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Sequential reduction and fixation for windswept pelvic ring
injuries (LC3) corrects the deformity until healed
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Abstract
Purpose The restoration, and fixation, of normal pelvic
anatomy after a windswept type injury can be a difficult
endeavor and our purpose is to describe a method to accom-
plish this.
Methods A stepwise and sequential technique was utilized
to effectively reduce and stabilize this injury pattern. By first
closing down the open disruption posteriorly and fixing with
a partially threaded SI screw, a stable platform was created
upon which to work from and subsequently distract and
reduce the contralateral side via an anterior internal fixator
(seven), external fixator (one), or plate (one). This was
followed by a fully threaded SI screw in the compression
side of the sacral fracture to hold the distraction. Nine
consecutive patients with LC3 (61-B3.2) were included in
the study with an average FU of 15 months.
Results The Keshishyan deformity index revealed an initial
mean deformity of 0.0456 which was corrected to 0.0170
(postop) and 0.0181 at latest follow up. This entailed an

average correction of 62 % at the latest follow up. The
follow-up group was significantly different from pre-op
(p=0.0040), but not post-op (p=0.6833). Furthermore,
post-op was significantly different from pre-op (p=0.0089).
Conclusion This is an effective method of correcting and
maintaining reduction until healing for this relatively rare
and difficult-to-treat injury pattern.

Introduction

The treatment of pelvic ring injuries requires appropriate
reduction and stable fixation [1]. Various reduction ma-
noeuvres and stabilization techniques exist based on the
particular injury pattern. In a recent study, lateral com-
pression type injuries were the most common, account-
ing for 77 % of all patterns [2]. Of these, lateral
compression type three (LC3) (61-B3.2) fractures
accounted for 5.9 % of all injuries. In other studies,
this pattern was present in 1–14 % [3, 4] of cases. This
injury is also known as the windswept deformity and it
is described as a lateral compression type injury on one
side (61-B2.2) and an anterior posterior compression
injury (61-B1) on the contralateral side. By definition
the windswept pelvis has vertical stability, but lacks
rotational stability.

The diagnosis is made on plain radiographs and can
be confirmed on CT scan for the posterior injury
(Fig. 1). Occasionally the injury may be misdiagnosed
as a one-sided lateral compression injury and the true
nature of the injury becomes apparent after an attempt
at distraction shows displacement of the presumed
uninjured SI joint.

Even in light of surgical treatment, these injuries are still
likely to have “persistent impairment" [5]. Restoration and
fixation of the pelvic ring is important but unlike treating an
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isolated unilateral injury, there is no uninjured side that can
be used as a stable reference point. An external rotation
reduction on one hemi-pelvis to correct that deformity will
likely exacerbate the contralateral internal rotation deformi-
ty, and vice versa.

To effectively reduce the pelvic shape and hold the
reduction, a stepwise treatment pattern was developed to
reestablish the pelvic ring in an LC3 (61-B3.2) pattern.
To our knowledge, there are no reported descriptions of
treating a windswept pelvis in this fashion. The purpose
of this study to describe the technique and report its
effectiveness.

Methods

Surgical technique

The patient is stabilized according to ATLS protocols under
the direction of our General Surgery Trauma team.

Orthopaedic treatment may consist of a binder or an initial
external fixator if required. Once the patient is stable and
ready for definitive fixation, we use a flat-top OSI table and
single fluoroscopic machine. The presence of an experi-
enced X-ray technician who can repeatedly position the c-
arm in the lateral, inlet, outlet, outlet/obturator oblique and
inlet obturator oblique can save much time.

Attention is first turned to the open book side of the
injury (usually an anterior sacroiliac diastasis). This is re-
duced and stabilized with a partially threaded iliosacral
screw using standard technique [6]. The reduction is gauged
on the inlet view of the image intensifier and if further
reduction is needed another iliosacral screw can be consid-
ered, or if warranted an open reduction and plating to restore
the normal anatomy. This is the key portion of the procedure
as it effectively creates a stable platform upon which to
build from that is anatomically reduced (Fig. 2a). This
fixation now establishes a reduced and stable hemi pelvis
and the reduction and fixation of the remaining ring
performed from this point.

Fig. 1 Patient 5 classic CT
scan and inlet view X-ray
of a windswept pelvic injury.
X=130.2, Y=111, deformity
index=Abs(X-Y)/
(X+Y)=0.0796

X Y

a b c

d e f

Fig. 2 Patient 5. Sequential
fixation technique. a SI screw
closes the left SI joint. b,c,d
Application of anterior internal
fixator. e Distraction of anterior
pelvis and posterior right sacral
fracture against fixed left SI
joint. f Left fully threaded right
SI screw to hold sacral fracture.
X=153.0 Y=156.6, DI =0.0116
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Next, correction of the internally-rotated contralateral
hemipelvis is performed. This can be accomplished in a
variety of ways, i.e. external fixator, anterior internal fixator
[7] or plate (Fig. 2b,c,d). Utilizing the stable fixed side, the
opposite internal rotation is reduced, by taking advantage of
the fixed angle construct of the anterior device. The laterally
compressed injury, either the anterior sacrum, SI joint or
iliac wing, is subsequently distracted back and reduced to a
more anatomic position (Fig. 2d,e,f). With the anterior fix-
ation locked, the posterior injury is then stabilized with a
fully-threaded iliosacral screw (sacral fracture), or a plate
±AIIS-PSIS screw for iliac wing fracture. This reduction is
verified on the inlet view of the image intensifier (Fig. 2f).

In certain situations where there are high rami fractures
that involve the acetabulum, care must be taken to prevent

distraction through the joint and an anterior column screw
may be used prior to distraction (Fig. 3).

This technique was prospectively performed on nine
consecutive patients with displaced windswept pelvic frac-
tures (LC3) 61-B3.2 from 2008 to 2012. There were four
men and five women with a mean age of 39 years (range
17–63) with an average follow up of 15 months (eight–31)
months. All were treated with the above technique which
included reduction of the open book portion of the posterior
injury accomplished with a partially threaded iliosacral
screw or open reduction and plating. This was then followed
by either an anterior internal fixator (InFix seven) [7], external
fixator (one) or a plate (one) (Figs. 4 and 5). We then placed a
fully threaded iliosacral screw on the compression side of the
injury to hold the reduction (sacral fracture). The anterior

a b

c d

Fig. 3 Patient 9. a Pre-
operative X=141.8 Y=158.7
with high left ramus fracture
intra-articular. b Right SI screw
closes SI joint. c Anterior
column screw protects
acetabulum. d Anterior internal
fixator distracts left sacral
fracture and fixed with fully
threaded SI screw, X=157.4,
Y=165.0, DI 0.0235

Fig. 4 Patient 4. a At
three months post operation, the
fracture is stable and the
anterior apparatus is removed. b
At one year post operation the
pelvis has healed and
maintained its symmetry.
Deformity index =0.016
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internal fixators were removed at 12–16 weeks [7], the exter-
nal fixator at six weeks and the plate remained.

For the nine patients, deformity indices were generated
in the method described by Keshishyan et al. [8] (defor-
mity index= absolute value (X-Y)/(X+Y); Fig. 1) at three
points: before surgery, after surgery and at final follow-up.
As this is a ratio, we also calculated the percent correction
for each individual case and the average correction. The
perfect deformity index would be zero and so correction
was calculated as (pre-operative deformity index – post
operative deformity index)/pre-operative deformity index
multiplied by 100 to give a percentage of correction. Our
hypothesis was that the technique employed for repair of
the windswept pelvic fracture would systematically result
in a demonstrable improvement from pre-operative obliq-
uity to post-operative correction, without significant loss
of correction at follow-up measurement. To test the null
hypothesis of no difference between the groups of mea-
surements, within-subject comparisons were performed
using repeated measures ANOVA, and the associated
sphericity assumption was examined using Mauchly’s test,
both with alpha of 0.05; Huyhn-Feldt univariate correction
was to be preferred in case of departure. Contrast opera-
tions were included to illustrate differences between each

group of measurements. Analysis was done using SAS 9.3
(SAS Institute Inc., Cary, NC).

Results

All patients healed without incident. The mean deformity
index was calculated to be 0.0456±.0242 (pre-operative),
0.0170±0.14 (post operative), and 0.0181±.014 at latest
follow up (Table 1). The mean correction of deformity was
62 %±26 % at latest follow up. Patients ambulated on
average 12.3 weeks after the surgery. There was one com-
plication, an infection and wound dehiscence one month
postoperatively requiring implant removal which led to no
sequelae at last follow up at 15 months (exfix). Anterior and
posterior injuries are described in Table 2.

In the course of analysis, testing the sphericity assump-
tion demonstrated significant departure, necessitating uni-
variate correction; statistical significance was achieved at
p=.0.0034. In comparing follow up to both pre-operative
and post operative, the follow-up group was statistically
significantly different from pre-op (p=0.0040), but not
post-op (p=.0.6833). Furthermore, post operative was sig-
nificantly different from pre-operative (p=0089).

Fig. 5 Alternatively a plate
(patient 5) or an external fixator
(patient 7) can be used to
accomplish the same result

Table 1 Deformity index

Patient Preop deformity index Postop deformity index Latest FU deformity index Final percent correction

1 0.036505 0.028289 0.021129 42 %

2 0.03231 0.006711 0.006711 79 %

3 0.06087 0.04668 0.0466 23 %

4 0.079602 0.011628 0.01623 80 %

5 0.0271 0.010753 0.0183 33 %

6 0.012389 0.004664 0.000336 97 %

7 0.07891 0.017154 0.018012 77 %

8 0.026376 0.003631 0.005243 80 %

9 0.05624 0.023573 0.030629 46 %

Mean 0.045589 0.0170 0.01813 62 %

STD ±0.024203 ±0.0139 ±0.0141 ±26 %
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Discussion

Windswept injuries account for about 6 % of pelvic frac-
tures [4] but may account for 15 % of operated pelvic
injuries [9]. In the treatment of certain pelvic injuries, the
nature of the pattern and the remaining stability can be used
to effectively reduce and stabilize the ring. For example, in
an APC2 injury (61-B1.1), the posterior ligament(s) remain
intact with vertical stability maintained, and so a simple
reduction of the diastasis reduces the deformity. With an
LC2 injury (61-B2.2), various fixation techniques can be
utilized, i.e. LC2 screw [10] or an external fixator [11], etc.,
with a common theme that there is inherent stability for
support from the contralateral uninjured side. In the LC3
(61-B3.2) pattern the posterior ligaments are theoretically
intact and can be used to aid in the reduction. The problem
when treating this windswept deformity, is that there is no
stable platform from which to build and this amounts to
trying to hit a moving target. The main benefit of the
described technique is that it allows for a logical approach
to treating LC3 injuries. However, unless this fixation is
done in a stepwise fashion, the ring will likely be fixed
effectively in situ, usually resembling an oblique ovoid
and not normal ring anatomy.

A weakness with this technique is that it largely
relies on having stable posterior ligamentous structures,
or effectively an injury pattern that is not vertically
unstable. While this stepwise technique could be used
in the treatment of completely unstable injuries (61-C),
it would be somewhat more difficult, likely requiring an
open reduction and possible augmented fixation, above
what has been mentioned.

There are certain instances when care has to be taken
when reducing these fractures due to anterior fractures
which may involve the acetabulum or iliac wing in addition
to a posterior sacral injury. Here the acetabular component
or iliac wing fracture must be stabilized before distraction
with an exfix, infix or anterior plate to restore the posterior
anatomy or the more anterior injury would be deformed.

The method of Keshishyan et al. [8] was used to measure
the deformity in these LC3 injuries but there is some diffi-
culty in using this measurement and getting perfect inlet or
AP views. For this study we used inlet views and in several
instances had to use an intra-operative pre-operative pelvic
X-ray as X-rays in the trauma bay are often of poor quality.
The deformity index was used as our PACS system is not
perfectly calibrated to give absolute numbers but based on a
pixel system length that does not exactly correlate to centi-
meters. The use of the deformity index which is a ratio
eliminated the variation that would be effected by this
problem which occurs for all digital PACS systems.

The frequency of these fractures is as reported approxi-
mately 5 % of all pelvic fractures in large series and explains
the limited number of cases in our study. However, we were
able to show that the technique was able to improve defor-
mity in our cases and requires very little extra than what is
already available to orthopedic trauma surgeons.

The technique described was able to reduce and fix the
asymmetry of the pelvis in these windswept injuries until
they healed. We reject the null hypothesis of no difference
between deformity indices; a real and lasting correction of
pelvic obliquity was achieved using this technique for ad-
dressing the windswept pelvis. Post operative and follow-up
did not vary significantly from one another, suggesting that
the reductions are adequately stable after healing.

Conclusion

We believe this simple stepwise technique that has not been
previously described in the literature is crucial in restoring
the anatomy in these complex pelvic fractures.
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Table 2 Injuries
Patient Posterior injury R Posterior injury L Anterior injury

1 SI widening Sacral fracture zone 1 bilat rami fx L high

2 SI widening Sacral fracture zone 1 r rami fx, SP disrup, L acet fx

3 Sacral fracture zone 1 SI widening r rami fx SP disruption

4 Sacral fracture zone 1 SI widening bilat rami fx Low, L iliac fx

5 SI widening Sacral fracture zone 1 low rami fx

6 Sacral fracture zone 1 SI widening bilat rami fx low

7 Sacral fracture zone 2 SI widening r rami fx,

8 SI widening Sacral fracture zone 1 SP

9 SI widening Sacral fracture zone 1 r rami fx, L very high ramus acetab fx
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