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Abstract

Introduction Stabilization of chronic injuries of the pelvic ring with standard methods may result in plate breach, destabilization of the
implant and the need for repeated operations. Therefore, it has become necessary to use special tactical approaches in surgical treatment
of chronic injuries for fixing traumatic foci and searching for adapted implant designs for such cases. Thus, an original plate has been
developed. Purpose To study the features of fixation of chronic injuries of the pelvic ring using an original plate in comparison with
the standard approach. Materials and methods We conducted a retrospective analysis of the surgical treatment performed using the
developed plate (Group 2) and a group of patients who underwent fixation of the anterior pelvic ring with two reconstruction plates
(Group 1). Results In group 1, four patients (16.7 %) had failed osteosynthesis within two weeks to two months after the operation.
In group 2, thirty patients underwent surgical treatment using the developed design, and destabilization of the metal construct was
detected only in 2 patients (6.6 %). In one case, migration of plate screws was detected after 3 years during routine X-ray study
while the patient was not bothered by pain and did not feel any instability. Discussion Analyzing the positive and negative aspects of
the methods used, we made a choice in favor of internal plating. Due to cases of destabilization of fixation using one or two plates,
an original metal structure was developed and applied to strengthen fixation. Conclusion Changing the standard approaches to the
treatment of chronic injuries (after 3 weeks since injury) of the anterior pelvic ring enables to create conditions for stable fixation, using
the original monolithic plate, despite the rigidity of the pelvic ring in chronic injuries.
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INTRODUCTION

In recent years, the number of high-energy injuries
continues increasing. The incidence of pelvic ring
injuries is 5 to 20 % of those cases [1-6]. High-energy
injuries are multiple in up to 80-90 % and are often
accompanied by traumatic shock. Traumatic shock in
these victims determines the severity of the general
condition, and urgent therapeutic measures are needed
in the first hours after the injury to preserve the vital
functions of the injured person [3, 5-7]. Nonunion or
mal-union of the joints and bones of the pelvic ring is
usually associated with inadequate primary treatment
of unstable pelvic injuries (Tile type B and C) [8-12].
Type B and C pelvic ring injuries account for up to
50 % of pelvic injuries and occur under high-energy
mechanical impact [1-5, 7, 13-17]. By the time the
patient's vital functions are stabilized, the pelvic
ring injury becomes chronic and requires a special
approach to assess its severity, tactics of surgical
treatment, and choosing an adequate method for further
rehabilitation [6, 8-12, 18].

A separate and a particularly difficult problem is the
surgical treatment of the pelvic ring articulations, especially
the pubic symphysis. Stabilization of chronic injuries of
the pelvic ring with standard methods used in the treatment
of patients with acute injuries results in several problems
such as plate breach, destabilization of the implant structure
and the need for repeated operations [19]. The methods
of surgical treatment of the anterior pelvic ring developed
in modern medicine are mainly aimed at the treatment of
acute pelvic injuries and are of little use for the treatment
of chronic injuries [20-22]. Therefore, it became necessary
to use special tactical approaches for fixing traumatic foci
and searching for adapted implants for surgical treatment
of chronic injuries; in this regard, a plate was developed for
reconstruction of the anterior pelvic ring in chronic injuries.

Our work was aimed at studying the features of
fixation of chronic pelvic ring injuries with an original
plate in comparison with the standard approach and
assessment of the results of the fixation method with
this new design.

MATERIALS AND METHODS

A retrospective analysis of the outcomes of surgical
treatment using an original horseshoe-shaped plate and a
group of patients who underwent fixation of the anterior

part with two reconstructive plates was carried out. The
choice was due to the need to achieve increased fixation
strength in the anterior pelvis.
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Criteria for inclusion in the study:

* Injury of the anterior pelvic ring, three weeks and
more old (since the moment of injury);

* Poor result of its conservative and surgical
treatment;

* Injuries of the pelvic ring type B and C (Tile
classification);

* Instability of the pelvic ring.

Exclusion criteria:

* Injury of the anterior pelvic that occurred less than
3 weeks since the moment of injury;

» Mental disorders in patients, inadequacys;

* Injuries of the pelvic ring type A (Tile classification);

* Associated infectious and inflammatory processes
in the pelvic ring.

The ethics board of the Federal State Budgetary
Institution Priorov NMRC for TO discussed the use
of original plates for surgical treatment and gave
their approval. Ethics Board protocol of the LEC of
the Priorov National Medical Research Center of the
Ministry of Health of Russia No. 3 dated 09/22/2020.

Patients were informed about the nature of the
operation, the implant used, possible risks and
complications, and the written consent of the patients
was obtained.

Two groups were formed for the study.

Group 1 consisted of patients in whom the fixation
method used was two plates in the anterior ring. The
surgical intervention was performed using the standard
technique: one of the plates was located on the upper
surface of the pubic bones while the second plate was
fixed on the anterior surface of the pubic bones. The
sample consisted of 36 cases treated in the range period
from 2002 to 2017.

Group 2 included patients who underwent fixation of
the anterior pelvic ring with original horseshoe-shaped
plates manufactured by ChM. The sample consisted of
30 cases observed from 2015 to 2019. The arc of the plate
was fixed along the upper surface of the pubic bone, and the
arch passed to the anterior surface of the vertical branches
of the pubic bones. The holes in the plate corresponded to
the location of the bones. The screws were fixed along the
upper and front surfaces on both sides.

The patients observed in the groups complained
of pain mainly in the anterior pelvis, aggravated by
physical exertion, and had gait disorders. The period of
treatment of patients after receiving a pelvic ring injury
before hospitalization ranged from 4 weeks to 7 years
after conservative treatment or osteosynthesis.

All patients underwent a thorough examination:
a detailed medical history survey, radiographic multi-
projection study of radiographs in the anteroposterior,
caudal and cranial projections, as well as functional
images, and a CT of the pelvic ring.

Conservative treatment was carried out in the
postoperative period that included antibacterial,
anticoagulant and anti-inflammatory therapy, early
activation of patients, walking with crutches up to
2 months after the operation. Patients were followed
up on an outpatient basis within 3-6-12 months after
surgical treatment.

The results of treatment were evaluated in both
groups using the Majeed system [23].

For statistical data processing, IBM SPSS Statistics
26 software was used. For statistical data analysis, the
Mann-Whitney U-test was used to assess the differences
in the results in the study groups. The threshold of
statistical significance corresponded to p = 0.05.

RESULTS

Four patients of group 1 (16.7 %) developed failure
of osteosynthesis within the period from two weeks to
two months after the operation and required repeated
interventions.

Case 1

A patient, 44 years old, sustained injury three
months prior to admission due to a fall of a heavy
metal object on the patient. In the hospital at the site
of injury, conservative treatment of injured pelvic ring
in a hammock was carried out for 35 days that failed.
Combined osteosynthesis with a half-pin external
fixator and plating with a lag screw was performed.
The patient was prescribed bed rest for 42 days. After
admission to the Federal State Budgetary Institution
Priorov NMRC for TO, the apparatus was dismantled,
and the patient was activated on the 1st day after its
dismantling and failure of osteosynthesis was detected
(Fig. 1). Diagnosis at admission: non-united ruptures
of the pubic and left sacroiliac joints; condition after
fixation of the pubic symphysis with a plate and

screws, migration of metal structures; delayed union
of the fracture of the anterior column of the right
acetabulum.

After the examination, tactics were determined.
The patient underwent re-osteosynthesis of the anterior
pelvic ring with two plates (Fig. 2).

On the 5™ day after the operation, the patient was
activated, trained to walk with additional support on a
walker. On the 34" day after the operation, the patient
complained of pain in the anterior pelvic ring. The
X-rays detected migration of the plate screws (Fig. 3).

Frequent incidence of destabilization of metal
implants, which occur after surgical treatment of chronic
injuries of the pelvic ring with standard methods, raised
the question of developing a new internal implant
structure, the design of which would be able to reduce
the number of fixation failure to a minimum. The staff
of the department developed a monolithic plate with
polyaxial locking for fixing injuries of the anterior
pelvic ring.
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Fig. 1 Radiographs of the pelvis of group] patient at admission:
a AP view; b caudal projection; ¢ cranial projection

WE

Fig. 2 AP radiograph of the pelvis of the group 1 patient after re-
osteosynthesis of the anterior pelvic ring with two plates

Fig. 3 AP radiograph of the pelvis of the group 1 patient shows
migration of the plate screws 34 days after the operation

In the study group 2, two cases of destabilization of
the metal structure (6.6 %) were identified. In one case,
migration of the plate screws was detected after 3 years
during routine X-ray examination at VTEC referral, but
the patient was not feeling pain or sense of instability

(Fig. 4).

Fig. 4 Radiographs of pelvis of a group 2 patient three years
after the surgical treatment that used a plate with a polyaxial
screw locking: a AP view; b cranial view

The radiographic study confirmed that the pelvic
ring was stable; the implant was removed.

Case 2

Patient, 50 years old, 9 months after the injury due
to a road accident. External fixation of fractures of the
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pelvic ring was performed at the site of injury. Ten days
after stabilization of the condition, the final bone fixation
with two plates was performed. The patient complained
of pain in the anterior part of the pelvic ring and had a
feeling of instability. X-rays revealed failure of fixation
with two plates. He was hospitalized in CITO with a
diagnosis of unstable post-traumatic deformity of the
pelvic ring; chronic multiple fractures of the pelvic bones;
condition after metalodesis of the pubic articulation with
plates and the left ilium with plates (Fig. 5).

Fig. 5 Radiographs of the pelvis of group 2 patient at admission:
a AP view; b cranial projection

It was decided to perform re-osteosynthesis with one
plate after thorough examination (Fig. 6)

Fig. 6 AP radiograph of the pelvis of group 2 patient upon re-
osteosynthesis of the anterior pelvic ring

On the 7" day after the operation, when the patient
was activated, the patient began to complain of pain in
the area of the left sacroiliac joint, in connection with
which the left SIJ was fixed with a cannulated screw

(Fig. 7).

Fig. 7 AP X-ray of the pelvis of the patient from group 2 after

fixation of the left sacroiliac joint with a cannulated screw

Fourteen days after the surgical intervention,
immediately after discharge from the hospital, the
patient complained of pain in the anterior part of the
pelvic ring; migration of the screws was revealed on
the radiographs. The patient was prescribed outpatient
treatment with dynamic monitoring in CITO. After
7 months, the patient was hospitalized with an increased
pain due to destabilization of the implant (Fig. 8).

Fig. 8 AP X-ray of the pelvis of the patient from group 2 seven
months after surgical treatment

The patient underwent surgical treatment using a
polyaxial plate (Fig. 9).

A year later, the patient re-applied for a consultation
at CITO, and the metal structure was removed due to its
instability. In connection with the persistent deformation
of the pelvic ring, the patient was prescribed outpatient
aftercare.

During follow-up examinations in group 2, patients
aged 18 to 35 complained of dyspareunia.
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A statistical analysis of long-term results of treatment 26 software, statistically significant differences were
was carried out using the Majeed rating scale. When  obtained with the Mann-Whitney U-test at p = 0.05
analyzing the results using the IBM SPSS Statistics (Tables 1, 2, 3, 4).

Fig. 9 Radiographs of the pelvis of a patient from group 2 after re-osteosynthesis of the anterior pelvic ring using a plate with polyaxial locking:
a AP view; b cranial projection

Table 1
Statistical data of the groups
Group Fixation method n Mean gtapdgrd Standard error
eviation
1 Two plates 36 72.06 7.243 1.207
2 Polyaxial plate 30 74.93 6.346 1.159
Table 2
Summary on the validation of the hypothesis
Null hypothesis Criterion Value Solution
The results of the treatment of group 1 | Mann-Whitney U test for Null hypothesis is
! are similar to group 2 independent samples 0.026 rejected
The distribution of group 1 is the same | Kolmogorov-Smirnov criterion for Null hypothesis is
2 for group 2 independent samples 0.075 accepted
The asymptotic significances are derived. Significance level p = 0.05.
Table 3
Summary of the Mann-Whitney U-test for independent samples
Total 66
Mann-Whitney U-test 712.500
Statistics of the test 712.500
Standard error 77.305
Standard statistics of the test 2.231
Asymptotic Significance (2-tailed test) 0.026
Table 4
Summary of the Kolmogorov-Smirnov test for independent samples
Total 66
Absolute 0.317
Greatest extreme discrepancies Positive 0.317
Negative 0.000
Statistics of the criterion 1.281
Asymptotic Significance (2-tailed test) 0.075
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The Majeed rating in the study group 1 showed
the average score of treatment outcomes was 72,
which corresponds to good results; in group 2, the
average score was 74, which is a good result. However,

taking into account the mean score differences, fewer
destabilizations of metal implants, the treatment with
a polyaxial plate showed the best results in compared
groups (Table 5).

Table 5
Estimation of the treatment results with Majeed rating system
Result of surgical TGroup ! GrO}l p2
treatment wo plates Polyaxial plate
No No %
Excellent 9 17 56.6
Good 17 47.2 8 26.7
Fair 6 16.7 4 13.4
Poor 4 16.7 1 3.3
Total 36 100 30 100
Inc. destabilization 4 16.7 2 6.6
DISCUSSION

Therole of surgery as atreatment choice has increased
for pelvic injuries [1-17]. Refusal from conservative
treatment of pelvic injuries raises an important issue
for operating surgeons, both about determining the
tactics of surgical treatment and choosing a fixator.
The authors mark the advantages of performing
early osteosynthesis of the pelvic bones [24-26]. The
developed methods of minimally invasive treatment of
pelvic ring injuries enable to expand the indications for
early osteosynthesis [27-30]. However, the condition of
the patient and difficulties in the provision at hospitals
do not always allow early final stabilization of the pelvic
ring. Fixation of the anterior pelvic ring with one or
two plates shows good results in acute pelvic trauma.
However, in chronic injuries, metal implants tend to
destabilize due to pelvic ring rigidity [4, 8, 9, 14]. One of
the important aspects of pelvic ring surgery, according
to the authors, is accurate reduction of bone fragments
and joints during the osteosynthesis procedure [31-33].
Thus, in the case of chronic injuries, the use of minimally
invasive techniques for surgical treatment seems to be
ineffective. A number of researchers prefer instrumental
treatment of chronic pelvic ring injuries, describing
various variants of external fixation apparatus (EFA)
arrangement for deformity correction [10, 11, 34, 35].
The authors emphasize the advantages of the apparatus-
based treatment such as low trauma compared to internal
osteosynthesis, speed, and gradual correction of pelvic
deformity in the postoperative period. Unfortunately,
this approach is inconvenient for the patient. Bulky
EFAs, the need for a constant care of the wires and half-
pins, the duration of fixation in the EFA can bother the
patient. These and other factors create discomfort for
the patient. Moreover, the authors themselves report
episodes of purulent inflammatory complications at the
outpatient stage of treatment, even if the care is proper.

Having analyzed the positive and negative aspects
of the presented methods, we made a choice in favor

of internal osteosynthesis with plates. Taking into
account cases of destabilization of fixation using one
or two plates, an original metal implant structure was
developed and applied for providing stronger fixation.

The analysis of the results obtained in the course of
our showed that the use of an original metal structure
with polyaxial locking for the treatment of chronic
injuries of the pelvic ring is more effective than fixation
with two standard plates.

However, the use of this plate is associated with
technical difficulties in fixing the anterior part of the
pelvic ring, associated with the elasticity of the plate and
the complexity of the plate for laying on the pubic bones.
The use of additive technologies, which are rapidly
developing in the modern world, will create individual
metal structures with polyaxial locking and solve the
problem of plate designs. The good factor about this
solution is that patients with chronic pelvic ring injuries
are not emergency patients. There is a possibility of a
longer preparation for surgical treatment, CT scanning
with 3D-modeling of the pelvis to create an individual
design, taking into account the anatomical features of
the pelvis of each patient.

Patients' complaints about dysparurenia in the
cases with the polyaxial plate led to a rethinking of
the approach to surgical treatment based on gender
differences in the structure of the pelvic ring in men and
women. It was decided to develop a female version of
the plate in order to exclude a decrease in the quality of
life after surgical treatment associated with dyspareunia.

The standard approach to stabilizing such injuries,
as in fresh injuries, does not create conditions for
stable fixation. Fibrous cicatricial process occurring
in traumatic foci promotes a rigid deformity of the
pelvic ring when restoring the anatomical integrity of
the pelvic ring. The use of two reconstructive plates
involves the use of a large number of screws to fix the
pubic bone, which leads to a decrease in the strength
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of the bone itself due to bone loss. Both plates bear
multidirectional loads experienced by the pubic joint,
which led to destabilization of the metal structure. The
plate experiences stronger loads in chronic injury than
in an acute one, which may cause a fatigue fracture of

metal structures. Changing the standard approaches to
the treatment of chronic injuries of the anterior pelvic
ring (3 weeks old or more) using the original plate
enabled to create conditions for stable fixation, despite
the rigidity of the pelvic ring in chronic injuries.

CONCLUSION

1. The use of the developed original plates based on
polyaxial locking for fixation of chronic injuries of the
anterior pelvic ring has improved the results of surgical
treatment.

2. The phenomenon of dysparenia in women with
an established original design requires a change in the
approach to the treatment of pelvic injuries, taking into
account the gender characteristics of the pelvic ring and

the location of the pelvic organs, as well as the creation
of a female version of the polyaxial plate.

3. The properties of the implant itself do not allow to
accurately shaping the plate for the anatomical features
of the pelvic structure of patients, which complicates
its implantation. The use of additive technologies at the
stage of preparing a patient for surgical treatment and
individual designs would solve the problem.

REFERENCES

1. Lazarev A.F., Gudushauri la.G., Kostiv E.P., Solod E.I., Kakabadze M.G., Roskidailo A.S. Klinicheskie aspekty oslozhnenii povrezhdenii taza
[Clinical aspects of complications of pelvic injuries]. Tikhookeanskii Meditsinskii Zhurnal, 2017, no. 1, pp. 17-23. (in Russian)

2. Zagorodny N.V., , Kolesnik A.L., , Lazarev A.F., , Solod E.I., Ochkurenko A.A., Bukhtin K.M., Sergeev S.V., Shesternya N.A., Donchenko S.V.,
Dorokhin A.I. Current trends in the surgical treatment of patients with pelvic and acetabular injuries (literature review). Genij Ortopedii, 2020,
vol. 26, no. 2, pp. 266-274. DOI: 10.18019/1028-4427-2020-26-2-266-274.

3. Bondarenko A.V., Kruglykhin 1.V., Plotnikov L.A., Voitenko A.N., Zhmurkov O.A. Osobennosti lecheniia povrezhdenii taza pri politravime
osobennosti lecheniia povrezhdenii taza pri politravme [Features of the treatment of pelvic injuries in polytrauma]. Politravma, 2014, no. 3, pp. 46-
57. (in Russian)

4. Donchenko S.V., Dubrov V.E., Sliniakov L.Iu., Cherniaev A.V., Lebedev A.F., Alekseev D.V. Algoritm khirurgicheskogo lecheniia nestabilnykh
povrezhdenii tazovogo koltsa [Algorithm for surgical treatment of unstable pelvic ring injuries]. Vestnik Travmatologii i Ortopedii im. N.N. Priorova,
2013, no. 4, pp. 9-16. (in Russian)

5. Shapkin Iu.G., Seliverstov P.A. Taktika lecheniia nestabilnykh povrezhdenii taza pri politravme [Tactics of treatment of unstable pelvic injuries in
polytrauma). Novosti Khirurgii, 2015, vol. 23, no. 4, pp. 452-459. (in Russian) DOI: 10.18484/2305-0047.2015.4.452.

6. Simon R., Sherman S., Koenigsknecht S. Emergency Orthopedics: The Extremities. McGraw-Hill Companies, Incorporated, 2007, 556 p.

7. Tile M. Acute pelvic fractures: I. Causation and classification. J. Am. Acad. Orthop. Surg., 1996, vol. 4, no. 3, pp. 143-151. DOI: 10.5435/00124635-
199605000-00004.

8. Stover M.D., Edelstein A.1., Matta J.M. Chronic Anterior Pelvic Instability: Diagnosis and Management. J. Am. Acad. Orthop. Surg., 2017, vol. 25,
no. 7, pp. 509-517. DOI: 10.5435/JAAOS-D-15-00338.

9. Grishchuk A.N. Operativnoe lechenie posledstvii povrezhdenii taza [Surgical treatment of the consequences of pelvic injuries]. Biulleten VSNTs SO
RAMN, 2007, no. 1, pp. 166-167. (in Russian)

10. Martel' L.I., Shvedov V.V. Possibilities of external fixation according to Ilizarov principles for closed restoration of pelvic ring shape and stability in
patients with advanced pelvic injuries.Genij Ortopedii, 2013, no. 2, pp. 5-9. (in Russian)

11. Kolesnik A.IL., Dokalin A.lu., Solodilov .M., Frolov E.B., Angalev E.M., Pirogov M.A., Rakhimzianov R.Sh. Retrospektivnyi analiz rezultatov
konservativnogo i operativnogo lecheniia bolnykh s povrezhdeniiami taza [Retrospective analysis of the results of conservative and surgical
treatment of patients with pelvic injuries]. Kurskii Nauchno-Prakticheskii Vestnik "Chelovek i ego Zdorove", 2017, no. 2, pp. 17-23. (in Russian)
DOI: 10.21626/vestnik/2017-2/03.

12. Shlykov L.L. Varianty khirurgicheskoi tekhniki v zavisimosti ot vida deformatsii taza [Options for surgical technique depending on the type of pelvic
deformity]. Permskii Meditsinskii Zhurnal, 2009, vol. 26, no. 6, pp. 50-53. (in Russian)

13. Smirnov A.A. Operativnoe lechenie vertikalno-nestabilnykh povrezhdenii taza (tip S po klassifikatsii AO) [Surgical treatment of vertically unstable
pelvic injuries (type C according to AO classification)]. Travmatologiia i Ortopediia Rossii, 2012, no. 1, pp. 73-76. (in Russian)

14. Kanakaris N.K., Angoules A.G., Nikolaou V.S., Kontakis G., Giannoudis P.V. Treatment and outcomes of pelvic malunions and nonunions: a
systematic review. Clin. Orthop. Relat. Res., 2009, vol. 467, no. 8, pp. 2112-2124. DOI: 10.1007/s11999-009-0712-2.

15. Balbachevsky D., Belloti J.C., Doca D.G., Jannarelli B., Junior J.A., Fernandes H.J., Dos Reis F.B. Treatment of pelvic fractures — a national survey.
Injury, 2014, vol. 45, no. Suppl. 5, pp. S46-S51. DOI: 10.1016/S0020- 1383(14)70021-X.

16. Bialik E.I., Fain A.M. Etapnoe lechenie povrezhdenii v oblasti lonnogo sochleneniia s primeneniem originalnogo fiksatora u postradavshikh s
sochetannoi travmoi taza [Staged treatment of injuries in the area of the pubic joint using the original fixator in patients with concomitant pelvic
trauma). Politravma, 2013, no. 4, pp. 30-34. (in Russian)

17. Enninghorst N., Toth L., King K.L., McDougall D., Mackenzie S., Balogh Z.J. Acute definitive internal fixation of pelvic ring fractures in polytrauma
patients: a feasible option. J. Trauma, 2010, vol. 68, no. 4, pp. 935-941. DOIL: 10.1097/TA.0b013e3181d27b48.

18. Stover M.D., Edelstein A.I., Matta J.M. Chronic Anterior Pelvic Instability: Diagnosis and Management. J. Am. Acad. Orthop. Surg., 2017, vol. 25,
no. 7, pp. 509-517. DOI: 10.5435/JAAOS-D-15-00338.

19. Lazarev A.F., Solod E.I., Gudushauri Ia.G., Kalinin E.I., Konovalov V.V., Marychev I.N. Problemy operativnogo lecheniia zastarelykh povrezhdenii
perednego otdela tazovogo koltsa [Problems of surgical treatment of chronic injuries of the anterior pelvic ring]. Prakticheskaia Meditsina, 2021,
vol. 19, no. 3, pp. 47-54. (in Russian) DOI: 10.32000/2072-1757-2021-3-47-54.

20. Lazarev A.F., Solod E.I., Petrovskii R.A., Ovcharenko A.V., Abdulkhabirov M.A., Alsmadi Ia.M. Vozmozhnosti maloinvazivnoi fiksatsii perednego
otdela tazovogo koltsa spitsei s narezkoi [Possibilities of minimally invasive fixation of the anterior part of the pelvic ring with a threaded wire].
Vestnik Travmatologii i Ortopedii im. N.N. Priorova, 2018, no. 3-4, pp. 6-11. (in Russian) DOI: 10.17116/vt0201803-0416.

21.Semenov P.V., Grigorev A.V., Ratev A.P., Gordienko D.I., Kuzin V.V., Skorogliadov A.V. Maloinvazivnyi osteosintez pri lechenii nestabilnykh
povrezhdenii tazovogo koltsa [Minimally invasive osteosynthesis in the treatment of unstable pelvic ring injuries]. Kafedra Travmatologii i
Ortopedii, 2016, no. 2, pp. 25-29. (in Russian)

22.Ivanov P.A., Zadneprovskii N.N., Nevedrov A.V., Kalenskii V.O. Vnutrikostnaia fiksatsiia perelomov lonnoi kosti shtiftom s blokirovaniem: pervyi
klinicheskii opyt [Intraosseous fixation of pubic bone fractures with locking nail: first clinical experience]. Travmatologiia i Ortopediia Rossii, 2018,
vol. 24, no. 4, pp. 111-120. (in Russian)

Genij ortopedii. 2022. Vol. 28, no. 6 766



Original Article

23.Majeed S.A. Grading the outcome of pelvic fractures. J. Bone Joint Surg. Br.,1989,vol.71,n0.2, pp.304-306. DOI: 10.1302/0301-620X.71B2.2925751.

24. Sharpe J.P., Magnotti L.J., Gobbell W.C., Huang X., Perez E.A., Fabian T.C., Croce M.A. Impact of early operative pelvic fixation on long-
term self-reported outcome following severe pelvic fracture. J. Trauma Acute Care Surg., 2017, vol. 82, no. 3, pp. 444-450. DOI: 10.1097/
TA.0000000000001346.

25. Artoni C., Pogliacomi F., Guardoli L., Lasagni F., Leigheb M., Fontanesi F., Calderazzi F., Pompili M., Vaienti E., Ceccarelli F. Pelvic ring fractures:
what about timing? Acta Biomed., 2019, vol. 90, no. 12-S, pp. 76-81. DOI: 10.23750/abm.v90i12-S.8949.

26. Tiziani S., Halvachizadeh S., Knopfel A., Pfeifer R., Sprengel K., Tarkin 1., Pape H.C. Early fixation strategies for high energy pelvic ring injuries
— the Zurich algorithm. Injury, 2021, vol. 52, no. 10, pp. 2712-2718. DOI: 10.1016/j.injury.2020.07.036.

27.Grewal LS., Starr A.J. What's New in Percutaneous Pelvis Fracture Surgery? Orthop. Clin. North Am., 2020, vol. 51, no. 3, pp. 317-324.
DOLI: 10.1016/j.0¢1.2020.02.010.

28.Toda K., Yagata Y., Kikuchi T., Takigawa T., Ito Y. Minimally Invasive Surgery for Unstable Pelvic Ring Fractures: Transiliac Rod and Screw
Fixation. Acta Med. Okayama, 2020, vol. 74, no. 1, pp. 27-32. DOI: 10.18926/AMO/57949.

29.Yin Y., Luo J., Zhang R., Li S., Jiao Z., Zhang Y., Hou Z. Anterior subcutaneous internal fixator (INFIX) versus plate fixation for pelvic anterior ring
fracture. Sci. Rep., 2019, vol. 9, no. 1, pp. 2578. DOI: 10.1038/s41598-019-39068-7.

30. Rommens P.M., Graafen M., Arand C., Mehling 1., Hofmann A., Wagner D. Minimal-invasive stabilization of anterior pelvic ring fractures with
retrograde transpubic screws. Injury, 2020, vol. 51, no. 2, pp. 340-346. DOI: 10.1016/j.injury.2019.12.018.

31.Schmal H., Froberg L., Larsen S.M., Siidkamp N.P., Pohlemann T., Aghayev E., Goodwin Burri K. Evaluation of strategies for the treatment
of type B and C pelvic fractures: results from the German Pelvic Injury Register. Bone Joint J., 2018, vol. 100-B, no. 7, pp. 973-983.
DOI: 10.1302/0301-620X.100B7.BJJ-2017-1377.R1.

32.Jordan M.C., Jdackle V., Scheidt S., Eden L., Gilbert F., Heintel T.M., Jansen H., Meffert R.H. Ergebnisse nach Plattenstabilisierung der
Symphysensprengung [Outcome after plate stabilization of symphyseal diastasis]. Unfallchirurg, 2020, vol. 123, no. 11, pp. 870-878. DOI: 10.1007/
s00113-020-00804-8.

33.Marecek G.S., Scolaro J.A. Anterior Pelvic Ring: Introduction to Evaluation and Management. J. Orthop. Trauma, 2018, vol. 32, no. Suppl. 6,
pp. S1-S3. DOI: 10.1097/BOT.0000000000001249.

34. Bondarenko A. V., Kruglykhin I.V., Plotnikov I.A., Talashkevich M.N., Voitenko A.N., Tueva G.A. Vneshniaia fiksatsiia kak osnovnoi i okonchatelnyi
metod lecheniia povrezhdenii tazovogo koltsa pri politravme [External fixation as the main and final method of treatment of pelvic ring injuries in
polytrauma). Politravma, 2018, no. 2, pp. 41-50. (in Russian)

35. Young B., Daily D., Kee C., Perry K., Morandi M.M., Barton R.S., Solitro G.F. Achievable pin spanning angulation in anterosuperior pelvic external
fixation. Eur. J. Orthop. Surg. Traumatol., 2020, vol. 30, no. 7, pp. 1163-1170. DOI: 10.1007/s00590-020-02684-5.

The article was submitted 19.10.2021; approved after reviewing 01.04.2022; accepted for publication 19.10.2022.

Information about the authors:

1. Anatoly F. Lazarev —Doctor of Medical Sciences, Professor, lazarev.anatoly@gmail.com;

2. Eduard I. Solod — Doctor of Medical Sciences, Associate Professor, doctorsolod@mail.ru, SPIN: 4964-3457;

3. Yago G. Gudushauri — Doctor of Medical Sciences, gogich71(@mail.ru;

4. Evgeny I. Kalinin — M.D., Kalinin_evgeny@mail.ru, https://orcid.org/0000-0003-2766-5670, SPIN: 6659-2285;

5. Vyacheslav V. Konovalov — M.D., slava2801@yandex.ru, https://orcid.org/0000-0002-8954-9192, SPIN: 9552-2408;
6. Ivan N. Marychev — M.D., dr.ivan.marychev(@mail.ru, https://orcid.org/0000-0002-5268-4972, SPIN: 9151-7883.

Funding The work was performed according to the state task "Surgical treatment of chronic ruptures of the pubic symphysis and
their complications using customized implants" No. 121052600266-3.

Conflicts of Interest The authors of this article have reported no conflicts of interest.

767 Genij ortopedii. 2022. Vol. 28, no. 6



