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ABSTRACT

Introduction: Posterior screw placement on sacrum is done in
various conditions. Screws are inserted into the body of first/
second sacral vertebra. So, Linear parameters form the basis for
adequate fixation of bone and to avoid injury to neurovascular
structures. Detailed information about sacral parameters will be
helpful for surgeons performing dorsal screw placement, Anterior
Lumbar Interbody Fusion (ALIF), Posterior Lumbar Interbody
Fusion (PLIF) with better prognosis and lesser complications.

Aim: To measure and compare various linear parameters of
sacrum in males and females.

Materials and Methods: In the present study, 48 dry sacra
(24 males and 24 females) were taken. Linear parameters
of upper sacrum like sacral length, sacral breadth, first
sacral anteroposterior and transverse diameter, sacral canal
anteroposterior and tranverse diameter, posterior pedicle height,
pedicle depth, pedicle width, vertical and transverse diameter of
auricular surface were manually measured with digital, vernier
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caliper. The data were analysed, using SPSS version 16.0 and
compared using Student’s t-test with p value <0.05 taken as
significant.

Results: Statistically significant gender difference was observed
in sacral length, values were more in males (10.57+0.95 cm),
than in females (8.56+0.49 cm) with p<0.05 and second sacral
body height was found to be more in males (2.55+0.23 cm)
than in females (2.16+0.20 cm) with p<0.05. Sacral canal
anteroposterior diameter values were more in males (2.31+0.33
cm) than in females (2.07+0.36 cm) with p<0.05. Vertical
diameter of auricular surface values on right side were more
in males (5.43+0.40 cm) than in females (5.07+0.37 cm) with
p<0.05.

Conclusion: Precise measurements of dry sacra and gender
comparison will be helpful for the surgical intervention in sacral
region. The values obtained can be used as a baseline data
for making population specific prosthesis and during implant
insertion.

Keywords: Dorsal screw placement, Pedicle width, Posterior pedicle height, Sacral body height, Sacral length

INTRODUCTION

Sacrum is the site for screw placement in many clinical conditions
like sacral fractures, neoplasm of sacrum, spinal disorders, and
sacroiliac joint disruption [1]. In conditions like sacroiliac disruptions
and sacral fractures lateral to foramina, screw fixation runs from S1
pedicle to iliac wing [2].

Sacrum is flat triangular bone formed by the fusion of five vertebrae.
It is larger in males than in females, whereas width of ala is more
in females than in males [3]. Instrumentation on sacrum always
carries the risk of injuries to important neurovascular structures
lying adjacent to sacrum, due to complex anatomy of first sacral
vertebrae [4-6].

Screw placement depends on entry point and direction of screws.
Entry point lies inferolateral to facet joint between fifth lumbar
and first sacral vertebra, then screw runs through pedicle, either
to promontory in anteromedial direction or either to sacral ala
in anterolateral direction. Screw placement is also influenced
by biomechanical strength, which should met with screw anti
extraction force requirement [7]. Vital structures like ureter, elements
of lumbosacral plexus, branches of common iliac artery and
cauda equina are vulnerable during posterior screw placement [8].
Placement of pedicle screws into first sacral vertebrae is a difficult
surgical procedure [9]. Due to variable anatomy of first sacral
vertebra, sometimes screws can also be inserted into second
vertebral body to strengthen lumbosacral junction [10]. Most
accurate information on measurements of sacrum is provided by
CT scans. CT scans of upper sacrum showed that the junction of
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pedicle and vertebral body is an optimal area for bony purchase as
this avoids foramina and structures adjacent to it [11]. In present
study, linear data was obtained from direct measurements on the
sacrum with digital calliper.

MATERIALS AND METHODS

Prospective morphometric study was done on 48 dry sacra,
procured from Department of Anatomy of Lady Hardinge
Medical College, Delhi, India from October 2016 to January
2017. On the basis of sacral index, sacra were grouped as male
and female.

Sample size selection was done on the basis of sacral breadth with
reference to the research paper by Basaloglu H et al., Morphometry
of sacrum for clinical use (N=48, a=5%, power=90%) [12].

Bones with fractures, trauma and deformities of any kind were
excluded from the study. Total 13 linear parameters were measured
as described below. The Student's t-test was used to make
comparison between male and female subjects and also between
right and left sides. All the parameters were measured with the help
of digital vernier caliper.

Linear Parameters
e Sacral length (AB): Point A was taken as the midpoint on sacral
promontory to Point B on the midpoint of apex [Table/Fig-1a].

e Sacral breadth (CD): Maximum distance between ala on pelvic
surface of sacrum [Table/Fig-1b].



Shabnam Arora et al., Sacral Morphometry of Surgical Importance www.jcdr.net

_,oﬁ’:. ;
=

[Table/Fig-1a,b]: a) Point A-mid-point on sacral promontory, point B-mid-point on

apex; b) Point C and D-maximum distances between alar surfaces. [Table/Fig-1e,f]: €) Point I-mid-point on sacral promontory, point J-mid-point on

posterior border of first sacral vertebra; f) K and L-maximum transverse distance of
first sacral body on base of sacrum.

e  First sacral body height (EF): Distance measured from Point
E on the midpoint of sacral promontory to the Point F on the
midpoint on first transverse ridge on pelvic surface [Table/
Fig-1c].

e  Second sacral body height (GH): First point G was taken as
midpoint on the first transverse ridge and second point H as
midpoint on second transverse ridge on pelvic surface [Table/
Fig-1d].

was taken on upper border of sacral canal at the level of first
spinous process [Table/Fig-1g].

e  Sacral canal Transverse Diameter (OP): Maximum transverse
diameter of sacral canal at the level of first sacral vertebra on
the base of sacrum [Table/Fig-1h].

| -

[Table/Fig-1g,h]: g) Point M-mid-point on sacral promontory, point N-upper
border of sacral canal at level of first spinous process; h) Point O and P-maximum
transverse diameter of sacral canal at level of first sacral vertebra.

e Posterior pedicle height (QR): Distance between the Point Q
L was taken on pedicle lateral to superior articular process and

[TI'abIe/Flg-1c,d]: ¢) Point Emldpomt Qn sacr‘al promontory, pomt Ffmld—ponjt on Point R was taken as midpoint on superior border of first sacral

first transverse ridge; d) Point G-mid-point on first transverse ridge, point H-mid- . . .

point on second transverse ridge. foramen, measured with the help of vernier caliper on both

sides [Table/Fig-1i].

Pedicle depth (ST): Maximum distance between Point S and

T on the anterior and posterior limits of pedicle, on base of

sacrum on both sides [Table/Fig-1j].

e First sacral body anteroposterior diameter (IJ): Point | was
taken as midpoint on sacral promontory and Point J taken
as midpoint on posterior border of first sacral vertebra [Table/

Fig-1e].
Ig ] ) . e Pedicle width (UV): Draw a line from the anterolateral edge of S1
*  Firstsacral body transverse diameter (KL): Maximum transverse bodly to lateral edge of first sacral articular process; take midpoint
distance of first sacral body on base of sacrum [Table/Fig-11]. was taken as Point U, then draw a perpendicular line up to sacral

e Sacral canal anteroposterior diameter (MN): Distance from canal on base of sacrum, measured on both sides [Table/Fig-1K].

Point M taken was midpoint on sacral promontory to Point N e Vertical diameter of auricular surface (XY): Maximum vertical diameter
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of auricular surface measured on both sides [Table/Fig-1l].

e Transverse diameter of auricular surface (ZO): Maximum
transverse diameter of auricular surface measured on both
sides [Table/Fig-1m].

[Table/Fig-1i,j]: i) Point Q-pedicle lateral to superior articular process, point R-mid-
point on superior border of first sacral foramen; j) Point S-anterior limit of pedicle,
point T-posterior limit of pedicle.

[Table/Fig-1k,l]: k) Point U-mid-point of line drawn from anterolateral edge of first
sacral body, point V-perpendicular drawn from point U upto upper border of sacral
canal; l) Point X and Y-vertical diameter of auricular surface.

[Table/Fig-1m]: Point Z and A-transverse diameter of auricular surface.

STATISTICAL ANALYSIS

The data were analysed, using SPSS version 16.0 and compared
using Student’s t-test with p value <0.05 taken as significant.
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RESULTS

Results of linear parameters were shown in [Table/Fig-2]. Sacral length
in males was found to be 10.57+0.95 cm, in females it was 8.56+0.49
cm, with statistically significant difference between the two groups,
suggesting longer sacral length in males. Second sacral body height
was found 2.55+0.23 cm in males and 2.16+0.20 cm in females,
values are greater in males than females with statistically significant
difference between two groups. Sacral canal anteroposterior
diameter in males was 2.31+0.33 cm and 2.07+0.36 cm in females
with significant difference between the two groups. Vertical diameter
of auricular surface on right side showed values were higher in
males (5.43+0.40 cm) than in females (5.07+0.37 cm). Rest all linear
parameters showed no significant gender and side difference.

S.No. | Parameters (cm) | Male/female n Mean+SD p-value

Male 24 10.57+0.95 <0.001
1 Length (AB)

Female 24 8.56+0.49 <0.001

Male 24 9.95+0.64 0.36
2 Breadth (CD)

Female 24 10.13+0.69 0.36

Male 24 2.98+0.29 0.92
3 S1 Height (EF)

Female 24 2.98+0.25 0.92

Male 24 2.55+0.23 <0.001
4 S2 Height (GH)

Female 24 2.16+0.20 <0.001

Male 24 2.05+0.22 0.64
5 PPH-Rt (QR)

Female 24 2.02+0.23 0.64

Male 24 2.10+0.25 0.1
6 PPH-Lt (QR)

Female 24 1.99+0.22 0.1

Male 24 2.91+0.35 0.14
7 FSBAP (1J)

Female 24 3.04+0.24 0.14

Male 24 4.77+0.38 0.60
8 FSBT (KL)

Female 24 4.83+0.51 0.60

Male 24 2.31+0.33 0.02
9 SCAP (MN)

Female 24 2.07+0.36 0.02

Male 24 2.95+0.34 0.28
10 SCT (OP)

Female 24 2.86+0.22 0.28

Male 24 5.43+0.40 <0.001
11 VDAS-Rt (XY)

Female 24 5.07+0.37 <0.001

Male 24 5.30+0.48 0.09
12 VDAS-Lt (XY)

Female 24 5.09+0.37 0.09

Male 24 3.53+0.33 0.69
13 TDAS-Rt (ZO)

Female 24 3.49+0.46 0.69

Male 24 3.51+0.38 0.97
14 TDAS-Lt (ZO)

Female 24 3.50+0.45 0.97

Male 24 1.20+0.19 0.36
15 PW-Rt (UV)

Female 24 1.26+£0.25 0.36

Male 24 1.20+0.18 0.16
16 PW-Lt (UV)

Female 24 1.30+0.25 0.16

Male 24 2.70+0.23 0.68
17 PD-Rt (ST)

Female 24 2.66+0.29 0.68

Male 24 2.81+0.29 0.23
18 PD-Lt (ST)

Female 24 2.70+0.35 0.23

[Table/Fig-2]: Sacral parameters.
PPH- Posterior pedicle height, FSBAP- First sacral body anteroposterior diameter, FSBT- First
sacral body transverse diameter, SCAP- Sacral canal anteroposterior diameter, SCT- Sacral canal

transverse diameter, VDAS- Vertical diameter of auricular surface, TDAS- Transverse diameter of
auricular surface, PW- Pedicle width, PD- Pedicle depth.

“Rt- Right, **Lt- Left, SD- Standard deviation

Significant p-value (<0.001) were observed in SL, S2 ht and VDAS (Rt)

DISCUSSION

Complex anatomy of first sacral vertebra with various important
neurovascular structures lying in the vicinity of sacrum makes
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the dorsal screw placement at appropriate position a tough
challenge for spine surgeons. Various factors such as race, sex,
environmental factors and life style affect the morphology of bones
[13]. Lumbosacral junction is considered to be a sensitive region
where degenerative changes are seen. In operative stabilisation,
insertion of screws is to be done into first sacral body, second
sacral body and sacroiliac joint where complications like nonunion
and pseudoarthrosis are very common [14]. Screws can be placed
in anteromedial direction (in promontorium) and anterolateral
direction (in sacral wing) using entry point just inferolateral to the
first sacral facet traverses the pedicle to enter into first sacral body
or into sacral wing [15]. Pedicle forms the basis for dorsal screw
placement, as it the strongest portion of vertebrae. Transpedicular
instrumentation is biomechanically superior than other available
posterior instrumentation techniques [16].

Various neurovascular structures like median vessels lying in the
middle of ventral surface of sacrum and iliac vessels along with
sacral plexus are situated lateral to sacral foramina [7]. Sacral canal
also contains nerve roots forming cauda equina below the level of

www.jcdr.net

second sacral vertebra. Safety zone for screw placement includes
the area above first anterior foramen projection and between first
and second anterior foramina projections [1]. Robertson PA and
Plank LD evaluated the CT scans of upper sacrum in 100 patients
and found that screws can be placed in anteromedial direction from
both sides into first sacral body in almost 98.5% cases [17]. Various
studies on sacral parameters were conducted using imaging
techniques. Measurement of sacrum with spiral CT was done by
Meng-jun LI et al., in which the angle and length of pedicle and
lateral mass screw trajectories were measured [7]. It is useful for
raising the accuracy rate of pedicle screw placement. Radiographic
evaluation of sacrum was done by Xu R et al., He concluded that
dorsal screw and iliosacral screw placement are best evaluated by
inlet and outlet radiographs [1]. Various studies on sacral parameters
were conducted in Western Anatolian population [12,15], in Central
region of India and also in Eastern part of India. The present study
was compared with other regional studies [Table/Fig-3] [18,19].

In present study, sacral length gave an idea about the extent of
area that can be operated on. Sacral length was found to be higher

[Table/Fig-3]: Variables of sacrum in different studies.

. . . Eastern Popula-
_ Western Anatolian Turkey Population Central Region of - X
S.No. Parameters Present Study (n=50) Population [15] (n=60) [16] (n=100) India [11] (n=50) tion z:_l;g(l)a)l [17]
1 Sacral Length (AB) M-10.57+0.95 cm M-10.43+1.24 cm M-10.29+0.68 cm M-10.82+0.67 cm
9 F- 8.56+0.49 cm F-10.20+1.20 cm F-9.09+0.22 cm F-9.93+0.74 cm
o Sacral Breadth (CD) M-9.95+0.64 cm M-10.20+1.20 cm M-10.04+0.72 cm M-9.63+0.74 cm
F-10.13+0.69 cm F-10.84+0.60 cm F-10.57+0.33 cm F-9.56+0.74 cm
) . M-2.98+0.29 cm M-3.06+0.31 cm
3 First Sacral Body Height (EF) F-0.98+0.25 om F-2.98+0.24 om 3.02+0.23 cm
) . M-2.91+£0.35 cm M-3.17+0.28 cm M-2.94+0.24 cm M-2.94+0.38 cm
4 First Sacral AP Diameter () F-3.040.24 cm F-3.0320.28 cm 8.14£0.28 cm F-2.97+0.25 cm F-2.79:0.27 cm
5 First Sacral Body Transverse M-4.77+0.38 cm M-5.27+0.61 cm 4.9440.58 cm M-4.57+0.45 cm M-4.16+0.85 cm
Diameter (KL) F-4.83+0.51 cm F-5.26+0.79 cm T F-4.70+0.48 cm F-3.97+£0.52 cm
. M-2.31+£0.33 cm M-1.46+0.37 cm M-1.13+0.37 cm
6 Sacral Canal AP Diameter (MN) F-2.07+0.36 cm F-1.5520.26 cm F-1.34:0.33 cm
7 Sacral Canal Transverse M-2.95+0.34 cm M-3.10+£0.24 cm 3.13+0.32 om M-2.70+0.37 cm
Diameter (OP) F-2.86+£0.22 cm F-2.97+0.25 cm T F-2.98+0.31 cm
M Rt-2.05+0.22 cm M Rt-1.97+0.28 cm
Lt-2.10+£0.25 cm _ Lt-2.00+0.33 cm
8 Posterior Pedicle Height (QR) '\FA22'09J£0'2223 com
F Rt-1.99£0.22 cm -2.09£0.22 cm F Rt-1.82+0.19 cm
Lt-2.03+0.22 cm Lt-1.82+0.23 cm
M Rt-2.70+0.23 cm M Rt-2.83+0.26 cm
Lt-2.81+£0.29 cm _ Lt-2.85+0.25 cm
9 Pedicle Depth (ST) Wreze.020om
F Rt-2.66+0.29 cm ~ealzloscm F Rt-3.06+0.75 cm
Lt-2.70+£0.35 cm Lt-3.04+0.74 cm
M Rt-1.20+0.19 cm M Rt-1.24+0.24 cm
Lt-1.20+£0.18 cm _ Lt-1.16+0.24 cm
10 Pedicle Width (UV) '\FA :Z‘sioq Gom
F Rt-1.26£0.25 cm -1.42£0.19 cm F Rt-1.15+0.18 cm
Lt-1.30+£0.25 cm Lt-1.23+0.16 cm
Rt-5.43+0.40 cm
11 Vertical Diameter of Auricular MLt-5.3040.48 cm M-5.77+0.41 cm
Surface (XY) Rt-5.07+0.37 cm F-5.47+0.45 cm
F Lt-5.09+0.37 cm
Rt-3.563+0.33 cm
12 Transverse Diameter of Auricular MLt-3.51+0.38 cm M-3.75+0.67 cm
Surface (ZO) Rt 3.49+0.46 cm F-3.63+0.67 cm
F Lt-3.50+0.45 cm

M*- males, F*- females. Second sacral body height was measured in the present study which was not included in others

Rt- Right, Lt- Left

in males with statistically significant difference between the two
values. Similarly, second sacral body height is important parameter
as screws can be placed bilaterally in anterolateral and anteromedial
directions for better fixation of lumbosacral junction [20]. Second
sacral body height was found to be higher in males than females.
In present study, sacral canal anteroposterior diameter was found
to be higher in males, so narrower sacral canal in females can lead
to greater risk as sacral canal contains indispensable neurovascular

structures, vertical diameter of auricular surface was found to be
higher in males suggesting easy sacroiliac screw placement in
males than females.

LIMITATION

The present study was limited due to low sample size. Also,
parameters were measured by manual methods and no imaging
techniques were used.
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CONCLUSION

In present study, Sacral length, Second sacral body height, Sacral
canal antero posterior diameter and vertical diameter of auricular
surface on right side were significantly higher in males, so in surgical
procedures like dorsal screw fixation, ALIF, PLIF and iliosacral screw
placement these parameters should be kept in mind to avoid
neurovascular injuries. Data obtained from present study is similar
to data from other regions in India, but it is mismatched with the
European data. So in case of prosthesis and implant insertion these
values would be of great importance.
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