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Abstract: Introduction and purpose: The sacrum is an important bone structure involved in the field of fusion and stabilization in the 

treatment of sacral bone, lumbosacral and sacroiliac deformities or injuries. The aim of this study is to determine the mean index values 

of some parameters in the sacrum according to age and gender in certain age groups and to contribute to the literature. Materials and 

Methods: In this study, measurements were made using 3D CT images of the sacrum in patients who were admitted to Erciyes 

University Gevher Nesibe Hospital for various complaints and underwent lumbar CT. Totally, 166 men and 144 women aged 10-50 

years were included in the study. The mean index values of the sacral length, sacral width, sacral angle, hiatal length, hiatal width and 

hiatal angle were determined. Angle measurements were performed using the ImageJ, a Java-based image processing program. 

Findings: When we compare the data in our study, we found a significant difference in the mean hiatal length between men and women 

(p < 0.05). The mean sacral length was 112.69 ± 16.61 mm in men and 105.58 ± 15.18 mm in women, respectively. Sacral width was 

found to be 109.93 ± 10.51 mm in men and 110.63 ± 10.48 mm in women. Conclusion: There was no significant difference in sacral 

length, sacral width, sacral angle, hiatal width, hiatal angle measurements in male and female and there was no significant difference 

between hiatal length.  
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1. Introduction

 

The pelvis is made up of four bones connected 

together by means of slightly movable joints: two hip 

bones, plus the sacrum and the coccyx. Each hip bone 

contains three fused bones: the ilium, the ischium and 

the pubis. The pelvis is responsible for the transfer of 

load between the spine and lower limbs. The sacrum is 

a large, triangular bone formed by the fusion of five 

sacral vertebrae. It is situated in the lower part of the 

vertebral column and at the upper and back part of the 

pelvic cavity. Its apex articulates with the coccyx and 

its base articulates with the fifth lumbar vertebra at the 

lumbosacral angle [1, 2]. 

Sacral hiatus is the opening present at the caudal end 

of sacral canal formed by the nonfusion of the lamina 
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of the fifth (occasionally fourth) sacral vertebra. 

Injections and catheterizations performed on this 

region are used for regional anesthesia and analgesia 

especially in children, adults and pregnant women. The 

sacral hiatus is absent in 7.7% of population. However, 

the success rate of CEB (caudal epidural block) is 94%. 

It is important to know the topographical structure of 

this region during this process [3]. 

As reported by various authors, the reliability and 

success of caudal epidural anesthesia depend on the 

anatomical variations of the sacral hiatus [4-6]. Also 

the importance of the spine is great in analyzing 

posture [7]. This abnormality is clinically important for 

the CEB, which is usually performed in the diagnosis 

and treatment of lumbar spine disorders. Sacral 

intervertebral approach to the epidural space is 

preferred to provide analgesia and anesthesia in many 

operations such as the prevention of chronic back pain 
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and the treatment of lumbar spinal disorders [8, 9]. In 

addition, the preservation of neural structures in 

surgical interventions performed in this region is 

clinically important. Therefore, having a good 

knowledge of the normal anatomic structure and 

morphometric values of the sacrum helps physicians in 

preventing possible complications during operations 

performed in this area. Care must be taken in entering 

the canalis sacralis in order to prevent puncture of the 

dural sac and to protect surrounding structures [10].  

Spina bifida has been present as long as man has 

walked the planet. A number of anthropological 

excavations have uncovered spines with stigmata 

typically seen in infants born with myelomeningoceles 

[11]. In fact, psina bifida is a central nervous system 

disease resulting from inadequate closure of the neural 

tube between 22 and 28 weeks of gestation. It is in 

second place after cerebral palsy among 

neurodevelopmental disorders that may be seen in 

childhood [12]. Pediatric spinal cord injury does not 

deteriorate over time, but continues throughout life 

[13]. 

2. Materials and Methods  

In our study, measurements were made using 3D CT 

images of the sacrum in 144 women and 166 men aged 

10-50 years. CT images were examined by a specialist 

from the Department of Radiology at Erciyes University 

Medical Faculty (Figure 1). Patients without any sacral 

pathology on images according to this radiological 

examination were included in the study. Angle 

measurements were performed using  the ImageJ that is 

a Java-based image processing program developed by 

the National Institutes of Health (Figure 2).  

The hiatal angle was measured by calculating the 

angle between the lines drawn from the sacral cornua to 

the apex of the sacral hiatus (Figure 3). The sacral 

angle was measured by calculating the angle between 

the lines descended from the most prominent region of 

crista iliaca to the apex ossis sacri. 

The hiatal length was measured between the apex of 

the sacral hiatus and the sacral cornua. The hiatal width 

was measured as the widest distance of the two sacral 

cornua (Figure 4).   

2.1 Statistical Analysis 

The fit of data to the normal distribution was 

assessed by histograms, q-q plots and Shapiro-Wilk 

test. The homogeneity of variance was examined by the 

Levene’s test. In binary comparisons, the independent 

two-sample t-test and Mann-Whitney U test were used 

for quantitative variables. The data were analyzed with 

the R 3.2.2 software (www.r-project.org). A p-value of 

< 0.05 was considered statistically significant. 

3. Findings  

The mean sacral length was 112.69 mm in men and 

105.58 mm in women, respectively. The mean sacral 

angle was 65.59° in men and 64.21° in women, 

respectively. The mean hiatal angle was 35.80° in men 

and 35.48° in women, respectively. The mean sacral 

width was 109.93 mm in men and 110.63 mm in 

women, respectively. The mean hiatal width was 14.92 

mm in men and 12.90 mm in women, respectively. The 

mean hiatal length was 32.00 mm in men and 25.32 

mm in women, respectively (Table I-IV).  

While there was no significant difference between 

the hiatal angle, hiatal length, sacral length, sacral 

width and sacral angle in the 20-29 age group, there 

was a significant difference between them in the hiatal 

width (Table II). 

4. Discussion  

Studies on the sacrum in the literature are usually 

performed on dry bone and direct radiographs. In our 

study, measurements were made by computerized 

tomography according to age groups and genders.  

Başaloğlu et al. [10] examined 60 dry adult bones. 

They found that the mean sacral height was 

respectively 10.20 ± 1.02 cm in women and 10.43 ± 

1.24 cm in men and that there was no significant 

difference between women and men (p > 0.05). In our 
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study, it was found that the sacral length was between 

11.2 cm in men and 10.5 cm in women, respectively. 

No statistically significant difference was found 

between men and women. 

Emirzeoğlu et al. [14] examined 32 dry bones 

regardless of gender. They reported that the mean 

sacral height was 10.27 cm. These results are similar to 

our results. 

Mishra et al. [15] examined 116 dry sacral bones (74 

men and 42 women). They calculated that the mean 

sacral height was respectively 107.53 mm in men and 

90.58 mm in women. In our study, it was found that the 

mean sacral length was 112.69 mm in men and 105.58 

mm in women, respectively. The men’s measurements 

were very close to each other, while the women’s 

measurements were different from each other. It is 

estimated that this difference may be racial.  

Tolga et al. [16] calculated that the mean sacral 

height was respectively 10.78 ± 0.92 cm in women and 

11.67 ± 0.90 cm in men and that the mean sacral width 

was respectively 11.57 ± 0.68 cm in women and 11.65 

± 0.72 cm in men. They found that there was no 

significant difference between women and men (p > 

0.05). These values are similar to our values. 

Asher and Strippgen [17] made measurements 

manually on 18 cadavers (9 men and 9 women). They 

found that the mean sacral width was respectively 

10.40 ± 0.69 cm in men and 10.64 ± 0.47 cm in women. 

They reported that there was no significant difference 

between women and men (p > 0.05).  

Başaloğlu et al. [10] found that the mean sacral 

width was respectively 10.84 ± 0.60 cm in women and 

10.22 ± 0.7 cm in men. They reported that there was a 

significant difference between women and men (p = 

0.001). In our study, it was found that the mean sacral 

width was 10.9 cm in men and 11 cm in women, 

respectively. No statistically significant difference was 

found between men and women. 

Asher et al. [17] measured the sacrum width through 

the ala ossis sacri. They found that the mean sacrum 

width was respectively 10.40 cm in men and 10.64 cm 

in women. 

In the study of Comas and Charles [18] involving 

Chinese, Black, African men and women, they reported 

that regional, racial, and gender differences may have 

an impact on morphometric measurements of the 

sacrum. Some different results may depend on 

methodological and material differences. Moreover, 

racial, nutritional, age, gender, genetic and 

socioeconomic differences among the individuals 

included in the studies on the sacrum can cause the 

results to be different from each other. 

Esenkaya et al. [19] reported that anatomical 

variations as well as erosions especially in superficial, 

angular or end regions over time in dry bone specimens 

may be effective in numerical differences in 

morphometric measurements obtained on dry bone 

specimens. 

Knowing the anatomical structure of the sacrum is 

very important for departments such as urology, 

gynecology, orthopedics, and anesthesia. The reasons 

for preferring caudal epidural anesthesia include low 

cost, early onset of bowel movements postoperatively, 

and reduced rate of venous or arterial thrombosis [20]. 

To achieve a successful caudal epidural anesthesia, the 

structure of the sacral hiatus should be determined for 

reaching the caudal epidural space [21-23].  

Failure in CEB is mainly due to anatomical 

variations of the sacral hiatus. The closed sacral canal 

not being able to determine sacral canal due to spina 

bifda, absence of the sacral hiatus, divided bones in 

sacral hiatus, and narrow passage obstruct determining 

the location of sacral canal and therefore leading to 

unsuccessful CEB [24-26]. 

Ultrasonography is 100% successful in CEB but it is 

not every time possible due to time, cost and personal 

availability. So knowing the anatomical relations of the 

sacral hiatus will facilitate the procedure [27].  

Distance from the apex of the sacral hiatus to the 

lower lumbar spinous processes is important to develop 

the techniques to prevent the neurological injury 

associated with the neuraxial injections [28]. 
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Variations in the base of sacral hiatus have been 

detected by many authors and are described below. 

Most common level of base of sacral hiatus as detected 

by various authors is S5 vertebra [29, 30, 32]. 

CEB is done under the guidance of ultrasonography 

then the success rate is 100% but it is not always 

possible due to various reasons such as availability of 

instrument cost [31].  

The variation found in the level of base of sacral 

hiatus may be due to varied sample size, specimen from 

various regions and also due to sacra from different 

sexes [33]. 

Ahmm et al. [34] examined 172 dry bones (91 men 

and 81 women). They calculated that mean hiatal 

length was respectively 26.38 ± 12.02 mm in men and 

25.63 ± 10.46 mm in women. These results are similar 

to our results. 

5. Conclusion  

In our study, while there was no significant 

difference between the hiatal angle, hiatal length, 

sacral length, sacral width and sacral angle in the 20-29 

age group, there was a significant difference between 

them in the hiatal width. 

When our studies are compared with the studies in 

the literature, there are few differences in 

morphometric values and statistical results. 

Methodological, dietary, racial, socioeconomic and 

genetic differences can cause these different results.  

The sacrum is clinically important in degenerative 

diseases and lumbosacral instabilities. Therefore, 

having a good knowledge of the normal anatomic 

structure and morphometric values of the sacrum may 

prevent possible complications during operations 

performed in this area. We think that our study will 

contribute to other surgery and anesthesia departments 

and also help minimize possible complications. 
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Fig. 1  Three-dimensional CT image used in the study.  
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Fig. 2  An overview of ImageJ software.  
 

 
Fig. 3  (A) Sacral length; (B) Sacral width; (C) Measurement of hiatal angle; (D) Measurement of sacral angle.  
 

 
Fig. 4  (A) Hiatal length; (B) Hiatal width.  
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Table 1  Measurement results on MR images between the ages of 10-19.  

Variable 
Gender 

p 
Male  Female  

Sacral length (mm) 109.83 ± 14.06 104.60 ± 15.17 0.440 

Sacral width (mm) 99.12 ± 11.82 103.30 ± 11.78 0.966 

Sacral angle 65° 64° 0.310 

Hiatal length (mm) 42.67 ± 5.86 26.17 ± 4.17 0.081 

Hiatal width (mm) 19.08 ± 2.48 13.20 ± 3.62 0.117 

Hiatal angle 33° 33° 0.211 

 

Table 2  Measurement results on MR images between the ages of 20-29.  

Variable 
Gender 

p 
Male  Female  

Sacral length (mm) 116.23 ± 13.26 107.14 ± 13.76 0.787 

Sacral width (mm) 107.02 ± 6.53 107.29 ± 6.50 0.881 

Sacral angle 65° 64° 0.699 

Hiatal length (mm) 31.88 ± 4.07 29.43 ± 3.76 0.739 

Hiatal width (mm) 12.81 ± 2.09 11.99 ± 2.31 0.037 

Hiatal angle 38° 35° 0.054 

 

Table 3  Measurement results on MR images between the ages of 30-39.  

Variable 
Gender 

p 
Male  Female  

Sacral length (mm) 113.39 ± 16.86 103.44 ± 13.53 0.492 

Sacral width (mm) 115.53 ± 8.05 114.11 ± 9.61 0.568 

Sacral angle 37° 27° 0.756 

Hiatal length (mm) 25.24 ± 3.94 24.35 ± 3.92 0.930 

Hiatal width (mm) 13.47 ± 2.63 12.31 ± 2.03 0.435 

Hiatal angle 34° 34° 0.645 

 

Table 4  Measurement results on MR images between the ages of 40-49.  

Variable 
Gender 

p 
Male  Female  

Sacral length (mm) 109.32 ± 14.16 106.66 ± 9.01 0.602 

Sacral width (mm) 118.25 ± 5.76 119.00 ± 97.42 0.404 

Sacral angle 26° 27° 0.561 

Hiatal length (mm) 33.55 ± 6.10 21.37 ± 5.12 0.121 

Hiatal width (mm) 16.27 ± 3.89 13.86 ± 3.04 0.231 

Hiatal angle 33° 37° 0.939 
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