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ABSTRACT

Unstable pelvic ring injures can lead to unsatisfactory long-term results of up to 60% on average. Incorrect interpretation
of radiological results, underestimation of the severity of pelvic injures during polytrauma lead to the rejection of urgent sta-
bilization of the pelvis. Despite the presence of many effective methods of stabilization of the pelvic ring injures, a rather large
percentage of reoperations remains both as a result of relapse displacement an as a result of nonunion of fracture and loss of
fixation. The review is devoted to the analysis of the problem of diagnosis, treatment and the result of applying various methods
of stabilization of the pelvic ring.
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Xupyprusa HecTabunbHbIX NOBpPEXKAEHUM
Ta30BOro KoOMbLa.
TeHAeHUMKU, Npo6NeMbl U NEpPCNEKTUBDI

P.W. 3akupos, N.®. Axtamos

KasaHckuil rocynapcTBeHHbIN MeAULMHCKUIA YHUBepcuTeT, KasaHb, Poccus

AHHOTALNA

HectabunbHble noBpexAeHnA Ta3oBoro KojibLia MOryT npuMBoanTb K HEY[,0B/1€TBOPUTESIbHBIM A0JINOCPOYHBIM pe3yribTa-
TaM B CpeHeM [0 60% Cly4yaes. HenpanmbHaﬂ TPaKTOBKa PEHTreHOJIOrMYeCKnX pe3ynbratoB, HEL00LEHKa TAXECTU no-
BpexaeHnA Ta3a npu nosnTpasMe NpPUBOAAT K OTKA3y OT CpO'—IHOVI cTabunmsaumm Tasa. HECMOTpFI Ha HaJim4yne MHOXKecCTBa
3CI)¢)EKTMBHI:IX METOf0B CTabunusaumm Ta3oBOro Kosblia, COXpaHAeTCA O0CTaTO4HO bonblias pons MOBTOPHbIX onepauwﬁ
BC/ieACTBME KaK peLuanBa CMeLLeHUd, Tak U HecpalleHna rnepenomMoB U notTepu d)VIKCHUMM. 0630p NocBALLEH aHann3y npo-
brieM AMarHoCTUKU, NeyeHus u pe3ynbtatoB NpUMeHeHUA pa3nnyHbIX METOL0B CTabunusaumum Tas3oBOro KonbLa.

KntoueBble cyioBa: NepenoM KOCTEN Ta3a; HapyLUEHME LLeIOCTHOCTM Ta30BOro KOJbLia; NONIMTPaBMa; NepCneKTUBbI eYeHUs
noBpeXeHWn Ta3a; 0630p nuTepaTypsl.
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Despite the achievements of contemporary traumatol-
ogy, mortality in unstable pelvic ring injuries reaches 30%,
and it ranks third among the fatal causes of craniocere-
bral and chest trauma. Disability in pelvic injuries occurs
in 22%-36% of the cases, and poor outcomes occur in
20%-80% [1]. Despite the developments and improvements
of surgical treatment methods using advanced implants,
poor long-term results reach an average of 60%.

Significant difficulties are induced by the treatment of un-
stable fractures of the pelvic bones with multiple and con-
comitant injuries.

Active surgical approach and early functional osteosyn-
thesis are modern principles for the treatment of unstable
lesions of the pelvic bones. The therapy mainly aims at
restoration and stabilization of the pelvic bones and decom-
pression and revision of the pelvic plexus elements in case
of neurological lesions. The priority of osteosynthesis has
been recognized; however, discussions about the treatment
of pelvic ring lesions are still relevant. Several Russian spe-
cialists emphasize external fixation in the treatment of pelvic
lesions, whereas international authors tend to perform stable
and functional internal osteosynthesis [2].

The patient’s condition is one of the indicators to the risk
of surgical intervention owing to additional consequences of
surgical trauma. This cannot only worsen the patient’s con-
dition, but also lead to lethal outcomes. Currently, the “gold
standard” for the medical care for polytrauma is “damage
control,” which includes a progressive program of surgical
treatment [3]. In relation to fractures, the method includes
early temporary fixation of bone fragments using less trau-
matic methods and subsequent final osteosynthesis to sta-
bilize the patient’s general condition.

The treatment of pelvic fractures starts with the initial
stage of immobilization, which can be implemented using
a pelvic band, C-clamp, or other external fixation meth-
ods. The stabilization of the anterior and posterior pelvic
half-rings allows patient mobilization in the early period
without the risk of reposition loss, which is of fundamental
importance in polytrauma [4]. A typical example of such an
approach is the treatment of type B and C pelvic fractures
according to the Association for Osteosynthesis/Association
for the Study of Internal Fixation, where the most important
stage of anti-shock measures is urgent stabilization of the
pelvis using external fixators. In vertically unstable injuries
of the pelvic ring, the fixation strength of the dorsal pelvis
with anterior external fixation devices is insufficient; skel-
etal traction and bed rest were also employed [5]. Surgical
intervention is recommended within the next few hours af-
ter the injury. Kukuruz et al. (2003) used an external fixa-
tion device (EFD) for type B pelvic injuries. In the case of
unstable injuries of the pelvic bones (type C fracture), after
urgent surgical interventions on the organs of the chest,
abdomen, and other extrapelvic structures, a basic modular
EFD was applied, which later (days 2-3) could be expanded
and stabilized [6].

Tom 28, Ne 4, 2071

DAI: https://doi.org/10.17816/vt034523

BecTHuk TpaBmaTonorv 1 opToneami ud HH. Mproposa

The world famous inventor, traumatologist, and ortho-
pedist G.A. llizarov introduced methods of extrafocal treat-
ment of patients with pelvic ring injuries, which improved
significantly the quality of treatment. The external fixation of
the pelvic ring in polytrauma has several advantages. First,
the method is less traumatic and can be used in the most
severe period, and second, it has a significant anti-shock ef-
fect and enables resetting of bone fragments at all stages of
treatment [7].

Nowadays, two methods are employed in the surgi-
cal treatment of pelvic injuries, namely, external fixation
(C-clamp, wire, rod, and wire-rod structures) and/or inter-
nal fixation.

The C-clamp is widely used for temporary fixation of the
pelvic ring in the early period of polytrauma. It provides re-
liable stabilization and interfragmentary compression with
a force of up to 350 N. After bringing the patient out from
shock, the C-shaped clamp is removed, and the pelvic ring
is further stabilized by internal osteosynthesis [8].

When providing emergency care to patients with unstable
injuries of the pelvic bones in the first hours, the gold stan-
dard is early stabilization of the pelvis using the EFD or pelvic
forceps.

Many researchers recommend applying EFD for fractures
of the anterior half-ring in the first hours after admission
to the intensive care unit in patients with pelvic ring insta-
bility, Ganz forceps for fractures of the posterior half-ring,
and Ganz forceps and EFD for fractures of the anterior and
posterior half-rings. Most specialists immobilize the patient’s
pelvis with a device immediately upon admission.

Active surgical approach has become a priority in Russia
in the past 20-25 years. It is associated with the intensive
development of pelvic surgery, including its unstable injuries.

Stabilization of pelvic fractures in polytrauma has been
proven to be an integral part of anti-shock measures [9].
External fixation with devices is simple and minimally trau-
matic. It not only provides early stabilization of the pelvic
ring, but also promotes the arrest of intrapelvic bleeding [10].
EFD allows patient transport, care for the patient in the re-
suscitation period, and early walking.

Moreover, external fixation of the pelvis has several sig-
nificant disadvantages. There is a risk of inflammation of the
insertion area of the retaining elements and their loosen-
ing, which result in the loss of fixation stability. The external
structure is bulky, making it difficult to lay the patient in bed,
complicates patient care, and reduces quality of life. In this
regard, according to indications, EFD is replaced by internal
fixators at the stages of treatment.

An alternative intervention is internal osteosynthesis. This
method has several advantages, including the possibility of
anatomical restoration of the pelvic ring and stable fixation
that facilitates patient care and treatment of polytrauma.

When choosing open reduction, the degree of pubic ar-
ticulation divergence and fragment displacement should be
considered. To restore the anterior half-ring, specialists used

33



34

REVIEWS

bone grafting, screws with a tightening loop, a plate of the
appropriate shape, or a U-shaped bracket. However, final
open interventions are possible after stabilization of the pa-
tient's hemodynamic parameters, which is achieved using
EFDs, pelvic tamponade, and angio-embolization. Thirteen
studies of a total of 24,000 patients were analyzed. Maxi-
mum safety is ensured when using pelvic tamponade. Exter-
nal fixation is recognized as the most effective for controlling
blood loss and primary stabilization. Angio-embolization is
presented as an additional, but not an alternative method of
fixation [11].

Burlew et al. asserted performing retroperitoneal pelvic
tamponade in combination with angio-embolization in pa-
tients with unstable hemodynamics and active pelvic bleed-
ing [12].

Osteosynthesis with reconstructive plates with angular
stability, widely used by specialists, is also relevant. Ex-
tramedullary synthesis provides stable fixation of the frag-
ments. To increase its rigidity, a pair of plates can be used,
while the long one is placed above the pubic articulation, the
short one is placed anteriorly.

According to some authors, the external fixation device in
the case of internal osteosynthesis should be replaced within
the first 3 days with the patient in a stable condition [13].
The introduction of emergency temporary stabilization has
led to an increase in survival after pelvic fracture. Tile et al.
revealed that early pelvic fixation is useful in acute resus-
citation, but is of limited value in the final management of
unstable type C fractures or even open injuries [14].

Primary internal fixation in patients with severe injuries
is used relatively rarely owing to the risk of serious compli-
cations [15]. However, Pereira et al. demonstrated the suc-
cessful use of primary fixation of articulations and bone frag-
ments with screws and a plate in the first 6 h for unstable
pelvic injuries in patients with polytrauma. Several trauma-
tologists consider the initial fixation of the pubic symphysis
with a laparotomic approach as a staged surgery for retro-
peritoneal lesions of the bladder [16].

Internal osteosynthesis in the surgical treatment of pelvic
ring lesions has several advantages, namely, the ability to
move fragments accurately, under visual control, and restore
anatomy, and stability of fixation, which prevents delayed or
incorrect union and improves significantly the anatomical and
functional outcomes of treatment. However, internal fixation
also had disadvantages, which include additional surgical
aggression, blood loss, and risk of infectious complications
in the postoperative wound. Internal osteosynthesis is often
impossible in the early stages because of the patient’s condi-
tion severity and subsequently technical difficulties.

Minimally invasive internal fixation techniques for un-
stable pelvic lesions are gaining popularity nowadays.
For example, for the restoration and fixation of the pubic
symphysis, the synthesis of the pubic rami is performed
using reconstructive plates through a short-scar incision.
Lockable nails for osteosynthesis of the pubic bones have
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been developed and implemented. In the case of damage
to the sacroiliac joints, the sacrum is stabilized using can-
nulated screws, reconstructive bridge plates, and transpe-
dicular systems [17]. Thus, specialized designs are being
developed, such as the less invasive stabilization system
or anterior pelvic internal fixation. Wong et al. prefer this
method because it reduces the risk of infectious complica-
tions and is convenient for surgeons who may need access
to the abdominal cavity [18].

Nowadays, the combination of internal and external
methods of fixing pelvic fractures remains relevant. For ex-
ample, the anterior half-ring can be secured with an external
fixator, whereas internal structures can be used to restore
the posterior half-ring. Thus, combined osteosynthesis offers
the advantages of each of the methods and minimizes the
risk of complications.

Proper repositioning with the restoration of the anatomy
and effective fixation of unstable pelvic lesions not only en-
ables the use of early functional loading but also reduces the
risk of surgery, blood loss, and infectious complications. The
surgeon must have sufficient knowledge of the pelvic anato-
my and experience in using the pelvic fixation technique with
the highest level of safety. According to international publi-
cations, minimally invasive methods of pelvic stabilization
minimize soft tissue damage; however, the risk of iatrogenic
damage to the neurovascular bundles is quite high. There
are also cases of traction injury of the sciatic nerve during
thigh traction to bring down fractures of the sacrum with
displacement of >1 cm caudally [19]. In percutaneous fixation
of the sacroiliac joints with a screw, both the experience of
the surgeon and quality of intraoperative X-ray control are of
great importance.

Various anesthesia methods allow several authors, after
fixation of the posterior structures of the pelvis, or in cases
when the posterior half-ring fixation was not required, to
conduct clinical tests for assessing the stability of the an-
terior half-ring. In cases without fragment mobility or were
assessed to be insignificant, only load with additional support
for 12 weeks was allowed. Within 6 weeks, displacement
of fragments from 6 to 12 mm was noted in these patients,
which persisted until union [20].

Many authors propose their methods developed for the
surgical treatment of pelvic lesions using various combina-
tions of external and internal fixators. Two-stage osteosyn-
thesis reduces the surgical injury rate and offers adequate
repositioning and reliable fixation of the pelvis. The feasibility
of improving the method of surgical treatment of pelvic ring
lesions is justified by their diversity, although high-impact
fractures occur in predictable places.

In urgent surgery, a fundamentally new direction is
ongoing, that is, percutaneous pelvic fixation, which helps
avoid complications of extensive surgical approaches.
Such fixation is performed after preoperative planning and
indirect repositioning of the fragments. Specialized soft-
ware is being developed for virtual reconstruction of all
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surgical stages, i.e., for determination of the safety zones
for mounting, precise planning of screw sizes, and test-
ing the possibility of using percutaneous technology as an
alternative to open access.

Osteosynthesis of pelvic fractures is necessarily preceded
by accurate closed reduction; therefore, to achieve better re-
sults in this area, improving the closed reduction technique
is being attempted [21]. Intraoperative control of reduction
and fixation with a C-clamp are the main rules. Recent de-
velopments have provided physicians with new options for
managing three-dimensional imaging during surgery.

The introduction of high-tech methods at all stages of
surgery and their combination can make the surgery with
percutaneous access to the pelvis and acetabulum easier,
safer, and more accurate. However, even with the latest and
most sophisticated technologies, proper surgical evaluation
and experience in pelvic and acetabular surgery are neces-
sary and indispensable.

Stable osteosynthesis using contemporary methods of
fixation of complicated pelvic fractures in patients with poly-
trauma enables their mobilization much earlier and attaining
of good anatomical and functional results in 78% of cases [22].

Quite effective results were obtained in a combined pro-
spective study conducted by Shetty et al. in 2017. The effi-
ciency of a minimally invasive anterior subcutaneous inter-
nal fixation system and percutaneous ileosacral screws for
unstable pelvic ring fractures was evaluated. Accordingly,
minimally invasive pelvic stabilization with these designs
is easy to master and use, provides good fracture reduc-
tion and final stabilization with minimal complications, and
gives excellent functional results within a follow-up period
of >31 months (level of evidence 1V) [23].

Various combinations of fixators (ileosacral screws,
transiliac screws, and reconstructive plates) were analyzed.
A study revealed that repositioning is the most significant. All
combinations of fixation options provided the same reliability
of fixation [24].

Osteosynthesis with percutaneous ileosacral screws
proved to be a relatively safe method, which is confirmed
by numerous clinical series. Compared with open methods,
their application reduced the risk of hemorrhage and infection.
Functional results also improved, pain indicators decreased,
and displacement of the pelvis became smaller. The overall ac-
curacy of the insertion of percutaneous ileosacral screws was
good, with a mispositioning rate of approximately 2.5% [25].

Breuil, Roux, and Carle investigated the use of an external
fixator in three patients. The patient was in the prone posi-
tion; locking nails (Schanz screws) were placed percutane-
ously in the L5 and/or S1 pedicles and posterior iliac crests
and were used as levers for compression—distraction ma-
neuvers. After apposition, they maintain repositioning while
placing the ileosacral screws [26].

The principles of reduction are adequately applicable
to both anterior and posterior lesions. The fixation of the
posterior section is an integral part of the injured pelvis
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stabilization. Posterior ring fractures include sacral, sacro-
iliac, and iliac fractures.

Unstable injuries of the posterior pelvic ring, such as a
dislocation of the sacroiliac joint, are always complicated
by significant disability. Unsatisfactory treatment outcomes
include the leg-length discrepancy, impaired rotation, re-
sidual neurological deficits, and chronic pain. Many methods
to overcome these problems have been described in the lit-
erature, including precise indirect reduction and stabilization
using various internal systems [27].

In some cases, to stabilize the posterior half-ring of the
pelvis, specialists use bridge-like transpedicular fixators;
therefore, the authors obtained good clinical outcomes [28].
However, these options have drawbacks, such as insuffi-
ciently strong fixation and possibility of migration.

In addition, to stabilize the posterior half-ring, plates are
used, which are fixed to the posterior surface of the iliac
wings and above the sacrum. However, owing to the ana-
tomical aspects of this section, which has almost no muscle
mass, such an arrangement of plates poses the risk of bed-
sore formation, exposure of the fixator, and wound infection.

Mears et al. (1986) developed a C-clamp for the surgical
stabilization of the posterior pelvis from an appropriate ap-
proach. However, the massiveness of the fixator and surgery
injury rate hinder its widespread use in traumatology [29].

The failures and complications associated with open ap-
proach to the posterior pelvic ring have led to the active use
of percutaneous fixation. Percutaneous closed osteosynthe-
sis with cannulated screws has become widespread. The
method is often used in combination with osteosynthesis of
the anterior half-ring in unstable pelvic injuries. However, the
difficulty of inserting the screws and the risk of damage to
the nerve roots are limiting factors.

According to Vigdorchik et al., on the pelvis model, the
variants of fixation of sacral fractures were recreated using
one or two ileosacral screws and a transpedicular fixator
with the screw installed in the S1 or S2 pedicle and posterior
iliac spine. Empirically, the use of a transpedicular fixator
with ileosacral screws ensures maximum reliability of fixa-
tion. Such placement of pedicle screws without an ileosacral
fixator provides the least rigid fixation. This method ensures
the connection of the sacroiliac joints and the sacral fracture
zone without the use of large surgical approaches [30].

According to numerous clinical series, osteosynthesis
with percutaneous ileosacral screws proved to beaTetatively
safe method. Compared with open methods, they reduced
the risk of bleeding and infection. Functional outcomes also
improved, pain indicators decreased, and displacement of the
pelvis became smaller. The overall accuracy of percutaneous
ileosacral screw insertion was revealed to be good, with a
mispositioning rate of approximately 2.5% [31].

For osteosynthesis in sacral fractures and lumbosacral
dislocation, certain rules should be followed, namely, the
patient’s position on the orthopedic table should allow par-
tial or complete reposition, and the later the repositioning is
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performed, the more difficult it is [32]. Therefore, the inter-
vention should be performed within 2 weeks after the injury.
Repositioning is practically impossible after 3 weeks, which
explains the high level of disability in such cases. Effective
intraoperative X-ray control during repositioning is required.

CONCLUSION

An analysis of relevant publications revealed charac-
teristic trends in providing assistance to patients with pel-
vic bone injuries in the presence of polytrauma. Moreover,
there is no consensus on the optimal time, methods, and
scope of treatment for pelvic lesions in the acute period of
severe polytrauma [33]. Thus, it is necessary to improve the
technique of surgical treatment for multiple pelvic injuries
to restore functionality, reduce disability, and prevent gen-
eral and local complications in patients with combined and
multiple injuries [34].

The approach of surgical treatment of patients with
pelvic trauma, timing, and methods of fixation are not yet
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