South African blacks from the Raymond A. Dart Collection. Their successful sex 
estimation rates varied from 57.7% to 88.7%, with diameters of the vertebral body yielding the highest 
accuracies. Correspondingly, several studies [18-22] investigating lower thoracic and upper lumbar 
vertebrae in various ethnic groups have reached estimation accuracies of up to 94.2%. However, their 
sample sizes have been mostly small, and conclusions have been drawn from cadaveric material from 
skeletal collections and/or material with a broad age range. Conclusions drawn from skeletal collections 
may be inaccurate due to secular changes in environmental, societal and lifestyle factors over the past 
century [23]. Moreover, male vertebrae in particular are subject to age changes in their shape and size [11], 
which implies that sexing accuracy may depend on age; using samples with a broad age range may thus be 
problematic in this regard. 

Here, we report the sex estimation potential of three easily obtainable dimensions of the L4 body (width, 
depth, height) in three age groups (20, 30, 46 years) of the general living Northern Finnish population. We 
obtained the L4 dimensions from recent lumbar magnetic resonance imaging (MRI) scans, and used 
univariate and multivariate logistic regression models to assess them in terms of sex estimation. 
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MATERIAL AND METHODS 

 

Study samples 

We used two living Finnish birth cohort populations as our material. The younger population was a 

subsample of the Northern Finland Birth Cohort 1986 (NFBC1986) [24] with lumbar MRI scans from the 

ages of 20 and 30 years (n = 375 individuals with no vertebral pathologies). The older population was 

constituted by a subsample of the Northern Finland Birth Cohort 1966 (NFBC1966) [25] with lumbar MRI 

scans available from the age of 46 (n = 1363 individuals with no vertebral pathologies). We selected these 

samples and time points in accordance with our aim of investigating the sex estimation potential of healthy 

adult vertebrae before they are affected by osteoporosis or degeneration. We have previously shown that 

the MRI samples are representative of the general, contemporary Northern Finnish population [26, 27]. 

 

Vertebral measurements 

The 20-year and 46-year lumbar MRI scans were obtained in 2005–2008 and 2012–2014, respectively, using 

1.5 T Signa HDxt (General Electric, Milwaukee, Wisconsin, USA). The 30-year scans were obtained in 2015–

2017, using 1.5 T Optima MR450w (General Electric, Milwaukee, Wisconsin, USA). At each stage, a routine 

lumbar spine imaging protocol was used, with T2-weighted fast-recovery fast spin-echo images in sagittal 

and transverse planes. The specific imaging parameters are presented in earlier publications [26, 28]. MRI 

scanners were subject to quality assurance, including checks for geometric accuracy, on a weekly basis. 

Before measuring vertebral dimensions, we excluded scans with vertebral pathologies (segmentation error, 

endplate erosion, severe disc degeneration, spondylodesis, Schmorl’s nodes). 

One blinded researcher (P.O.) took the measurements using NeaView Radiology software version 2.31 

(Neagen Oy, Oulu, Finland). The maximum and minimum widths, depths, and heights of the L4 body were  

measured from each applicable scan (Figure 1). We measured the widths, depths and heights of L4 because 

they were easily obtained and thus potentially applicable in a forensic context. Previous research has also 

suggested that they yield the highest estimation accuracies [17]. Each dimension was documented to the 

accuracy of 0.1 mm with high intra-rater reliability (intraclass correlation coefficient = 0.963) [28]. We 

measured L4 as it was located in the centre of the MRI scans and was therefore most often accessible with 

appropriate axial and sagittal slices. L4 is known to represent the other lumbar vertebrae well [28, 29] and 

has been used in a number of previous studies [28, 30-33]. We have previously used cadaveric vertebrae to 

compare MRI-based vertebral measurements to direct measurements taken with standard osteometric 

calipers and concluded that they are highly equivalent (correlation coefficient = 0.985) [15]. 

We based our sex estimations on the following L4 parameters: 1) maximum width, depth and height; 2) 

minimum width, depth and height; 3) mean width, depth and height (i.e., the averages of maximum and 

minimum values). Mean values were investigated in order to control for the natural variety in vertebral 

shape [34, 35]. As additional variables, we assessed the usability of vertebral cross-sectional area (CSA) and 

volume in sex estimation. CSA and volume were calculated using the acknowledged [36] ellipsoid formulae 

CSA = 𝜋 ×
𝑎

2
×
𝑏

2
 

Volume = 𝜋 ×
𝑎

2
×
𝑏

2
× 𝑐 
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where a = mean width, b = mean depth, and c = mean height of the L4 body. The results of these additional 

variables are given as supplementary data. 

 

 

 

 

Fig. 1 Measured dimensions of the L4 body: Maximum width (#1) and minimum width (#2); maximum 

depth (#3) and minimum depth (#4); maximum height (#5) and minimum height (#6). 

 

 

 

Statistical analysis 

We used SPSS software version 24 (IBM, Armonk, NY, USA) to analyse our data. We calculated frequencies 

and percentages for the categorical variables, and means and standard deviations (SD) for the continuous 

variables. The sex differences in vertebral dimensions were assessed using independent-samples t test. We 

also illustrated our data by showing the distributions of vertebral CSA across the age groups as box plots 

and whiskers which were drawn as follows: minimum, quartile 1, median, quartile 3, maximum. 
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We used SPSS’s Binary Logistic Regression tool to conduct the sex estimations and analyse their accuracy. 

We chose logistic regression over discriminant function analysis as it allows more variation in the structure 

of the data without compromising the accuracy of the models [37]. Our binary outcome variable (i.e., sex) 

was coded so that 0 = female and 1 = male, and the predictor variables (i.e., vertebral dimensions) were 

continuous. We performed both univariate and multivariate analyses which are specified in the results 

section. In each analysis, the regression model was first fitted on the basis of the sex and vertebral 

dimension data, and the numerical regression parameters were documented (α is the constant term of the 

model and β is the coefficient of the predictor variable). A predicted sex was then assigned to each 

individual according to the highest posterior group membership probability (male/female), and prediction 

accuracy was assessed by calculating the percentage of correct predictions.  

 

Ethical approval 

Approval was obtained from the Ethical Committee of Northern Ostrobothnia Hospital District. All 

procedures were in accordance with the ethical standards of the institutional and/or national research 

committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical 

standards. Informed consent was obtained from all individual participants included in the study. The article 

does not contain any studies with animals performed by any of the authors.  

The datasets generated and analysed during the study are not made publicly available. The dataset is 

administered by the NFBC Project Center but restrictions apply to the availability of these data due to local 

privacy regulations. 
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RESULTS 

The 20- and 30-year-old samples consisted of 375 individuals (60.8% women), and the 46-year-old sample 

of 1363 individuals (54.7% women). Their general characteristics are shown in Table 1. The sex-specific 

reference values for each L4 parameter are presented in Table 2 (width, depth, height) and Supplementary 

Table 1 (CSA, volume). The sex estimation accuracies and the corresponding regression parameters for 

potential future applications are presented in Table 3 (width, depth, height) and Supplementary Table 2 

(CSA, volume). Generally, all the measured dimensions of L4 were larger among men than women at all 

time points (p < 0.001). As an example, Figure 2 presents the box plots of vertebral CSA across the age 

groups of 20, 30, and 46 years. The multivariate regression analyses which included the mean width, depth 

and height of L4 yielded the highest sex estimation accuracies in all age groups (86.4%, 87.7%, and 82.8% at 

the ages of 20, 30, and 46, respectively). CSA and volume provided slightly less accurate estimations, and 

the univariate analyses of width, depth, and height yielded markedly lower accuracies. In general, the sex 

estimation accuracies were consistently higher for females than males, and the models which were based 

on the 46-year-old sample showed lower sex estimation accuracies than the corresponding 20- and 30-

year-old sample models. 

 

Table 1. General characteristics of the samples. 

 20-year-old sample 30-year-old 
sample 

46-year-old sample 

Mean age at imaging (years ± SD) 21.3 ± 0.6 30.7 ± 0.6 46.8 ± 0.4 
Men (n, %) 147 (39.2%) 147 (39.2%) 618 (45.3%) 
Women (n, %) 228 (60.8%) 228 (60.8%) 745 (54.7%) 
Representativeness of Northern 
Finnish population (reference) 

High [26] High [26] High [27] 

SD = Standard deviation 
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Table 2. Dimensions of L4 among the 20-, 30-, and 46-year-old samples. 

L4 parameter  Reference value (mean ± standard deviation)   

 Male Female P for sex 
difference 

Age 20    
Width (mm)    

Maximum 49.4 ± 4.0 44.2 ± 2.9 < 0.001 
Minimum 42.9 ± 3.2 37.8 ± 2.6 < 0.001 
Mean 46.2 ± 3.5 41.0 ± 2.6 < 0.001 

Depth (mm)    
Maximum 34.5 ± 2.5 30.9 ± 2.2 < 0.001 
Minimum 32.3 ± 2.2 28.8 ± 1.9 < 0.001 
Mean 33.4 ± 2.3 29.8 ± 2.0 < 0.001 

Height (mm)    
Maximum 29.8 ± 1.9 27.7 ± 1.7 < 0.001 
Minimum 25.4 ± 2.1 23.8 ± 1.7 < 0.001 
Mean 27.6 ± 1.7 25.8 ± 1.5 < 0.001 

Age 30    
Width (mm)    

Maximum 51.2 ± 3.9 45.9 ± 2.9 < 0.001 
Minimum 43.9 ± 3.3 38.6 ± 2.7 < 0.001 
Mean 47.6 ± 3.4 42.3 ± 2.7 < 0.001 

Depth (mm)    
Maximum 36.1 ± 2.5 32.1 ± 2.1 < 0.001 
Minimum 33.9 ± 2.3 30.0 ± 2.0 < 0.001 
Mean 35.0 ± 2.3 31.0 ± 2.0 < 0.001 

Height (mm)    
Maximum 30.5 ± 2.0 28.4 ± 1.8 < 0.001 
Minimum 25.6 ± 2.1 24.2 ± 1.7 < 0.001 
Mean 28.1 ± 1.8 26.3 ± 1.5 < 0.001 

Age 46    
Width (mm)    

Maximum 51.3 ± 4.1 46.1 ± 3.4 < 0.001 
Minimum 41.8 ± 3.2 37.0 ± 2.9 < 0.001 
Mean 46.5 ± 3.3 41.5 ± 2.9 < 0.001 

Depth (mm)    
Maximum 37.7 ± 2.8 33.6 ± 2.4 < 0.001 
Minimum 34.6 ± 2.5 31.0 ± 2.3 < 0.001 
Mean 36.1 ± 2.5 32.3 ± 2.3 < 0.001 

Height (mm)    
Maximum 30.3 ± 1.7 29.0 ± 1.7 < 0.001 
Minimum 25.5 ± 1.8 24.3 ± 1.7 < 0.001 
Mean 27.9 ± 1.5 26.7 ± 1.5 < 0.001 

‘Mean’ = mean of maximum and minimum values 
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Table 3. Sex estimation accuracy of the dimensions of L4 among the 20-, 30-, and 46-year-old samples. 

L4 parameter  Sex estimation accuracy (%)  Regression parameters 

  Male Female All  α β 

Age 20        
Width        

Maximum  68.7 86.0 79.2  -21.57 0.45 
Minimum  70.7 87.3 80.8  -25.17 0.62 
Mean  72.1 86.4 80.8  -25.49 0.58 

Depth        
Maximum  71.4 89.0 82.1  -22.74 0.68 
Minimum  72.8 87.7 81.9  -24.56 0.79 
Mean  73.5 89.0 82.9  -24.73 0.77 

Height        
Maximum  52.4 83.8 71.5  -18.82 0.64 
Minimum  50.3 85.1 71.5  -11.88 0.47 
Mean  56.5 85.5 74.1  -19.24 0.71 

Multivariate model with 
all meansa 

 78.2 91.7 86.4  -43.26 0.35; 0.49; 0.45 

Age 30        
Width        

Maximum  68.0 85.1 78.4  -23.82 0.48 
Minimum  74.8 88.2 82.9  -25.77 0.62 
Mean  72.1 87.3 81.3  -27.36 0.60 

Depth        
Maximum  74.1 88.2 82.7  -26.96 0.78 
Minimum  76.9 89.0 84.3  -27.43 0.85 
Mean  75.5 89.0 83.7  -28.77 0.86 

Height        
Maximum  54.4 84.6 72.8  -18.45 0.61 
Minimum  42.2 84.2 67.7  -10.97 0.42 
Mean  53.7 83.8 72.0  -18.44 0.66 

Multivariate model with 
all meansa 

 81.6 91.7 87.7  -45.93 0.34; 0.59; 0.40 

Age 46        
Width        

Maximum  71.4 80.4 76.3  -18.54 0.38 
Minimum  76.9 83.2 80.3  -21.03 0.53 
Mean  77.5 83.4 80.7  -23.39 0.53 

Depth        
Maximum  74.4 83.8 79.5  -22.42 0.63 
Minimum  72.7 83.6 78.7  -20.50 0.62 
Mean  76.2 83.5 80.2  -23.17 0.67 

Height        
Maximum  56.0 74.0 65.8  -13.35 0.44 
Minimum  52.6 73.3 63.9  -10.47 0.41 
Mean  56.3 74.4 66.2  -15.69 0.57 

Multivariate model with 
all meansa 

 79.6 85.5 82.8  -35.12 0.30; 0.39; 0.31 

‘Mean’ = mean of maximum and minimum values 
aRegression coefficients are given in the following order: mean width, mean depth, mean height. 
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Fig. 2 Box plots illustrating the cross-sectional area (CSA) of L4 in men and women among the 20-, 30-, and 

46-year-old samples. M = Male, F = Female 
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DISCUSSION 

This study assessed the sex estimation potential of vertebral width, depth, and height, measured from the 

L4 body using recent MRI scans, in three specific age groups of representative Northern Finns. In the groups 

aged 20, 30, and 46 years, all these dimensions showed marked sex discrepancy and their most accurate 

combinations reached correct estimation rates of 86.4%, 87.7%, and 82.8%, respectively (male and female 

accuracies pooled). 

Whereas dimensions of the pelvis and cranium have proven most accurate in sexing, with reported 

multivariate accuracies of virtually up to 100%, the dimensions of the bones of the extremities and 

vertebrae have mostly yielded accuracies of 75% to 95% [2, 17]. In particular, analyses of the lumbar 

vertebrae have produced accuracies of 79% to 92% [17, 19, 22]. Thus, our results concerning L4 were of a 

similar magnitude to previous reports. Importantly, our sex estimation rates in all age groups clearly 

exceeded 80%, which is considered an acceptable threshold for accurate sexing tools [10]. 

In their comprehensive analysis of all five lumbar vertebrae, Ostrofsky et al. [17] previously detected a 

decreasing trend in estimation accuracy with increasing vertebral segment (L1 -> L5). L4- and L5-based sex 

estimations were correct in 80.2% and 81.3% of cases, respectively, when all the eleven studied parameters 

or their most optimal combination were analysed (cranial width and depth of body, anterior and posterior 

height of body, width and height of pedicle, thickness of spinous process, two diameters of zygapophysis, 

interfacet width, wedging angle). This finding was potentially due to the more prominent physiological 

variation in the morphology of L4-L5 than that of L1-L3. Surprisingly, our approach, which utilized only the 

rather easily measurable maximum and minimum widths, depths, and heights of L4 showed higher 

estimation accuracies in all age groups, i.e., 20, 30, and 46 years, than the analysis by Ostrofsky et al. 

Furthermore, our results concerning L4 nearly matched the previously reported higher correct estimation 

rates of the upper lumbar vertebrae [2, 19, 22]. It thus seems that L4 can also be equally accurately used 

for sexing. However, we acknowledge the methodological differences between the studies (e.g., 

assessment of skeletal collections vs. living individuals, ancestry, sample size, direct vs. imaging-based 

measurements, no age stratification vs. specific age strata, data analysis method), and their effect on the 

comparability of results. 

We compiled our data using three distinct age groups, i.e., 20, 30, and 46-year-olds, due to the age-related 

increase in vertebral size [11]. These distinct samples enabled us to assess the sex and age interplay in L4-

based sex estimation. Interestingly, men showed consistently lower correct sex estimation rates than 

women, and the sex estimation accuracy was generally lower among 46-year-olds than 20- or 30-year-olds. 

The male/female discrepancy in sex estimation accuracy has been previously described by Ostrofsky et al. 

[17]. Potential explanations for this may be, firstly, the fact that males express greater variation in vertebral 

morphology overall, or secondly, the statistical properties of the models that were constructed for making 

the sex estimations. Notably, in our data the male and female dimensions of L4 were considerably 

overlapping, as illustrated by CSA in Figure 2. Men also showed a higher level of dispersion in vertebral 

dimensions which is likely to explain the lower accuracies among men. Curiously, however, the sex 

discrepancy in sex estimation accuracy has been described as concerning mostly L4 and L5, whereas the 

variation in vertebral morphology seems to be of similar magnitude regardless of lumbar segment [17]. 

Moreover, we analysed our data using logistic regression, not discriminant factor analysis, and still detected 

this clear trend. As our data is not able to address other vertebral segments than L4, the basis of this finding 

remains obscure and requires further study.  

The lower sex estimation accuracy among 46-year-olds may result from several potential underlying 

factors. Firstly, vertebral size is influenced by lifestyle-related factors, and the effects seem to be more 

prominent among women than men (e.g., body mass index [32], physical activity [28, 31]). The lifestyle-
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related modifications in vertebral dimensions are likely to accumulate with age, thus reducing the sex-

related discrepancy in vertebral size. In contrast, the vertebral size of 20- and 30-year-olds is largely the 

result of skeletal growth which continues beyond peak bone mass until the third to fourth decade of life 

[38]; lifestyle-related factors are likely to have a more prominent (and less sex-dependent) effect on 

vertebral dimensions thereafter. Secondly, our analyses were not adjusted for body size or skeletal size 

which have been associated with vertebral dimensions; however, these data are not always available in 

forensics. Thirdly, although we excluded individuals with pathological findings in their MRI, it is possible 

that mild degenerative changes in the spine may affect the vertebrae either directly or via altered 

biomechanics. All these factors lead to a higher level of variation in vertebral size (which can be clearly seen 

in our data; Figure 2) and thus lower sex estimation accuracy towards the age of 46 years. However, we 

emphasize that even among 46-year-olds, the sex estimation accuracy of L4 was high (up to 82.8%). 

Another curious finding of our study was that vertebral height yielded rather low correct estimation rates 

(e.g., 66.2% in 46-year-olds). This phenomenon was displayed from another angle by vertebral CSA, 

calculated as the mathematical combination of vertebral width and depth, which yielded estimation 

accuracies almost as high as vertebral volume. Vertebral height strongly correlates with stature [15], which 

is markedly variable across individuals; this physiological variety may reduce its potential in the sex 

estimation process. It was also the smallest dimension that we measured, indicating that measurement 

accuracy may play a part in this finding. 

Our study has several strengths. First, we were able to investigate living individuals. This is important, 

because conclusions drawn from past populations may be inaccurate due to marked secular changes in 

environmental, societal and lifestyle factors over the past century [23]. Second, our sample size was large 

compared to those of previous studies and, importantly, our sample was representative of the general 

Northern Finnish population. Studies of Finnish individuals have been lacking in this regard. Third, we were 

able to assess vertebral dimensions in several coeval age groups, which increased the accuracy of our 

investigation. We provided reference values and regression coefficients for each age group separately to 

increase the applicability of our data in both future studies and biological profiling. The samples consisted 

of adults with healthy vertebrae, which increased the accuracy of our results. Utilizing ≤ 46-year-old 

individuals minimized the effect of vertebral osteoporosis or degeneration on the sex estimation process. 

Fourth, we used easily obtainable vertebral measurements (i.e., width, depth, and height) and showed their 

high potential to provide accurate sex estimations. We also chose an alternative statistical method to 

analyse our data (i.e., logistic regression instead of discriminant function analysis), in order to approach the 

study question from a different statistical perspective and confirm the previous findings in this regard. 

Our study also had limitations. First, as the study focused on living individuals, direct measurement of L4 

was beyond our reach and we consequently obtained the dimensions from MRI scans. We validated this 

method against standard osteometric calipers as part of an earlier study [15]. We also obtained results that 

were very similar to previous studies, which supports the validity of our approach. Second, we could only 

measure L4, as it was most often accessible in the MRI scans with appropriate axial and sagittal slices. 

However, the dimensions of L4 can be extrapolated over the other lumbar vertebrae rather well [29]. 

In this paper, we have reported the high sex estimation potential of three easily obtainable dimensions of 

the L4 body (width, depth, and height) in 20-, 30-, and 46-year-old Northern Finns. In comparison to 1) 

other lumbar vertebrae and 2) more complicated measurement parameters, the use of the L4 body and its 

width, depth, and height seems justified in terms of sex estimation accuracy. This may especially be the 

case when other skeletal material is poorly preserved or otherwise not available. Nevertheless, our findings 

add to the growing evidence that vertebrae can be utilized as part of the sexing process in an accurate 

manner. Further studies are needed to investigate whether applying only these simple parameters to other 

lumbar and spinal segments may yield equally high results; whether combining vertebral dimensions from 
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several spinal segments may add to sex estimation accuracy; and what the underlying factors of the poorer 

sex estimation accuracy among men are. 
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Supplementary Table 1. Additional L4 parameters among the 20-, 30-, and 46-year-old samples. 

L4 parameter Reference value (mean ± standard deviation)  

 Male Female P for sex 
difference 

Age 20    
Cross-sectional area (cm2) 12.17 ± 1.57 9.63 ± 1.09 < 0.001 
Volume (cm3) 33.61 ± 5.20 24.98 ± 3.52 < 0.001 

Age 30    
Cross-sectional area (cm2) 13.10 ± 1.66 10.33 ± 1.15 < 0.001 
Volume (cm3) 36.84 ± 5.60 27.22 ± 3.77 < 0.001 

Age 46    
Cross-sectional area (cm2) 13.26 ± 1.72 10.56 ± 1.32 < 0.001 
Volume (cm3) 37.08 ± 5.68 28.19 ± 4.13 < 0.001 

 

 

 

Supplementary Table 2. Sex estimation accuracy of the additional L4 parameters among the 20-, 30-, and 

46-year-old samples. 

L4 parameter  Sex estimation accuracy (%)  Regression parameters 

  Male Female All  α β 

Age 20        
Cross-sectional area  76.2 90.8 85.1  -16.83 1.53 
Volume  77.6 92.1 86.4  -14.84 0.50 

Age 30        
Cross-sectional area  77.6 88.2 84.0  -18.54 1.57 
Volume  80.3 91.2 86.9  -15.76 0.49 

Age 46        
Cross-sectional area  77.3 85.5 81.8  -14.34 1.20 
Volume  77.7 85.6 82.0  -12.49 0.38 
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