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Background: The cervical vertebrae are more durable than other skeletal components, 
and maybe the only remains of a deceased, and their role in determining the height of the 
deceased has been underestimated. The present study investigated the role of linear differential 
dimensions of the seventh cervical vertebrae in determining the height of the Iranian adult 
population using CT scans.

Methods: In this cross-sectional study, height were evaluated by 10 indices of the seventh 
cervical vertebra. The indices were obtained through a CT scan of 66 adult patients, ≥18 years 
of age, who referred to Rasoul Akram and Firoozgar hospitals for spine CT scan. The sampling 
method was random, and the study was performed during the first six months of 2018. 

Results: Four indices of the Length of the Inferior Facets) LIF, (Length of the Inferior Surface 
of the Vertebral Body) LIVB, (Width of the Inf surface of the Vertebral Body) WIVB, (Length 
of Spinous Process ) LSP. were statistically significant differences.

Conclusion: The results of this study show the accuracy of linear dimensions of the seventh 
cervical vertebrae for determining height from skeletal remains in the Iranian adult population.
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1. Introduction

orensic physicians should examine many 
decayed corpses that their identification 
is sometimes difficult. Such cases require 
a specific approach, as the remains of the 
skeleton are the only clue for their identi-

fication [1]. The estimation of age and determination of 
gender, height, and race are the first parameters of identifi-
cation [2]. In this regard, skeletons and teeth are more resis-

tant to decay and play a significant role in identifying the 
corpses. Considering the relationship between the height 
and morphology of spine vertebrae and in cases in which 
just a segment of the spine is available, the morphology 
of spine vertebrae can help us discover different skeletal 
features, including stature [3].

The skeletal features of individuals are characterized by 
different cervical, thoracic, and lumbar spines dimensions. 
To measure the durability of the cervical spine, all the de-
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tails of soft and hard tissues and the brittle elements of the 
vertebra, as well as metric indices of spine bones, must be 
investigated. Also, the evaluation of the cross-sectional sur-
face of the vertebral body and its middle cavity is essential 
for the comprehensive investigation of the vertebra. Thus, 
each part of the spine, including the cervical area, can help 
us to find the height in cases with severe trauma [4].

Different studies have tried to set up standards for the 
identification of corpses from the remains. Their modeling 
was based on the dimensions and morphology of skeletons 
in this regard. However, there are still limitations to the 
identification based on the skeletal remains. In the majority 
of cases, the skeletal remains are not unified and have segre-
gated or deformed during the process of decay [5]. Further-
more, most of the studies on modeling and presenting facts 
and figures for the identification of skeletons have focused 
on specific populations that cannot be used in other tribal, 
racial, or regional groups. As the differences in the height of 
skeletons are affected by the genetic and environmental fac-
tors, reviewing the anthropological features and using it in 
the identification of corpses are applied regionally. Thus, it 
is not possible to generalize the studies on a specific sample 
to other peoples due to the biological features of individu-
als [2, 6]. 

The present study aimed to enhance the accuracy of iden-
tification by evaluating the height based on the three-di-
mensional CT scans of the seventh cervical spine in Iranian 
adults.

2. Materials and Methods

This research is a cross-sectional study. In this study, 66 
individuals (33 males and 33 females) aged ≥18 years who 
underwent Cervical Vertebrae CT scan in Rasoul Akram 
and Firoozgar hospitals were selected randomly. A random-
ized sampling method was used, and all participants signed 
informed consent.

The sample size was determined according to Vasavada 
study in 2008. By considering a confidence interval of 0.05 
and the study power of 90%, the required sample size for 
this study was 33 for male and 33 for female:

n1=n2=
(S1

2± S2
2)(Z1−α/2±Z1−β)

2

(X1±X2)
2

X1 (The mean height of the seventh cervical vertebra in 
Men)=24.6

 X2 (The mean height of the seventh cervical vertebra in 
Women)=22.6

S1 (SD in Men)=2.7

S2 (SD in Women)=2.4

Z1−α/2=1.96; Z1−β=1.29; 

n1=n2=33n1=n2=33

S: alpha and beta are reffered to standard deviation of  type 
I and II of error. 

Z: is an standardized value of type one error. For calcu-
lating sample size we consider these indexes when we use 
comparing two mean formula.

N1=N2=33: The sample size required is 33 for men and 
33 for women

Sup:Superior

Inf: Inferior

The exclusion criteria were as follows: age under 18 years 
and history of congenital anomalies in the cervical spine, 
trauma to the neck with any severity, or any structural, 
metabolic, or rheumatologic disorders in the cervical spine, 
or any surgical or therapeutic intervention in the neck area.

The linear dimensions of the seventh cervical vertebrae 
were measured using three dimensional CT scan (Slice, 
Toshiba, Japan) with Multiplanar Reconstruction (MPR) 
and volume rendering at sagittal and horizontal sections. 
The thickness of the slices was 1 mm. Ten indices of the 
seventh cervical vertebrae were measured: length of the 
Superior Facets (LSF), the Width of the Superior Facets, 
(WSF), Length of the Inferior Facets, (LIF) (Figure 1), the 
Width of the Inferior Facets (WIF), Length of the Verte-
bral Foramen (LVF), the Wdth of the Vertebral Foramen 
(WVF), Length of the Inferior Surface of the Vertebral 
Body, (LIVB) (Figure 2), the Width of the Inferior Surface 
of the Vertebral Body (WIVB) (Figure 3), Length of the 
Spinous Process (LSP) (Figure 4), and Height of the Spi-
nous Process (HSP).

Statistical analysis

The obtained data were analyzed in SPSS v. 23. For quan-
titative variables, t-test was used to compare the data, and 
the Pearson correlation test was used to investigate the re-
lationship between height and second cervical vertebrae 
indexes. The results were significant at P<0.05. The Kol-
mogorov-Smirnov test (K-S) test was used to determine the 
normal distribution of data.
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3. Results

The present study was done on 66 adults volunteering for 
a cervical CT scan, of which 33 females and 33 males in 
the 18-83 age range participated. The results from the age 
distribution in genders suggest no statistically significant 
difference between females and males (P=0.938), and the 
age of both sexes was the same. Besides, in the present 
study, ten indices from the seventh cervical vertebra were 
investigated. Table 1 presents the indices of each vertebra 
in the whole population. 

To investigate the relationship between the age and the 
indices of the seventh vertebra, we used the Pearson cor-
relation test for both genders (depending on the normality 
of distribution). Based on the results, WIF and HSP indices 
had a weak and positive relationship with age. Also, LSF 
had a weak and positive relationship with age, and LIVB 
and WIVB indices had a potential and positive correlation 
with age. To investigate the relationship between the height 
and the indices of the seventh vertebra, we used the Pearson 
correlation test for both genders (depending on the normal-
ity of distribution) (Table 2).

According to Table 2, the LIF index had a weak and sig-
nificant positive correlation with height and LIVB, WIVB 
and LSP indices had a potential and significant positive re-
lationship with height.

Figure 1 shows the significant correlation of the height 
with LIF (P<0.012). Figure 2 displays the significant re-
lationship of the height with LIVB (P<0.010). Figure 3 

shows the significant correlation of the height with WIVB 
(P˂0.0001). Figure 4 shows the significant correlation of 
the height with Lsp (P˂0.002). Based on the results, there 
is a significant relationship between height and variables of 
LSP, WIVB, LIVB, LIF.

4. Discussion

The present study assessed the relationships of the seventh 
cervical vertebra indices with the height of Iranian adults, 
considering the cervical ST scan indices. The results from 
this study suggested a significant relationship between four 
(LIF, LIVB, WIVB, LSP) (of ten) indices of the seventh 
cervical vertebra and height. According to the study of Su-
guru Torimitsu et al. on the Japanese population, there is 
an important and significant relationship between the DA, 
AS, DS vertebrae, and height, which is consistent with the 
results of the present study [7]. Moreover, K.R. Nagesh 
study on the Indian population confirmed this relationship 
[1]. In the present study, despite the relationship between 
four indices of LIF, LIVB, WIVB, and LSP with height, the 
standard error was high.

Although these indices can be a powerful tool for es-
timating the height, this calculation is reliable when 
the relationship between other cervical vertebrae, even 
other spines, and tall bones are investigated and used 
for the estimation of height. As it was observed in the 
age range of the 69 years, the possibility of degenerative 
changes affecting the vertebrae must be considered, too. 
Other studies showed the relationship between height 
and cervical vertebrae dimensions [1, 8].

Table 1. Description of indices of the seventh cervical vertebra in the whole population

Indices Mean±SD Min Max

LSF 9.09±1.189 7 12

WSF 12.13±1.215 9 15

LIF 9.57±1.199 7 13

WIF 12.17±1.503 8 15

LVF 15.27±1.963 13 24

WVF 24.79±1.849 22 30

LIVB 16.33±1.878 12 21

WIVB 25.81±2.555 21 33

LSP 24±3.985 14 33

HSP 7.76±1.419 5 11
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The cervical vertebrae parameters were identified as an 
accurate criterion for estimating the age of bone [9]. An-
other study of K.R. Nagesh et al. introduced height as a 
reliable parameter for the identification of an individual’s 
identity. The lengths of different segments of the vertebral 
column were measured along with the anterior surface in 
72 males and 45 females. The present study suggested that 
the estimation of height from various segments of the spine, 
especially cervical vertebrae, is possible and can be helpful 
when the corpses are segregated, burnt, or injured severely, 
or the tall bones are not available [1].

Mildred Trotter et al. confirmed the above study results 
[10]. Also, another study of Mildred Trotter et al. on tall 
bones and cervical vertebrae of corpses remained from the 
second world war suggested that dimensions and sizes of 
bones can be used for estimation of the height and pheno-

type features [8, 11]. CP Campobasso et al. suggested a 
direct relationship between scapular bone dimensions and 
height [12]. Mubarak Ariyo Bidmos et al. conducted a study 
on indigenous South Africans and collected a total of 100 
full skeletons from Raymond A. collection with the same 
gender distribution. The height of each skeleton was esti-
mated using Fully’s method [13]. The present study con-
firmed the helpfulness of skeletal segments of indigenous 
South Africans for the estimation of height [14]. 

Wu RQ et al. conducted a study on Yangtze Delta and 
analyzed 993 remains [15]. They compared the dimen-
sions and indices of the cervical vertebrae to discover 
its relationship with height. The results showed that the 
forensic physicians could use the dimensions and size of 
cervical bones as a useful, easy, and fast method for ac-
curate estimation of height.

Table 2. The correlation between the height and indices of the seventh vertebra in the whole population

Indices Correlation Coefficient P 

LSF 0.221 0.065

WSF 0.162 0.180

LIF 0.299 0.012

WIF 0.169 0.162

LVF 0.105 0.388

WVF 0.109 0.368

LIVB 0.306 0.010

WIVB 0.449 0.0001

LSP 0.371 0.002

HSP 0.066 0.585

Figure 1. Correlation of height with LIF Figure 2. Correlation of height with LIVB
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According to Rodríguez S et al., although femur and 
tibia are ideal for estimating the height and other anthro-
pometric indices, smaller bones such as cervical verte-
brae (the first and second ones) could be helpful, too [6]. 
The results of their study on 203 Spanish people showed 
a significant relationship between the size of the second 
cervical vertebra and height.

Considering different dimensions in the mentioned cases, 
the estimation of height was considerably accurate based on 
the comparison of the present study with studies on indices 
of the seventh cervical vertebra. As the present study used 
the Pearson correlation tests due to the normality of data 
distribution, it confirmed the results of the previous stud-
ies. Although the dispersion of studies on the estimation of 
height in determining the dimensions of the seventh cervi-
cal vertebra made the comparison of the results impossible, 
generally, the results suggested the relative accuracy of the 
dimensions of this vertebra.

The identification of corpses by different segments of the 
skeleton has already been investigated in many studies. For 
instance, the skeletal features are detected by the variety of 
proximal ulna morphology [16, 17]. Furthermore, it is pos-
sible to determine nutritional status from the skeleton, and 
the length of limbs can indicate the height [18, 19]. 

The difference in body sizes can be defined as a con-
founder for the relationship between the vertebra size and 
height. Because of the limitations in the present study, it 
was not possible to measure the dimensions of the body. 
Thus, matching the dimensions for the removal of con-
founder and finding independent variables for determining 
the height from the vertebrae dimensions are suggested for 
future studies. Moreover, committing errors is probable in 
the measurement of dimensions. Still, as it was done by 
software, its probability of bias or measurement error is less 
than that of manual measurements. Because a CT scan is an 

illustration regenerator, it differs from the real dimensions 
though these differences are subtle and must be considered 
for the interpretation. 

5. Conclusion

In this study four indices of the (length of the Inferior 
Facets) LIF, (length of the Inferior Surface of the vertebral 
body) LIVB, (width of the inf surface of the vertebral body) 
WIVB, (length of spinous process) LSP via 3D scan  were 
statistically significant differences. The results of this study 
suggested the accuracy of  some 7th cervical vertebrae di-
mensions to estimate the height, Therefore,  3D scanning 
can be a good alternative to autopsy in evaluating verte-
bral parameters. Thus, it is recommended to use it for the 
identification in Iranian forensic medicine. To determine the 
standards, we need to conduct studies with a large sample 
size and controlling confounders.
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