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1. Introduction

A periprosthetic fracture is defined as a fracture
that occurs in close proximity to or around the
components of a prosthesis, as well as within 15 cm of
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Abstract

Periprosthetic fractures represent a multifactorial problem due to the diverse
morphology of injuries, the wide range of implants used, and the high proportion of low-
energy trauma — primarily falls — caused by patient comorbidities and osteoporosis.
Given the limitations of existing classification systems, it becomes evident that an
individualized approach is necessary for each type of fracture. With the continuous
development and implementation of various osteosynthesis techniques, including
minimally invasive technologies, advancements in metal fixators (including patient-
specific designs), and the active use of bone graft substitutes, surgical approaches to
treating the same type of periprosthetic fracture can vary significantly.

This review aims to present a literature review on the epidemiology, risk factors, and
modern treatment approaches for periprosthetic fractures of the knee joint.

Based on an analysis of the literature, the article presents fixation methods that have
demonstrated the best outcomes depending on the level and type of periprosthetic knee
fracture. It should be noted that osteoporosis prevention, fall prevention, control of
comorbid conditions in the preoperative period, early mobilization of the patient, and
ensuring safe postoperative conditions are the most important measures for reducing the
risk of periprosthetic fractures.

Knowledge in this area continues to evolve, with numerous risk factors identified related
to the patient's condition, type of implant, and surgical technique. These findings help
increase patient awareness and improve surgical team preparation, thereby reducing
morbidity and improving treatment outcomes for these complex injuries.

Keywords: Periprosthetic knee fractures, Primary Total Knee Arthroplasty, Fracture
after total knee arthroplasty.

the joint line or 5 cm of the intramedullary stem of the
implant [1]. Currently, due to the increasing average life
the number

expectancy, of primary total knee
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arthroplasty (TKA) procedures is also rising. According
to international data, primary TKA accounts for
approximately 2.5% to 7.4% of all periprosthetic
fractures [2- 6].

Periprosthetic fractures are a multifactorial
problem due to the varying fracture morphology, the
wide range of implants used, and the high proportion
of low-energy trauma—primarily falls—largely
associated with patient comorbidities and osteoporosis
[7]. From a practical standpoint, the complexity of this
issue is driven by challenging clinical scenarios for
several reasons: advanced age and comorbid conditions
commonly seen in patients with periprosthetic knee

fractures make surgical treatment particularly difficult,
2. Methodology

A literature search was conducted for publications
from 1988 to 2023. The search was performed using the
PubMed/MedLine and Google Scholar databases.
References for periprosthetic fracture classifications are
based on original sources published between 1988 and
1999. References regarding treatment methods for
periprosthetic fractures are, in several cases, based on
primary sources from 2008 to 2023.

3. Epidemiology and Etiology Incidence

Periprosthetic fractures of the femur occur in 0.3—
2.5% of cases [1, 9]. The second most common site is the
proximal tibia, with reported incidences ranging from
0.4% to 1.7% [1, 10]. Patellar fractures without surface
resurfacing occur in about 0.05% of cases [1]. However,
when patellar resurfacing is performed, the risk
increases significantly, ranging from 0.5% to 21% [1].

The incidence of intraoperative periprosthetic
fractures varies between 0.3% and 3.13% of all
periprosthetic fractures [6]. Alden et al. analyzed 17,389
primary total knee arthroplasties (TKAs) performed
between 1985 and 2005 and identified 67 cases of
intraoperative periprosthetic fractures. Of these, 48
involved the femur and 19 involved the tibia [11].

The vast majority of periprosthetic fractures occur
in the postoperative period and are associated with
low-energy trauma, such as falls, particularly in elderly
patients [12, 13]. According to a meta-analysis by Liu et
al., 13.1% of patients experienced falls after TKA, with
1.0% of these falls occurring during hospitalization [14].

4. Risk Factors

Several studies have reported that patients over
the age of 65 are more susceptible to periprosthetic knee
fractures, with a higher incidence observed among

while implant-associated factors and poor bone quality
may pose technical challenges during surgery.

As a result, patients with periprosthetic fractures
require a specialized approach to treatment selection,
taking into account their comorbid background,
previously implanted prosthesis, and bone quality.

The primary goal of treatment for these patients is
early functional recovery, minimizing the risk of
hypostatic complications [8].

The purpose is to present a literature review on the
current state of knowledge regarding the epidemiology,
treatment

risk  factors, and approaches  for

periprosthetic knee fractures.

Studies focusing on surgical treatment of

periprosthetic ~ fractures  involving  component
replacement, as well as fractures associated with
periprosthetic infection, were excluded from this

review.

An important factor to consider is the time interval
between total knee arthroplasty and the onset of a
periprosthetic fracture. This interval is influenced by
both patient-specific factors and implant-associated
variables. According to Lizaur-Utrilla, the average time
to fracture after primary TKA was 7.3 years (range: 2.7-
15 years), while after revision TKA it was 2.8 years
(range: 1.7-3.9 years). For fractures of the distal femur,
the average time to fracture was approximately 25.5
months [1, 15]. Patellar periprosthetic fractures
occurred postoperatively in 68% of cases within 2 years
and in 82% within 3 years [16, 17].

Thus, both intraoperative and postoperative
periprosthetic  fractures following total knee
arthroplasty represent a significant clinical issue that
demands close attention. While it is nearly impossible
to describe all the diverse causes and predisposing
factors for periprosthetic fractures, identifying the main
risk factors is the first step toward implementing
preventive measures and, consequently, reducing the
incidence of these complications.

female patients [1, 6, 18, 19]. The most common
underlying conditions that indirectly increase the risk
of periprosthetic fractures include diseases that raise
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the likelihood of falls, such as epilepsy, Parkinson's
disease, and, in some cases, anemia, chronic respiratory
diseases, and cardiovascular conditions.

Another critical risk factor is osteoporosis of
various origins. Diabetes mellitus is considered a
secondary risk factor, primarily due to its effects on
tissue trophism and the progression of diabetic
polyneuropathy [20]. Most of these conditions act as
indirect causes, increasing the likelihood of falls, which
in turn raises the risk of periprosthetic fractures.

Intraoperative risk factors should also be
highlighted separately, particularly in relation to

5. Classifications

In this literature review, we have identified several
of the most widely used classifications for
periprosthetic fractures of the knee joint. Despite their
variability, all of these classifications address key
considerations necessary for determining the
appropriate treatment approach: the stability of the
knee joint prosthesis component and the location of the
fracture line in relation to the prosthetic component.

One universal classification suitable for describing

periprosthetic fractures across all segments is the UCS

Table 1 — UCS Classification of periprosthetic fractures [22]

fractures of the femur and patella. For instance, during
femoral preparation, a "notching" depth greater than 3
mm significantly increases the risk of a periprosthetic
femoral fracture [1, 6, 21]. Risk factors contributing to
patellar fractures include patellar devascularization
during surgical handling and a reduction in patellar
thickness, especially after resurfacing. Additional
causes of patellar fractures include improper
positioning of prosthetic components and patellar
maltracking [4].

(Unified Classification System). Its main advantage lies
in the ability to describe periprosthetic fractures of any
location using standardized alphanumeric codes (Table
1). This classification serves as a universal
communication tool when providing a general
description of periprosthetic fractures [22].

However, despite its universality, the UCS
classification is complex and offers a superficial
descriptive character, which limits its utility as a
comprehensive guide for treatment decision-making.

Type Name Comment
Fractures of the proximal and distal poles of the patella, femoral
A Apophysiolysis epicondyle and tibial tuberosity. Treatment depends on the function of

the knee joint

Good bone, stable implant (fracture at

B1 . ORIF (open reduction and internal fixation)
implant level)
B2 Good bone, unstable implant. Revision endoprosthesis/+ ORIF
B3 Bad bone, unstable implant. Revision endoprosthesis/reconstruction with bone grafting material
F f h f th
C racture away from the cor.nponent of the ORIF. Type C doesn’t apply to the patella
endoprosthesis
D Fracture between two different implants F?rr.lur: between hip and knee endoprostheses.
Tibia: between knee and ankle endoprostheses
E Fracture of both bones holding a single Fractures of the femur and tibia, femur and patella, patella and tibia,
endoprosthesis patella and tibia, or, theoretically, all three bones.
A fracture is not repaired or replaced bone, but is still considered
F Fracture articular surface periprosthetic because it faces the joint and articulates with it during

endoprosthetics, such as a patella fracture.

There are also classifications that are more
specifically focused on certain anatomical segments.

For fractures of the femur, the most commonly used
classifications are those by Rorabeck and Su [3, 23].
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The Rorabeck classification emphasizes the presence
of fragment displacement and the stability of the
femoral prosthetic component:

Type I fracture: The femoral component is stable;
the fracture is non-displaced.

Type 1 Type 11

Type II fracture: The femoral component is stable;
the femoral fracture shows displacement of bone
fragments.

Type III fracture: The femoral component is
unstable; the femoral fracture is accompanied by
displaced bone fragments (Figure 1) [3].

Type II1

Figure 1 —Classification of periprosthetic femoral fractures according to Rorabeck et al. [3]

The Su classification focuses on the location of the
fracture in relation to the femoral component of the

prosthesis.

Type I. Fracture proximal to the femoral

component.

Type II: Fracture originating at the tip of the
femoral component and extending proximally.

Type III: Fracture where any part is distal to the
anterior flange of the femoral component of the
prosthesis (Figure 2) [23].

Typel

Type II

Type 111

Figure 2 — Classification of periprosthetic femoral fractures according to Su et al. [23]

<=|II=>

<=

i

Figure 3 — Classification of periprosthetic femoral fractures according to Felix et al. [24]

One of the most commonly used classifications for
fractures at the level of the tibia is the Felix classification
(Figure 3) [24]. This classification is based on the

location of the fracture in relation to the tibial

component:
Type I: fracture at the level of the tibial component

plateau,
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Type II: fracture at the level of the stem of the tibial
component,

Type 1III: fracture distal to the stem of the tibial
component,

QO

Type |

ele

Type 11I1B

Type I11A

Type IV: avulsion fracture of the tibial tuberosity.

The classification also includes modifiers such as
the stability of the tibial component and whether the
fracture occurred intraoperatively.

Type 11

A

Type IV

Figure 4 — Classification of periprosthetic patellar fractures according to Goldberg et al. [25]

The Goldberg classification [25] is most commonly
used for assessing patellar fractures. This classification
emphasizes the proximity of the fracture line to the
patellar implant component, as well as involvement of
the extensor mechanism:

Type I: patellar fracture without involvement of
the implant, cement mantle, or extensor mechanism,

Type II: fracture line is in contact with the implant
or cement mantle,

Type IIIA: fractures of the inferior pole of the
patella with disruption of the patellar ligament,

Type IIIB: fractures of the inferior pole of the
patella without disruption of the patellar ligament,

Type IV: patellar fracture-dislocation.

Ortiguera and Berry Classification [26]. The main
criteria of this classification are the integrity of the
extensor mechanism, the stability of the patellar
component, and the quality of the remaining bone
(Table 2).

Table 2 — Classification of periprosthetic patellar fractures according to Ortiguera and Berry

Type Characteristic
I Stable implant, extensor mechanism intact
I Stable implant, extensor mechanism injured
I Unstable implant
I A Remaining bone within reasonable limits
I B Loose bone*

Note: *Residual patellar thickness less than 10 mm.

Severe bone comminution making it unsuitable for component fixation

Given the narrow focus of the classifications, the
need for an individualized approach to each type of
fracture becomes evident. With the continuous

development and implementation of various
osteosynthesis techniques — including minimally

invasive methods — the improvement of fixation
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devices, including custom implants, and the active
integration of bone substitute materials into clinical

practice, the surgical treatment methods for the same
type of periprosthetic fracture may vary.

6. Surgical Methods for the Treatment of Periprosthetic Fractures

The principles of treating patients with
periprosthetic  fractures include restoring limb
alignment and length, achieving stable fixation,
preserving further knee joint function, and ensuring
early patient mobilization. Adhering to these key
elements of successful treatment can be challenging due
to factors such as poor bone quality, the presence of
other prosthetic implants in the same limb, the nature
of the fracture, previous unsuccessful arthroplasty, and
the specific design features of the prosthetic
components [27].

Periprosthetic Femoral Fractures:

The most well-known and extensively discussed
methods in modern literature for the surgical treatment
of periprosthetic femoral fractures with a stable femoral
component are the periosteal and intramedullary
osteosynthesis techniques [12]. The most common and
widely described method is periosteal osteosynthesis
with plates. In this case, the minimally invasive
periosteal osteosynthesis technique using plates and
screws with angular stability helps create more
favorable conditions for fracture consolidation and
reduces the risk of infectious complications. The use of

When wusing intramedullary osteosynthesis,
retrograde insertion of the intramedullary rod is
preferred, as this method provides more stable fixation
compared to antegrade nailing [32]. This method is
recommended for periprosthetic femoral fractures of
type Rorabeck II and Su I and II (Figures 1 and 2).

Several authors noted several advantages of
intramedullary osteosynthesis compared to open
reduction and periosteal osteosynthesis with plates:
shorter operation time, relatively low intraoperative
blood loss, and lower infection risk [20]. According to a
meta-analysis by Magill et al., no significant differences
were found in operation time, functional outcomes,
consolidation times, nonunion rates, and revision rates
when comparing different surgical methods [33].
Pellegrino et al. [20] also mentioned no differences in
consolidation times for Rorabeck I, II fractures when
using retrograde intramedullary osteosynthesis and
periosteal osteosynthesis with plates. A series of studies
[34-37], comparing ORIF with plates and DFR (distal
femoral replacement) for periprosthetic femoral
fractures, found that DFR is on par with ORIF with
plates and can be the method of choice for fractures

this technique shows a higher percentage of
consolidation compared to open reduction and
osteosynthesis with plates and screws [20]. The
improvement of surgical techniques and the
appearance of low-profile plates with polyaxial screw
insertion allows the plate to be fixed to areas with the
greatest bone stock, while avoiding contact with the
implant, making it possible to perform osteosynthesis
in "distal" fractures [28]. For example, Hoffmann et al.
in a study of 35 patients with periprosthetic femoral
fractures reported lower nonunion rates with
minimally invasive periosteal osteosynthesis compared
to open reduction [29]. Althausen et al., in a literature
review, demonstrated the clear advantages of
minimally invasive periosteal osteosynthesis: less blood
loss and shorter operation time compared to traditional
periosteal osteosynthesis; however, minimally invasive
periosteal osteosynthesis still has higher trauma
compared to intramedullary osteosynthesis [30]. Large
et al. reported better results in terms of reduction and
restoration of the lower limb axis with periosteal
osteosynthesis compared to other treatment methods
[31].

located above the proximal part of the femoral
component of the endoprosthesis. Lee et al. found no
significant differences in outcomes between patients
treated  with
osteosynthesis [38].

periosteal ~and  intramedullary

Contraindications for the use of intramedullary
osteosynthesis in surgical treatment of periprosthetic
fractures include: Patella Baja (low patella), ankylosis of
the knee joint, femoral component intercondylar
distance less than the thickness of the intramedullary
rod, previous intramedullary rod in the femoral canal,
unstable endoprosthesis, and structural features of the
femoral component (closed femoral component design,
PS type endoprosthesis, and endoprosthesis with a
higher degree of component linkage, and femoral
components with an intramedullary stem) [20, 33, 39].
Another limitation for intramedullary osteosynthesis is
a fracture located distal to the anterior flange of the
endoprosthesis component (Su type III), in which case
periosteal osteosynthesis with plates and screws with
angular stability is more appropriate.

Periprosthetic fractures combined with femoral
component instability: Rorabeck and Su type III
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fractures may require revision endoprosthesis surgery
using an implant with diaphyseal fixation. To create a
stable construct, considering potential bone defects,
bone replacement materials combined with internal
fixation with angular stability plates may be useful [20].
The general recommendations for the choice of
treatment for periprosthetic femoral fractures are
presented in Table 3. The choice of treatment method

should take into account the specific characteristics of
the installed femoral component of the endoprosthesis.
For example, for posterior-stabilized endoprostheses
and those with a higher degree of component linkage,
installation of an intramedullary rod may not be
technically possible due to the "closed box" femoral
component design.

Table 3 — Algorithm for the Treatment Strategy of Periprosthetic Femoral Fractures [7]

I Distal femur periprosthetic fracture l

/

Well-fixed component

/ \

asg

| Unstable component |

I

fracture fracture

Nondisplaced Displaced

| Revision arthroplasty |

l l

protected weight

Immobilization/ Fracture are distal to the implant

bearing
yes /

N

Plate fixation

Intramedullary
nailing/plate fixation

Table 4 — Algorithm for the Treatment Strategy of Periprosthetic Tibial Fractures [7]

| Tibial periprosthetic fractures I

- l

| N

Tibial plateau Adjacent to stem Tibial shaft fracture Tibial tubercule
with loose fracture
component
Revision Stable Loose implant Stable Loose Screw

arthroplasty with implant implant implant fixation
stemmed
implants / \ l
v
Displacement ORIF Revision arthroplasty
dxsplaccment with augments and
stemmed implants
v 'L
v Revision arthroplasty Extcn_sion
Conservatively castg

ORIF
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Periprosthetic Tibial Fractures

To assess periprosthetic fractures at the level of the
tibia, the Felix classification [40] is most commonly used
(Figure 3). For stable fractures without displacement of
bone fragments, types I and II, satisfactory results can
be  achieved wusing  conservative  treatment
(immobilization) [20]. In the case of tibial component
instability with fractures of type I and type II, it is
recommended to use a tibial component with a long
stem for better fixation in the canal, along with
fragment fixation using screws. For fractures with
displacement of bone fragments and a stable tibial
component, ORIF (plate and screws) is the method of
choice.

Patients with type III fractures can be treated either

conservatively (6-week immobilization) or surgically

using plate osteosynthesis, with the choice of method
depending on the nature of the fracture and the degree
of displacement [20].

In type IV fractures, osteosynthesis with screws is
performed, with an effort to avoid damaging the
ligamentous apparatus of the knee joint.

Regarding the installation of megaprostheses,
foreign colleagues [10, 20] suggest using them only for
comminuted fractures of Felix type I, in cases where
reconstruction is not possible.

The summarized data on the choice of treatment
strategy for periprosthetic fractures in the tibia are
presented in Table 4.

Table 5 — Algorithm for the Treatment Strategy of Periprosthetic Patellar Fractures [7].

Patella periprosthetic fracture

—

Stable component
Extensor Extensor mechanism
mechanism disrupted
ntact l
l ORIF / patrial
Immobilization patellectomy

Patella

For patellar fractures of type Goldberg 1 and 3B,
conservative management in a cast or brace is possible
[20]. In a study, foreign colleagues note that patellar
fractures without damage to the extensor mechanism
can be treated conservatively [41]. If non-operative
treatment is chosen, either a plaster cast on the lower
leg with a good liner or a hinged patella brace should
be used for 6-10 weeks. In other cases, to speed up
activation and reduce the risk of knee joint contracture,
patella reconstruction and restoration of the knee
extensor mechanism function is recommended.

In the case of damage or instability of the patellar
component of the endoprosthesis, surgical intervention
is generally indicated: for a stable endoprosthesis

N,

Loose component

N

Good bone stock Poor bone stock

¥ l
Patelloplasty Complete
with component patellectomy
revision

component, patella osteosynthesis is performed; for an
unstable component, the possibility of its replacement
should be considered. If patella osteosynthesis is not
possible, resection of the patella and plastic surgery of
the knee extensor mechanism are appropriate. Total
patellectomy should be considered as a last resort when
other methods are ineffective or in cases of severely
comminuted fractures. It is recommended to use a
hinged knee brace with fixation for 6-10 weeks after
open internal fixation before starting physiotherapy
procedures to restore the range of motion [42].

Summarized data on the choice of treatment
strategy for periprosthetic patellar fractures are
presented in Table 5.
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7. Conclusions

To date, periprosthetic fractures in the knee joint
remain a significant problem due to the increased
average life expectancy, the growing number of
primary and revision joint replacement surgeries, as
well as the variety of treatment strategies for fractures
and the lack of a unified approach to the treatment of
periprosthetic fractures of the bones forming the knee
joint. Based on the analyzed data from the literature, the
article presents various fixation methods that have been
more reliably recommended depending on the level
and type of periprosthetic knee fracture.

In conclusion, it should be noted that the
prevention of osteoporosis, fall prevention,
management of concomitant therapeutic conditions in
the preoperative period, and early activation, along

with the creation of safe conditions in the postoperative
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Tyiingeme

Ilepumporesaik CLIHEIKTap opTYpAi 3aKbIMAaHY MOP(QOAOIMACHHA, KOAAAHBLAAaTHH MMILIaHTTapABIH KeH
ayKbIMBIHA JKoHe INalllleHTTepAiH KaTap XXYpeTiH aypyJapbl MeH OCTeOIIOpO3¥Fa 0aliaaHBICTH TOMEH SHEPTUABI
>KapakaTTapAblH >KOFapbl YyAecCiHe-eH aAAbIMEH KyJayra OailA1aHBICTBI MyAbTM(AKTOPABIK IIpoOAeMa OOABII
Tabp1aaapl. KoagaHbICTaFsl SKiKTey >KylifeAepiHiH IIeKTeyJAepiH ecKepe OTBIPBHIN, CHIHYABIH 9p TYpiHe >Keke
KO3KapacThlH KaXKeTTidiri aiikeiH 60aaapr. OcTeocHHTe3AiH opTypAi o4icTepiH, COHBIH iImiHAe a3 MHBA3MBTI
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TEeXHOAOTMSIAapAbl, KeTiaaipiareH MeTaaa OeKiTKilTepai (COHBIH illliHAe JKeKeAeHAipiareH KOHCTPYKIMAAapPAbI)
Y34iKCi3 4aMBITY JKoHe eHTi3y JKoHe CylieK aAMacTBIPFBIIIITaphIH OeAceH Al NalijalaHy epUIIPOTE3AiK CEIHBIKTHIH
Oip TypiH eMaeyAiH XUPYPIVIABIK TociaAepiHae aliTapABIKTAll allbIpMaIlbLABIKTapFa oKeaei.

bya moayAblH MakcaTbl — ®IMAEMMOAOTNS, Kayill ¢paKTopaapsl >KoHe Tide OYLIHBIHBIH IIE€PUIIPOTE3AIK
CBIHBIKTapBIH eMAEYAiH 3aMaHay! Taciaaepi Typaabl ageOueTTepre Taajay >Kacay.

O/e0uneT gepeKTepiH Taalay HerisiHAe MaKadasa Tize 6ybIHI)IHLIH IepUNPOTEe34iK CBIHY A€HTelli MeH TypiHe
OallaaHBICTHI €H >KaKChl HOTIKe KopCeTKeH OeKiTy aaicTepi keaTipiareH. OcTeonoposaslH aaAbH a1y, KyAayAbIH
aJAABIH aly, ollepallisl alABIHAAFBI Ke3eHJe ileclle MaTOAOTMHEI OaKblaay, ITAIIIeHTTi epTe MOOWAbJEY >KoHe
OTaJaH KeWiHTi KeseHJAe KayiIlcid >Kargaiidapabl KaMTaMachkl3 eTy IepUIIPOTe3AiK ChIHY KayIliH a3alTyAblH
MaHBI3AbI IIapasapbl OOABINI TaOBLAATLIHBIH aTarl ©TKEH JKOH. Ocpl caaagarbl 6i4iM gaMyAbl JKaAFacThIpyAa:
HayKacTBIH >KafFjaifblHa, MMIIAaHTAIVS TYpiHe >KoHe ollepalllsl TeXHUKAchlHa OallA1aHBICTBI KOITEreH Kayil-
KaTep (axkTopAapsl aHBIKTaAAbl. ATaJAMBIII JepeKTep IalleHTTepAiH XabapJapABIFBIH apTTHIPyFa >KoHe
XVPYPIUSABIK TOITHIH AAMBIHABIFBIH JKaKcapTyFa BIKITaA eTedi. Aa Oy e3 Ke3eriHAe aybIPCHIHYABI a3aliTabl
>K9He OChI KypAeAi 3akbIMJAaHyAap YIIiH eMJey HoTUKeAepiH JKaKcapTaabl.

Tyiiis ce3aep: Tize OybIHBIHBIH IIEPUIIPOTE3AiK CBIHYEI, Tide OYBIHBIHBIH OacTalIKbl TOABIK DHAOMIPOTES, Tide
OYBIHBIHBIH TOABIK DHAOIIPOTe3iHeH KeMiHTi ChIHY.
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Pe3rome

INepunpoTtesHsle IepeAOMbI IIPeACTaBASIOT CODOI MyAbTH(AKTOPHYIO MpobaeMy M3-3a PasHOOOpa3HOI
MOpCI)O/lOl"I/II/I HOBpeH(AeHMﬂ, HJI/IpOKOFO CHeKTpa I/ICHO/leyeMLIX MIMILAaHTaTOB U BBICOKOM A40AM TpaBM C HU3KOM
9H€p1"1/[€17[ — B HepBon oqepe;u) HaAeHI/Iﬂ - 06y€AOBAeHHbIX COHYTCTBy}OLLU/IMI/I 3360A8BaHI/ISIMI/I ITIalIVIeHTOB U
ocreontopo3oM. C yueToM OrpaHMYeHUI CyIIeCTBYIOIIX KAacCU(PUKAITMOHHBIX CUCTEM CTAaHOBUTCSI OYE€BUAHON
HeoOX0AUMOCTD MHAMBUAYaAbHOTO TI0/AX0Aa K KaKA0My TuUIly Iepeaoma. IToctosHHOe pa3suTne 1 BHegpeHue
paSAI/IlIHbIX MeTO40B OCTeOCIHTe3a, BKAIO4Yast MaAOMHBA3MBHBIE TeXHOAO0TIUMN, yCOBepI_LIeHCTBOBaHHbIe
MeTaaanygyeckKume CI;)I/IKCaTOpr (B TOM 4Yucae I/IHAI/IBI/IAyaAI/ISI/IpOBaHHbIe KOHCTPYKLH/H/I), a TaK>Ke aKTMBHOe
UICIIOAB30BaHMEe 3aMeHUuTelell KOCTHOM TKaHU HpI/IBOAHT K 3HaAYNUTeAbHbBIM paSAI/I‘II/ISIM B XI/IpypI‘I/I‘IECKI/IX
I104X0J4aX K A1€9€eHINI0 OAHOIO U TOrO >Ke TUIla HGpI/IHpOTGBHOI‘O nepeAOMa.

Lea» aanHOro ob3opa — IpeACTaBUTL aHAAM3 AUTEpaTypHl IO sHuaeMmoaormy, ¢pakropaM pucka I
COBPEMeHHbIM I104X04aM K A€4eHIIO HepI/IHpOTQBHbIX Hepe/lOMOB KOA€HHOTIO Cy'CTaBa.

Ha OCHOBe aHaAun3a AaHHBIX AI/ITepaTypr B CTaThbe HPEACTaBAEHbI MeTO bl (1)I/IKCa]_[I/II/I, ITIOKa3aBIIlne
HaI/myqume peSy/leaTbI B 3aBUCUMOCTI OT ypOBH}I " TUIIa HQpI/IHpOTQSHOFO nepeAOMa KOAE€HHOTIO CyCTaBa.
CaeayeTr OTMETUTD, 4TO npoc])MAaKTI/IKa OCTEeOIIOpO3a, IpeAOTBpallleHNe MajdeHIll, KOHTPOAb COIYTCTBYIOIIEN
II1aTOAOIMNM B npeaonepauMOHHmi{ nepmozl,, paHHfl}I MO6I/IAI/ISaLII/I}I ITaltyieHTa " 06ecnequI/Ie 68301‘[aCHbIX
yC/lOBI/II7I B HOCAeOHepaIII/IOHHOM HepI/IOAe SIBASIIOTCSI  Ba>KHEVIIIIMI MepaMI/I II0 CHIM>KEHUIO pI/ICKa
HepI/IHpOTe3HbIX HepEBAOMOB.

3HaHI/I}I B ,ZI,aHHOI7[ O6AaCTI/I HpO,A,OA)KaIOT paSBI/IBaTbC}II BbISIBA€HO MHO>KECTBO Cl)aKTOpOB pI/ICKa, CBSI3aHHBIX
C COCTOsIHMEM ITallIeHTa, TUIIOM MMIIAaHTaTa U TEeXHIKOIL HpOBe,ZI,eHI/ISI onepam/m. 9TI/I AaHHBbIE CHOCO6CTBYIOT
IIOBBIIIIEHUIO I/IH(I)OPMI/IPOBaHHOCTI/I ITIalTVIeHTOB U yqumeHmo I1I0ATOTOBKIL XI/IpypTI/I‘{eCKOﬁ KOMaHABI, 94TO, B
CBOIO oqepezlb, CHI>KaeT 3a6OA€Ba€MOCTI> n yqumaeT pESYALTaTI)I ACYEeHU I HpI/I DTUX CAOKHBIX HOBpeX(AEHI/IﬂX.

Karouesbie cAOBa: Hele‘IpOTeSHLIe HepeAOMI)I KOA€HHOTIo CYCTaBa, HepBI/ILIHOG TOTaAbHOE
BH,ZI,OHPOTGSI/IPOBaHI/Ie KOA€HHOTIoO CyCTaBa, Hepe/lOM I10CA€ TOTaABHOIO BH,ZI,OHPOTQSI/IPOBaHI/ISI KOA€eHa.
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