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ABSTRACT

Introduction: The predisposition of the human sacrum to a
wide range of traumatic, degenerative and metastatic ailments
demands frequent surgical interventions. For effective surgical
management of these conditions, a comprehensive anatomical
knowledge of the sacrum is mandatory but variability in
morphometric dimensions exists amongst different population
and precludes the standardisation of measurements.

Aim: To present a morphometric reference database for sacral
instrumentation in Indian population and enable comparisons
with other populations.

Materials and Methods: The study was performed on 108 adult
human sacra. Linear measurements of the sacra were taken
with the help of digital Vernier’s calliper and angular parameters
were determined with a goniometer.

Results: The morphometric analysis of the sacra of Indian
population demonstrated that height and width of the first
Anterior Sacral Foramina (ASF) were 12.97 mm and 12.23 mm
respectively while height and width of the first Posterior Sacral
Foramina (PSF) were 10.36 mm and 7.66 mm respectively. The
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height and width of the second ASF were 12.85 mm and 13.13
mm respectively but the height and width of the second PSF
were 7.05 mm and 7.30 mm respectively. Further, the anterior
and posterior pedicle height were observed to be 20.74 mm and
20.18 mm respectively. Anteromedial and anterolateral screw
trajectory distance were noted to be 45.67 mm and 44.60 mm
respectively. The S1 pedicle depth was 23.48 mm but the S1
wing depth was 44.09 mm. Furthermore, there existed a highly
significant difference (p<0.001) between the angular parameters
of the right and left sides.

Conclusion: The height and width of the sacral foramina along
with transverse distances between them were less in Indian
sacra. Anterior pedicle height was observed to be greater in
Indian sacra. However, posterior pedicle height was found to be
lower than the values reported by other population. Additionally,
the screw trajectory distances also displayed lower values in
Indian population. Hence, present study signifies the application
of screws of shorter length during sacral instrumentation as
the morphometric dimensions are of lesser value in Indian
population.

Keywords: Implants, Instrumentation, Screw trajectory angle, Screw trajectory distance

INTRODUCTION

Sacrumis a large triangular fusion of five progressively smaller sacral
vertebrae and their costal elements, maintaining the integrity of the
spinal column [1]. It contributes to the stability of the pelvic ring by
its situation, being wedged between the two hip bones and also
endures weight transmission [2]. Sacrum is the target of lumbo-
sacral fusion and instrumentation that are commonly done for
metastatic, infectious, traumatic and degenerative diseases. Sacral
screw insertion is commonly done at the S1 sacral wing (antero-
laterally) or into the S1 promontory (antero-medially) [3]. S2 screw
applications are usually chosen for sacral block fixations but rigid
posterior S1 pedicle screw fixation enhanced by placement of S2
screws is becoming a common technique in lumbosacral fusion
procedures [4,5].

Percutaneous fixation with ilio-sacral screws is a technically
demanding technique and failure of sacral screw fixation may
occur due to various factors, such as sacral anatomic variations
and dysmorphism, insufficient sacral bone acquisition, inapt course
of the screw or depth of the screw insertion and osteoporosis
of the sacrum [3,4]. With the advance of minimally invasive
surgical techniques, it is essential that the available implants are
precontoured to the exact anatomical location which necessitates
the comprehensive knowledge of morphometry of sacrum [6].

Differences exist in the morphometric values of sacrum across
different study populations. So far, out of the studies available,
few determine the morphometry of sacrum, especially in the
Indian population. The present study was an attempt to quantify
morphometric characteristics of the Indian sacra for safe screw
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placement during surgical instrumentation which is crucial for
constructing a strategy to treat sacrum related diseases in Indian
population.

MATERIALS AND METHODS

A cross-sectional observation study was conducted on 108 dry adult
human sacra in Department of Anatomy. Sacra showing damage,
bony outgrowth which influences differentiation or measurement
were excluded from the study. Linear measurements were taken
with the help of digital verniercaliper which was accurate up to 0.01
mm. Angles were measured by a goniometer which was accurate
up to 1°. Measurements were taken twice and average was taken.

The following parameters were observed and measured:

1. Linear parameters [Table/Fig-1-4]

Height of first Anterior Sacral Foramina (ASF): Maximum vertical
distance between the superior and inferior border of first anterior
sacral foramen.

Width of first ASF: Maximum transverse distance between the
medial and lateral border of first anterior sacral foramen.

Height of first Posterior Sacral Foramina (PSF): Maximum vertical
distance between the superior and inferior border of first posterior
sacral foramen.

Width of first PSF: Maximum transverse distance between the
medial and lateral border of first posterior sacral foramen.

Height of second ASF: Maximum vertical distance between the
superior and inferior border of second anterior sacral foramen.
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[Table/Fig-1]: Anterior surface of sacrum showing linear parameters.
H1: Height of the first ASF

Wi1: Width of the first ASF

H2: Height of the second ASF

W2: Width of the second ASF

T1: Transverse distance between the first ASF

T2: Transverse distance between the second ASF

P1: Anterior pedicle height

P2: Distance between the inferior border of the first ASF and the superior border of the second ASF
S1: Height of the S1 vertebra body

S2: Height of the S2 vertebra body

[Table/Fig-2]: Posterior surface of sacrum showing linear parameters.
H3: Height of first posterior sacral foramina

Wa3: Width of first posterior sacral foramina

H4: Height of second posterior sacral foramina

W4: Width of second posterior sacral foramina

Width of second ASF: Maximum transverse distance between the
medial and lateral border of second anterior sacral foramen.

Height of second PSF: Maximum vertical distance between
the superior and inferior border of second posterior sacral
foramen.

Width of second PSF: Maximum transverse distance between the
medial and lateral border of second posterior sacral foramen.
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[Table/Fig-3]: Posterior surface of sacrum showing linear parameters.

P3: Posterior pedicle height

P4: Distance between the inferior border of the first PSF and the superior border of the second PSF
T3: Transverse distance between the first PSF

T4: Transverse distance between the second PSF

F: Distance between the S1 facet joint

F1: Height of S1 facet joint

F2: Width of S1 facet joint

——

[Table/Fig-4]: Superior surface of sacrum showing linear parameters.
C1: Sagittal diameter of the spinal canal

C2: Transverse diameter of the spinal canal

B1: S1 vertebral body APD

B2: S1 vertebral body TD

D: S1 pedicle depth

M: Anteromedial STD

L: Anterolateral STD

W: Sacral wing depth

Transverse distance between the first ASF: Measured as the
transverse distance between the two points on the medial border of
first anterior sacral foramina at the level of first transverse fusion line
between the first anterior sacral foramina.

Transverse distance between the second ASF: Measured as the
transverse distance between two points on the medial border of
second anterior sacral foramina at the level of second transverse
fusion line between the second anterior sacral foramina.
Transverse distance between the first PSF: Measured as the
transverse distance between the two points marked on the medial
border of first posterior sacral foramina at the level of first articular
tubercle.
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Transverse distance between the second PSF: Measured as
the transverse distance between two points marked on the medial
border of second posterior sacral foramina at the level of second
articular tubercle.

Anterior pedicle height: The vertical distance between the superior
border of first anterior sacral foramen and the superior border of the
sacrum.

Distance between the inferior border of the first ASF and the
superior border of the second ASF: The vertical distance between
the inferior border of first anterior sacral foramen and the superior
border of the second anterior sacral foramen.

Posterior pedicle height: Measured as the vertical distance
between the superior border of first posterior sacral foramen and
the superior border of the sacrum.

Distance between the inferior border of the first PSF and the
superior border of the second PSF: Measured as the vertical
distance between the inferior border of first posterior sacral
foramen and the superior border of the second posterior sacral
foramen.

Anteromedial Screw Trajectory Distance (STD): The distance
between the infero-lateral aspect of S1 facet joint and the antero-
medial point of S1 vertebra (middle of the promontory).
Anterolateral Screw Trajectory Distance (STD): The distance
between the infero-lateral aspect of S1 facet joint and the junction
of anterior and lateral border of the ala of sacrum.

S1 pedicle depth: Measured as the minimal distance between the
anterior and posterior borders of the pedicle.

Sacral wing depth: Measured as the maximum antero-posterior
distance between the most posterior point of the ala of sacrum and
a point on the anterior surface of the ala.

Height of S1 facet joint: The maximum vertical distance between
the superior and inferior border of S1 facet.

Width of S1 facet joint: Measured as the maximum transverse
distance between the medial and lateral borders of S1 facet.

Distance between the S1 facet joints: The maximum transverse
distance between the medial borders of S1 facets.

S1 vertebral body Antero-Posterior Diameter (APD): Measured
as the midline antero-posterior distance between the anterior and
posterior borders of S1 vertebral body.

S1 vertebral body Transverse Diameter (TD): Measured as the
maximum transverse distance of S1 vertebral body.

Height of S1 vertebral body: The vertical distance between the
middle of promontory and the middle of first transverse fusion line
between the first anterior sacral foramina.

Height of S2 vertebral body: The vertical distance between the
middle of first transverse fusion line between the first anterior sacral
foramina and middle of second transverse fusion line between the
second anterior sacral foramina.

Sagittal diameter of the spinal canal: Measured as the midline
antero-posterior distance between the anterior and posterior
borders of superior aperture of sacral canal.

Transverse diameter of the spinal canal: Measured as the
maximum transverse distance of the superior aperture of sacral
canal.

2. Angular Parameters [Table/Fig 5]

S1 facet angle: Measured as the angle formed between the articular
surface of S1 facet and an antero-posterior line passing through the
S1 pedicle entry point.

Anteromedial Screw Trajectory Angle (STA): Measured as the
angle formed between an antero-posterior line passing through the
S1 pedicle entry point and a line passing from the S1 pedicle entry
point to the midpoint of promontory.
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[Table/Fig-5]: Superior surface of sacrum showing angular parameters.

1: S1 facet angle
2: Anteromedial STA
3: Anterolateral STA

Anterolateral Screw Trajectory Angle (STA): Measured as the
angle formed between antero-posterior line passing through the
S1 pedicle entry point and a line passing from the S1 pedicle
entry point to the junction of anterior and lateral border of the ala
of sacrum.

STATISTICAL ANALYSIS

Statistical testing was conducted with the statistical package for
the social science system version SPSS version 17.0. Results were
expressed as mean+SD (standard deviation). The comparison of
morphometric dimensions of the right and left sides was performed
using Student’s t-test and p-value was calculated.

RESULTS

Linear Parameters

The mean height and width of first ASF as well as height of the
first PSF were comparable on both the sides but the width of the
first PSF was found to be significantly greater on the right side.
Furthermore, the height and width of the second ASF and second
PSF were also analogous on both the sides. The height and width
of the ASF were observed to be greater than the corresponding
dimensions of the PSF. Although the transverse distances between
the ASF were found to be lesser than the transverse distances
between PSF [Table/Fig-6].

Mean anterior pedicle height of the sacrum was 20.74+2.29 mm
which was significantly greater on the left side. Mean posterior
pedicle height was also observed to be slightly more on the left
side. Distance between the first ASF and second ASF as well
as the distance between the first PSF and second PSF were
comparable on both the sides. Anteromedial STD was slightly
larger on the right side whereas anterolateral STD was almost
similar on both the sides. Likewise, S1 pedicle depth and S1
wing depth were also observed to be comparable on both the
sides. Width of S1 facet joint was more on the right side, though
the height of the S1 facet joint was analogous on both the sides
[Table/Fig-7].

Angular Parameters

Mean S1 facet angle was 53.94+8.40 degree which was significantly
larger on the left side. Anteromedial STA was also significantly
greater on the left side but anterolateral STA was observed greater
on the right side [Table/Fig-8].
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[Table/Fig-7]: Morphometric measurements of sacrum (in mm).

Parameters Right Left Mean value p-value
S1 facet angle 52.55+9.02 55.32+9.16 53.94+8.40 <0.001
Anteromedial STA | 35.13+2.95 36.0+2.66 35.56+2.63 <0.001
Anterolateral STA 32.18+3.09 30.67+2.75 31.42+2.75 <0.001

[Table/Fig-8]: Angular parameters of sacrum (in degrees).

DISCUSSION

In the present study, we have attempted a comprehensive
morphometric evaluation of sacra which can provide a reference
database for designing customized sacral implants in Indian
population. Such data also enables the comparison with other study
populations and may serve as a tool for anthropological studies.

The dimensions (height and width) of the first and second ASF and
PSF along with the transverse distances between these foramina were
found to be less in our study as compared to Arman C et al., (Turkish
population). In addition to importance in sacral instrumentation, these
dimensions are crucial during electric stimulation of sacral nerve roots
for modulating lower urinary tract neural reflexes in patients refractory
to conventional treatment [Table/Fig-9,10] [3].

Mean anterior pedicle height was found to be greater in the Indian
population (20.74 mm) than the findings in Turkish, Greek, Chinese
and Egyptian population [3,7-10]. But Ebraheim NA et al., in
American population reported higher value (30.2 mm) than ours [11].

Parameters Right Left Mean value | p-value Researchers
- - Parameters (in mm)
Height of first ASF 12.9541.65 | 12.99+159 | 12.97+1.03 | 0.702 Arman C etal. [3], | Present study
Width of first ASF 12.28+1.69 12.18+1.80 12.23+1.63 0.40 Right 13.58+2.16 12.95+1.65
Height of first PSF 10.40+£2.75 10.32+2.67 10.36+2.63 0.47 Height Left 13.7442.0 12.99+1.59
Width of first PSF 7.81+1.54 7.51+1.41 7.66+1.37 0.005 Mean 13.66+2.11 12.97+1.62
t
Height of second ASF 12.75+£1.85 12.95+1.84 12.85+1.76 0.056 THASE Right 13.78+2.12 12.28+1.69
Width of second ASF 13.11+£2.05 13.156+£2.15 13.13+£2.01 0.77 Width Left 14.13+2.1 12.18+1.80
Height of second PSF 7.03+1.56 7.06+1.56 7.05+1.47 0.80 Mean 13.95+2.12 12.93+1.74
Width of second PSF 7.34+1.49 7.27+1.47 7.30+1.39 0.49 Right 12.50+3.31 10.40+2.75
TD between 1 ASF - i 30.10+3.19 - Height Left 12.443.01 10.32:2.67
TD between 2 ASF - - 27.33+2.36 - Mean 12.47+3.16 10.36+2.70
t
TD between 1¢ PSF - - 37.49+3.90 - 1R Right 8.14+1.97 7.81£1.54
TD between 2 PSF - - 30.47+3.18 - Width Left 7.80+1.82 7.51£1.41
[Table/Fig-6]: Morphometric measurements of sacral foramina (in mm). Mean 7.97+1.89 7 66+1.48
Right 13.48+2.26 12.75+1.85
Parameters Right Left Mean value | p-value
Height Left 13.72+1.98 12.95+1.84
Anterior PedicleHeight 20.40+2.39 | 21.07+2.43 20.74+2.29 | <0.001
o b 1% ASE . Mean 13.60+2.12 12.85+1.85
istance between 1° 2MASF
and o™ ASE 11.39+2.25 | 11.26+2.38 | 11.33x2.24 | 0.28 Right 13.9740.69 13.1122.05
Posterior Pedicle Height | 20.05+2.37 | 20.30+2.54 | 20.18+2.36 | 0.06 Width Left 14.46+2.27 13.156+2.15
i t Mean 14.22+2.48 13.13+2.09
Distance Dotween PSP | 14.22:2.87 | 1414234 | 14.18:220 | 043
Right 7.62+1.54 7.03-1.56
Anteromedial STD 45.79+3.51 45.56+3.49 45.67+3.44 0.06 .
Height Left 7.61+1.55 7.06-1.56
Anterolateral STD 44.62+3.96 44.57+3.79 44.60+3.77 0.79
- Mean 7.62+1.54 7.05-1.56
S1 pedicle depth 23.43+2.45 | 23.53+2.45 | 23.48+2.36 | 0.42 2/ PSF
Right 8.04+1.70 7.34+1.49
S1 wing Depth 44.02+4.85 44.16+4.95 44.09+4.83 0.40
Width Left 7.81+1.78 7.27+£1.47
Height of S1 facet joint 14.78+1.69 14.69+1.68 14.73+1.57 0.46
Mean 7.92+1.74 7.30+1.48
Width of S1 facet joint 15.72+1.88 15.49+2.12 15.61+1.86 0.09 ) ) )
[Table/Fig-9]: Comparison of morphometric measurements of sacrum between
J!gi;ttance between S1facet . . 05 4643.53 B previous and present studies.
S1 body APD - - 30.04+2.50 - Researchers
Parameters (in mm)
S1body TD - - 47.64+4.98 - Arman C et al., [3] | Present study
Height of S1body - - 29.622.65 - Transverse distance between 1t ASF 30.48+2.78 30.10+£3.19
Height of S2 body - - 25.45+2.41 - Transverse distance between 2@ ASF 28.31+2.81 27.33+2.36
inal | SD - - 12.99+3.11 -
Spinal canal S 993 Transverse distance between 15 PSF 38.32+3.63 37.49+3.90
Spinal canal TD - _ 29.33+2.76 _ Transverse distance between 2@ PSF 31.6243.27 30.47+3.18

[Table/Fig-10]: Comparison of morphometric measurements of sacrum between

previous and present studies.

Furthermore, the distance between the first and second ASF was
also observed to be greater in the Indian population. However, the
posterior pedicle height and the distance between 1stand 2™ PSF were
noted to be less in our study when compared to other investigators.
Injury to sacral nerve roots associated with posterior sacral screw
placement during internal fixation and fusion procedures can be
minimised if the pedicle heights are adequate. With adequate anterior
pedicle height, there are less chances of violation of neurovascular
structures anterior to the sacrum. Thus, we emphasise that posterior
sacral screw placement during internal fixation in Indian population,
may be much safer due to greater anterior pedicle height as it would
allow for manipulation of the screw and chances of breaching anterior
neurovascular structures would be reduced [Table/Fig-11]. There are
two important screw trajectories for posterior sacral fixation, including
the anteromedial STD and the anterolateral STD. In the present study,
mean anteromedial STD was found to be 45.67+3.49 mm. It was
observed that in the present study, values were not in conformity
with other studies. Similarly mean anterolateral STD as per the
present study was 44.60+3.87 mm while Arman C et al., reported
50.30+£3.57 mm. Thus, present study suggests a prudent measure
to employ screws of shorter length during lumbo-sacral fixation, than
those used in the Turkish population [Table/Fig-11].

The mean S1 pedicle depth in present study was found to be
23.48+2.44 mm, while other researchers reported variable findings.
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Mean sacral wing depth was 44.09+4.89 mm, which is less than
values obtained by Arman C et al., (563.90+4.39 mm). In the present
study, findings do not corroborate with other researchers due to
different populations under consideration and emphasise on the fact
that Indian sacra are smaller in size, hence screws employed during
lumbo-sacral fixation should be tailor made for Indian population
[Table/Fig-12].

The dimensions of S1 facet play a central role in weight distribution
and in prevention of spondylolisthesis. The mean height and
width of S1 facet joint were 14.73+1.68 mm and 15.61+2.0 mm
respectively, distance between S1 facet joints was 25.46+3.53 mm
and our findings corroborate with Arman C et al., [Table/Fig-12].

The dimensions of the S1 body play a vital role during posterior
lumbar body fusion and anterior lumbar body fusion procedures [3].
Furthermore, the knowledge of anatomy of S2 vertebra is crucial

Sandeep Saluja et al., Morphometric Analysis of the Sacrum and its Surgical Implications

during S2 lateral mass screw fixation which may intrude upon the iliac
vessels or lumbosacral trunk while anchoring the anterior cortex of
sacrum[12]. Arman C et al., reported higher values for the dimensions
of S1 vertebra while Karachalios T et al., reported lower values than
the present study. The height of S2 vertebral body was 24.79+2.67
mm according to present study and varied from the findings of other
researchers [Table/Fig-12]. The sagittal diameter of spinal canal at
superior aperture was found to be less than values obtained by
other researchers and the transverse diameter was similar to study
conducted by Hassanein GH. Reduced sacral spinal canal diameters
may hinder lumbo-sacral procedures like thecaloscopy and play a
crucial role in screw placement surgeries as the edge of the sacral
canal forms the medial margin of the first sacral pedicle [10].

The STAs are of great significance as there is a risk of injury to
neurovascular structures with poorly placed screws. Mirkovic S et al.,

Researchers (Population)
Parameters (in mm) Ebraheim NA et Arman C et Okutan O et Karachalios T et Liu W et al., Hassanein GH Present study
al., [11] al,, [3] al., [7] al., [8] [9] [10]
(American) (Turkish) (Turkish) (Greek) (Chinese) (Egyptian) (Indian)
Right - 14.88+2.38 19 - - 20.40+2.39
Anterior pedicle height Left - 14.75+2.26 19.5 - - 21.07+2.43
Mean 30.2 14.81+2.32 13.6 19.3 18.1£3.8 18.3+4.9 20.74+2.42
Distance between Right - 10.79+2.38 - - - 11.39+2.25
chj;g: of 19 ASF & Left - 10.29+2.11 - - - 11.26+2.38
;gfggr";f o ASF Mean - 10.54+2.25 - - - 11.33+2.31
Right - 20.74+2.50 - - - 20.05+2.37
Posterior pedicle height | Left - 21.23+2.18 - - - 20.30+2.54
Mean 26.1 20.98+2.34 - 20.6+3.6 23.8+5.0 20.18+2.45
Distance between Right - 15.92+2.05 - - 14.22+2.37
g;f;g; of 1% PSF Left - 15.92+2.11 - - - 14.1422.34
gg‘;g’;”g]f - Mean - 15.92+2.08 - - - 14.18+2.35
Right - 51.12+4.83 - - - 45.79+3.51
Anteromedial STD Left - 51.26+4.72 - - - 45.56+3.49
Mean - 51.19+4.77 - - 52.3+5.2 45.67+3.49
Right - 50.13+3.63 - - - 44.62+3.96
Anterolateral STD Left - 50.46+3.51 - - - 44.57+3.79
Mean - 50.30+3.57 - - - 44.60+3.87

[Table/Fig-11]: Comparison of morphometric measurements of sacrum between previous and present studies.

Researchers (Population)
Parameters (in mm) El;;a:lei?"l\ 1'\]‘A Arman C etal., | Okutan O et Ifrazir;al[ig]s Hassanein GH | Present study
( Ame.;ican) [3] (Turkish) al., [7] (Turkish) (Greé’k) [10] (Egyptian) (Indian)

Right 24.69+3.92 - 18.2 23.43+2.45
S1 pedicle depth Left - 24.60+3.75 - 18.2 - 23.53+2.45
Mean 27.8 24.65+3.84 22.4 18.2 29.9+5.3 23.48+2.44
Right - 53.88+4.65 - - - 44.02+4.85
Sacral wing depth Left - 53.92+4.12 - - - 44.16+4.95
Mean 45.8 53.90+4.39 - - - 44.09+4.89
Right - 14.55+1.82 - - - 14.78+1.69
Height Left - 14.69+1.84 - - - 14.69+1.68
S1 facet joint Mean - 14.62+1.83 - - - 14.73+1.68
Right - 16.44+2.20 - - - 15.72+1.88
Width Left - 16.30+2.08 - - - 15.49+2.12
Mean - 16.37£2.14 - - - 15.61£2.0
Distance between S1 facet joints - - 25.68+3.80 - - - 25.46+3.53
S1 vertebral body A-P - - 31.42+2.83 - 2517 - 29.96+2.48
diameter Transverse - - 49.40+5.89 - - - 46.98+5.12
Height of vertebral S1 - - 30.22+2.35 - 27.8 - 29.40+2.62
body s2 - 25.0 26.34+6.09 - 222 - 24.79+2.67
Spinal canal diameter | Sagittal - - 21.81+3.66 - - 16.4+2.7 12.69+2.92
Transverse - - 31.31+£3.16 - - 29.4+3.9 290.62+2.72

[Table/Fig-12]: Comparison of morphometric measurements of sacrum between previous and present studies.
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detected that the internal iliac vein and the lumbosacral nerve trunk
were the most probable injured structure in front of the sacrum during
screw placement at 30 and 45 degrees angulation. Sigmoid colon, in
spite of being adjacent to the S2 screw, was shielded by its mesentery.
Additionally, S1 pedicle screw placement was detected to be least
likely affecting the neurovascular structures [13]. In the present studly,
the mean S1 facet angle was greater (53.94°+9.17) than the finding
of Arman C et al., (35.20°+£9.62) [3]. Thus, the increased angulation
of the facets in Indian population is a normal finding in all probability
and it may be due to diverse population habits which affect weight
distribution. In the present study estimated mean anteromedial STA
to be 35.56°+2.83 mm which was more than that obtained by Arman
Cetal., (33.80°+4.34 mm) and anterolateral STA was almost similar in
both studies. These above-mentioned angles are an important guide in
pedicle screw placement at the sacrum and will allow characterisation
of an optimal screw pathway in Indian population [Table/Fig-13].

Researchers
Parameters (in degrees)
Arman C et al., [3] Present study
Right 35.71°+£9.5 52.55°+9.02
S1 facet angle Left 34.70°+9.66 55.32°+9.16
Mean 35.20°+9.62 53.94+9.17
Right 35.65°+4.73 35.13°+2.95
Anteromedial STA Left 31.95°+3.95 36.0°+2.66
Mean 33.80°+4.34 35.56°+2.83
Right 32.65°+3.51 32.18°+£3.09
Anterolateral STA Left 29.10°+3.14 30.67°+£2.75
Mean 30.87°+3.32 31.42°+£3.02

[Table/Fig-13]: Comparison of angular parameters of sacrum between previous

and present studies.

Ultimately, the other Indian researchers observed analogous results
for screw trajectory distances and S1 vertebral body diameters but
other parameters were observed to be variable [14-16]. [Table/Fig-
14] illustrates the comparison between different Indian studies and
provides a range of each parameter for Indians which should be
considered during operative procedures of lumbosacral region.

LIMITATION

Present study was done on 108 dry adult human sacra due to
limited availability in the institute. We propose further morphometric
studies on large number of sacra to provide a reference database
in Indian population.

CONCLUSION

The lesser dimensions of sacral foramina and larger anterior pedicle
height in Indian population indicate a greater margin of safety for screw
placement in this region. In spite of this observation, we propose the
application of shorter length screws, as screw trajectory distances of
the Indian sacra are lesser compared to other populations. The present
comprehensive study yielded the morphometric characteristics of
the Indian sacra which can minimize visceral and neurovascular injury
during transpedicular and lateral mass sacral screw placement.
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[14] ! M16]
Anterior pedicle height | 18.88 mm - 21.09 mm 20.74 mm
E;’i;ﬁ”or pedicle - 19.42 mm 21.73 mm 20.18 mm
Pedicle depth - 28.43 mm - 23.48 mm
Anteromedial STD 45.11 mm - 46.05 mm 45.67 mm
Anterolateral STD 44.9 mm - - 44.60 mm
i;ge“ebra' body - 29.47 mm - 29.96 mm
S1 vertebral body TD - 46.02 mm - 46.98 mm
Spinal Canal SD - 11.95 mm - 12.69 mm
Spinal canal TD - 27.77 mm - 29.62 mm
Anteromedial STA 33.18° - 34.12° 35.56°
Anterolateral STA 26.95° - - 31.42°

[Table/Fig-14]: Comparison of morphometric parametres of sacrum with other

Indian studies.
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