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Anatomic Parameters for
Instrumentation of the Sacrum and
Pelvis: A Systematic Review of the
Literature

Abstract

Introduction: Multiple cadaver and radiographic analyses have

been performed to define the surgical anatomy of the sacrum and

pelvis. We provide a comprehensive review of this information,

creating an accurate anatomic guide for practice and research.
Methods: A systematic review was performed to identify

publications citing sacral or iliac morphometric parameters based

on cadaver or radiographic anatomy.
Results: A total of 780 abstracts were evaluated. Fifty-six articles

were included for final review and grouped into four sections: (1)

bone density, (2) bony corridors, (3) screw length and trajectory,

and (4) neurovascular and alimentary anatomy.
Conclusion: A systematic analysis of the radiographic and gross

anatomic features of the sacrum has yet to be published. This

review includes details on the spatial arrangement of the S1 and

S2 pedicle screws, sacroiliac screws, iliac screws, S2 alar iliac

screws, and pelvic neurovascular anatomy. The study can be

referenced by clinicians for sacral dissection, implant application,

and ongoing advances in orthopaedic research.
Study Design: Systematic review
Level of Evidence: Level IV

The sacral bone is an inverted tri-
angle that sits obliquely between

the two innominate bones of the pel-
vis at the distal aspect of the spinal
column. It functions mechanically to
convey axial load from the lumbar
spine into the lower extremities for
balanced locomotion. The ventral
sacral body is concave and derived
from five vertebrae. The transverse
processes of the sacral vertebrae
coalesce to form the sacral ala, which
projects laterally from the upper
sacral promontory.

The dorsal surface of the sacral
bone is formed from the coales-
cence of the spinous processes, zyg-
apophyseal joints, and the laminae of
the sacral vertebrae. The sacral body
serves as a protective conduit for the
cauda equina, which typically ends at
the S2 vertebrae. Between the central
sacral body and the lateral sacral
lamina are the four ventral and dorsal
foramina that transmit the sacral
nerve roots out of the sacral canal. A
rich network of neurovascular struc-
tures surrounds the sacrum and poses
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intraoperative dangers during sacro-
pelvic osteosynthesis.
Increasingly sophisticated techniques

for sacral instrumentation require a
detailed surgical knowledge to main-
tain patient safety. A concise anatomic
review of surgically relevant data has
yet to be published; our goal was to
collate morphometric references for
surgical instrumentation.

Methods

Ourmethodsweredeveloped following
theCochraneCollaborationguidelines.
InAugust 2016,we performed a search
using Medical Subject Headings terms
and Boolean operators to identify
English language publications in the
PubMed database referencing sacral

or iliac anatomic parameters based on
cadaver or radiographic anatomy
(Figure 1, Supplemental Digital Con-
tent 1, http://links.lww.com/JG9/A23).
Two independent investigators re-
viewed and classified study titles, ab-
stracts, and full-text articles based on
inclusion and exclusion criteria (Sup-
plemental Digital Content 1, http://
links.lww.com/JG9/A23). Full-length
studies were analyzed according to
the anatomic area (eg, S1 pedicle), and
numerical morphometric measure-
ments were documented and rounded
to the nearest whole number. A
manual cross-reference review was
performed on bibliographies of all
selected articles to further identify
sources. Articles were included based
on a consensus between reviewers,
and disagreements were resolved by

a third party with ultimate jurisdiction
on inclusion. Articles were grouped
categorically into bone density, screw
length and trajectory, bony corridors,
or neurovascular/alimentary anatomy.

Results

Our search yielded 780 relevant ab-
stracts,58ofwhichwereselectedfor full
review. Fifty-two publications met final
inclusion criteria with four additional
publications included based on the ci-
tations of the fully reviewed articles.

Bone Density
Investigators have studied the internal
architecture of the sacrum to identify
areas of increased bone density for
improved screw purchase. Ebraheim
and colleagues1,2 revealed that the
anterior aspect of the S1 body pos-
sessed better bone stock than the
caudal areas of the sacrum or ala.
Moreover, analysis of Hounsfield
units on separate CT study revealed
that the S1 segment has greater den-
sity than the S2 segment (A difference
on average of 89 HU).3 In general,
bone density decreases at successive
levels of the sacrum, and thicker cor-
tices tend to be anteromedial. Thus,
the best fixation bone stock for screw
thread purchase is likely at the ante-
romedial aspect of the S1 segment.

Screw Length and Trajectory
The following is a summary of avail-
abledata averages toguide sacral screw
insertion from several entry points.
Patients may have variable anatomy
that is not reflected accurately in pop-
ulation averages, making preoperative
and intraoperative imaging crucial for
safety.

Figure 1

Flowchart showing the search algorithm. MeSH = Medical Subject Headings
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S1 Pedicle Screw
The S1 pedicle screw has three
potential trajectories: (1) antero-
lateral into the ala, (2) anterior into
the junction of the sacral ala and
vertebral body, or (3) anteromedial
into the promontory.4,5 Distinct
from the thoracolumbar pedicles, the
sacral pedicle has no well-defined
cortical ring.5 The trajectories of the
anteromedial and anterolateral S1
screws have been reported as either
30� medial into the pedicle or 45� to
50� lateral into the sacral ala. All
trajectories use a 10�- to 20�-caudal
tilt in the sagittal plane.6 The ante-
rior trajectory is reportedly least
desirable because this path provides
the shortest length of the three op-
tions, at an average measurement of
30 mm.
The anteromedial trajectory gener-

ally starts 5 to 10 mm caudal and
10 mm lateral to the superior articular
facet of S1. The angulation may be
from 10� to 20� cephalad in reference
to the sacral lamina and 23� to 35�
medial from the sagittal plane. The
average screw length using this trajec-
tory is 37 to 51 mm.4,7-9 The surgical
approach may determine the inser-
tional angle; wide lateral approaches
may afford longer trajectories.10 Over-
all, the anteromedial trajectory is
preferred because of increased bio-
mechanical strength from conver-
gence of the screws and better bony
support.10-12

The anterolateral trajectory entry
starts from the same point as the
anteromedial screw butmay bemore
medial, and it is directed 25� to
53� laterally from the sagittal plane.
The anterolateral trajectory screw
lengths, on average, are reported to
range from 37 to 46 mm4,7-10 (Fig-
ure 2, Supplemental Digital Content
2, http://links.lww.com/JG9/A23).

S2 Pedicle Screw
Similar to the S1 screw trajectory, the
S2 pedicle screw has two main paths:

anteromedial and anterolateral. A
straight anterior approach, to our
knowledge, has not been studied
anatomically. The starting point is
generally in a trough between the
sacral lamina and the lateral sacral
ala. The point is located at the junc-
tion of the proximal and middle one-
third of the distance between the S1
and S2 dorsal foramina. This screw is
directed either 30� medially or 30�
laterally and parallel to the S1 end
plate. The average length of either
trajectory was 30 to 34 mm.7,8,13

(Supplemental Digital Content 2,
http://links.lww.com/JG9/A23).

Iliac Screw
Iliac fixation (ie, iliac screw and iliac
bolt) was the original lumbopelvic fix-
ation technique to support S1-L5
instrumentation. It was first proposed
by Allen and Ferguson14 in the form
of the Galveston supra-acetabular in-
trailiac implant—a contoured rod
directly inserted into the pelvis.
Modern techniques use large-diameter
screws that connect to a cranial rod
construct. Themain advantages of this
technique over S2 alar iliac (S2AI)
screws (described below) are that iliac
screws are contained within the ilium
and avoid violation of the sacroiliac

(SI) joint. Iliac screws are typically
directed from the posterior superior
iliac spine (PSIS) to the anterior infe-
rior iliac spine (AIIS), which has been
shown to maximize the length.15,16

CT studies show the ideal entry
point of the iliac screw, to obtain the
most length and to minimize perfo-
rations, should be within the medial
portion of a zone 20 mm cranial and
10 mm caudal of the PSIS.17,18 The
trajectory is 22� lateral in the trans-
verse plane and 25� caudal in the
sagittal plane.16,18,19 The average
length of this screw has been
reported as 124 to 150 mm.15,18-21

The risks of using the iliac screw
technique include violation of the
greater sciatic notch and the acetab-
ulum through inferior penetration.
Caudal start points put the acetabu-
lum at a greater risk, whereas caudal
end points put the sciatic notch at a
greater risk.15,20 In the transverse
section of the screw path, there are
two narrow constriction points
where the screw may breach21 (Fig-
ure 3, Supplemental Digital Content
3, http://links.lww.com/JG9/A23).

S2 Alar Iliac Screw
The S2 alar screw (S2AI or S2 Iliac
technique) is a lumbopelvic fixation

Figure 2

Illustration showing S1 pedicle screw trajectories.
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technique that uses a lateral S2 pedi-
cle screw trajectory through the
sacrum and into the ilium. Initially
proposed by Chang et al,22 the S2AI
technique has several advantages
over pure iliac screw fixation. Com-
pared with iliac screws, it is less
prominent, requires less soft-tissue
dissection, and is in line with cranial
anchor points. In addition, this tech-
nique does not disrupt the posterior
iliac crest, which may be used for
bone grafting.

The starting point for the S2AI
screw is 1 mm lateral and inferior to
the S1 dorsal foramen. The trajectory
is 36� to 40� lateral and 26� to 38�
caudal from horizontal.22,23 The
average length for this screw was
104 to 120 mm22,23 (Figure 4, Sup-
plemental Digital Content 4, http://
links.lww.com/JG9/A23). The screw
passes through the SI joint, typically
at 35 mm of the total insertional
length. It also passes through a
constriction point in the ilium, which

measures on average 12 mm in
diameter.22 Ethnicity of the patient
may influence the trajectories and
screw lengths.23 Ideally, the S2AI
screw passes through a nonarticular
portion of the SI joint, but in clinical
practice, many S2AI screws will
traverse the articular cartilage. In
addition, the screw may breach the
posterior iliac cortex, but generally,
without complication24 (Figure 4,
Supplemental Digital Content 3,
http://links.lww.com/JG9/A23).

Sacroiliac Screw
Iliosacral screws are used in the sta-
bilization of pelvic ring injuries and
use a corridor of bone through the
ilium, SI joint, sacral ala, and into
the sacral promontory.25 Carlson
et al27 described the “sacral vesti-
bule,” which is the key concept for
appropriate iliosacral screw place-
ment. It denotes the smallest corridor
of alar bone through which an ilio-
sacral screw passes as it transverses
from the lateral ilium into the sacral
body. The vestibule is ovoid in
shape, approximately 5.34 cm2 in
diameter, and perpendicular to
an axis in the anterior superior
plane.25-27 The vestibule is bounded
by the sacral foramen (S1 nerve root)
inferiorly and the alar slope (L5
nerve root) superiorly, and thus,
represents the entrance into the S1
vertebral body. Expanding from the
vestibule are two cones of bone—the
vertebral body toward the midline
and the ala and ilium laterally.26,28

The starting point for the SI
screw, originally defined by Matta
and Saucedo,29 is 15 mm anterior
to the crista glutes at a point 50%
of the distance between the greater
sciatic notch and the iliac crest.
Other authors have described the
starting point on the outer table of
the ilium 3 cm anterior to the PSIS
and 4 cm cephalad to the greater
sciatic notch.30 Radiographically,
the starting point is located at the

Figure 3

Illustration showing the iliac screw passage. AIIS = anterior inferior iliac spine,
PSIS = posterior superior iliac spine
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inferior aspect of S1 foramen and
posterior to iliac cortical density,
which represents the anterior-most
aspect of the sacral ala.26,31 The
screw length on average is 75 to
90 mm.26,27,30

The anatomy of SI screw placement
is complicated by a spectrum of dys-
morphic features, which occur at a
relatively high incidence of 20% to
40%. Sacral dysmorphism is defined
by variations in the normal sacral
anatomy such as angulated upsloping
ala and incomplete upper sacral seg-
ment disc space.27 A dysmorphic
sacrum has surgical implications for
SI screw placement. Gardner et al27

reported that the dysmorphic sacrum
has a vestibule 36% smaller than
normal (222 versus 346 mm2). The
authors concluded that the SI screw
trajectory in the dysmorphic sacrum
was more oblique. The trajectory
angle collinear with the safe zone
measured on a coronal outlet re-
format CT as 21� from horizontal in
normal sacra and 30� in dysmorphic
sacra. In the inlet plane, the angle
collinear with the safe zone was 4� in
normal sacra and 15� in dysmorphic
sacra. Careful study of preoperative
CT scans is imperative for safe
placement of SI screws in patients
with a dysmorphic sacrum.
Neurovascular structures are at

riskwith placement of SI screws. This
includes the L5 nerve root crossing
over the sacral ala and the S1 nerve
root passing through the S1 foramen.
Templeman et al32 found that the
average distance of intraoperative
screw placement from the S1 fora-
men was 3 mm with five screws
appearing to enter the S1 foramen.
The average distance from the
sacral alar cortex to the screw was
5 mm with one screw penetrating
the anterior cortex and reentering
the sacral body. The superior gluteal
neurovascular bundle, on the outer
face of the ilium, may also be injured
with percutaneous inserted SI screws
and may be impaled in ,18% of

cases33 (Figures 5 and 6, Supple-
mental Digital Content 6, http://
links.lww.com/JG9/A23).

Bony Corridors

Iliac Column
The iliac column is a corridor of bone
bounded anteriorly by the AIIS and
posteriorly by the PSIS. Inferiorly, it is
limited by the sciatic notch and the
acetabulum. Superiorly, it is bounded
by the iliac wing and the iliac fossa.19

The iliac column is composed of a
diaphyseal cortical center and meta-
physeal cancellous bone at the ante-
rior and posterior projections (AIIS
and PSIS). There are two constriction
points in the iliac column for iliac
screw passage occurring on average
at 30 and 85 mm from posterior to
anterior.34 The first constriction
point occurs above the SI joint and is
15 to 23 mm wide and 32 mm in
height.15,19,20 The second constric-
tion point occurs 22 mm above the

sciatic notch15 and is 19 to 22 mm
wide15,20 (Figure 3).

Sacral Pedicles
The sacral pedicles are defined as the
area between the lateral edge of the
sacral foramina and the lateral edge
of the superior articular facet.8 Sev-
eral authors have measured the
height of the S1 sacral pedicle (in-
terforaminal distance); it averages
from 21 to 26 mm.4,30 The heights of
the S2 and S3 pedicles are, on aver-
age, 14 and 11 mm, respectively.8

The width from the lateral edge of
the facet to the lateral edge of the
vertebral body averages 10 mm.35

Sacral Ala
The sacral ala is defined as the bone
lateral to the sacral pedicle and aver-
ages 21, 18, and 15 mm wide on the
dorsal surface of S1, S2, and S3,
respectively.8 At the midpoint of the
bone on the axial plane from ante-
rior to posterior, the sacral ala

Figure 4

Illustration showing the S2AI screw. S2AI = S2 alar iliac
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measures 27 to 29 mm from medial
to lateral.36

S1 Vertebral Body
The S1 segment is unique in that it
has a large central anterior convex
border known as the sacral promon-
tory.37 The S1 vertebral body
measures 30 to 31 mm in the AP
dimension and 43 to 49 mm in the
transverse dimension.4,7,35

S1 Sacral Canal
At the S1 level, the sacral canal is
triangular in shape.37 It is connected

through intervertebral foramina to
both the ventral and dorsal foram-
ina. The sacral canal width is 27 to
31 mm, and the AP distance is 12 to
21 mm.4,35

Dorsal Sacrum
The dorsal surface of the sacrum is
convex and consists of a raised sacral
crest formed in an interrupted fash-
ion from the fusion of the spinous
processes. Most commonly, flanking
the crest are four pairs of sacral tu-
bercles, which lead down to the cau-
dal opening, the sacral hiatus.37

Lateral to the sacral crest are the
fused sacral laminae, which form a
plate medial to the dorsal foramina.
They are the insertion point for the SI
ligaments. Lateral to the sacral
foramina are the intermediate sacral
crests and sacral ala, which are
formed from the fusion of the
transverse processes. The sacrum
generally contains four dorsal
foramina.37 The dorsal foramina
contain cutaneous nerves and are
much smaller than the ventral
foramina.37 Compared with the
ventral foramina, dorsal foramina
are more medial and course from
central to lateral and open dor-
sally.38 The first sacral foramina are
located 22 to 23 mm from the cranial
limit of the sacrum and 37 mm from
the lateral limit.7,38 They are 12 mm
in height and 8 mm in width. The
transverse diameter between the S1
foramina averages 38 mm.4

Ventral Sacrum
The ventral surface of the sacrum is
concave. Four corresponding sacral
foramina serve as conduits for the
ventral sacral rami, which carry both
motor and sensory function. The
foramina run in a posteromedial-
to-anterolateral and a superior-to-
inferior direction to exit the ventral
sacral surface 10 to 15mm from their
origin.37 Between each ventral fora-
men is a transverse ridge remnant of
the fused intervertebral disc.38 The
first ventral sacral foramina are
located 23 mm from the superior
aspect and 23 mm from the lateral
aspect of the sacrum.38 (Figure 6,
Supplemental Digital Content 7,
http://links.lww.com/JG9/A23).

Neurovascular and
Alimentary Anatomy
Instrumentation of the sacrum is
challenging because of the irregular
bony morphology and the proximity
to neurovascular structures respon-
sible for normal bowel, bladder, and

Figure 5

Illustration showing the sacroiliac screw trajectory.
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sexual function. When approaching
the sacrum posteriorly, screw fixa-
tion places anatomic structures in the
retroperitoneum at risk. This area
contains the internal iliac vessels,
lateral sacral artery, middle sacral
artery (MSA), hypogastric plexus,
and sympathetic trunk. Inadvertent
anterior cortical penetration by
orthopaedic implants can cause
notable morbidity.

Vascular Structures
Aortic bifurcation into the common
iliac arteries occurs left of the midline
at the lower level of the L4 verte-
brae.38-40 The average distance of
the bifurcation from the L5/S1 disc is
18 mm.41 The angle subtended by
the bifurcation is 46�, with the left
common iliac being 10� more verti-
cal than the right. At the level of S1,
the two vessels average 43 mm
apart.41

The MSA is 2 to 3 mm in diame-
ter. It originates 4 cm proximal to
the aortic bifurcation and travels
inferiorly, remaining near the mid-
line.38,41 The MSA terminates into
an anastomosis with the lateral
sacral arteries, ultimately provid-
ing arterial branches to the ventral
sacral foramina. Although consis-
tently present, its course relative
to the midline is highly variable.
The MSA may be to the right or to
the left of the midline by ,3 cm
and thus is a poor anatomic
landmark.38,42,43

Distal to the aortic bifurcation, the
right and left common iliac arteries
travel in an inferolateral direction
and branch into the internal and
external iliac arteries.38 The right
common iliac artery is 22 mm in
diameter. It crosses the right com-
mon iliac vein and bifurcates ante-
rior and lateral to the vein at the level
of the L5-S1 disc.38 The left common
iliac artery travels anterior and lat-
eral but parallel to the vein.38 The
distance from the anterior sacrum to

the internal iliac artery averages
11 mm.13

Other smaller arterial branches
include the iliolumbar artery and the
lateral sacral artery. The iliolumbar
artery is the first branch of the
internal iliac artery and travels cra-
nially, posteriorly, and laterally
across the superior aspect of the SI
joint.38 The lateral sacral artery is
the second branch of the internal
iliac artery at the level of S1-2 and is
approximately 30 mm from the
midline.43

The iliac vein confluence occurs
slightly right of the midline at the
upper end of the L5 vertebral body,
forming the inferior vena cava from
the two common iliac veins.13,40,41

The right common iliac vein is
slightly shorter, more vertical, and
travels farther from the midline than
the left common iliac vein (23 versus
19 mm).11 The confluence angle of
the common iliac veins is 63�.41 The
total width of the so-called “safe
zone” between the right common
iliac artery and the left common
iliac vein has been reported as 35
to 43 mm at the L5-S1 disc
space.10,13,40,41 The average angle
subtended by the right common iliac
artery and the left common iliac vein
is 77�.41 There is variability in the
position of the left common iliac
vein, and it may occur at the mid-
line.38 The surgeon must be prepared
to mobilize the left common iliac

Figure 6

Illustration showing anatomic measurements of bony corridors within the
sacrum.
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vein for access to the L5-S1 disc
space.38,40 The common iliac veins
are immediately in front of the
sacral bone by 2 to 7 mm, unlike the
common iliac arteries that are more
anterior.11,14 The iliolumbar vein
empties into the left common iliac
vein posteriorly at the level of the L5
segment, and it may require ligation
during the anterior approach. The
venous anatomy may be abnormal

in the presence of transitional ver-
tebrae such that the venous conflu-
ence lies directly over the L5-S1 disc
space.44

Neurologic Structures
The five sacral nerve roots, the lum-
bosacral plexus, and the sympathetic
trunk are at risk with instrumenta-
tion of the sacrum. Five sacral nerve

roots exist, which descend from the
conus medullaris. The first four exit
through the foramina, and the fifth
exits between the sacrum and the
coccyx.37 These spinal nerves course
from the dorsal root ganglia and
branch into the ventral and dorsal
rami. All major motor nerve roots
exit ventrally with only sensory
cutaneous nerves exiting dorsally.38

The lumbosacral trunk (L4-L5)
joins the sacral plexus anterior to the
piriformis muscle to form the sciatic
nerve. The fourth lumbar nerve root
courses medial to the psoas muscle
and crosses just superior to the first
sacral foramen to join the fifth lum-
bar nerve root, which traverses lat-
erally to join it. The location of the
fifth lumbar nerve root can be vari-
able and occurs either laterally on the
ala near the SI joint or medially over
the S1 pedicle. It is typically lateral to
the internal iliac vein.13,38 The lum-
bosacral trunk is the closest ana-
tomic structure to the sacrum,
passing just 0.1 mm off of the ante-
rior surface periosteum.14

Ebraheim et al1 analyzed the rela-
tionship of the lumbosacral plexus
(L4-S3) to the sacrum and SI joint
and provided measurements on the
nerve size and position. The lengths
of the L4 and L5 nerve roots are 102
and 75 mm, respectively, from the
intervertebral foramina to the lum-
bosacral trunk. Similarly, the lengths
of the S1, S2, and S3 are 58, 51, and
47 mm, respectively, from the ante-
rior sacral foramina to the formation
of the sciatic nerve. The angle
formed by the nerve in relation to the
sagittal plane decreases from distal
(55� at S3) to proximal (15� at L4).
On average, S1 has the thickest
contribution to the lumbosacral
plexus and courses just under the SI
joint. The L4 nerve root is round,
mobile, and located anterior to the
L5 nerve root. It generally does not
contact the sacrum or sacral ala. The
L5 nerve root exits inferior to the
lumbosacral ligament and is fixed in

Figure 7

Illustration showing the neurovascular anatomy surrounding the sacrum.
IVC = inferior vena cava, AA = abdominal aorta, CIA = common iliac artery,
EIA = external iliac artery, IIA = internal iliac artery, MSA = middle sacral artery.
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position by connective tissue to the
anterior superior sacral ala. It has the
longest course across the SI joint.
The L4 and L5 nerve roots join to
form the lumbosacral trunk, which
traverses across the SI joint 2 cm
below the pelvic brim. The S1 nerve
courses along the inferior border of
the SI joint. The S2 and S3 nerve
roots generally do not have contact
with the SI joint.45

The sympathetic trunk is derived
from the anterior sacral nerve roots
and is medial to the lateral sacral
artery and approximately 22 mm
from themidline.43 Mirkovic et al13

defined critical surgical parameters
by identifying the medial and lat-
eral safe zones on the anterior
sacrum. The lateral safe zone is
16 mm wide and is bordered by the
SI joint laterally and the lumbosa-
cral trunk medially. The medial
zone is 24 mm wide safe zone and
is bordered by the sacral promon-
tory medially and the internal iliac
vein laterally29 (Figure 7, Supple-
mental Digital Content 8, http://
links.lww.com/JG9/A23).

Bowel
The sigmoid colon descends into the
pelvis on the left side and becomes
more posterior as it moves distally
to a point where it lies directly on the
sacral bone at S3. Mirkovic noted
that S2 screws were closer to the sig-
moid colon on the left side than the
right (10 versus 15 mm).13

Conclusion

A systematic literature analysis and
comprehensive report on the radio-
graphic and gross anatomic features
of sacral surgical instrumentation
have yet to be performed. This review
includes studies on the spatial
arrangement of the S1 and S2 pedicle
screws, SI screws, iliac screws, S2AI,
pelvic neurovascular anatomy, and
the sacral bony dimensions. This

anatomically detailed data can be
referenced by clinicians for sacral
dissection and implant application.
The data may also be useful for
ongoing innovation in orthopaedic
instrumentation technology.
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