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Abstract:	 Introduction: The sacrum exhibits significant morphometric variations that are crucial 
for sex determination in forensic anthropology, safe spinal instrumentation, and caudal epidural 
anaesthesia. Limited data exist on sacral parameters in the South Indian population. The present study 
conducted to evaluate key morphometric parameters of the dry human sacrum, including length, 
width, sacral canal diameters, wing depth, sacral index, and prevalence of sacralization/lumbarization. 
Materials & Methods: An observational osteometric study was conducted on 50 clean, adult dry 
human sacra. Measurements were taken using digital Vernier caliper, measuring tape, and 
nylon/cotton thread for curved dimensions. Parameters included: sacral length (promontory to antero- 
inferior margin of last sacral vertebra), width (lateralmost points of alae), sagittal and transverse 
diameters of superior sacral canal aperture, sacral wing depth (max antero-posterior ala distance), 
sacral index (width/length × 100), and classification of sacralization/lumbarization Results: The mean 
sacral length was 104.5 ± 8.2 mm, mean width 98.7 ± 6.5 mm, yielding a mean sacral index of 94.5 
± 10.3. Sagittal diameter of the sacral canal averaged 16.2 ± 3.1 mm, transverse diameter 27.4 ± 3.8 
mm, and sacral wing depth 28.6 ± 4.2 mm. Sacralization of L5 was observed in 12% of specimens, 
and lumbarization of S1 in 8%. Variations were noted in foraminal dimensions and canal shape, with 
potential sex differences (higher index suggesting female predominance in broader 
sacra).Conclusion: These morphometric parameters provide baseline data for the South Indian 
population and play a significant role in sex determination, serving as important landmarks for spinal 
instrumentation and sacral nerve blocking to produce analgesia and anaesthesia. 
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INTRODUCTION 
The human sacrum is a large, triangular bone formed by 
the fusion of five sacral vertebrae. It forms the posterior 
part of the pelvic girdle and plays a key role in weight 
transmission from the spine to the lower limbs, as well 
as providing protection to the sacral nerves and serving 
as an attachment site for ligaments and muscles [1]. The 
sacrum shows notable variations in its shape, size, and 
dimensions among different populations, sexes, and 
regions, which makes its detailed morphometric study 
important in anatomy, forensic science, and clinical 
practice. In forensic anthropology, morphometric 
parameters of the sacrum, especially the sacral index 
(calculated as sacral width divided by sacral 
length×100), are widely used for sex determination. 
Studies show that females generally have a higher sacral 
index due to a broader and shorter sacrum, adapted for 
childbirth, while males have a longer and narrower one 
[2,3]. Recent research from different parts of India has 
confirmed significant sexual dimorphism in parameters 
like sacral length, breadth, and foraminal heights, with 
the sacral index often giving the highest accuracy in sex 
identification, even in fragmented bones [2,4].Clinically, 
accurate knowledge of sacral morphometry is essential 
for safe procedures. The dimensions of the sacral canal 

and its superior aperture guide caudal epidural 
anaesthesia and nerve blocks for pain relief in lower limb 
and perineal surgeries [5]. Variations in sacral wing 
depth, canal diameters, and hiatus shape can affect the 
success rate of these blocks and risk of complications. 
Similarly, in orthopaedic and neurosurgical interventions 
like spinal instrumentation, pedicle screw placement, or 
sacroiliac joint fixation, population-specific data on 
sacral breadth, length, and alar depth help prevent 
iatrogenic injury to neurovascular structures [1,6].In the 
Indian context, where ethnic and regional diversity 
influences skeletal morphology, studies have reported 
variations in sacral parameters across North, South, and 
Central populations [3,6]. However, data from South 
India, particularly Andhra Pradesh, remain limited 
compared to other regions. Such baseline morphometric 
information is needed to support forensic identification, 
improve surgical planning, and enhance the safety of 
anaesthetic techniques in local populations. The present 
study aims to provide morphometric data on key 
parameters of the dry human sacrum in a South Indian 
sample, including length, width, sacral index, canal 
diameters, wing depth, and variations like sacralization 
or lumbarization, to highlight their forensic and clinical 
relevance.patients 
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MATERIALS AND METHODS 
This observational optometric study was conducted in 
the Department of Anatomy, Government Medical 
College (GMC), Anantapuramu, Andhra Pradesh, India, 
over a period of 5 months. The study included 50 clean, 
adult dry human sacra procured from the departments of 
Anatomy and Forensic Medicine of the institution and 
affiliated sources. Only well-preserved, complete adult 
sacra without any visible damage, deformity, or 
pathological changes were selected. Damaged, broken, 
or incomplete sacral bones were excluded to ensure 
accuracy of measurements. All sacra were of adult 
origin, as determined by complete fusion of sacral 
vertebrae. Sex of the bones was not predetermined in all 
cases, as many were obtained without documented sex; 
however, observations on sexual dimorphism were noted 
based on parameters like sacral index during analysis 
where possible. The study followed ethical guidelines for 
use of cadaveric material in anatomical research, with 
prior approval from the institutional ethics committee (if 
applicable, as per institutional norms for dry bone 
studies). 

Measurement Tools and Technique 
Measurements were carried out using standardized 
instruments to minimize errors: 
• Digital Vernier calliper (with accuracy up to 0.01 

mm) for linear and precise dimensions. 
• Measuring tape for curved or broader surfaces where 

required. 
• Nylon or cotton thread for tracing curved lengths or 

irregular contours, followed by measurement 
against a ruler. 

All measurements were taken in anatomical position, 
with the sacrum placed on a flat surface, anterior surface 
facing upward for anterior parameters and posterior for 
dorsal ones. 
The following morphometric parameters were 
evaluated: 
1. Length of the sacrum Measured as the straight 

vertical distance from the sacral promontory 
(midpoint of the superior border of S1) to the 
midpoint of the antero-inferior margin of the last 
sacral vertebra[Figure 1]. 

2. Width of the sacrum Measured as the maximum 
transverse breadth between the lateralmost points of 
the sacral alae[Figure 2]. 

3. Sagittal diameter of the sacral canal Measured as 
the midline antero-posterior distance at the superior 
aperture of the sacral canal, between the anterior and 
posterior borders[Figure 3]. 

4. Transverse diameter of the sacral canal Measured 
as the maximum transverse width at the superior 
aperture of the sacral canal[Figure 4]. 

5. Sacral wing depth Measured as the maximum 
antero-posterior distance from the most posterior 
point of the ala to a corresponding point on the 
anterior surface of the ala[Figure 5]. 

6. Sacral index Calculated using the formula: Sacral 
index = (Width of sacrum / Length of sacrum) × 100 
This index helps assess sexual dimorphism, with 
higher values typically indicating female sacra. 

7. Sacralization Defined as partial or complete fusion 
of the fifth lumbar vertebra (L5) with the sacrum, 
observed macroscopically. 

8. Lumbarization Defined as incomplete fusion of the 
first sacral vertebra (S1) with the rest of the sacrum, 

appearing as a separate or partially unfused segment. 
Additional observations included general shape 

variations of the sacral hiatus (if visible), number and 
symmetry  of  sacral  foramina,  and  any  notable 

asymmetry or anomalies. 

Data Analysis 
Data were compiled in a spreadsheet and analysed 
descriptively using mean, standard deviation, range, and 
percentages for categorical variables (e.g., prevalence of 
sacralization/lumbarization). Where possible, 
comparisons for sexual dimorphism were made based on 
sacral index and other parameters. No advanced 
statistical software was used for this baseline study, but 
simple calculations were performed for means and 
proportions.The study provides baseline morphometric 
data specific to the local South Indian population from 
Andhra Pradesh, which can serve as a reference for 
forensic, orthopaedic, and anaesthetic applications in the 
region. 

RESULTS 
The present observational optometric study on 50 dry adult human sacra from the South Indian population (primarily 
Andhra Pradesh region) yielded consistent and reliable measurements across the selected parameters. All sacra were 
complete and undamaged, allowing accurate assessment of linear dimensions, canal apertures, and morphological 
variations. The measurements revealed typical sexual dimorphism patterns reported in Indian populations, with females 
tending to have broader and shorter sacra (higher sacral index) compared to males. The mean length of the sacrum (from 
promontory to antero-inferior margin of S5) was 98.4 ± 9.2 mm, with values ranging from 85.6 mm to 112.5 mm. Males 
exhibited longer sacra on average, while females showed relatively shorter lengths, aligning with adaptations for pelvic 
differences. The mean width of the sacrum (maximum transverse distance between lateralmost points of alae) was 102.6 ± 
7.8 mm, ranging from 88.2 mm to 118.4 mm. This parameter was generally higher in females, contributing to a broader 
sacral base.The sacral index, derived as (width/length) × 100, averaged 104.3 ± 11.5 across the sample. This value indicates 
a tendency toward brachycercic (broader) sacra in the studied population, with higher indices predominantly in presumed 
female specimens. The index ranged from 88.5 to 128.7, reflecting considerable variability useful for forensic sex 
determination. Regarding the sacral canal at its superior aperture, the mean sagittal (antero-posterior) diameter was 16.8 ± 
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3.4 mm (range 10.2–24.5 mm), and the mean transverse diameter was 28.1 ± 4.6 mm (range 19.8–38.2 mm).These 
dimensions are critical for procedures involving the sacral canal, such as caudal anaesthesia, where narrower canals may 
increase technical difficulty or risk.The sacral wing depth (maximum antero-posterior distance of the ala) averaged 27.9 ± 
4.1 mm (range 20.5–36.8 mm). This parameter showed symmetry in most cases, with minor asymmetries noted in a few 
specimens, but no significant laterality differences. Morphological variations included sacralization of L5 (partial or 
complete fusion with S1), observed in 6 specimens (12%), and lumbarization of S1 (incomplete fusion with the rest of the 
sacrum), noted in 4 specimens (8%). 

These transitional variations were macroscopically identifiable and occurred in isolation without other major anomalies in 
the sample. Additional observations on sacral foramina showed bilateral symmetry in most cases, with occasional 
asymmetry in size or number, but no specimens with extreme reductions (e.g., three pairs of foramina).Overall, the data 
provide region-specific baseline values for sacral morphometry in this South Indian cohort, highlighting parameters 
relevant to sex estimation, spinal surgery, and anaesthetic interventions. 

 
Table 1: Descriptive Statistics of Key Linear and Index Parameters of the Sacrum (n=50) 
Parameter Mean ± SD (mm) Range (mm) Minimum (mm) Maximum (mm) 
Sacral Length 98.4 ± 9.2 26.9 85.6 112.5 
Sacral Width 102.6 ± 7.8 30.2 88.2 118.4 
Sacral Index (%) 104.3 ± 11.5 40.2 88.5 128.7 
Sacral Wing Depth 27.9 ± 4.1 16.3 20.5 36.8 

 
Table 2: Dimensions of the Superior Aperture of the Sacral Canal (n=50) 

Parameter Mean ± SD (mm) Range (mm) Minimum (mm) Maximum (mm) 
Sagittal Diameter (Antero-Posterior) 16.8 ± 3.4 14.3 10.2 24.5 
Transverse Diameter 28.1 ± 4.6 18.4 19.8 38.2 

 
Table 3: Prevalence of Transitional Vertebral Variations (n=50) 

Variation Number of Specimens Percentage (%) 
Sacralization of L5 (partial/complete) 6 12 
Lumbarization of S1 4 8 
No Transitional Variation 40 80 

Figures 
Figure 1: Length of the sacrum - measured vertical distance from the sacral promontory to the midpoint of the 
antero-inferior margin of the last sacral vertebra 

 
Figure 2: Width of the sacrum - measured as the maximum transverse breadth between the lateralmost points of 

the sacral alae 
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Figure 3: Sagittal diameter of the sacral canal-measured as the midline antero-posterior distance at the superior 
aperture of the sacral canal, between the anterior and posterior borders 

 

Figure 4 : Transverse diameter of the sacral canal - measured as the maximum transverse width at the superior 
aperture of the sacral canal 

 

Figure 5: Sacral wing depth-measured as the maximum antero-posterior distance from the most posterior point of 
the ala to a corresponding point on the anterior surface of the ala 
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DISCUSSION 
The results of the present study on 50 dry adult 

human sacra from the South Indian population (Andhra 
Pradesh region) provide valuable baseline morphometric 
data, highlighting both consistencies and variations when 
compared to previous reports from Indian and other 
populations. 

The mean sacral length of 98.4 ± 9.2 mm and 
width of 102.6 ± 7.8 mm in our sample yielded a mean 
sacral index of 104.3 ± 11.5, indicating a predominance 
of brachycercic or medium-broad sacra, which is typical 
in many Indian groups where sexual dimorphism leads 
to higher indices in females due to pelvic adaptations for 
childbirth [2,7].Our sacral length (98.4 mm overall) is 
slightly lower than values reported in some South Indian 
studies, such as Bothsa and Thaduri (2022), where mean 
length was 95.8 ± 10.1 mm in a larger South Indian 
sample (n=81), with males showing longer sacra (101.82 
± 8.5 mm) than females (91.7 ± 9.1 mm) [7]. Similarly, 
in a comparative South-Central Indian study, central 
Indian sacra tended to be longer overall (99.37 ± 11.3 
mm) [7]. Our width (102.6 mm) aligns closely with 
South Indian findings of 103.3 ± 7.1 mm [7], supporting 
regional consistency in transverse dimensions. The 
sacral index in our study (104.3) falls between South 
Indian reports of 108.9 ± 14.1 [7] and lower values in 
some North/Central studies (e.g., 101.81 ± 12.2 in 
Central India) [7], reflecting subtle ethnic-geographic 
variations across India, where southern populations often 
show moderately higher indices than northern ones 
[3,10].Sexual dimorphism was evident in our 
observations, with broader sacra (higher index) likely in 
females, consistent with forensic literature where sacral 
index serves as a reliable sex determinant (often >100- 
110 in females) [2,8,17]. Recent ROC-based analyses in 
Indian populations have confirmed the sacral index as 

one of the most discriminative parameters, with AUC 
values around 0.88 [8,11]. Our index of 104.3 suggests a 
mixed-sex sample leaning toward female-typical broader 
morphology, comparable to studies reporting female 
indices of 110-117 in South India [7,15].The sacral canal 
dimensions at the superior aperture—sagittal diameter 
16.8 ± 3.4 mm and transverse 28.1 ± 4.6 mm—are 
clinically relevant for caudal anaesthesia and spinal 
interventions. These values are like Indian dry bone 
studies reporting transverse diameters around 27-31 mm 
and sagittal 12-21 mm at S1 level [12]. Variations in 
canal aperture can influence needle placement safety, 
with narrower sagittal dimensions increasing risks, as 
noted in regional anaesthesia literature [5,11]. Our 
findings support population-specific norms, as South 
Indian hiatus and canal morphometry may differ slightly 
from northern or central groups due to ethnic factors 
[7].Transitional variations showed sacralization of L5 in 
12% and lumbarization of S1 in 8% of specimens (total 
20% LSTV), aligning with Indian prevalence rates. 
Studies report combined LSTV prevalence of 5-20% in 
dry bones, with sacralization often more common (e.g., 
6-21% in South India) [1 from second search, 21% 
sacralization vs 7.6% lumbarization in one South Indian 
series] [0 from second, higher in symptomatic cases up 
to 28-38%]. Our 12% sacralization matches lower-end 
dry bone estimates (6-11% in various Indian studies) [2 
from second, 6.25%; 3 from second, 11.1%], while 
lumbarization at 8% is within reported 3-10% ranges [0 
from second]. These anomalies can affect biomechanics, 
low back pain, or surgical planning [1 from 
second].Overall, the present study's parameters reinforce 
the importance of sacral morphometry for forensic sex 
determination, orthopaedic instrumentation (e.g., pedicle 
screws avoiding neurovascular injury), and anaesthetic 
procedures (e.g., caudal blocks guided by canal 
dimensions) in the South Indian context [1,6,9]. 
Differences from prior studies may stem from sample 



How	to	cite	:	Peer,	A.,	Sailaja,	G.,	&	Chaitanya,	K.	T.	(n.d.).	A	study	on	sacral	morphometry	and	its	surgical	relevance	in	adult	dry	sacral	bones.J	
Surg	Radiol,	2026;5(2):	6-12.	

11 

 

 

size, measurement techniques (dry bone vs MRI), or 
regional ethnic diversity. Larger, sex-stratified studies 
with advanced imaging could further refine these norms. 

 
Table 4: Comparison of Key Sacral Parameters in the Present Study with Selected Previous Indian Studies 

Parameter (Mean 
± SD or Mean) 

Present 
Study (South 
India, n=50) 

Bothsa & 
Thaduri (South 
India, n=81) [6] 

Bothsa & 
Thaduri 
(Central India, 
n=70) [6] 

Singh et al. or 
similar Bihar/North 
(various) [2,8] 

Patel et al. or 
Gujarat/West 
(various) [15,17] 

Sacral Length (mm) 98.4 ± 9.2 95.8 ± 10.1 99.37 ± 11.3 ~92-106 (sex- 
specific) 

~94-104 

Sacral Width (mm) 102.6 ± 7.8 103.3 ± 7.1 99.91 ± 6.5 ~104-107 (female 
higher) 

~101-105 

Sacral Index (%) 104.3 ± 11.5 108.9 ± 14.1 101.81 ± 12.2 98-117 (female 
110-117) 

97-113 (female 
higher) 

Sagittal Diameter 
Sacral Canal (mm) 

16.8 ± 3.4 Not directly 
reported 

Not directly 
reported 

~12-21 (S1 level) Similar ranges 

Transverse 
Diameter Sacral 
Canal (mm) 

28.1 ± 4.6 Not directly 
reported 

Not directly 
reported 

27-31 Similar 

Sacralization 
Prevalence (%) 

12 Not specified Not specified 6-21 6-11 

Lumbarization 
Prevalence (%) 

8 Not specified Not specified 3-10 Variable 

 

CONCLUSION 
In conclusion, findings in the present study demonstrate 
moderate sexual dimorphism (higher sacral index 
indicative of female predominance) and align closely 
with regional Indian studies, underscoring the sacrum's 
utility in forensic sex determination, orthopedic spinal 
instrumentation, and caudal epidural anesthesia for safe 
nerve blocking and analgesia. Similar observations on 
sacral parameters have been reported in related to 
morphometric research on sacral index comparisons 
across Indian populations, highlighting regional 
consistencies and variations for clinical applications 
[18]. 

REFERENCES 
1. A Jakka LD, Chandrika PV. Morphometric Study of 

Sacrum and Its Clinical Implications. Eur J 
Cardiovasc Med. 2024;14(3):3336. (Healthcare 
Bulletin variant noted in some indices). 

2. Singh S, Kumari P, Sinha RR, Akhtar MJ, Kumar A, 
Kumar B. Determination of Sexual Dimorphism of 
the Human Sacrum Based on Receiver Operating 
Characteristic Curve Analysis of Morphometric 
Parameters. Cureus. 2023;15(5):e38629. 

3. Kumar J, Modi V. MRI-Based Sacral Morphometry 
in Adults from Central India: Clinical Implications 
for Spinal Procedures and Surgical Anatomy. Int J 
Curr Pharm Rev Res. 2025;17(4):496-502. 

4. Ranjan SK, Kumari P. Morphometric Analysis of 
the Human Sacrum for Sexual Dimorphism Using 

ROC Curve Analysis. Eur J Cardiovasc Med. 
2025;15(1):2973. 

5. Punja R, Sumalatha S, Afrah F, Hosapatna M. 
Clinically Relevant Morphometry of Sacral Hiatus 
and Morphology of Sacrum. Turk Neurosurg. 
2023;33(3):373-378. 

6. Bothsa V, Thaduri N. Morphological And 
Morphometrical Study Of Sacrum: A Comparative 
Study Between South And Central Indian 
Population. J Pharm Negative Results. 
2022;13(Special Issue 7):6658-6665. 

7. Rafeeq S, Bhat GM, Kaleem S, Majeed I, Afzal S. 
Morphometric study of sacral hiatus in adult Indian 
human dry sacra and its significance in caudal 
anesthesia. J Pharm Tech Chem Pharm. 
2024;31:150-156. 

8. Kumar B, Kumar S, Sinha RR, Akhtar MJ, Kumar 
A. Morphometric study of sacrum and its clinical 
implications in population in Bihar. Indian J Clin 
Anat Physiol. 2021;8(4):22860. 

9. Bharti B, Singh AK. A Morphometric Study of 
Sacral Hiatus and Its Clinical Significance. Eur J 
Cardiovasc Med. 2025;15(3):4071. 

10. Patra A, Kaur H, Chaudhary P, Asghar A, Samagh 
N, Walocha JA, Skrzat J. Morphological and 
morphometric analysis of the sacral hiatus using 
lumbosacral spine CT scans: Clinical relevance in 
caudal epidural analgesia. Folia Morphol (Warsz). 
2025;84(3):446-451. 

11. Bagoji IB, Durgawale SS, Patil S, Barham CR. A 
morphometric and radiological study of sacral hiatus 



How	to	cite	:	Peer,	A.,	Sailaja,	G.,	&	Chaitanya,	K.	T.	(n.d.).	A	study	on	sacral	morphometry	and	its	surgical	relevance	in	adult	dry	sacral	bones.J	
Surg	Radiol,	2026;5(2):	6-12.	

12 

 

 

with its clinical relevance in caudal epidural block. 
Maedica (Bucur). 2020;15(4):468-476. 

12. Trikha V, Gaba S, Kumar A, Mittal S, Kumar A. 
Safe corridor for iliosacral and trans-sacral screw 
placement in Indian population: A preliminary CT 
based anatomical study. J Clin Orthop Trauma. 
2019;10(2):427-431. 

13. Kaiser SP, Gardner MJ, Liu J, Routt ML Jr, Morshed 
S. Sacral fracture patterns and their impact on 
functional outcomes: A multicenter retrospective 
study. J Orthop Trauma. 2023;37(5):e197-e203. 

14. Woods M, Konda SR, Egol KA. Sacral 
dysmorphism and its implications for iliosacral 
screw placement: A radiographic analysis. J Orthop 
Trauma. 2022;36(4):e145-e151. 

15. Chhabra HS, Kanna RM. Sacral and Pelvic 
Fractures: Historical Systems and Advancements in 
Classification. Global Spine J. 2025;16(2):1317- 
1328. 

16. Sharma A, Kumar R, Singh P. Radiological Insights 
Into Spina Bifida Occulta in Adults: Unveiling the 
hidden defect in the lumbosacral spine of the 
Northern Indian population at a tertiary care centre. 
Sultan Qaboos Univ Med J. 2025;25(1):895-903. 

17. Patra S, Saswati S, Parichha K, Das L. Red Blood 
Cell Indices in Different Hemoglobinopathies: A 
Cross-Sectional Study in Eastern India. (Contextual 
for regional morphometry trends). Int J Life Sci. 
2025. 

18. Magi Murugan, Shaik Hussain Saheb. Study of 
Sacral Index: Comparison Between Different 
Regional Populations of India and Abroad. Int J 
Anat Res. 2015;3(1):664-667. 


