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INTRODUCTION

A pelvic ring fracture is a relatively uncommon injury, sustained after major
trauma. About 3 – 8% of the multitrauma patients acquire a pelvic ring fracture1-3.
Especially if the fracture is compound or combined with major vessel injury, the
mortality is reported as high as 70 % 4-6. Concomitant injuries are common, e.g.
intra-abdominal injury (up to 40%) and head injury (30%)7-10. Initial treatment of
the patient should be according to the ATLS ® (Advanced Trauma Life Support)
guidelines to ensure optimal survival chances for the patient. This thesis, however,
does not deal with the initial life threatening aspects, like hypovolaemic shock, but
focuses on the surgical technique of internal stabilization and long term outcome.

Especially for unstable pelvic ring fractures nonoperative treatment has poorer
outcome compared to operative treatment and a more aggressive approach is there-
fore advocated11-13. External fixation, although by some still used as definitive treat-
ment, does not seem to be able to retain long term reduction of the fracture parts in
unstable fractures, which leads to increased discomfort for the patient2,11,14,15. In-
ternal fixation has shown to improve both short term survival and long term quality
of life12,16-21. Nevertheless, internal fixation of the anterior and especially the pos-
terior pelvic ring is a demanding procedure. Despite an aggressive approach sev-
eral aspects of daily life and the quality of life remain reduced compared to the
general population8,22,23.
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ANATOMY

The pelvis is a complete articulated bony ring formed by the sacrum and both
innominate bones, which themselves are a fusion of the ilium, ischium and pubic
bone. The bony parts of the pelvis are connected anteriorly by strong layers of
fibrocartilage and fibrous tissue at the symphysis pubis. Posteriorly, the sacrum is
connected to the iliac bones through strong fibrous ligaments at the sacroiliacal
joint. Additional stability is obtained by the sacrotuberous, sacrospinous, iliolumbar
and lateral lumbosacral ligaments. Most blood vessels for both arterial and venous
supply of the lower extremities and of the peripelvic organs run close to the bony
pelvis. Apart from its main biomechanical function, which is to connect the upper
body to the lower extremities, the pelvis ring surrounds several organs, such as the
bladder with the urethra, the anorectum and the reproductive organs in females.
The sacrum also contains the sacral plexus that innervates most lower extremity
muscles, anal and urethral sphincter and reproductive organs in both male and
female.

FRACTURE CLASSIFICATION

Various classifications have been used for the descriptions of pelvic injuries.
Malgaigne introduced one of the first classifications in 184724. In this classification
he distinguished five types of fractures ranging from simple anterior fractures to
combinations with posterior pelvic ring fractures. Currently, the key towards frac-
ture classification is the (in)stability of the pelvic ring. Ranging from the completely
intact pelvis to the completely unstable pelvis, the different types of fractures re-
quire different treatment strategies. Tile sequentially dissected the ligaments to
define the spectrum of stability2. After dissection of the symphysis and the crea-
tion of a diastase of more than 2.5 cm the sacrospinous and anterior sacroiliac
ligaments rotational stability is created. By dissection of the posterior sacroiliac
and sacrotuberous ligaments vertical instability is added. Bony injuries can create
the same spectrum of stable, rotationally unstable and vertically unstable injuries.

Tile and the AO foundation specify three types of pelvic ring fractures based
on the stability of the pelvic ring2,25,26. A-type describes lesions in which the pelvic
ring is not interrupted. This is a stable lesion in which the pelvic floor is intact and
the pelvis can withstand weight bearing without risk of dislocation.

In the B-type lesion the anterior pelvic ring is interrupted completely and the
posterior ring incompletely. This leads to a rotational instability around a vertical
axis. This lesion is partially instable and may include disruption of the pelvic floor.
Since this lesion is more relevant to this thesis, the various subtypes are summa-
rized briefly. A B1-type is an “open book” injury in which the dislocation of the
symphysis pubis is such that the anterior sacroiliac ligaments are disrupted. A B2-
type lesion is a “lateral compression” injury in which the pelvis is compressed by a
lateral impacting trauma. A B3-lesion is a bilateral injury of either B1 or B2 type.
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The C-type lesion is characterized by a completely unstable pelvic ring. There
is a complete disruption of the ligamentous or bony continuity of the pelvis. This
leads to a three-dimensionally unstable fracture. While in a C1 fracture the con-
tralateral posterior ring is intact, in C2 fractures a contralateral B type injury is
present and in a C3 type a bilateral C type lesion is present.

LOCOREGIONAL COMPLICATIONS

Bleeding is one of the acute lifethreatening injuries, which can be treated by
either fracture stabilization, peripelvic packing with gauzes, or selective angiogra-
phy and embolization in case of persistent bleeding. Embolization is shown to suc-
cessfully stop arterial bleeding in up to 90% of the patients12,27-29. Disruption of the
urethra or the anal canal may complicate the treatment of the fracture and is most
commonly seen in Tile B1 or C lesions. In Tile B2 and C lesions perforation of the
bladder and rectum by fracture parts may occur. In urogenital injuries treatment
should be coordinated with a urologist and depending on the injury a urethral cath-

Figure 2. Tile classification. Explanation of the various types is given
in the text.
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eter or suprapubic catheter with secondary urethral reconstruction may be re-
quired30. Later urethral stenosis and impotence are not uncommon30. Anorectal
injury also poses a significant problem, a diversing colostomy combined with ex-
tensive locoregional washout and secondary reconstruction may be required to
prevent septic pelvic disease. Depending on the fracture type, in up to 63.6% of
the patients with pelvic fractures permanent damage of the lumbosacral plexus
could be detected31. Reposition of the fracture parts seldom leads to improvement
11,31-33. In the direct postoperative phase common complications are deep venous
thrombosis, pulmonary embolism and systemic complications commonly associ-
ated with major trauma like A.R.D.S. and M.O.F.. Subsequently morbidity is high
and related to poor functional outcome in many cases.

INITIAL MANAGEMENT

Although several authors have described various strategies and techniques
for the management of the acutely injured patient with a pelvic ring fracture, most
agree that the stabilization in the first hour, using the guidelines of the ATLS®, is
the most important part. Initial treatment should be aimed at stabilizing the vital
aspects of airway, breathing and circulation, the latter being the most endangered
by the pelvic ring fracture. Volume therapy plays an important role in reducing the
effects of hypovolaemic shock, but additionally the blood loss due to pelvic frac-
ture can be reduced using simple measures such as a tight sling around the pelvis
or a pelvic C-clamp34-36. The use of P.A.S.G. (pneumatic anti shock garment) is
controversial37-39. Since the initial management of unstable pelvic ring fractures is
not the object of this thesis, this will not be discussed in detail. However, despite
the fact that early internal fixation may not be possible in the unstable patient who
requires multiple operations to stabilize his condition, we advocate definitive
stabilization as soon as possible since it is easier to reduce the fracture parts and to
achieve optimal results.

OPERATIVE TECHNIQUES: ANTERIOR FIXATION

Surgery is seldom required for completely stable (type A) fractures. Opera-
tive treatment is suggested for rotationally or vertically unstable pelvic ring frac-
tures (type B or C). One of the most important objectives of the operative treat-
ment of the pelvic fracture is the reduction of the fracture parts, since this may
reduce blood loss and thus mortality. The reduction of the anterior pelvic ring,
either symphysis or pubic bones, followed by stabilization is a key element to achieve
overall reduction. Several techniques and many implants, external fixators, tension
bands, plates of different sizes and screws, have been studied15,32,40-49. External
fixation seems to be inferior to internal fixation in obtaining the anatomical relation-
ship of the fracture parts. Lindahl described loss of reduction using a trapezoid
external fixator in 57% of 110 patients and recommended its use to be limited to
the acute phase of resuscitation and not for definitive treatment15. For diastases of



12

Chapter 1

the symphysis most authors concluded that plate fixation is treatment of first
choice15,40. Hofman and Varga concluded that wiring was superior in the oste-
oporotic pelvis but Meissner found opposite results in 24 pelves undergoing dy-
namic loading41,42,50. Although most authors recommend plate fixation for
symphysiolysis and for severely displaced pubic ramus fractures, the role of fixa-
tion in minimally displaced pubic ramus fractures is still discussed14,40,44,51-54. To
avoid extensive ilioinguinal exposure retrograde medullary screw fixation can some-
times be used in lateral superior pubic ramus fractures21,55.

Figure 3. A Tile B1 fracture fixated with anterior plate
fixation and a sacroiliac screw posteriorly. An
angiography of the iliac artery is being performed.
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OPERATIVE TECHNIQUE: POSTERIOR RING

For sacroiliac joint disruptions and fractures of the sacrum the same princi-
ples apply. For unstable fractures or dislocations internal fixation can be carried
out through an anterior or posterior approach. Although traditionally the major dis-
advantage of the posterior approach was the high risk of wound infection, percuta-
neous techniques currently allow positioning of lag screws through minimal inci-
sions. Biomechanically, screws have the same stability as sacroiliac plates, while
external fixation is less stable43-45. Other fixation techniques of the posterior ring
include sacral bars, small fragment implants and pre-bent plate across bilateral
fractures2,44,56.

In several studies posterior pelvic ring fixation was combined with anterior
fixation, either using plate or screw fixation32,41,43,46-49,57. However, others have
used isolated sacroiliac screw fixation32,46,57, or used a combination with an exter-
nal fixator32,46,57-59. In a series of 127 patients treated with sacroiliac screws Routt
recommends applying anterior fixation if anterior fracture dislocation exceeds 1
cm in any direction47. Anterior fixation allows early reduction of the fracture which
makes percutaneous posterior screw fixation less complicated and also provides
additional stability and reduces malunion and nonunion in the long term60. It is not
sufficient to stabilize Tile C fractures without posterior fixation32,41,53. After the
anterior fixation, performed in a supine position, it is possible to perform sacroiliac

Figure 4. Bilateral pubic screws combined with unilateral sacroiliac screws for
a Tile C fracture with bilateral pubic bone fractures and a unilateral sacral
fracture.
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screw positioning in the same position. However, especially in bilateral cases sac-
roiliac screw positioning is technically easier in prone position, despite the risk this
carries in trauma patients46,61. Intra-operatively the posterior pelvic ring is evalu-
ated through inlet, outlet and lateral views using C-arm fluoroscopy61. After the
correct position of a K-wire in the body of the first or second sacral vertebra is
confirmed, the sacroiliac screw is inserted. When two sacroiliac screws are used
they can be inserted parallel into the first and second vertebral body but also con-
verging into the first vertebral body. Because there are indications of an increased
risk of sacral foramina intrusion when positioning the lower screw into the second
vertebral body, currently both screws are positioned into the first vertebral body,
unless sacral abnormalities prevent the use of this technique62. Although position-
ing sacroiliac screws using an open technique is easier because it makes a smaller
demand on the accuracy of the surgeon’s hand63, percutaneous positioning results
in less tissue damage, which leads to improved wound healing and decreases in-
fection risk. A similar positioning technique has been described using computed
tomography or computer navigated fluoroscopy48,48,59,64-67. Although these tech-
niques promise superior results due to the improved quality of the imaging tech-
niques, malpositioning is still possible48.

Optimally, internal fixation is a technique that stops bleeding (by decreasing
the volume of the pelvis, preventing clot dislodgement by limiting movement and
approximating fracture surfaces) and prevents late complications such as nonun-
ion, malunion, chronic pain, and leg length difference.

Figure 5. Example of a sacroiliac screw in a plastic pelvic. Part of
the sacral ala and the vertebral body have been removed to clarify
the exact position of the screw.
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SHORT TERM COMPLICATIONS

Although several life threatening complications, such as hemorrhaging and
secondary multi organ failure, can occur in the multitrauma patients, some are
related more closely to the pelvic ring injury and its treatment. Complications due
to the pelvic ring injury occurring shortly after the injury are injury to bladder,
urethra, genitals and anorectum are described previously. Complications of sacro-
iliac screw fixation include poor posterior reduction, wound infection, which is
seen less frequently after percutaneous technique compared to open technique,
intrusion into the intervertebral foramina with possible nerve injury, loosening of
the fixation, peroperative guidewire breakage and screw breakage46-49,57,58,61. One
case of superior gluteal artery injury, requiring embolization, is described68. In about
0.5 to 13 % of the patients in whom the posterior pelvic ring has been stabilized
using screws, a neurological injury due to intrusion of the screws into the sacral
canal of the sacral foramina occurs19,32,46,47,49,57,58.

Figure 6. Patient positioned prone for sacroiliac screw fixation. A C-arm
is set for inlet view.
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Some authors advise to limit weight bearing after internal fixation on the
injured side for 10 to 12 weeks7,10,32,49,57,69. This, however, is shown to compromise
pulmonary function increasing the risk of (ventilator associated) pneumonia and
adult respiratory distress syndrome7,9. Surgical intervention and early mobilization
improves bronchial toilet and results in earlier weaning from the ventilator, while
protecting the neurovascular structures through stable internal fixation7,70,71.

LONG TERM OUTCOME

Most studies show that the functional outcome after unstable pelvic ring inju-
ries is limited1,3,8,12,19,22,23,72-77. However most patients also have several associ-
ated injuries that may influence outcome. The outcome after conservative treat-
ment is poor. About 40% of the patients suffered persistent pain and only 50%
were able to return to work12,19,72-74. Tile reported on 218 patients treated
nonoperatively and found in 60% of the patients complaints of pain75. Pohleman
used his own outcome scale and reported that 79% of Tile-B type lesions had
excellent or good results compared to 27% of Tile-C type lesions, although 50% of
the patients healed anatomically1,76. Others used the SF-36 which was designed
and validated for use in a clinical setting and for monitoring the health of a general
population78-80. Oliver et al. reported both decreased physical and mental scores
after pelvic ring fracture3. McCarthy and Cole evaluated the outcome after pelvic
ring injuries and, except for mental health, all scales were significantly lower8,22.
Miranda examined the relationship between the Tile-fracture classification and
SF-36 outcome and found no difference between A and B/C type fractures23.

Majeed evaluated the result of external fixation for unstable pelvic fracture
in 42 patients and concluded that the functional results were better than the ana-
tomical results, measured by criteria adjusted from Slätis and Karaharju81,82. Func-
tional results improved the first 18 months and were stable thereafter.

Although no randomized clinical trials exist which compare long-term results
of operative versus nonoperative treatment, there are indications that operative
treatment may have superior results. Tornetta showed that after operative treat-
ment all fractures were reduced to < 1 cm residual displacement, which was re-
lated to fewer pain complaints33.

NONUNION

Although few data about incidence, optimal treatment and outcome of non-
union after fractures of the pelvic ring can be found in the literature, there are
indications that nonunion is not as rare as was once thought83. Lindahl reports up to
5% nonunion and 58% malunion (defined as more than 10 mm dislocation) after
external fixation15. In a series of 42 patients Pennal described their main com-
plaints to be pain (98%) and having a limp (69%). Compared to conservatively
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treated patients, the operatively treated patients with nonunion had significantly
earlier consolidation and could return to work earlier. Non-union was commonly
found in patients in which short immobilization (average immobilization 8.4 weeks)
seemed to fail into maintaining reduction of the fracture parts83. Data by Ebraheim
et al. also suggest pain as the main complaint and they reported considerable im-
provement after internal fixation in four patients84. Matta used a technique with
sacroiliac screws in 37 patients. Using combined anterior and posterior fixation
overall results were good with 32 patients were satisfied after nearly four years.
Four patients suffered loss of reduction and in two patients persistent nonunion
required reintervention60.
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