ISSN 0030-5987. Orthopaedics, traumatology and prosthetics. 2022. No 1-2

VK 616.718.19-001.5-089.882(045)

DOI: http://dx.doi.org/10.15674/0030-598720221-285-92

EXPERIENCE EXCHANGE

Surgical correction of the pelvis after malunited

pelvic fracture
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Mal-union and non-union of the pelvic bones is a complication
of the treatment of its injuries, which mostly occur with 61C frac-
tures according to the AO/OTA classification. Objective. To analyze
the results of surgical treatment of a female patient with a pelvic frac-
ture that has healed with residual deformity (shortening, posterior
displacement, internal rotation to the right and external rotation to
the left) and to demonstrate the importance of careful planning with
the involvement of 3D modeling in cases of reconstructive surgery
after a pelvic fracture. Methods. The study has the form of a clini-
cal case description. The results of the treatment were evaluated ac-
cording to the IPS score. During the examination, multiple fractures
of the pelvic bones and dislocations corresponding to type 61 C3 ac-
cording to the AO/OTA classification were revealed. After a CT scan
of the pelvis with 3D reconstruction, a 3-stage surgical intervention
was planned and performed. The first stage: 2 K-wires were percu-
taneously inserted through the lefi sacroiliac joint at the S-Sy level
to the area of the planned osteotomy of the sacrum; through a para-
median access, a longitudinal osteotomy of the sacrum was per-
formed on the right through the area of the previous fracture with
mobilization of the lateral fragment. The second.: transection of the
symphysis, osteotomy of the pubic bone at the site of improper fu-
sion, repositioning, fixation with a simulated reconstructive plate and
standard screws; reposition of the right pelvic semiring. The third:
adequate closure of the posterior wound. For control, a CT scan of
the pelvis and a comparative evaluation of the main projections and
images on 3D reconstruction and frontal sections were performed.
4 months after the operation, the patient carries out a full axial load
with no pain syndrome and continues rehabilitation aimed at return-
ing the correct stereotype of gait. The functional result was estimated
at 90 points on the IPS scale. Conclusions. Late surgical correction
is difficult to perform and is associated with a large number of pos-
sible severe complications. Careful preoperative planning is the key
for the pelvic fractures treatment and their consequences. The best
method of prevention of late reconstructions is the correct initial de-
finitive treatment. This requires the presence of specialized medical
centers with experts specializing in the treatment of pelvic fractures,
the necessary equipment and a defined protocol.

Henpasunvne 3powenns ma nespoujeHHs Kicmok masa € yckaao-
HEeHHAM JNIKY8AHHI 1020 YUWKOONCEeHb, AKI Nepesajtcno GUHU-
rkaromo 3a nepenomieé 61C 3a knacugpixayicio AO/OTA. Mema.
lIpoananizyeamu pezynomamu Xipyp2iuno2o Aiky8aHHs nepeno-
My masa, wo 3piccsi 3i 3aAUuKo8010 deghopmayicio, ma 008ecmu
8ANCIUGICMb PEMENLHO20 NJIAHYBAHHS PEKOHCMPYKMUBHUX One-
payiil 31 3acmocysanuam 3D-modenosanna. Memoou. Onucano
KITHIYHUL BUNAOOK NIKYBAHHS X80POIL, AKY NPOONEPOBAHO 3 BUKO-
PUCMAHHAM MPboXemanHoi Kopexyii Ha nisHix mepminax. Egpexm
nikysanns oyineno 3a wixanoio IPS. Pesynomamu. I1io uac obcme-
JICEHHS BUSIBNICHO MHOICUHHI NEPelomMu KICIOK masa ma Uueuxu
(mun 61 C3 3a AO/OTA). Buxorano xipypeiune empyuants 6 mpu
emanu. Ilepuuii: nepkymanno nposedeno 2 cnuyi uepes nige Kpu-
AHCOBO-KNYO08€E 3UNeHY8aNHs HA PieHT Si—Si 00 30HU 3aN1aH08AHOT
0CmeomoMmii Kpuicogoi Kicmku, uepes napameodiaHHutl 00Cmyn
Cnpasa 8UKOHAHO NOB3008HCHIO OCTNEOMOMIIO KPUIHCOBOI KicmKU
uepes 30Hy NONepeoHbO20 Nepenomy, MOOINI3ayis 1amepalbHO20
@paemenma. Jlpyeuil: nepeciuentns cumiszy, ocmeomomis 100-
KOB0I KIiCMKU N0 MICYl0 HEeNnpasuibHO20 3POWEHHSA, Peno3uyis,
Qixcayis M00enbOBAHOW PEKOHCMPYKMUBHOW NIACMUHOW Md
CIMAHOAPMHUMU 2BUHMAMU, PENO3UYLA NPABO2O MA308020 HANIG-
xinoys. Tpemiil: adexeamme 3akpumms 3a0Hb0i paru. Jns KoHm-
poar 30iticneno KT masza ma nopisHsibhe OYiHIOBAHHSA OCHOBHUX
npoexyiil i 306pasicenv Ha 3D-pexoncmpykyii ma ¢poHmarbHuUx
spizax. Yepes 4 mic. nicis onepayii nayienmka 30ilCHIOE NOGHE
0cbose Haganmagicents, npoooeicye peadinimayilo. bonvosuil
cunopom siocymuiu. @ynxyionanvrutl pesyiomam — 90 oanie 3a
wikanotw IPS. Bucnosexu. I1i3nus xipypeiuna kopexkyis yckaaoHeHs
nicisa nepenromie masa cKaaoHa nio 4ac 6UKOHAHHA Ma NO8 A3ana
3 BEIUKOI0 KIIbKICTNIO 8AHCKUX YCKAAOHEHb. Kntouem 00 NiKy6aHHs
nepenomie maza ma ixHix HACIIOKI8 € pemenvbHe nepedonepayiiine
niranysanns. Hatikpaworo npoghinakmuxoio nisHix peKoHcmpyx-
yitl € npasuivhe nepsunne aikyeanus. Lle nompeodye nassrHocmi
cneyianizo8anux MeOUUHUX YeHmpie 3 ekcnepmamu-paxieysimu,
HeoOXIOHUM 00NAOHAHHAM | u3HaUeHUM npomokonom. Kiouosi
cnosa. Ilepenom masa, nenpasunvhe 3poujerHsl, He3pPOUjeHHA, Ni3-
Hs1 pekoHempyKyis, 3-D mooentogannsi.
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Introduction

Malunion and non-union of pelvic bones most of-
ten occur after conservative treatment (bed rest with
a specific position, use of skeletal traction, banda-
ges), use of various types of external fixation devi-
ces (EFD), postponement of final surgical treatment
due to complex concomitant injuries [1-3]. However,
some cases are sometimes observed even after sur-
gery. These complications usually occur in the case
of 61C fractures according to the AO/OTA classifica-
tion and injuries of the «vertical shear» type accord-
ing to the Young-Burgess classification secondary to
rotational and vertical instability of the pelvis.

There is not much essential information about
malunion and non-union of pelvic fractures in the lite-
rature. This is primarily due to the special approach
in developed countries to the treatment of acute in-
juries with the fastest possible identification and re-
ferral of patients to specialized medical centers with
experts in the treatment of pelvic fractures, neces-
sary equipment and a defined protocol. No informa-
tion was found on the existence of such centers in
Ukraine; accordingly, there is no data in the country
on the frequency and results of treatment of malunion
and non-union of pelvic fractures.

N. K. Kanakaris et al. [4] noted that these com-
plications cause disability and have serious so-
cio-economic consequences. The authors analyzed
437 cases of malunion/non-union of pelvic fractures
from 25 clinical studies and determined the factors
leading to complications, presentation, and the ef-
fectiveness of known protocols. Treatment of these
severe sequelaec was largely effective, with an aver-
age overall union rate of 86.1 %, pain relief of 93 %,
patient satisfaction of 79 %, and return to pre-injury
activity of 50 %. However, regardless of the treatment
method, about 5 % of patients with pelvic fractures
had an unsatisfactory location of the fragments [5].
In addition, the patient should be informed about
the frequency of perioperative complications, name-
ly: neurological injury (5.3 %), symptomatic venous
thrombosis (5.0 %), pulmonary embolism (1.9 %), and
deep wound infection (1, 6 %).

The key to a successful outcome is careful pre-
operative planning and methodical surgical interven-
tion, creating a network of specialized centers for
the treatment of pelvic injuries.

Purpose. To analyze the results of surgical treat-
ment of a pelvic fracture with residual deformity
(shortening, posterior displacement, right internal ro-
tation, and left external rotation) and to demonstrate

the importance of careful planning of reconstructive
operations with the involvement of 3D modeling.

Material and methods

The study has the form of a clinical case descrip-
tion. The work is based on the treatment outcomes
in a patient who was injured as a result of a traffic
accident on 02.11.2021 and was operated on using
a three-stage correction at a later date (30.12.2021) in
Rivne City Hospital. Treatment outcomes were evalu-
ated according to the IPS scale [15].

Results and their discussion

An 18-year-old girl was injured in a traffic acci-
dent 2 months before hospitalization in the medical
institution where pelvic correction was performed.
The patient's main presenting symptoms were pain
in the front and back of the pelvis, which worsened
when changing the position of the body in bed, pain
on the back surface of the foot, which was combined
with limitation of its extension and increased during
passive extension attempts in the supracalcaneal joint
and lack of sensitivity. The patient noted that these
symptoms had appeared in the last few weeks and
had a tendency to increase. She was especially con-
cerned about the shortening of the right limb by 4 cm
with adductor and flexor contractures in the right hip
joint and a pronounced visual change in the shape
of the pelvis.

Examination showed multiple fractures of the pel-
vic bones and 61 C3 dislocations according to
the AO/OTA classification: a rupture of the left
sacroiliac joint, a fracture of the pubic and ischial
bones on the left, a rupture of the symphysis, a Denis
II transformative fracture of the sacrum on the right,
which were combined with an incomplete transverse
fracture of the right hip socket (Fig. 1).

It is obvious that the mechanism of such an inju-
ry is a combination of multi-vector forces with high
energy and different points of application. Reduction
of the pelvic cavity, medial width displacement and
internal rotation of the right pelvic semiring with an
impacted fracture of the sacrum on the right, pubic and
ischial bone on the left could have been caused by lat-
eral compression through the wings of the iliac bones.
It likely absorbed the energy and reduced the force
of lateral compression applied to the ipsilateral greater
acetabulum, resulting in an incomplete, nondisplaced
transverse fracture of the right acetabulum. Rup-
ture of the left iliac-sacral joint and symphysis with
displacement of the left semiring of the pelvis back-
ward with detachment of the right transverse process
of the lumbar V vertebra together with the turned back
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upper branch of the right pubic bone indicated the ef-
fect of anteroposterior compression. Signs of vertical
cutting were visualized as an upward displacement
of the right pelvic semiring, which in digital measure-
ment on the frontal sections at the level of both hip
joints was 3 cm. All displacements were visualized on
the 3D reconstruction of the pelvis (Fig. 2).

The patient was scheduled for two-stage surgi-
cal intervention. At the first stage, a stress test was
performed on the stability of the left sacroiliac joint
in the prone position under the electronic optical
transducer (EOT) and confirmed due to the absence
of displacement to lateral traction of the hip. Guide
pins were inserted percutaneously from the left side
through the sacroiliac joint at the Si—Sy; level for fur-
ther fixation with cannulated sacral screws to the area
of the planned sacral osteotomy using a standard
method under the control of the EOT (Fig. 3). Next,
paramedian access was performed on the right to
the area of the impacted fracture of the sacrum. Be-
cause of the fused fracture, an osteotomy was applied
along the entire contact vertical under the control
of EOT with mobilization of the lateral fragment and
lateral crossing of the iliolumbar ligaments holding
the ilium with L;y—Ly transverse processes.

The second stage was carried out in the supine
position. Stoppa approach was used to visualize
the symphysis and the site of malunion of the left pu-
bic bone. Its distal segment was mobilized by cross-
ing the symphysis and osteotomy of the pubic bone at
the site of improper fusion. The fragment was reposi-
tioned in an anatomical position and fixed with a pre-
modeled reconstructive plate inserted into the supra-
acetabular zone and standard screws (Fig. 4).

The next step was to reposition the right pelvic
hemiring forward using an arsenal of repositioning
tools (Fig. 5).

Fig. 1. Direct radiography image of the patient's pelvis at the
time of admission

With the help of a large femoral distractor,
the right half of the pelvis was brought into an ana-
tomical position (Fig. 6).

To maintain the restored position, the guide pins,
placed in the sacrum at the SI-SII level, were passed
through the osteotomy zone, crossing the right sacroiliac
joint (Fig. 7) to exit percutaneously to the right for fur-
ther insertion of sacral cannulated screws from right to
left to fix the posterior departments of the pelvis.

The correct position of all parts of the pelvis was
controlled and its front part was finally fixed by in-
serting screws through the plate into the right pubic
bone (Fig. 8).

The second stage was completed by inserting
sacral cannulated screws from right to left to fix
the posterior parts of the pelvis (Fig. 9).

At the third stage, the patient was placed in
the prone position for adequate wound closure. In
the postoperative period, a direct X-ray of the pelvis
was performed (Fig. 10), which showed satisfactory
repositioning and stable fixation of the reconstruction.

In order to control the quality of the intervention,
a CT scan of the pelvis was performed after the ope-
ration and a comparative evaluation of the main pro-
jections and images on 3D reconstruction before and
after surgical treatment (Fig. 11) and on frontal sec-
tions for the analysis of vertical displacement recove-
ry (Fig. 12) was carried out.

After surgery, an increase in neuropathy due to
manipulation and stretching in the area of the Ly
root was noted, which positively regressed during
the postoperative period.

Four months after surgery, the patient carried out
full axial load with no pain syndrome and continued
rehabilitation aimed at returning the correct stereo-
type of gait. The functional result was estimated at
90 points on the IPS scale.

Discussion

The correct approach to providing medical care to
patients with pelvic fractures not only saves lives, but
also prevents the development of further complica-
tions. Malunion and non-union are often combined.
Because the pelvis is ring-shaped, unstable fractures
imply at least a combination of one posterior and one
anterior injury.

Inadequate position of fragments with bone contact
can be the cause of malunion, while the presence of di-
astasis between fragments is a resource for non-union.

Displacement of half of the pelvis by more than
1 cm and rotation by more than 15°-20° may be signs
of malunion, although the latter is not always symp-
tomatic [6]. Non-union in the absence of final surgical
treatment and typical clinical symptoms, taking into
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Fig. 3. 3D planning of the osteotomy
zone (red line) and the insertion
of needles (yellow arrows) at the
S;—Su level (a) from the opposite side
to the osteotomy zone, EOT image of
the inserted spokes (b)

Fig. 4. 3D planning of the intersection
of the symphysis and osteotomy
of the pubic bone (red lines) at the
site of malunion (a), repositioning
of the pubic bone in the anatomical
position (b) and its EOT image (c);
3D planning (d) and EOT image (e)
of pubic bone repositioning in an
anatomical position and final fixation
with a plate and screws (yellow lines)

Fig. 5. 3D-planning: a) direction of the
repositioning maneuver (green arrow)
of the right pelvic semiring forward;
b) repositions after it
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Fig. 6. 3D-planning: a) direction of
the repositioning maneuver (green
arrow) of the right pelvic semiring
downwards; b) repositions after it

Fig. 7. 3D planning (a) and EOT
image (b) of spoke insertion (yellow
arrows) at the SI-SII level through the
osteotomy zone

Fig. 8. 3D planning (a) and EOT
image (b) of fixation of the anterior
segment by driving screws (yellow
lines) through the plate into the right
pubic bone

Fig. 9. 3D planning (a) and EOT
image (b) insertion of sacral
cannulated screws (yellow arrows)
from right to left for fixation of the
posterior parts of the pelvis

Fig. 10. Radiogram. Postoperative direct projection
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account radiological examination, does not cause dif-
ficulties in diagnosis.

Uncorrected pelvic deformities after vertically un-
stable injuries can lead to leg length discrepancies,
gait abnormalities, sitting problems, and low back
pain [7, 8].

However, it is important to determine whether
the symptoms are related to pelvic non-union/defor-
mity rather than other clinical conditions [4].

Pain was clearly the main symptom reported in all
the studies reviewed with a frequency of 97 % [4]. If
the source of pain is non-union, it is more often locali-

zed in the back, although frontal pain or its combination
in both areas is also possible, which is associated with
limitation of motor activity of the hip joints depending
on the intensity of the pain syndrome [9] and discomfort
while sitting, dyspareunia and sexual problems of me-
chanical origin [10]. Finally, there may be bed rest for
patients with persistent debilitating pain [11]. Pain has
been attributed to the site of non-union, which is caused
by pelvic instability, deformity, and altered biomecha-
nics in patients with malunion, or a combination of all
of these. Pain associated with neurologic injury at
the initial accident is differentiated as a symptom and is

Fig. 11. 3D reconstruction of the
comparison before and after the
operation: a) projection of the pelvic
inlet; b) projections of the pelvic outlet;
¢) posterior view

Fig. 12. Frontal sections
at the level of the middle
of the hip joints on CT
before (a) and after (b)
surgery for analysis
of recovery of vertical
displacement
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not expected to resolve after revision surgery for pelvic
non-union or malunion [12].

Walking disorders (antalgic walking, Trendelen-
burg) and the use of aids were found in 67.4 % of pa-
tients, clinically important leg length discrepancy in
24.8 %. However, the latter measure has been defined
differently in studies (e. g., a length difference of more
than 1 cm [12] and more than 2 cm [13]), which com-
promises the compatibility of reported percentages [5].

To detect pelvic instability, an additional X-ray exa-
mination is usually necessary, comparing images with
weight on both and one leg or dynamic fluoroscopy [1].
Deformation of the pelvis, described as an aesthetic
problem, which is especially noted by young women:
uneven location of the buttock tubercles, especially
with discomfort while sitting, change in the symmetry
of the pelvis with uneven location of the buttock and
inguinal folds, the shape of the buttocks.

Not all patients with malunion or non-union re-
quire surgery. A decision on surgical intervention
should be made only after a thorough assessment
of the patient's condition and injury. In addition, pa-
tients should be informed that reconstruction is as-
sociated with complications in 20 % of cases and
surgical results are imperfect. Indications for surgi-
cal intervention are pain, instability of the pelvis and
clinical problems associated with its deformation —
difficulty sitting, shortening of limbs, dyspareunia,
and dysuria [1-3, 14].

The multi-stage reconstruction, the example of which
we have given, is a typical method of treating malunion
or non-union of the pelvis. Although there is only a ro-
tational deformity with displacement of the hemipelvis
medially or laterally, without vertical shearing, it can be
successfully corrected during one stage [2, 12].

Multistage reconstruction involves an individual
choice based on the type of deformity and locali-
zation of non-union or malunion of one of two ap-
proaches — anterior-posterior-anterior or posterior-
anterior-posterior. An anterior Stoppa approach is
typical, although an ileoinguinal approach can be
used if necessary. Anterior access makes it possible
to open the zone of non-union or improper union
of the pubic bones with mobilization by removing
scar intermediate tissues or osteotomy at the top
of the deformity with mandatory consideration and
analysis of the need for additional manipulations on
the ischium depending on the location and degree
of fusion. Through this access, it is possible to repo-
sition rotational displacements (external or internal
rotation of the hemipelvis), anterior-posterior dis-
placements, provided the posterior part is mobilized,
and lateral lateral displacement. Maximum attention

during the anterior approach should be focused on
preserving the soft tissues in the non-union mobiliza-
tion zone and during the osteotomy. It is necessary to
prevent damage to the bladder (especially in lateral
compression with a close location of the fracture to
the symphysis) in case of presenting symptoms that
may indicate it. The front parts of the pelvis are most-
ly fixed with a 3.5 reconstructive plate and screws,
and cannulated screws are also used. Posterior access
is performed from the side of the lesion and makes it
possible to carry out mobilization in the zone of non-
union or osteotomy of improper fusion of the sacrum
or sacroiliac joint. Osteotomy increases the risk and
volume of intraoperative bleeding and neurological
complications. Through the posterior access, reposi-
tioning maneuvers are possible to eliminate the late-
ral displacement in width, anterior-posterior, as well
as rotational displacement around the frontal axis.
The dissection of the iliolumbar ligaments, which
hold the ilium with the L;y—Ly transverse processes,
is of great importance for repositioning. In certain
cases, it is necessary to consider the dissection of /ig.
sacrotuberisum and lig. sacrospinosum. The poste-
rior sections are fixed with sacral or sacroiliac can-
nulated screws, a plate, or their combination.

Surgical treatment of pelvic malunion and non-union
is technically challenging and has potential serious
complications. The average duration of the operation
is more than 6 hours, with significant blood loss pre-
dicted. Despite the use of SSAP monitoring and stan-
dard thromboprophylaxis, neurologic injury and venous
thromboembolism are the most frequently reported
postoperative complications. Additional risks (vascular
and visceral injuries, infections, implant fracture, per-
sistent nonunion, incomplete union, and residual dis-
ruption of the connection) dictate the need for careful
preoperative planning and treatment of patients with
pelvic trauma in specialized centers by expert surgeons.
A clear description of realistic goals and risks of serious
complications and patient compliance with the posto-
perative rehabilitation scheme is necessary [4].

Conclusions

Late surgical correction of complications after pel-
vic fractures is difficult to perform and is associated
with a large number of possible severe complications.
Careful preoperative planning is a key to the manage-
ment of pelvic fractures and their sequelae. The best
method of prevention of late reconstructions is
the correct initial definitive treatment. This requires
the presence of specialized medical centers with ex-
pert specialists in the treatment of pelvic fractures,
the necessary equipment and a defined protocol.
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