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Abstract

Background Pelvic ring injuries with complete disruption

of the posterior pelvis (AO/OTA Type C) benefit from

reduction and stabilization. Open reduction in early reports

had high infectious complications and many surgeons

began using closed reduction and percutaneous fixation.

Multiple smaller studies have reported low infection rates

after a posterior approach, but these rates are not confirmed

in larger series of diverse fractures.

Questions/Purposes We therefore determined (1) the

incidence of surgical site infectious complications after a

posterior approach to the pelvis; and (2) whether secondary

procedures other than surgical débridement are necessary

as a result of the approach-related complications.

Methods We retrospectively reviewed all 236 patients (268

surgical approaches) with C type injuries treated with a pos-

terior approach at six institutions before 1998 and at one

institution from 1998 to 2005. Posterior injuries were classi-

fied anatomically as described by Letournel and the AO/OTA

system. We recorded wound complications after surgery.

Results Surgical site infection occurred in eight of the

236 patients (3.4%) in the multicenter analysis. Treatment

consisted of surgical débridement, wound closure, and

antibiotics. No patients required soft tissue reconstruction

as a result of the approach or infection.

Conclusion Our data suggest with proper patient selec-

tion and the described surgical technique, there should be

minimal risk for catastrophic wound complications or high

infection rates as reported by others.

Level of Evidence Level IV, therapeutic study. See

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Complete disruption of the posterior pelvic ring (AO/OTA

Type C) usually results from a high-energy mechanism.

Radiographic evaluation allows diagnosis of the anatomic

injury and insight into the relative stability of the injured pelvis.

Multiple classification systems have been devised to describe

injury patterns and the resultant instability [4, 5, 41]. Letournel

[23] originally described anatomical zones of injury. The
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AO/OTA classification represents an evolution of classifi-

cation systems into a comprehensive tool for documentation

and research [10]. Type C injuries are distinguished by

complete disruption of the posterior pelvic ring. The ana-

tomic source of instability in the posterior ring may be a

fracture through the iliac wing, fracture-dislocations of the

sacroiliac joint, pure sacroiliac joint dislocations, or sacral

fractures. These globally unstable fractures account for 20%

of all pelvic ring injuries [11, 34].

Nonoperative care of unstable pelvic injuries can result

in substantial residual disability as a result of chronic

instability, deformity, or associated neurologic injury [9,

16, 17, 19, 29, 35, 41]. Techniques for operative stabil-

ization were developed with the goal of improving function

and avoiding subsequent deformity. In early series, the

posterior approach to pelvic ring injuries was reported to

have soft tissue and infectious complications of 18% to

27% [12, 22]. Letournel also described difficulties with the

posterior approach when a curvilinear skin incision was

used. Despite improvement in soft tissue complications

with delay to surgery [3], some surgeons have been

reluctant to use the posterior approach for fear of the

considerable operative morbidity. External fixation can

help to avoid surgical approaches to the pelvic ring, but its

ability to provide adequate stability and maintain reduction

of a complete posterior pelvic injury limits its application

for definitive treatment in Type C injuries [6, 21, 26, 46].

Techniques for closed reduction and percutaneous iliosa-

cral screw stabilization of the posterior pelvic ring were

developed based on the desire to obtain posterior ring

stability in C-type injuries and the assumption of the high

morbidity associated with the posterior approach [36, 37].

Subsequent investigators have reported low rates and

severity of soft tissue morbidity with percutaneous fixation

[44], but recent concerns have been raised regarding the

ability of percutaneous placed iliosacral screws to maintain

a reduction in certain posterior ring injuries [13, 20]. Other

surgeons performing the posterior approach on subsequent

small series of 16 to 65 patients have not experienced high

soft tissue complications with reported infection rates

ranging from 0% to 10% [2, 30, 32, 33, 39, 40, 45]

(Table 1). A larger, multicenter cohort of patients with a

variety of injuries would help better define the rate of

surgical site infections after a posterior approach to the

posterior pelvic ring. This information may guide surgical

decision-making as well as educate patients regarding

potential complications associated with the approach.

We therefore determined (1) the incidence of infectious

complications after a posterior approach to the pelvis; and

(2) whether secondary procedures other than surgical

débridement were necessary as a result of the approach-

related complications.

Patients and Methods

We retrospectively analyzed the medical records of all

patients who had a posterior approach performed for an

AO/OTA 61-C-type injury by individual surgeons at seven

institutions who received training by Letournel or the

senior author (JM). A total of 236 patients, including 32

individuals with bilateral Type C injuries, underwent a

total of 268 posterior approaches. Thirty-five of the patients

evaluated for this study were previously reported [33]. The

purpose of that study was to determine the rate of soft

tissue complications associated with the described poster-

ior approach to the pelvic ring. The indications for surgery

were patients diagnosed with a globally unstable pelvis

(AO/OTA 61-C) in whom the injury and soft tissues were

deemed appropriate for open treatment. No specific pro-

tocol for treatment was used. Patients treated with a

midline posterior approach for bilateral sacral fractures

were excluded from the analysis because this treatment was

uncommon before 1998 and does not represent the

Table 1. Early, deep postoperative infections after posterior pelvic surgery compared with acetabulum surgery

Author Infection rates

(number)

Number of patients Minimum followup

(months)

Injuries

Matta and Saucedo [29] 3% (2) 65 6 Any Type C injury

Templeman et al. [40] 5.8% (1) 17 12 Sacral fractures

Moed and Karges [32] 0 % 25 ? Any Type C injury

Borrelli et al. [2] 0% 22 12 Sacroiliac fracture dislocations

Suzuki et al. [39] 10% (2) 20 12 Sacral fractures

Moon and Merkle [33] 2.4 (1) 35 12 Any Type C

Sagi et al. [38] 13% (8) 58 12 Sacral fractures

Bellabarba et al. [1] 16% (3) 18 12 Spinopelvic dissociations

Matta [28] 4.9% (13) 262 24 Acetabulum fractures

Letournel et al. [24] 2.2% (13) 569 12 Acetabulum fractures
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approach as described. Mean age at the time of surgery in

was 32 years (range, 2–74 years). Time to surgery aver-

aged 7.3 days (range, 0–21 days). Fractures were classified

anatomically and according to AO/OTA fracture classifi-

cations (Table 2). Eighteen percent of patients had soft

tissue degloving injuries identified within the surgical field.

Twenty-nine percent underwent open reduction and inter-

nal fixation of the anterior ring. The minimum followup

was 3 months; we presumed all infections would have been

identified within that period. Two patients did not have

followup to 3 months. One patient did not return to the

clinic after a prolonged hospitalization and one was lost

after the initial postoperative visit 4 weeks after surgery.

No patients were recalled specifically for this study; all

data were obtained from medical records.

All patients were identified using individual surgeon data-

bases and medical records were reviewed. We recorded

patient demographic information, classification of pelvic ring

injury, associated injuries, and associated complications.

The posterior approach as described by Matta [27] is

performed on a radiolucent operating table. The hips are

extended with pillows under the thighs to maintain the

lumbar lordosis and the knees flexed to relax the sciatic

nerve. The ability to obtain adequate fluoroscopic images is

confirmed before preparation of the surgical field. The

gluteal cleft is isolated from the operative field. The skin is

antiseptically prepared. Once the field is draped, we used

an adhesive occlusive drape (3M IobanTM, St Paul MN,

USA) to isolate the area of the incision. Perioperative

antibiotics were routinely used with specific medications

and dosing determined by individual surgeons. All were

approached through a common posterior incision. A lon-

gitudinal incision was placed approximately 2 cm lateral to

the posterosuperior iliac spine (Fig. 1). A cutaneous flap

was then raised off of gluteus fascia to the midline. If a

degloving injury was identified at the time of injury,

débridement of necrotic adipose tissue was performed. The

abductors were released from their origin on the posterior

iliac crest to the posterosuperior iliac spine (Fig. 2). The

fascial origin of the gluteus maximus was released from

the posterosuperior iliac spine and the dorsal fascia of the

erector spinae. The glutei were then elevated from the

external surface of the ilium as a flap based on the gluteal

arteries and nerve. If not already disrupted by the injury,

access to the sacroiliac joint and sacrum can be accom-

plished by elevation of the erector spinae from the dorsal

sacrum (Fig. 3). Entrance into the true pelvis through

the greater sciatic notch is enhanced by release of the

sacrotuberous and sacrospinous ligament attachments from

Table 2. Classification of pelvic injuries

AO/OTA

classification

Group 1 Group 2

Unilateral injuries

Ilium fractures 61-C1.1 4 2

SI dislocations 61-C1.2 44 9

SI fracture-dislocations 61-C1.2 68 13

Sacral fractures 61-C1.3 49 15

Bilateral injuries

Bilateral SI dislocations 61-C3.1 6 1

Bilateral fracture-

dislocations

61-C3.1 3 1

Bilateral: different

anatomic sites

61-C3.2 7 2

Bilateral sacral 61-C3.3 7 0

H type 61-C3.3 5 0

193 43

SI = sacroiliac.

Fig. 1 A straight incision is positioned 2 cm lateral to the postero-

superior iliac spine.

Fig. 2 A cutaneous flap needs to be elevated to the midline to fully

expose the medial origin of the gluteus maximus. Elevation of the

maximus and abductors from the iliac crest initiates the deep

dissection. The medial extension of the maximus muscle and its

origin are carefully elevated from the erector spinae fascia and

released from the midline in a proximal to distal direction.
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the lateral sacrum. Reduction of the sacroiliac joint can be

confirmed by palpation anteriorly and direct visualization

of the caudal portion of the joint. Reduction of sacral

fractures and sacroiliac joint fracture-dislocations was by

direct visualization. Before closure, further débridement of

severely injured or necrotic tissues was performed. Drains

deep to the gluteus flap and under the superficial flap were

routinely used.

Postoperatively, patients were mobilized out of bed as

associated injuries would allow. If bed-bound, a soft air

mattress should be used to limit direct pressure on the

wound. Isolated injuries to the hemipelvis would be

mobilized with an assist device, limiting force to 30 lb

foot-flat weightbearing, emphasizing a heel-toe gait pattern

with supervised physical therapy. Weightbearing limita-

tions were continued for 8 to 12 weeks postoperatively

depending on injury pattern.

No specific protocol for followup was used by partici-

pating surgeons. The complication of interest was a

surgical site infection deep to the skin as defined by the

Centers for Disease Control and Prevention [18]. Local

postoperative conditions of the surgical site (ie, warmth,

erythema, swelling, pain, tenderness, and/or wound drain-

age or dehiscence) were recorded. The presumed diagnosis

of deep surgical site infection was made based on these

local changes and surgeon judgment. Deep infections after

open reduction and internal fixation of the pelvic ring were

classified as at least IIa complications, requiring a return to

the operating room for formal débridement [7]. All infec-

tions demonstrated bacterial growth in culture from the

surgical wounds. All were treated with a postoperative

course of intravenous organism-specific antibiotics.

Results

Eight patients (3.4%) had a deep wound infection. Ten

patients returned to the operating room and the posterior

incision was surgically opened and irrigation and débride-

ment was performed. One patient had postoperative anterior

urine collection from inadequate drainage of a ruptured

bladder requiring evacuation through a Pfannenstiel

approach. This wound grew bacteria. The posterior wound

was opened but was not actively infected and was culture-

negative. An additional patient with prolonged wound

drainage was taken back to the operating room for explora-

tion of the wound and was culture-negative. Eight additional

patients developed wound drainage and/or erythema

involving the pelvic surgical sites postoperatively. One

patient developed an infected soft tissue degloving injury

from an infected anterior pin site after open reduction and

internal fixation. This did not involve the posterior surgical

wound. One patient had a superficial wound infection that

responded to antibiotics. Six patients (3%) had prolonged

(greater than 5 days) excessive wound drainage. Deep sur-

gical site infection rates for individual surgeons at their

respective institutions varied from 2.3% to 5.5%.

No additional soft tissue reconstruction was necessary

after soft tissue complication or deep surgical site infec-

tion. No wound slough was documented in the series.

One patient required tissue transfer for an open injury.

Portions of two wounds were allowed to heal by secondary

intention. Five of eight patients with deep infection

underwent revision of reduction and/or internal fixation at

the time of débridement, including one with isolated screw

removal.

Discussion

The posterior approach to the pelvic ring continues to be

associated with a high postoperative infection risk despite

studies to the contrary [2, 30, 32, 33, 39, 40, 45]. We set

out to define the risk of deep surgical site infection using a

larger cohort of unstable pelvic injuries (Type C) operated

on by a group of surgeons trained in a specific technique

and to determine if infectious complications led to the need

for secondary reconstructive procedures.

We recognize limitations of our study. First, we had no

set indications for treating with open reduction and internal

fixation through the posterior approach and no specific

Fig. 3 Lateral access to ilium is accomplished with release of the

gluteus maximus from cristae glutae and subperiosteal elevation of

the lateral musculature. Care is taken at the anterior aspect of the

greater sciatic notch to avoid injury to the superior gluteal neurovas-

cular bundle. Medial exposure is provided by elevation of erector

spinae and must extend cranial to the posterior iliac spine to visualize

and palpate the upper sacral segment. Injury or surgical release of

ligaments (supraspinous or sacrotuberous) from the lateral sacrum

will improve anterior sacral and sacroiliac joint access for palpation

or clamps.
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treatment protocol for those patients having this treatment.

Although the surgeons favored the posterior approach for

treating unstable posterior pelvic ring injuries, the number

of patients treated with alternative approaches for stabil-

ization of the posterior ring resulting from injury pattern,

patient factors, or conditions of the posterior soft tissue

envelope is not known for the entire series of patients.

Furthermore, we had no protocol for type and duration of

perioperative antibiotics and these data were not compiled

for this study. Second, we had only short-term followup.

All patients included were operated on within 21 days of

injury and followed for at least 3 months postoperatively. It

is possible some late infections would not have been

diagnosed in patients with short-term followup, especially

in the setting of internal fixation. Third, we did not deter-

mine if infections affected the subsequent course of the

patient. Open reduction and internal fixation reportedly

decreases the incidence of nonunion and malunion after a

pelvic fracture [29] and reduces disability [14] with a

higher percentage of satisfactory results [29]. Anatomic

reconstruction of the pelvic ring may be important, but

other factors can influence patient-reported pain, function,

and ability to return to work [8, 25, 31, 42]. Therefore, we

cannot comment on the impact of soft tissue complications

on patient-reported results of the injury. Finally, we did not

evaluate reductions and/or subsequent loss of reduction and

therefore we cannot comment on whether the increased risk

of infection is warranted in comparison to closed reduction

and internal fixation.

Using the technique described, the posterior approach to

an unstable posterior pelvic ring was associated with an

infection rate of 3.4%. This rate is much less than that

reported by Goldstein et al. [12] or Kellam et al. [22] in the

early era of pelvic open reduction and internal fixation.

These authors attributed the higher infection rates to pro-

longed operating times or a crushing mechanism of injury.

Our rate also falls in the middle of those reported in other

smaller series and is lower than that reported for the

addition of spinopelvic fixation to sacral fractures (13%) or

spinopelvic dissociations (16%) [1, 38]. It approximates the

rate in large series of operatively treated acetabulum

fractures (2.3% to 4.9%) [24, 28]. Because this series

includes a wide variety of injuries and surgeons of differing

experience from a spectrum of practice environments,

we believe the rate reported likely represents a realistic

expectation for this approach performed by individuals

trained in pelvic surgery who deem the posterior soft tissue

appropriate for an open procedure.

No additional soft tissue reconstructive procedures other

than surgical excision, débridement, and closure were

required as a result of the approach. Of those developing an

infection, five of eight (62.5%) underwent some change in

the pelvic fixation during treatment of the infection.

Previous studies have appropriately focused attention on

the status of the soft tissues after pelvic fractures. Appro-

priate nursing care, an anatomic-based approach,

identification and treatment of soft tissue degloving injuries

[15, 43], débridement of severely contused or necrotic

tissue at surgery, and changes in fixation technique may all

account for the improvement in soft tissue complications.

A careful overall evaluation of the patient and soft tissues

will help in making appropriate choices regarding tech-

niques for reduction and fixation of posterior ring injuries.

A posterior approach as described for open reduction and

internal fixation of posterior pelvic ring injuries has a 3.4%

deep surgical site infection rate and no major soft tissue

complications occurred in this study. The authors continue

to advocate the use of the posterior approach when nec-

essary for reduction of posterior pelvic ring injuries in

patients without a severely compromised posterior soft

tissue envelope.
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