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INTRODUCTION

Hemodynamically unstable pelvic ring injuries are among the
most challenging high-energy traumas in polytrauma patients
[1,2]. Hemorrhage is the leading cause of death in patients with

Unstable pelvic ring injuries are potentially life-threatening and associated with high mortality and
complication rates in polytrauma patients. The most common cause of death in patients with pelvic
ring injuries is massive bleeding. With resuscitation, external fixation can be performed as a tempo-
rary stabilization procedure for hemostasis in unstable pelvic fractures. Internal fixation following
temporary external fixation of the pelvic ring yields superior and more reliable stabilization. How-
ever, a time-consuming extended approach to open reduction and internal fixation of the pelvic ring
is frequently precluded by an unacceptable physiologic condition and/or concomitant injuries in pa-
tients with multiple injuries. Conservative treatment may lead to pelvic ring deformity, which is as-
sociated with various functional disabilities such as limb length discrepancy, gait disturbance, and
sitting intolerance. Therefore, if the patient is not expected to be suitable for additional surgery due
to a poor expected physiologic condition, definitive external fixation in combination with various
percutaneous screw fixations to restore the pelvic ring should be considered in the acute phase.
Herein, we report a case of unstable pelvic ring injury successfully treated with definitive external

fixation and percutaneous screw fixation in the acute phase in a severely injured polytrauma patient.
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pelvic ring injuries, and most bleeding in such injuries originates
from the presacral venous plexus and fractured bone [3]. In pa-
tients with these injuries, pelvic ring instability can be the prima-
ry reason for hemodynamic instability, and hemorrhage control
should be a part of resuscitation. Therefore, damage control in
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the form of temporary mechanical stabilization such as external
fixation, pelvic wrapping, or pelvic packing is necessary to control
bleeding [4]. Although the contemporary literature includes new
concepts such as safe definitive surgery, early appropriate care, and
prompt individualized safe management [5], to ensure more sta-
ble and reliable fixation, definitive open reduction and internal
fixation are usually performed during the “window of opportuni-
ty” after resuscitation and restoration of physiologic condition [5].
However, the patient’s physiologic condition may not recover suf-
ficiently to support pelvic fracture surgery within the window of
opportunity. Because pelvic fracture surgery with an extended ap-
proach is time-consuming and associated with numerous compli-
cations, this aggressive surgical impact during the acute phase as
part of early total care can induce a “second hit” [5]. In contrast,
external fixation and various percutaneous screw fixations are
minimally invasive surgical procedures that minimize secondary
complications. We report a case of a hemodynamically unstable
polytrauma patient for whom future definitive surgery was ex-
pected to be precluded due to an unacceptable physiologic condi-
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tion. The patient was successfully treated with definitive external
fixation and percutaneous screw fixations in the acute phase.

CASE REPORT

An American Society of Anesthesiologists (ASA) physical status
class I, healthy 33-year-old male patient was transferred to a level
I trauma center after being struck by an excavator bucket at a
construction site. The patient had no significant past medical his-
tory. On arrival, the patient was confused, and his vital signs in-
cluded an unstable blood pressure of 95/44 mmHg, a pulse rate
of 144 beats/min, and a respiration rate of 40 breaths/min. Given
the patient’s unstable condition, a massive transfusion protocol
was initiated with the transfusion of packed red blood cells, fresh
frozen plasma, and platelets in a 1:1:1 ratio. Radiography and
computed tomography demonstrated an unstable pelvic ring in-
jury consisting of right sacroiliac joint dislocation, a non-dis-
placed transverse fracture of the left acetabulum, right pubic rami
fractures, and an anterior wall fracture of the right acetabulum

Fig. 1. Initial radiographs. (A) Simple radiography indicates an unstable pelvic ring injury. (B, C) Computed tomography images show widening
of the right sacroiliac joint (yellow arrows) and an anterior wall fracture of the right acetabulum (white arrow). (D, E) Computed tomography im-

ages demonstrate a transverse fracture of the left acetabulum (red arrows).
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(Fig. 1). The patient also had traumatic hemopneumothorax
with multiple rib fractures, subarachnoid hemorrhage with de-
pressed skull fracture of the temporal bone, and facial maxillary
bone fracture. The patient was determined to have an Injury Se-
verity Score of 34, indicating polytrauma. Emergent closed tho-
racostomy with chest tube insertion, cranioplasty with hemato-
ma evacuation, and external fixation along with percutaneous
screw fixation were performed. Because the patient’s condition
was life-threatening, we expected future definitive internal fixa-
tion to be precluded by an unacceptable physiologic condition.
Therefore, we opted to perform minimally invasive definitive fix-
ation in the acute phase if possible. We planned external pelvic
fixation with percutaneous iliosacral (IS) screw fixation for the
pelvic ring and percutaneous screw fixation for the left acetabular
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fracture. After application of a supra-acetabular external fixator
using 6-mm-diameter Schanz pins, percutaneous IS screw fixa-
tions were performed to the S1 body using a 7.3-mm partially
threaded cannulated screw with a washer in compression mode
and to the S2 body using a 7.3-mm fully threaded cannulated
screw in position mode. Both the S1 and S2 screws had purchase
with the contralateral sacroiliac joint to ensure stability. During
this procedure, an external fixator frame was utilized to reduce
the posterior pelvic ring by joystick maneuver and was subse-
quently left in place. Percutaneous in situ fixation of the left ace-
tabulum was performed using a 7.3-mm cannulated screw. This
screw was introduced just inferior to the pubic tubercle and was
passed through the intramedullary corridor of the superior pubic
ramus to the posterior column to achieve bicolumnar fixation of

Fig. 2. Intraoperative fluoroscopic images. (A) Schanz pins were introduced in the anterior inferior iliac spine for application of a supra-acetabu-
lar external fixator. Widening of the sacroiliac joint (SIJ) was observed (red line). (B) An external fixator frame was utilized to reduce the posterior
pelvic ring by joystick maneuver, and a guide pin was simultaneously introduced to the S1 body. The right SIJ was reduced (red arrow). (C) Per-
cutaneous iliosacral screw fixation to the S1 body using a 7.3-mm partially threaded cannulated screw with a washer in compression mode. Ana-
tomic reduction of the left SIJ was achieved (yellow arrow). (D, E) Additional percutaneous iliosacral screw fixation to the S2 body using a 7.3-mm
fully threaded cannulated screw in position mode. (F) Percutaneous in situ fixation using a 7.3-mm cannulated screw of the left acetabulum.
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the acetabulum (Figs. 2, 3). The patient was subsequently admit-
ted to the intensive care unit for ongoing resuscitation. After
spending 16 days in the intensive care unit, the patient was trans-
ferred to the general ward. During this critical period for lifesav-
ing, the patient’s physiologic condition, including coagulopathy
and acid-base imbalance with lactate level, had not recovered
sufficiently for additional surgery [5]. On serial follow-up, radio-
graphs indicated that reduction of the pelvis and acetabulum
were well maintained, and no further displacement was ob-
served. We decided to keep an external fixator as definitive stabi-
lization for the anterior pelvic ring and to use adjunct stabiliza-
tion with IS screw fixations for the posterior ring. However, we
removed the external fixator 24 days after surgery due to pin site
infection. Because no residual fluoroscopic displacement was ob-
served after removal of the external fixator, we performed no fur-

ther surgery (Fig. 4). Despite the lack of scientific evidence, a pel-
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vic binder was applied to prevent secondary displacement after
removal of the external fixator. The patient’s mental and general
condition completely recovered by approximately 4 weeks after
the injury. The patient was then allowed to sit and move by
wheelchair as tolerated. From 6 weeks postoperatively, the patient
was allowed protected weight-bearing and could transition to full
weight-bearing as tolerated. Eight weeks after surgery, the patient
was allowed to walk independently. At 6-month follow-up, radio-
graphs demonstrated complete healing and favorable alignment
of the pelvic ring, and the patient returned to full activity (Fig. 5).

Ethics statement

This study was reviewed and approved by the Institutional Re-
view Board of Cheju Halla General Hospital (No. 2023-L05-01).
The requirement for informed consent was waived, as all data
were de-identified to protect patient’s right to privacy.

Fig. 3. Postoperative radiographs demonstrate anatomical reduction of the posterior pelvic ring with percutaneous iliosacral screws and adjunc-
tive anterior external fixation. The retrograde intramedullary superior pubic ramus screw has purchase with both columns to stabilize the left
transverse acetabular fracture in the (A) anteroposterior, (B) inlet, (C) outlet, and (D, E) oblique views.

Fig. 4. Radiographs demonstrate no residual displacement after removal of the external fixator in the (A) anteroposterior, (B) inlet, (C) outlet, and

(D, E) oblique views.

Fig. 5. Follow-up radiographs at 6 months after surgery demonstrate complete healing in the (A) anteroposterior, (B) inlet, (C) outlet, and (D, E)
oblique views.
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DISCUSSION

Unstable pelvic ring injuries require surgical reduction and fixa-
tion to restore the pelvic anatomy and allow the patient to regain
physical function [6]. However, because unstable pelvic ring inju-
ries are life-threatening and associated with high mortality and
complication rates, initial assessment and management to resus-
citate is a priority [1,2]. The timing of major fracture care in poly-
trauma patients has been updated. The current understanding
avoids the use of a “window of opportunity;” in which surgery is
avoided on days 2 to 4 after injury [7]. Instead, the contemporary
literature includes new concepts such as safe definitive surgery,
early appropriate care, and prompt individualized safe manage-
ment [5]. However, because the present patient’s physiologic con-
dition did not recover for a long period, these new concepts were
inappropriate. We decided to apply a single-bar and single-pin
supra-acetabular pelvic external fixator for damage control in the
acute phase. External fixation of the pelvis is associated with he-
mostasis due to reduction of pelvic volume, hematoma forma-
tion by the tamponade effect, and fracture fragment stabilization
[8]. However, posterior stabilization cannot be achieved using an
anteriorly placed external fixator. The most important step in en-
suring pelvic ring stability is the reduction and fixation of the
posterior sacroiliac complex [6]. A C-clamp is used to stabilize
the posterior pelvic ring to control hemorrhage, particularly in
vertical shear injury patterns [1,2]. Some trauma surgeons advo-
cate the use of an anti-shock IS screw or rescue screw instead of
posterior stabilization with a C-clamp [9]. In the present case,
posterior ring stabilization was achieved with percutaneous IS
screws to the S1 and S2 bodies. We performed percutaneous IS
screw fixation to the S1 body using a 7.3-mm partially threaded
cannulated screw with a washer in compression mode and to the
S2 body using a 7.3-mm fully threaded cannulated screw in posi-
tion mode. During this procedure, an external fixator frame was
utilized to reduce the posterior pelvic ring by the joystick maneu-
ver and was subsequently left in place. Because we expected addi-
tional surgery to be precluded due to a poor physiologic condi-
tion, we endeavored in each stage of procedures to attain ana-
tomical reduction and simple stabilization with minimally inva-
sive procedures during damage control surgery in the acute
phase. In this case, the functions of the external fixator included
not only damage control to minimize bleeding, but also definitive
fixation to the anterior pelvic ring and adjunctive fixation with IS
screws to the posterior pelvic ring. Several authors have reported
high complication rates and poor outcomes when a pelvic exter-
nal fixator is used as definitive fixation of the pelvic ring [10].
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Another study indicated that pelvic external fixators have insuffi-
cient biomechanical stability and mixed outcomes after surgery
[11]. In contrast, the contemporary orthopedic trauma literature
suggests that a pelvic external fixator can be used for the defini-
tive fixation of a pelvic ring injury. Tosounidis et al. [8] reported
that the application of a pelvic external fixator as definitive fixa-
tion in specific polytrauma settings is a safe and efficient method
for pelvic ring stabilization. In that study, they stated that the
rates of complications such as infection, aseptic loosening, and
neurogenic complications were low, while the overall outcomes
were good. Therefore, their study showed that in polytrauma pa-
tients, external fixation can be a useful alternative to internal fixa-
tion, yielding acceptable clinical outcomes with low complication
rates. In the present case, a minimally displaced transverse frac-
ture of the left acetabulum was also stabilized by percutaneous
screw fixation without reduction. A guide pin was introduced
just inferior to the pubic tubercle. Then, it was passed through
the intramedullary corridor of the superior pubic ramus to the
posterior column to achieve bicolumnar fixation of the acetabu-
lum. Percutaneous fixation of acetabular fractures with or with-
out closed reduction has been proposed to prevent potential fur-
ther displacement of simple fractures with minimal displacement
[12]. Based on the concept of the roof arc angle, Olson and Matta
[13] concluded that in fractures with roof arc measurements
greater than 45° on anteroposterior (medial roof arc), iliac
oblique (posterior roof arc), and obturator oblique (anterior roof
arc) radiographs, sufficient weight-bearing articular surface re-
mained intact for nonoperative treatment to be considered when
the femoral head remained congruent with the superior acetabu-
lum. In the present case, the patient’s measured roof arc angles on
anteroposterior, iliac oblique, and obturator oblique radiographs
were 51°, 68°, and 65°, respectively. The femoral head remained
congruent with the superior acetabulum. In addition, the pa-
tient’s physiologic condition was too poor for additional surgical
procedures, so we decided not to perform surgery for the anteri-
or wall fracture of the right acetabulum to avoid surgical impact
that could induce a “second hit” The optimal timing of removal
of the external fixator also raised issues. Typically, union of the
pelvic ring may be achieved after 8 to 12 weeks [14]. Problemati-
cally, however, due to the lack of an indicator of ligamentous
healing, the timing of removal in this case was based on a combi-
nation of factors such as surgeon clinical judgment, pin site con-
cern, and concomitant injury. Despite every effort to maintain
the external fixator as long as possible, it had to be removed 24
days after surgery due to pin site infection. Because the external
fixator was used for adjunctive stabilization of the posterior ring,
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no residual displacement was observed after the removal of ex-
ternal fixation. Although Hoyt et al. [14] reported that the timing
of removal and their definition of clinical union were based on
predetermined removal timing and examination under anesthe-
sia instead of guidance by radiographic or functional milestones,
we did not perform an examination under anesthesia due to fear
of iatrogenic further displacement. Despite the lack of scientific
evidence, a pelvic binder was applied to prevent secondary dis-
placement after the removal of the external fixator.

A limitation of this case report is that the follow-up duration
was only 9 months. This may be insufficient to evaluate all com-
plications, including posttraumatic degenerative changes in
bones and joints. Furthermore, pelvic ring injuries have various
fracture and dislocation patterns, and multiple factors may affect
the outcomes. Therefore, prudent decision-making in the acute
critical phase is essential. Nevertheless, when additional defini-
tive surgery is precluded by unacceptable physiologic conditions
in hemodynamically unstable pelvic ring injuries, minimally in-
vasive definitive stabilization in the acute phase can be a treat-
ment option.
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