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Safe corridor for iliosacral and trans-sacral screw placement in Indian
population: A preliminary CT based anatomical study
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A B S T R A C T

Objectives: Nonsurgical management of unstable pelvic ring injuries is associated with poor outcomes.
Posterior pelvic ring injuries include sacroiliac joint disruption and sacral fractures or a combination of
the two. Morbidity is high in non-operatively managed patients. Screw fixation is being increasingly used
to manage unstable posterior pelvic injuries. Limitations include a steep learning curve and potential for
neurovascular injury. This is the first study in Indian population to describe the safe corridor for screw
placement and check the feasibility of screw in both upper and lower sacral segments.
Methods: This study involved retrospective analysis of 105 pelvic CT scans of patients admitted to the
emergency department of a Level 1 trauma centre. Vertical height at the level of constriction (vestibule)
of S1 and S2 was measured in coronal sections and anteroposterior width of constrictions was measured
in axial sections. We created a trajectory for 7.3 mm cylinder keeping additional 2 mm free bony corridor
around it and confirmed that bony limits were not breached in axial, coronal and sagittal sections.
Whenever there was breach in bony limit we checked applicability of 6.5 mm screw.
Results: The vertical height and anteroposterior width of vestibule/constriction of S1 was significantly
higher in males, whereas S2 vestibule height and width were similar in males and females. Both male and
female pelves were amenable to S1 Trans-sacral and S1 Iliosacral screw fixation with a 7.3 mm screw
when a safe corridor of 2 mm was kept on all sides. However, when S2 segment was analysed, only 42.9%
of male pelves and 25.7% of female pelves were amenable to insertion of trans-sacral 7.3 mm screw.
Conclusion: An individualized approach is necessary and each patient’s CT must be carefully studied
before embarking on sacroiliac screw fixation in Indian population.
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1. Introduction

Nonsurgical management of unstable pelvic ring injuries is
associated with poor outcomes.1 Apart from high initial mortality
(4.8–50%),2 the morbidity in those who survive the acute phase can
be substantial due to chronic pain, deformity, sexual dysfunction,
etc.3 Posterior pelvic ring injuries include sacroiliac joint disrup-
tion and sacral fractures or a combination of the two. Options of
posterior fixation like sacral plating and lumbopelvic fixation have
been known to cause complications such as implant prominence
and skin necrosis.1 Hence, with better understanding of radiologi-
cal sacral anatomy and wide availability of intra-operative
fluoroscopy, screw fixation is being increasingly used to manage
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unstable posterior pelvic injuries. Although their use is increasing,
there are limitations such as a steep learning curve and potential
for neurovascular injury.

The bony corridors available for safe screw placement in sacrum
are narrow and as such there is risk of the screw threads breaching
the cortex and damaging the surrounding structures.4,5,6,7

Dysmorphic sacrum makes insertion of sacroiliac screws difficult
or even impossible in some cases.1,8 Hence, pre-operative
identification of the corridors of the sacrum shall be helpful in
avoiding complications.

The pre-requisites for safe placement of iliosacral screws are
accurate reduction of sacroiliac joint or sacral fractures (open or
closed reduction), pre-operative identification of abnormal sacral
anatomy, and adequate recognition of bony landmarks on intra-
operative fluoroscopic images.3 The standard fluoroscopic views
used to insert screws are inlet view, outlet view and true lateral
view of the pelvis. Only after this has been ensured, the significance
and releance of adequate and safe corridors for inserting the
Iliosacral or Transilaic screws comes in to reckoning.
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Fig. 2. a. Axial cut of S2 showing measurement of anteroposterior width of
constriction. b. Coronal cut of sacrum showing measurement of vertical height of
constriction of S2.
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Although CT quantification of sacral “safe-corridor” has been
done in previous studies, such a study is lacking in Indian
population.

Hence, the objectives of this study include the description of the
safe corridor and trajectory for Iliosacral and Transiliac screw
placement in normal Indian pelves and to compare the measure-
ments and applicability of screws between male and female pelves.
This is the first study which attempts to describe the dimensions of
the sacral anatomy and assess the feasibility of sacroiliac or
transiliac screw insertion in Indian population.

2. Materials and methods

This study involved retrospective analysis of 105 pelvic CT scans
of patients admitted to the emergency department of a Level 1
trauma centre. These CT scans were performed as a screening
procedure in polytrauma patients or for evaluation of acetabular
fractures. Exclusion criteria were age <18 years, dysmorphic upper
sacral segment1,8 and CT showing gross disruption of posterior
pelvic ring where exact CT measurements were not possible. The
acquired CT scans were analysed using Iplan(1) CMF 3.0 (Brainlab
AG, Feldkirchen, Germany). Ethics committee approval was
obtained prior to the commencement of the study.

Measurements were performed for both the upper and second
sacral segments (Figs. 1 and 2). In the coronal sections, vertical
height was measured at the level of constriction (vestibule) of S1
and S2. In axial cuts, anteroposterior width of constrictions of S1
and S2 transverse processes were measured.

After aligning L5- S1 disc space horizontally in sagittal and
coronal planes, the axial and coronal cuts were studied to measure
the dimensions in the path of the osseous corridor for screw
placement. Antero-posterior constriction (in axial cut) of S1 was
Fig. 1. a. Axial cut of S1 showing measurement of anteroposterior width of
constriction. b. Coronal cut of sacrum showing measurement of vertical height of
constriction of S1.
measured as the maximum distance from the antero-lateral corner
of sacral canal to the anterior cortex and perpendicular to it.
Vertical constriction (in coronal cut) of S1 was measured as the
vertical distance from superior most extent of first neural foramen
to the deepest part of superior cortex of S1 segment and
perpendicular to it.

S2 antero-posterior constriction (in axial cut) was measured as
the maximum distance from anterior most point of sacral canal to
the deepest part of anterior cortex of S2 segment, in a direction
perpendicular to a horizontal line passing through the deepest part
of anterior cortex of S2 segment. S2 vertical constriction (in coronal
cut) was measured as the maximum vertical distance from
superior most extent of second neural foramen to the inferior
most part of first sacral neural foramen.
Fig. 3. Showing a cylinder of 11.3 mm diameter (7.3 mm for screw and 2 mm safe
zone on either side) representing the trajectory of a Iliosacral screw in coronal
section.



Fig. 5. Showing a cylinder of 11.3 mm diameter (7.3 mm for screw and 2 mm safe
zone on either side) representing the trajectory of a trans-sacral S1 screw in coronal
section.

Fig. 6. Showing a cylinder of 11.3 mm diameter (7.3 mm for screw and 2 mm safe
zone on either side) representing the trajectory of a trans-sacral S1 screw in axial
section.
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Iliosacral screw trajectories were created on the 3D CT model
(Figs. 3 and 4) in S1 starting from a point on iliac bone and ending
in mid line just posterior to anterior surface of the sacral
promontory in such a way that the direction of screw trajectory
was perpendicular to a line measuring the constriction, in both
axial and coronal planes. In other words, the trajectory was kept
parallel to superior cortex in coronal plane and to the anterior
cortex in axial plane at the level of vestibular constriction of S1
segment. We created a trajectory for 7.3 mm cylinder keeping
additional 2 mm free bony corridor around it and confirmed that
bony limits were not breached in axial, coronal and sagittal
sections. Whenever there was breach in bony limit we checked
applicability of 6.5 mm screw. Larger screw size that could be
passed without breaching bony limits was noted. No other screw
size was tested when none of the above screw trajectories were
found appropriate. Similarly, trajectories were created for trans-
sacral screws in both S1 and S2 (Figs. 5–8) spanning both sacroiliac
joints and passing through S1 and S2 transverse processes without
breaching the bony limits. 2 mm of additional safety corridor was
kept in trajectories for both 7.3 mm and 6.5 mm screws.

To minimize error in measurement, all measurements were
made by two observers and the mean was calculated.

3. Results

A total of 105 3D CT scans were analysed. 35 were females and
70 were males.

The vertical height and anteroposterior width of vestibule/
constriction of S1 was significantly higher in males, whereas S2
vestibule height and width were similar in males and females. The
dimensions and applicability of screws in summarized in Table 1.
Statistical analysis was done using SPSS version 22.

4. Discussion

Although first used in spine surgeries,1 use of iliosacral screws
for posterior pelvic stabilization has gained popularity. With
increasing incidence of pelvic ring injuries due to a rise in high
velocity road traffic accidents, more and more patients will need
iliosacral screw fixation to stabilize the posterior pelvic ring in
order to hasten the mobilization of such patients, allow early
weight bearing, and avoid complications related to prolonged
immobilization (bed sores, pneumonia, deep vein thrombosis).
Hence a thorough understanding of the sacral anatomy and ‘safe
corridor’ is essential to safely carry out these procedures. The
advantages of iliosacral screws include ability to insert via
percutaneous approach if sacroiliac dislocation or sacral fracture
can be reduced by closed means, completely intra-osseous course
which eliminates implant prominence related complications and
Fig. 4. Showing a cylinder of 11.3 mm diameter (7.3 mm for screw and 2 mm safe
zone on either side) representing the trajectory of a Iliosacral screw in axial section.

Fig. 7. Showing a cylinder of 11.3 mm diameter (7.3 mm for screw and 2 mm safe
zone on either side) representing the trajectory of a trans-sacral S2 screw in coronal
section.
also reduces the risk of infection, and that they can be placed in any
position (supine, prone) even in the presence of soft tissue injury.3

The study of sacral morphology and the applicability of
iliosacral and trans-sacral screws is extremely germane to the
trauma surgeon, if complications are to be avoided. As previous
studies mainly focus on Caucasian subjects, their results cannot be
extrapolated to the Indian (or Asian) patients. A study done by
Hasenboehler et al.8 in western population found significant
difference in all CT measurements between males and females.
Whereas in our study, only height and width at the level of
vestibule of S1 was significantly higher in males. S2 vestibule
height and width were more in males, but the difference was



Fig. 8. Showing a cylinder of 11.3 mm diameter (7.3 mm for screw and 2 mm safe
zone on either side) representing the trajectory of a trans-sacral S2 screw in axial
section.
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statistically insignificant. The possibility of this observation being a
result of low sample size cannot be ruled out.

The results of this study show that both male and female pelves
were amenable to S1 Trans-sacral and S1 Iliosacral screw fixation
with a 7.3 mm screw when a safe corridor of 2 mm was kept on all
sides. However, when S2 segment was analysed, only 42.9% of male
pelves and 25.7% of female pelves were amenable to insertion of
trans-sacral 7.3 mm screw (Table 1). When feasibility of 6.5 mm
screw was studied, 64.3% of male pelves and 68.6% of female pelves
were amenable to its insertion. Hence, 35.7% of male pelves and
31.4% of female pelves did not allow even 6.5 mm screw to be
inserted safely, and this difference in applicability of screw in male
and female pelves was statistically insignificant. This finding is in
contrast to the findings in the study by Gras et al.,9 which
concluded that the male pelvis is more amenable to screw
insertion as compared to the female pelvis. For cases not amenable
to 6.5 mm screw insertion, other methods of fixation (eg. Trans-
iliac plating, spinopelvic fixation) may be more appropriate.

As a 1 mm safe corridor seems very difficult to achieve, and
unrealistic during the actual surgical procedure, the applicability of
all the screws was checked keeping a 2 mm safe margin.

Previous studies have found sacral dysmorphism in 14.5–54%
cases.1,8,10–12 The incidence varies with race and gender. The
difficulty in inserting screws in dysmorphic sacrum has been
Table 1
Summary of measurements and applicability of screws (safe corridor of 2 mm on all si

Overall Males 

Total number 105 70 

Age (years) Mean 42.21 (range 18–80) (SD 17.29,
SEM 2.01)

Mean 41.02 (range 1
SEM 2.10)

Vertical vestibular
height S1 (Coronal
section)

21.06 mm (range 14.5–27.0) (SD 3.12,
SEM 0.305)

22.23 (range) (SD 2.

Anteroposterior
vestibular width S1
(Axial section)

21.30 mm (range 16.10–27.40) (SD 2.73,
SEM 21.30)

21.87 mm (range 16.
SEM 0.30)

Vertical vestibular
height S2 (Coronal
section)

12.00 mm (range 8.0–20.3) (SD 2.12,
SEM 0.21)

12.01 mm (range 8.0
SEM 0.29)

Anteroposterior
vestibular width S2
(Axial section)

12.18 mm (range 7.5–17.8) (SD 2.08,
SEM 0.203)

12.29 mm (range 7.5
SEM 0.29)

Trans-sacral screw S1 7.3 mm applicable in all cases. 7.3 mm applicable in

Trans-sacral screw S2 7.3 mm applicable in 39 cases. 6.5 mm
applicable in 69 cases. Not applicable in
36 case.

7.3 mm applicable in
applicable in 45 case
25 case.

Iliosacral screw via S1 7.3 mm applicable in all cases. 7.3 mm applicable in
clearly described.13 However, as our study shows that even in non-
dysmorphic pelves 35.7% of male pelves and 31.4% of female pelves
did not allow safe insertion of a 6.5 mm S2 trans-sacral screw.
Hence, a CT scan should be routinely ordered in all patients
planned for a posterior pelvic ring percutaneous screw fixation and
carefully studied. This is the only method which can potentially
eliminate the neurovascular complications seen with insertion of
these screws.

Using standard intra-operative fluoroscopic landmarks, the rate
of incorrect screw placement is nearly 10–15% even after
appropriate placement according to fluoroscopy.6,8,14,15 This
misplacement can cause nerve root impingement, and is reported
to be more common in cases with sacral dysmorphism or fracture
mal-reduction.5,13,16 As little as 5 mm fracture mal-reduction in a
Denis Zone II fracture results in a 36% decrease in the S1 screw
corridor.16 To eliminate these outliers, various authors have used
intra-operative CT and navigation to insert sacroiliac screws.17–19

Although this technique has the potential for eliminating cortical
breach in all cases, this has not yet gained widespread popularity
because of limited availability and increased radiation exposure.20

Hence, fluoroscopy guided iliosacral screw still remains the gold
standard.

Our study is not without a few limitations. First of all, our
sample size is low. Moreover, this is retrospective data from a level
one trauma centre with its inherent shortcomings. Consequently,
this data might not be representative of a cohort of patients with
posterior pelvic ring disruption. Also the cases of sacral dys-
morphism were not included in this study which could have
altered the results presented. Though every effort was made to
avoid human error in the various CT based measurements, some
error could still have crept in. Lastly, although the present study is
carried out in uninjured pelves, the safe corridor reduces
drastically in mal-reduced fractures,16 which must be taken into
account.

In spite of these shortcomings, we feel that this data being the
first of its kind from Indian population shall provide a reference of
information regarding the sacral morphology of Indian pelves in
both males and females. This study, for the first time, proves that
due to morphological differences between Caucasian and Indian
pelves, Indian pelves are less amenable to safe insertion of sacral
screws than their Caucasian counterparts.8 We suspect that
des).

Females Remarks

35
8–75) (SD 15.27, Mean 44.60 (range 19–80) (SD 19.11,

SEM 4.63)
P = 0.331 (not
significant)
(unpaired t-test)

67, SEM 0.32) 18.73 (range) (SD 2.65, SEM 0.44) p < 0.005
(significant)
(unpaired t-test)

7–27.4) (SD 2.57, 20.17 mm (range 16.10–26.10) (SD 2.72,
SEM 0.46)

p = 0.002
(significant)
(unpaired t-test)

–20.3) (SD 2.43, 11.98 mm (range 9.9–16.5) (SD 1.35,
SEM 0.23)

p = 0.93
(not significant)
(unpaired t-test)

–17.8) (SD 2.41, 11.9 mm (range 9.7–14.6) (SD 1.18, SEM
0.20)

p = 0.450 (not
significant)
(unpaired t-test)

 all cases. 7.3 mm applicable in all cases. p = 1.0000 (Fisher’s
exact test)

 30 cases. 6.5 mm
s. Not applicable in

7. 3 mm applicable in 9 cases. 6.5 mm
applicable in 24 cases Not applicable in
11 cases.

p = 0.299 (not
significant) (Fisher’s
exact test)

 all cases. 7.3 mm applicable in all cases. p = 1.0000 (Fisher’s
exact test)
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applicability of screws may be even less in Indian dysmorphic
pelves, but their exclusion from this study does not allow us to
definitively comment on this. This should lead to further large
sample size multicentric studies based on age, height and weight
related data on sacral morphology in Indian population. The
knowledge of this fact will enable the trauma surgeon to be extra-
cautious while operating on patients with an unstable posterior
pelvic injury, and pre-operatively determine patients not suited to
screw fixation.

5. Conclusion

Although dimensions of vestibule of S2 were similar in males
and females, those of S1 were significantly greater in males.
7.3 mm iliosacral screw and S1 trans-sacral screw could be safely
inserted in all cases, only 42.9% of male pelves and 25.7% of female
pelves were amenable to insertion of S2 trans-sacral 7.3 mm screw.
An individualized approach is necessary and each patient’s CT
must be carefully studied before embarking on sacroiliac screw
fixation in Indian population.
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