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[Introd uction j

The correct usage of preoperative and intraoperative im-
aging allows fixation of posterior pelvic ring injuries with
safely positioned iliosacral screws in the setting of sacral
dysmorphism.

Percutaneous treatment of unstable pelvic ring
injuries is a technically demanding procedure with a steep
learning curve. An in-depth understanding of pelvic os-
seous, vascular, and neural anatomy is vital to prevent
serious complications. The surgeon must feel comfortable
translating difficult fluoroscopic imaging into a three-dimen-
sional spatial visualization to attain reduction and establish
an effective and safe screw trajectory. Even surgeons
experienced in the use of percutaneous iliosacral screws
must be ready to adjust their technique when confronted
with a dysmorphic anatomic phenotype (Video 1).

Sacral dysmorphism has been shown to be
present in 40% of the general population'2. The dys-
morphic sacrum differs from a nondysmorphic sacrum
in the morphology of the osseous corridors that connect
the posterior ilium to the sacral bodies via the sacroiliac
joint. In the dysmorphic upper sacral segment, this corri-
dor has a smaller cross-sectional area and a more acute
angle in the coronal and axial planes than are seen in a
nondysmorphic sacrum®#.The morphology of the osse-
ous corridor in sacral dysmorphism has been previously
described as having five associated qualitative charac-
teristics identifiable on the outlet radiograph®. A trans-
iliac, transsacral screw confers the greatest resistance to
vertical displacement; however, it is not possible to use
such a screw in certain patients with upper sacral seg-
ment dysplasia®''. Preoperative planning involves coro-
nal and axial reformats of a 0.0625-mm-slice computed
tomography (CT) scan along the longitudinal axis of the
sacrum. These reformats define the morphology and
ideal trajectory of iliosacral screw placement, and use
of the sacral dysmorphism score can identify patients
in whom use of a transiliac, transsacral screw is highly
risky or impossible’.
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The surgical procedure starts with appropriate
supine positioning and verification of adequate fluoro-
scopic inlet, outlet, and lateral sacral views. The coronal
and axial angulation measured during preoperative plan-
ning can then be used to determine the best insertion
site and trajectory of the iliosacral screw. Reduction of
the fracture is enabled by positioning with a longitudinal
central bump underneath the sacrum. Careful assess-
ment of the trajectory of the guidewire and drill on outlet,
inlet, and lateral sacral fluoroscopic views is necessary
to ensure an intraosseous trajectory of each iliosacral
screw'>'3, Alternatively, surgical navigation, which allows
real-time visualization of screw placement without radia-
tion, can be used when combined with intraoperative CT
for registration; however, the same principles regarding
accurate screw placement apply (see Clinical Comments
section below). The drill can be used to subtly change
the guidewire trajectory. During screw placement, outlet,
inlet, and lateral sacral views confirm the final trajectory,
and the obturator outlet view can verify cortical seating
of the iliosacral screw.

[Step 1: Preoperative Planning j

Obtain CT reformats along the longitudinal axis of the
sacrum to determine the orientation and diameter of the
osseous corridor for selection of the ideal screw size,
length, and trajectory.

* When a pelvic outlet radiograph demonstrates
signs of sacral dysmorphism (Fig. 1), obtain a
fine-cut (0.625-mm-slice-thickness) CT scan
through the sacrum to confirm these findings
and aid in surgical planning.

* Reformat the CT scan in the true coronal and
axial planes by defining the sagittal axis of the
reformats as the posterior border of the sacrum
and the axial axis of the reformats along the
upper end plate of the second sacral segment.
This will provide coronal and axial cuts that
accurately represent the trajectory of the upper
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and second sacral osseous corridors (Figs. 2-A
through 2-D) and correspond with intraoperative
inlet and outlet fluoroscopic projections.

Select an axial reformat that maximizes the
length of bone perpendicular to the axis of the
osseous corridor between the ipsilateral ala and
the first neural foramen. This represents the
diameter of the upper sacral segment corridor.
Given that this is not a perfect cylinder, if the
diameter is <10 mm, take caution with insertion
of a screw 6.5 mm in diameter or larger.

Measure the coronal angulation of the upper
sacral segment corridor, defined as the angle
subtended by a line connecting the iliac crests
and a second line along the axis of the upper
sacral segment osseous corridor (Fig. 3-A).

Measure the axial angulation of the upper sacral
segment corridor, defined as the angle subtend-
ed by a line connecting the posterior iliac spines
and a second line along the axis of the upper
sacral segment osseous corridor (Fig. 3-B).

Calculate the sacral dysmorphism score with
the formula: (first sacral coronal angle) + 2(first
sacral axial angle). The higher the score, the
less likely there is a safe transsacral osseous
corridor.

The ideal screw is one that best augments sta-
bility. The entry site can vary depending on the
injury pattern. With an entry site centered on the
axis of the ipsilateral osseous corridor, the mea-
sured coronal angulation estimates the angle of
screw insertion relative to a horizontal line paral-
lel to the superior end plate of the upper sacral
segment in the coronal plane of the sacrum on
the outlet image. The measured axial angulation
estimates the angle between the longitudinal
axis of the osseous corridor and the horizontal in
the axial plane of the sacrum visualized on the
inlet projection.

Analyze the second sacral segment in the same
manner as the upper sacral segment. In many
dysmorphic sacra, the size and orientation of the
second sacral segment are increased, enabling
placement of one or two transsacral screws.

[Step

2: Patient Positioning ]

Proper positioning enables reduction and accurate ilio-
sacral screw placement.

Position the patient supine on a radiolucent
table. Slide the patient toward the table edge
ipsilateral to the injured side to allow the sur-
geon’s hand to drop below the level of the table,
thus directing the screw anteriorly in order to
achieve proper placement into the upper sacral
segment. There must be adequate clearance
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beneath the table for the full range of fluoro-
scopic imaging. Some patients require extreme
angulation of the fluoroscopic unit to obtain a
true outlet image.

Place a central sacral support underneath the
sacrum. This positioning aid is typically made
from two or three folded sheets or blankets wide
enough to support the posterior superior iliac
spines and long enough to elevate the ischial
tuberosities. This central sacral support lifts the
pelvis evenly off the operating table to allow for
unobstructed angled trajectories for placement
of iliosacral screws in accordance with Step 1.
This facilitates reduction and access to the pos-
terior pelvic ring (Fig. 4).

Confirm the adequacy of outlet, inlet, and lateral
sacral views prior to sterile skin preparation.
Place adhesive drapes transversely along the
inferior costal margin to meet a drape placed
longitudinally along the posterior aspect of the
buttock where it is in contact with the table.
Proper draping allows sterile preparation of

skin caudal to the inferior costal margin anteri-
orly and laterally. Maintain the posterior sterile
margin as close to the table as possible, to take
advantage of the elevated position of the pelvis
on the central sacral support and to allow as
much freedom as possible for the insertion angle
of the iliosacral screw. The inferior extent of the
skin preparation is a horizontal line at or just be-
low the anterosuperior aspect of the symphysis
pubis. The skin preparation can be extended dis-
tally to incorporate the hindquarter ipsilateral to
the injured hemipelvis should access to the limb
be required to achieve a manipulative reduction
intraoperatively (Figs. 5-A and 5-B).

[Step 3: Fracture Reduction

Reduction of the posterior pelvic ring confers stability;
if closed reduction is unsuccessful, proceed with open
reduction.

Verify the vertical displacement of the posterior
pelvic ring on the outlet view and the rotational
and anterior-posterior translation on the inlet
view.

A distal femoral traction pin may be placed to
facilitate reduction. If the anesthetist induces
adequate paralysis by using muscle relaxant
agents, >15 Ib (>6.8 kg) of traction is seldom
necessary. Other augments to reduction may
include manipulation by placing a percutaneous
Schanz pin in the gluteus medius tubercle, the
anterior inferior iliac spine, and/or the trochan-
teric line of the femur, with or without use of
external fixation or a universal distractor.
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*  When the symphysis pubis is displaced in con- over the Kirschner wire and drill it into the sacral body

junction with the posterior pelvic ring, perform an under fluoroscopic guidance, in accordance with the
open reduction of the symphysis pubis through preoperative plan.
a Pfannenstiel approach to aid in the indirect e Make a 1-cm longitudinally oriented incision

reduction of the posterior pelvic ring.
e If closed reduction of the posterior pelvic ring is
unsuccessful, perform an open reduction via an .
anterior or posterior approach, according to your
preference. Reduction both confers stability and
is vital to safe iliosacral screw placement'.

[Step 4: Identification of the Entry Point ]

The entry point for an iliosacral screw into the upper
sacral segment of a dysmorphic pelvis lies more poste-
rior and caudal on the outer table of the posterior ilium
than does a transsacral screw; adjust the entry point on
the basis of inlet and outlet fluoroscopic views.

e Obtain an inlet view centered on the anterior
aspect of the sacroiliac joint on the side of the
injury. This image plane corresponds to the CT
axial reformat. In order to move the entry point
anterior or posterior, or alter the trajectory to
aim obliquely anterior and medial (Step 1: axial
angle), move in the plane orthogonal to the fluo-
roscopy beam.

e Obtain an outlet view centered on the superior
aspect of the sacroiliac joint on the side of the
injury. This image plane corresponds to the CT
coronal reformat. In order to move the entry
point cephalad or caudal, or alter the trajectory
to aim obliquely superior and medial (Step 1:
coronal angle), move in the plane orthogonal to
the fluoroscopy beam.

* Place a 1.6-mm Kirschner wire percutaneously
through the gluteal musculature to rest on the
lateral cortex of the posterior ilium. Evaluate the
location and trajectory of the Kirschner wire on
the inlet (Fig. 6-A) and outlet (Fig. 6-B) projec-
tions and reorient it iteratively until the wire is sat-
isfactorily aimed into the body of the upper sacral
segment by way of the osseous corridor of bone
superior and anterior to the first neural foramen. °

e The entry point in a dysmorphic pelvis will be
more posterior and caudal than that in a nondys-

morphic pelvis, in which a transiliac, transsacral *

corridor may be present. The lateral view is of
less value for identification of the entry point in

a dysmorphic pelvis given the obliquity of the .

orientation of the safe zone and its superimposi-
tion on the iliac cortical density.

[Step 5: Drilling Technique ]

Insert a stout cannulated drill bit of 4.5 to 5 mm (depend-
ing on the core diameter of the intended iliosacral screw)
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through the skin and subcutaneous tissue cen-
tered on the properly positioned Kirschner wire.

Insert the cannulated pin sleeve for the screw
system of choice (6.5 to 7.5 mm is most com-
mon) over the Kirschner wire and stabilize it
on the outer table of the ilium. Remove the
Kirschner wire and replace it with a terminally
threaded guidewire from the chosen screw
system. Using the solid pin-sleeve soft-tissue
protector, small additional adjustments to the
entry point and trajectory can still be made.
Once the entry point is optimized, insert the
Kirschner wire 5 mm, taking care not to enter
the sacroiliac joint. While it is possible to ad-
vance the guidewire to its target in the sacral
body, we find that guidewires tend to wander
off course through long osseous corridors. In
dysmorphic sacra, where the safe zone may
be particularly narrow and the risk of cortical
perforation high, we recommend an alternative
drilling technique.

The terminally threaded guidewire serves as
an anchor for the cannulated drill bit, which is
advanced over it in a drill-forward mode.

Prior to advancing the drill into the sacroiliac
joint, use inlet and outlet views to confirm the
intended trajectory. When the drill crosses the
sacroiliac joint, the cortex of the medial aspect
of the ilium and lateral aspect of the sacrum set
the screw trajectory. Even small changes in the
trajectory are more difficult to achieve after the
sacroiliac joint has been crossed.

A marked decrease in resistance is encountered
in the sacral ala as a result of its lower-density
bone, even in the absence of a fracture at this
site. Check inlet and outlet projections repeat-
edly to confirm proper positioning and avoidance
of any deflection (Figs. 7-A and 7-B).

Advance the drill in oscillation mode to avoid
etching or perforating the thin anterior cortex of
the sacral ala or neural foramen.

When the drill approaches the area of bone just
above the first neural foramen, a lateral image of
the sacrum and pelvis is recommended (Fig. 8).
Preoperative planning should alert you to the
fact that, in the dysmorphic upper sacral seg-
ment, the sacral ala and most of the body may
be anterior and superior to the iliac cortical
density. Therefore, the lateral projection should
demonstrate the tip of the cannulated drill bit
aimed through the iliac cortical density, for the
upper sacral segment body.



* Return to alternating between inlet and outlet
fluoroscopic projections, if the lateral image con-
firms proper execution. Advance the drill above
the first neural foramen and into the sacral body
in oscillation mode. The bone in the body of the
sacrum is denser so you will encounter greater
resistance. However, excessive resistance
should prompt concern about impending corti-
cal perforation and all fluoroscopic views should
again be evaluated prior to continuing.

* Stop advancing the drill when you encounter
increased resistance or come close to (within 2
mm of) either the superior end plate (as seen on
the outlet view) or the anterior cortex (as seen
on the inlet view) of the contralateral aspect of
the sacral body (Figs. 9-A and 9-B).

e Remove the drill and use another guidewire to
“sound” and palpate the path of the intended
screw to evaluate for cortical perforation. If none
is found, insert the guidewire in reverse with its
blunt end gently lodged in the cancellous bone
of the sacral body at the end of the drilled path
(Figs. 10-A and 10-B).

[Step 6: Screw Insertion j

With the guidewire in the ideal position, measure the
screw length off the inserted guidewire and advance a
tap into the pathway; insert the screw and verify its posi-
tion on the inlet, outlet, and lateral sacral views.

e With the desired trajectory confirmed, use the
guidewire to determine the ideal screw length
either by employing a depth gauge or by mea-
suring the difference in length using a second
guidewire placed adjacent and parallel to the
first, onto the outer table of the ilium.

e Advance a tap into the pathway, if necessary,
and then insert the screw. As it is advanced
along the guidewire, use biplanar fluoroscopy to
confirm that the pin is not binding and is advanc-
ing properly (Figs. 11-A and 11-B).

e Depending on whether a neutralization screw
(used to hold the sacroiliac joint without ob-
taining compression) or a lag screw (used to
compress the sacroiliac joint) is desired, a fully
or partially threaded screw may be chosen.

e A washer may be used to increase the surface
area of contact between the screw head and the
lateral cortex of the ilium, and will be well visual-
ized as flush on the obturator inlet view (Fig. 12).

* Again verify the final screw position on the lat-
eral sacral fluoroscopic view (Fig. 13) as well as
on inlet and outlet imaging (Fig. 14). Use of a CT
scan may be desirable to assess screw place-
ment more accurately.
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[Results j

Understanding the three-dimensional anatomy of the
posterior pelvic ring is essential to successful reduction
and fixation of unstable pelvic injuries with use of percu-
taneous iliosacral screws*'*'¢. The key to success is the
execution of a detailed preoperative plan based on an
appropriately reformatted CT image and an understand-
ing of information provided by intraoperative fluoroscopic
imaging. This becomes a greater challenge in the setting
of sacral dysmorphism. In a study of 104 uninjured pel-
ves, we found the prevalence of sacral dysmorphism to
be 41% and that the two most important predictors of a
safe transsacral corridor were the true coronal and axial
angulation measurements of the upper sacral segment.
These two measurements must be made on true axial
and coronal images, which require reformatting of the
CT scan perpendicularly along the plane of the sacrum.

In our study', we determined that the relation-
ship between the coronal and axial orientation of the
upper sacral segment could be used to predict the
presence of a safe osseous tunnel for the placement of
a transsacral screw. The coronal and axial angles are
measured from the reformatted CT scan, after which the
sacral dysmorphism score can be calculated with the
formula: (first sacral coronal angle) + 2(first sacral axial
angle). The greater the sacral dysmorphism score, the
lower the prevalence of an osseous corridor sufficient for
transsacral fixation.

Our recent study' suggests that >80% of sacra
with a sacral dysmorphism score of <30 have a safe
transsacral corridor, whereas fewer than half of sacra
with a score of >30 have a safe transsacral corridor.
Specific data by quintile are presented in Table I.

The goal of iliosacral screw fixation is maintain-
ing reduction with safe intraosseous fixation that can
resist physiologic loading of the injured posterior pelvic
ring. The safest trajectory of an iliosacral screw is along
the central axis of the ipsilateral osseous corridor. This
trajectory can be determined with use of appropriate
preoperative imaging and calculation. Adjustments to
this trajectory can be made cautiously when the anatomy
permits. In the dysmorphic sacrum, the trajectory is more
angulated caudal to cephalad and posterior to anterior,
and the anatomy is less forgiving of adjustments. The
steep and angulated anterior cortex of the sacral ala can
be difficult to assess on intraoperative fluoroscopy.

[What to Watch For ]

Indications
e Unstable OTA (Orthopaedic Trauma Associa-
tion) type 61-B and 61-C pelvic ring injuries’”2°,
e Sacroiliac dislocations and fracture-dislocations”°.
e Sacral fractures'?!,
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Contraindications instrumentation to improve the safety of this

e A small osseous corridor (<10 mm in its largest procedure.
diameter) between the neural foramen and an-
terior cortex of the sacrum on axial reformats or [Clinical Comments ]
between the upper and second neural foramina
on coronal reformats*. e The goal of iliosacral screw fixation is stabiliza-
¢ Inability to attain an adequate reduction. tion of the pelvic ring after reduction is achieved,
Fluoroscopic imaging that is not adequate to ac- in order to prevent late displacement. Increased
curately discern the complex osseous anatomy length and diameter of screws, and transiliac,
of the sacrum intraoperatively. Factors that limit transsacral screw placement, provide increased
the qua“ty of ﬂuoroscop'C |mag|ng are |arge Stablllty Idea”y, multlple |Ong screws would be
body habitus, bowel gas, pneumoperitoneum, placed in both the upper and the second sacral
and contrast in the bowel or bladder. segment. However, screws must be placed
safely, meaning that they must be fully con-
Pitfalls & Challenges tained within the osseous corridors that traverse
the sacrum. There is an inherent balance be-
*  Improper positioning and draping can prevent tween attempting to achieve maximum fixation
access and limit imaging, increasing the techni- and ensuring osseous containment. Use of the

cal difficulty and increasing the risk of extraosse-

proposed preoperative planning techniques as
ous screw placement.

well as adequate quality of, and careful attention

* The iliac cortical density, seen on the lateral to, intraoperative fluoroscopic imaging minimize
sacral view, is an excellent landmark for ilio- the risk of extraosseous screw placement and
sacral screw placement®'8. In patients without neurovascular injury.
dysmorphic sacral features, the entire screw +  While these techniques described here are
trajectory should remain posterior to this line. primarily for instrumentation of the upper sacral
This prevents anterior and superior screw place- segment of a dysmorphic sacrum, they are
ment, which can perforate the superoanterior generalizable to iliosacral screw placement in

cortex of the sacrum and injure the L5 nerve
root. Unfortunately, in a dysmorphic sacrum,
this line may be poorly defined, and the angle
necessary to prevent posterior penetration into
the spinal canal may require the tip of the screw
to be anterior to the iliac cortical density.

nondysmorphic pelves as well.

* Intraoperative CT and navigation technologies
are likely to facilitate, and improve the accu-
racy of, placement of internal fixation, as has
already been shown for internal fixation of the
spine. However, we caution surgeons against

* Given the ovoid shape of the osseous corridor becoming reliant on these tools at the expense
for iliosacral screw placement, it is impossible of a detailed understanding of the surgical and
to rule out cortical perforation with orthogonal radiographic anatomy and a thoughtful preoper-
radiographs or fluoroscopy, especially when ative plan. Understanding the principles defined
the axis of screw placement is not parallel and illustrated in this technique paper and video
to the beam. Therefore, we recommend us- are paramount to obtaining an optimal outcome
ing techniques described above that augment when treating posterior pelvic ring injuries with
the surgeon’s tactile feedback and control of percutaneous techniques.
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Fig. 1

A three-dimensional reconstruction and holographic
reconstruction of an outlet image that show all of the
morphologic characteristics of sacral dysmorphism: (1)
a first sacral segment not recessed in the pelvis, (2) an
acute alar slope to the first sacral segment, (3) mamil-
lary processes, (4) noncircular sacral foramina, and (5)
a residual disc between the first and second sacral seg-
ments. There is a zone-2%2 sacral fracture.
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Fig. 2-C Fig. 2-D

Fig. 2-A A mid-corridor coronal cut of the CT scan reformatted along the axis of the upper sacral segment, which demonstrates a zone-2?? sacral
fracture and the true coronal angulation of the first sacral segment. Fig. 2-B A mid-corridor coronal cut of the CT scan reformatted along the axis of the
second sacral segment. Fig. 2-C A mid-corridor axial cut of the CT scan reformatted along the axis of the upper sacral segment, which demonstrates
a zone-2% sacral fracture and the true axial angulation of the first sacral osseous corridor. Fig. 2-D A mid-corridor axial cut of the CT scan reformatted

along the axis of the second sacral segment.
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Fig. 3-A Fig. 3-B

Fig. 3-A The method for determining the coronal angulation of the upper sacral segment begins with a line drawn to connect the iliac crests. A line is
then drawn along the axis of the upper sacral segment. The coronal angulation is the angle subtended by these lines. Fig. 3-B The method for determin-
ing the axial angulation of the upper sacral segment begins with a line drawn to connect the posterior iliac spines. A line is then drawn along the axis of
the upper sacral segment. The axial angulation is the angle subtended by these lines.

Fig. 4

A central sacral support, fashioned from two or three folded sheets or
blankets, allows access to unobstructed angled trajectories for place-
ment of iliosacral screws along the true axis of the osseous corridor.
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Fig. 5-A Fig. 5-B
Fig. 5-A Adhesive drapes are placed along the inferior costal margin and along the posterior aspect of the buttock where it is in contact with the table to
maximize the freedom and potential angles of approach to the sacral corridors. Fig. 5-B The prepared field can include the ipsilateral hindquarter to al-

low sterile traction and intraoperative manipulation. In this case, Schanz pins have been placed in both anterior inferior iliac spines to augment reduction
maneuvers.

Fig. 6-A Fig. 6-B
Fig. 6-A The entry point is demonstrated on this inlet view. It is positioned central along the osseous corridor of the first sacral segment and is targeted

along the axis of the corridor in the anterior-to-posterior plane. Fig. 6-B The entry point is demonstrated on this outlet view. It is positioned central along
the osseous corridor of the first sacral segment and is targeted along the axis of the corridor in the superior-to-inferior plane.
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Fig. 7-A Fig. 7-B

Fig. 7-A Drilling technique demonstrated on the inlet view. The cannulated drill is advanced along the desired trajectory, along the axis of the osseous
corridor and along the trajectory of the guidewire, with a drill-forward technique. This enables subtle adjustments in the trajectory, which can be con-
firmed on alternating inlet and outlet views, before the drill traverses the sacroiliac joint. Fig. 7-B The outlet view confirms the trajectory of the drill in the
superior-to-inferior plane. Advancing the drill in oscillation mode provides good tactile feedback and reduces etching to prevent perforation through the
narrow anterior cortex of the sacral ala.

Fig. 8

The lateral sacral view is recommended to reduce the risk of perfora-
tion into the nerve root tunnel or sacral spinal canal. This is most illus-
trative when, as seen in Fig. 7-B, the drill has reached a point superior
to the neural foramen on the outlet view. At this point, the lateral projec-
tion should demonstrate the tip of the cannulated drill bit aimed through
the iliac cortical density, for the upper sacral segment body.
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13 (09:18) 12 (09:18)
1 D] 1

Fig. 9-A Fig. 9-B

Fig. 9-A As visualized on the inlet view, the drill should be advanced until the surgeon encounters increased resistance or comes into close proximity
to the anterior cortex of the contralateral sacral ala. Fig. 9-B As visualized on the outlet view, the drill should be advanced until the surgeon encounters
increased resistance or comes into close proximity to the superior end plate.

14 (09:20) (09:20)
1 O]

Fig. 10-A Fig. 10-B
Fig. 10-A The drill has been removed, and the guidewire has been inserted with its blunt end leading. The drilled path can be sounded to check for

perforation. The inlet view is shown here with the guidewire gently lodged at the end of the drilled path. Fig. 10-B This outlet view shows the guidewire
gently lodged at the end of the drilled path.
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21 (09:32)
1

Fig. 11-A Fig. 11-B

Fig. 11-A The screw is inserted along the guidewire after advancement of the cannulated tap. Note the axial orientation on the inlet view along the axis
of the upper sacral segment osseous corridor. Shown here also is the entry point for a second screw placed through the safe transsacral corridor in the
second sacral segment. Fig. 11-B The screw is inserted along the guidewire after advancement of the cannulated tap. Note the coronal orientation on
the outlet view along the axis of the upper sacral segment osseous corridor. Shown here also is the entry point for a second screw placed through the
safe transsacral corridor in the second sacral segment.

17 (09:25) 24 (09:35)
1 D] 1

Fig. 12 Fig. 13
A washer may be used to increase cortical contact. The obturator inlet The final screw position should always be confirmed on the lateral
view provides verification of seating of the screw and washer against sacral view.

the iliac cortex.
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Fig. 14

Final radiographs showing the upper sacral segment screw along the axis of the safe corridor and the transsacral second sacral segment screw.

TABLE | Sacral Dysmorphism Scores by Quintile in the Cohort

With Safe Transsacral

Quintile Corridor (%) Minimum Score Maximum Score
(o)
1 95 1.8 18
2 80 18.6 32.3
3 45 34.3 43.4
4 15 44.6 70.4
5 0 72.2 116.5
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