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Introduction The problem of treating chronic unstable pelvic injuries is characterized by the complexity of delayed one-
step or staged reduction, difficulties in choosing the technology and treatment options, complexity of selecting criteria for 
evaluating planning along with the effectiveness of treatment. The use of spinal systems to perform reduction manipulations 
and fixation of the pelvis is described in few clinical observations. Therefore, the assessment of the effectiveness of the 
sequential use of various fixation systems in one patient was regarded by the authors as a rare opportunity and determined the 
purpose of the study. Purpose Demonstration of the possibilities of various osteosynthesis methods and their combination 
in reconstructive surgery of the pelvis in a case of its severe chronic injury. Materials and methods We present a clinical 
case and a brief analysis of the literature. This is a case of a patient with post-traumatic pelvic deformity and imbalance 
syndrome as a leading component of pelvic ring deformity. The effectiveness of reconstruction options, including those with 
the use of spinal systems, was analyzed. The treatment was assessed with radiological study methods (X-ray and CT) with 
balance evaluation on a digital platform and functional scores for the quality of life. Results Correction of frontal deformity 
of the pelvis was achieved with compensation for a relative shortening of the left lower extremity, restoration of the center of 
rotation of the hip joints, and relief of pain in the lumbar region. The functional state according to the Majeed score system 
and clear radiological signs of stabilization of the pelvic ring while maintaining the position of the acetabulum in the frontal 
plane prove the effectiveness of hybrid osteosynthesis with the use of spinal fixation systems. Conclusion The leading 
syndromic complexes are instability with clinical manifestations of non-union and pain along with an imbalance syndrome, 
manifested by a gross deformation of the pelvic ring. Syndromic evaluation determines the tactics of surgical treatment while 
a detailed planning of the sequence of intervention, choice of the level of osteotomy, combination of osteosynthesis options 
using spinal fixation systems provide the solution of reconstructive pelvic surgery tasks in one session.
Keywords: post-traumatic pelvic deformity, transosseous osteosynthesis, transpedicular fixation system, defect, titanium 
mesh cage

BACKGROUND

Pelvic fractures are referred to the most severe 
injuries of the musculoskeletal system. As reported, 
the frequency of pelvic injuries in the structure of high-
energy trauma is 5–25 % [1–7]. Severe general condition 
of such patients in the acute period is an obstacle for 
early reconstructive operations on the musculoskeletal 
system. Surgical operations aimed at restoring vital 
organ functions come first [2, 9]. Due to the introduction 
of the ATLS and damage-control protocols the number 
of surviving patients with pelvic injuries has increased 
and, consequently, post-traumatic pelvic pathology 
and the number of secondary complications of their 
treatment also have grown [8].

Conservative treatment methods lead to improper 
consolidation of the pelvic bones and instability of 
the pelvic ring in 38–75 % of cases [3, 5, 10–12], and 
to persistent disability in 30–65 % of cases, mainly in 
the patients of working age [13–15].

Pelvic fractures with a period of more than three 
weeks since injury are difficult to reduce due to 

the formation of callus and soft tissue traction. A 
particular problem is treatment of chronic unstable 
pelvic injuries, in which one-stage reduction is 
frequently impossible due to its delay [16].

At present, the tactics of treating patients with post-
traumatic deformities of the pelvic bones has not been 
solved. In the absence of the established guidelines 
and management protocols, methodological options 
depend on institution schools, and range from 
conservative therapy to multiplanar reconstructive 
interventions. The fixation options are also various. 
Osteosynthesis has been widely used both with 
external fixation devices and in combination with 
osteotomy of the pelvic bones with subsequent 
conversion to internal osteosynthesis [17].

Most questions arise in the treatment of patients 
with a combination of pelvic deformity, defects and 
instability. We substantiated the main one as follows. 
What methods and options of fixation would enable 
to perform reconstruction and stabilization of the 
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pelvic ring, decrease the treatment time and the risks 
of secondary instability? We hypothesized that the 
transpedicular spinal fixation system and a titanium 
mesh cage used for the reconstruction of the anterior 
and middle columns of the spine would be suitable 
for these purposes. As a result of using this technique, 
we present a clinical case.

Study design A case report and brief analysis of 
literature. Level of evidence – 4 (UK Oxford, 2009 
version).

Case report A 21-year-old woman was admitted 
to the clinic of the Russian Ilizarov Research Center 
with complaints of gait disturbance, chronic pain in 
the lumbar spine and pelvic deformity.

The patient was injured 1.5 years prior to 
admission and sustained a closed fracture of the 
pubic and sciatic bones on the right, pubic and iliac 
bones on the left, rupture of the pubic and sacroiliac 
joints on the left with displacement of the left half 
of the pelvis upward, extensive lacerated wound 
in the area of the left knee joint and right thigh, 
traumatic neuropathy of the left sciatic nerve. The 
treatment at her residence hospital continued two 
months and included autodermoplasty of the right 
thigh and treatment of fractures of the pelvic bones 

with skeletal traction through the tuberosity of the 
left tibia. In 2015, the patient was admitted for 
staged treatment to the clinic of the Russian Ilizarov 
Research Center for post-traumatic deformity of the 
pelvis, nonunion fracture of the wing of the left iliac 
bone, and rupture of the symphysis (Fig. 1). Upon 
admission, compression-ischemic neuropathy of the 
peroneal portion of the left sciatic nerve was also 
detected.

The anterior pelvic semiring was fixed with an 
external fixation apparatus (EFA) on 07.05.2015. On 
the left, the Schanz screws passed into the iliac wing 
through the nonunion zone. After 9 days (16.05.2015), 
a supra-acetabular osteotomy was performed on the 
left, the left femur was fixed with EFA, and additional 
transosseous screws were inserted into the wing and 
the body of the iliac bones.

In the postoperative period, the left hip joint 
was attempted to be brought down for 14 days. The 
support was dismantled from the left femur but the 
apparatus on the pelvis was left in the fixation mode. 
It was removed in an outpatient clinic two months 
later. This stage of treatment resulted in union of the 
left iliac bone but the deformity of the pelvic ring 
could not be corrected (Fig. 2).

Fig. 1 Computed tomography of the pelvis before the first stage of correction; 3D reconstruction, ventral (a) and dorsal (b) 
views. Craniodorsal displacement of the left acetabulum, rupture of the pubic articulation, rupture of the sacroiliac joint (SIJ) 
on the left, nonunion of a fragment of the left ilium wing are visualized

Fig. 2 Radiography of the pelvis in direct projection after surgery (a) and at discharge (b); union of the left iliac bone was achieved; 
pubic symphysis diastasis was 2.4 cm; there was malunion of the left ilium and displacement of the left half of the pelvis upward
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Puncture implantation of epidural electrodes 
was performed on 05.02.2016 at the L4–L5 level 
to conduct electrical stimulation for neuropathy of 
the peroneal portion of the left sciatic nerve. There 
was no dynamics of the neurological status after the 
therapy.

On 25 April 2016, she was admitted to the clinic for 
the reconstruction of the pelvic ring and complained 
of left lower extremity shortening, pain in the lumbar 
spine (LS), and discomfort in the sitting position. At 
the time of hospitalization, the patient was walking 
with a cane. The asymmetry of the pelvis, a 2-cm 
relative shortening of the left lower limb and the 
limitation of abduction in the left hip joint of about 
30° were visually noticeable. The range of motion in 
the left knee joint was 180°/ 90°. Also, there was a 
disturbance of superficial sensitivity on the dorsum 
of the left foot and on the lateral surface of the left 
lower leg. The Majeed functional state was 46 points. 
The patient underwent a radiographic examination 
of the pelvis in the frontal projection, entry and exit: 
there was a craniodorsal displacement of the left 
acetabulum and rupture of the pubic articulation.

Based on the patient's complaints of persistent 
pain in the lumbar area, relative shortening of the left 
lower extremity and radiographic views, a plan of 
surgical correction was developed implying an intra-
operative elimination of the deformity of the pelvic 
ring, restoration of the center of rotation of the left hip 
joint; osteosynthesis of the left sacroiliac joint with 
cannulated screws to protect the SIJ when performing 
reduction manipulations; osteosynthesis with the 
Ilizarov apparatus in distraction mode at the stage of 
reduction; supra-acetabular osteotomy of the left iliac 
bone and bridging the defect in the left iliac bone with 
a titanium mesh cage with autologous bone; fixation 
of the hemipelvis with the spinal system [53].

Reconstructive and stabilizing intervention was 
performed on May 13, 2016.

Operation protocol:
Stage 1 The surgical field was treated three times; 

the left sacroiliac joint was fixed with two cannulated 
ileosacral screws. Four diaphyseal half-pins (Shants 
screws) were inserted into the left femur. The screws 
were attached to a sectoral arch. Three screws were 
inserted into the iliac crest on the right, and two screws 
were inserted on the left above the planned osteotomy. 
The proximal support was assembled from sectoral 
arches and telescopic rods (Fig. 3a).

Stage 2 The iliac approach was performed. The area 
of the malunited ilium was exposed and mobilized on 
both sides. In the frontal plane in the supra-acetabular 
region, a half-pin was drawn and connected to the distal 
support. A supra-acetabular osteotomy of the pelvis was 
performed along the union line. X-ray control showed 
the osteotomy was produced correctly. To protect the hip 
joint, four 1.8-mm wires were inserted transarticularly 
and attached to a ring on a distal support. Distraction 
along the rods was 9 cm. Deformity of the pelvis in 
length and width was corrected. Radiographs showed 
a satisfactory position of the fragments. Diastasis was 
filled with a titanium mesh cage filled with pieces of 
autologous bone. Two polyaxial screws were inserted into 
the supra-acetabular region on the left, and two polyaxial 
screws were installed proximal to the osteotomy zone. 
The screws were fixed to two titanium bars.

Stage 3 Stoppa's approach was produced in the 
projection of the pubic bones. A fork-type screw was 
installed into the right pubic bone under the control of 
an image intensifier; the screw could not be inserted into 
the left pubic bone due to previously formed defects. A 
pedicle screw was inserted in the projection of the anterior 
lower spine on the left. The screws were fixed by the bar 
in the locking mode (Fig. 3b). the Arteries of the left lower 
limb were checked and their pulsation was not disturbed. 
The wounds were drained and sutured in layers. The skin 
was stitched. The AEF device was dismantled. Aseptic 
dressings were applied. The total blood loss was 800 ml.

Fig. 3 Radiographs of the pelvis in direct projection at the stage of reduction unit from the set of the Ilizarov apparatus (a) and 
after the reduction and fixation with the spinal system (b)
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Fig. 4 Radiographs of the pelvis in frontal projection before surgery (a), after reconstruction of the pelvic ring (b). The position 
of the acetabulum in the frontal plane was restored

Fig. 5 Computed tomography of the pelvis after surgical reconstruction, 3D reconstruction, ventral (a) and dorsal (b) projections. 
The geometry of the left ilium was restored

The postoperative period was uneventful. The 
wound healed by first intention. The neurological 
status in the postoperative period did not worsen. The 
patient was verticalized on the 3rd day. At discharge 
from the hospital on the 39th day after the operation, 
she could independently move supporting on a cane, 
her gait style was restored.

In the postoperative period, the patient passed 
examinations at follow-ups. At the six-months follow-
up, she did express any complaints, moved without 
additional means of support, and did not experience any 
discomfort by walking. The Majeed functional state 
was 90 points. On the checking plain radiograph dated 
26.08. 2019, there were clear signs of stabilization of 
the pelvic ring and the position of the acetabulum in 
the frontal plane was preserved (Fig. 6).

Fig. 6 X-ray of the pelvis in direct projection dated 
26.08.2019. Remodelling of the left iliac autograft, bone 
resorption and malposition of screws fixing the anterior 
pelvic semiring

DISCUSSION
Pelvic ring injuries occur in 20–37 cases per 100 

thousand people [18–20], in elderly patients up to 90 
cases per 100 thousand [21]. Fractures of the pelvic bones, 
as reported, consitute from one to 8.2 % of all fractures 
of the skeleton bones [18–20, 22, 24–27]. However, in 
polytrauma cases, the portion of pelvic injuries increases 
to 25 % [2–6, 18, 24, 28] and significantly contributes to 
mortality, up to 25 % [25, 29].

Road accidents (about 60 %) and falls from 
a height (6–28 %) are the main causes [18]. Older 

patients are characterized by osteoporotic fractures 
from low-energy trauma [19–21, 23]. The most severe 
pelvic injuries are vertically unstable [28], occurring 
in 10 % of cases [30]. The mortality rate in this group 
exceeds 80 % [29].

Nonunion of the pelvic ring are more frequent, 
which, according to the localization of damage, are 
divided into nonunion of the anterior and posterior 
semirings of the pelvis. Union correlates with 
the displacement grade and stability of the pelvic 
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ring [31]. Conservative treatment or placement of 
AEF in unstable injuries of the pelvic ring often 
results in malunion or nonunion [12, 29, 32, 33]. 
The most common nonunions are found in type C 
fractures according to Tile M. [2, 12, 34, 35]. Lindhal 
et al. cite the following data in patients with type C 
fractures treated with external fixation only: secondary 
displacement 57 %, deformity of the pelvic ring 58 %, 
nonunion of the pelvic bones 5 %; lateral compression 
rarely leads to nonunion of the posterior pelvic 
semiring [9]. Anteroposterior compression (APC) 
may lead to instability of the anterior semiring [7].

Pain is the most common complaint in patients with 
deformity and nonunion of the pelvic ring [12, 28, 29, 
31, 33, 34, 36–40]. Thus, in a cohort study Mears et 
al. analyzed 204 cases of nonunion of the pelvic bones 
and 64 % of the patients complained of severe pain 
[34]. Insufficient reduction and residual deformity 
after pelvic fractures lead to chronic pain and poor 
functional outcome [26, 41]. Instability in the posterior 
pelvis is the most common cause of pain. In most 
patients, the source of pain is damage to the sacroiliac 
joint (SIJ) [7, 38]. This area is poorly visualized in plain 
radiographs, and the residual displacement is often 
missed. It may lead to post-traumatic arthrosis and be 
a generator of chronic pain. SIJ instability most often 
occurs in vertically unstable fractures. Up to 45 % of 
these are caused by sacral fractures and may also be 
a source of pain [42]. Pain in the SIJ area can also be 
caused by trauma to the lumbar spine, osteoarthritis 
of the facet joints, and also be neurogenic in nature 
caused by damage to the lumbosacral plexus. Anterior 
semiring nonunion is easier tolerated and less likely 
to cause pelvic pain [33], and less frequent clinical 
manifestations often lead to late diagnosis [7].

Global body imbalance Fractures of type C 
according to Tile M. with displacement of the 
hemipelvis can lead to a misalignment of the pelvis, 
imbalance in the sitting and/or standing position, 
difference in leg length. Deformities occurring in the 
SIJ area are the most severe, causing compensatory 
curvature of the spine. Asymmetry is due to vertical 
displacement and rotation of the hemipelvis in the 
sagittal plane [34]. Position of the ischial tubercles 
at different levels causes pain and discomfort in the 
sitting position [24, 31], which is clinically observed in 
50 % of patients [43]. In bilateral cranial displacement 
of pelvic bones, the coccyx may be a source of pain and 
cause discomfort in the sitting position [34, 35, 38].

Limb length discrepancy occurs in vertical and 
rotational displacement of the hemipelvis, as well as 
a two-column fracture of the acetabulum. Significant 
shortening is detected clinically in 25–34 % of 
patients [12, 43]. Lower limb internal rotation occurs 
in lateral compression, and external rotation in case 
of open- book fractures.

Treatment Stable deformities with slight 
displacement are well tolerated by many patients 
and do not require surgical treatment [31, 38]. 
Conservative management of these patients and 
correction of the length of the limbs with orthopedic 
shoes is possible.

The main indication for surgical treatment is pain 
caused by severe deformation of the pelvic ring or 
nonunion of the pelvic bones [12, 43, 44]. Foreign 
authors offer open operations [7, 37, 45] with an 
extensive release of soft tissues [44]. These operations 
are complex, multi-stage (two or three stages), may 
last for more than 6 hours and require transfusion of 
donated blood [7, 31–33, 43, 44, 46, 47].

Correction is easier in pelvic deformity with isolated 
internal or external rotation of the hemipelvis [41, 
44]. Pfannenstiel and modified Stoppa approaches are 
recommended, along with bone autoplasty and addition 
of bone morphogenetic protein (BMP), if possible; 
a 3.5-mm reconstructive plate is used for fixation 
[38, 48]. Fixation with two plates was described if 
previous osteosynthesis had failed [32]. In some cases, 
symphysiodesis is performed to restore the integrity of 
the pelvic ring. Stabilization of the posterior semiring is 
performed with iliosacral screws, plates or sacral braces 
[30, 31, 37, 39]. Kanezaki and Rommens used lumbar-
iliac fixation with a spinal system in combination with 
the installation of additional sacral tightening through 
the body of the S1 vertebra for bilateral fractures of the 
lateral sacrum mass in a patient with low bone density 
[23]. The dorsal approach is recognized as the most 
optimal for surgical treatment of sacral nonunions [39].

Reconstruction in gross deformities of the pelvis 
is technically more complex than the treatment of an 
acute fracture [31, 49, 50, 51]. It requires a thorough 
knowledge of anatomy, surgical approaches, 
reduction techniques, and various fixation options 
used in fractures of the pelvic bones. In most cases, 
reconstruction is performed in three stages at 540°: 
1) anteroior-posterior-anterior approach; 2) posterior-
anterior-posterior, with a need to change the position 
of the patient [31, 33, 35, 38]. To expose the anterior 
semiring, the Pfannenstiel or ilio-inguinal approaches 
are used. To work on the posterior semiring, the 
posterior vertical and iliac approaches are used.

It is recommended to perform the osteotomy for 
deformity correction in the area of malunion [31, 35, 
52]. To reduce the hemipelvis, laminar excision of the 
sacro-tuberous, sacrospinous, and iliolumbar ligaments 
is performed [33, 35, 38]. Hemipelvis transposition 
should be performed under neurophysiological control 
[31, 34, 38]. Similar to acute injuries, internal fixation 
is preferred. However, the need for mechanical stability 
in case of pelvic instability and revision interventions is 
greater than in fractures [31, 37, 43]. Kurz et. al. propose 
to perform osteotomy of the ilium in combination with 
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symphysitomy followed by bone osteosynthesis to correct 
the deformity of the pelvic ring and equalize the length of 
the legs [43]. This technique may correct the deformity 
in two steps without changing the position of the patient 
on the operating table. Domestic authors recommend 
using external fixation devices for pelvic deformities 
[1, 16, 45]. I.L. Shlykov (2009) proposes a combined 
method of treating patients. He corrects gross deformities 
of the pelvic ring by maneuvers with an external fixation 
device of his own construction and fixes pelvic fragments 
combining various options of internal osteosynthesis [17].

The main advantages of this approach are low 
trauma, gradual correction of deformity, and possibility 
to perform compression in dynamics [3, 5]. However, 
there are a number of significant shortcomings such as 
long-term immobilization; high risk of superficial and 

deep wound infection, including during conversion to 
internal osteosynthesis; impossible reduction with the 
AEF due to rigid scar tissue [22, 24, 39].

Cano-Luís et al use a sequential three-stage 
correction option for pelvic deformities and leg 
length discrepancy of more than 3 cm. Stage 1 is 
mobilization of the hemipelvix with the removal of 
scar tissue and corrective osteotomy of the pelvic 
bones; Stage 2 is skeletal traction through the femur 
to protect the hip joint for 7-10 days; Stage 3 is 
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nonunion and pain are the leading symptoms along 
with an imbalance syndrome, manifested by the 
formation of a gross deformation of the pelvic ring. 

Syndromic assessment determines the tactics of 
surgical treatment.

A detailed planning of the intervention stages, 
level of osteotomy, and combination of osteosynthesis 
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problems of reconstructive pelvic surgery in one session.
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