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The increase in the number of primary arthroplasty procedures
has led to an increase in revision arthroplasty for periprosthetic
infection and fractures of hip stems. The problem of removing
stable stems remains relevant, as the lack of a unified approach
leads to an increase in the duration of operations, an increased
risk of complications and worsening of treatment outcomes.
Objective. To review the existing methods and find out the most
optimal approaches to the removal of stable stems of hip ar-
throplasties of different types of fixation. Methods. A systematic
literature review was conducted using the electronic databas-
es PubMed, Scopus, Web of Science for the period 1986—2023.
28 publications were analyzed. The authors’ own clinical expe-
rience was used (171 revision interventions from 2013 to 2024).
Results. The method of removal depends on the type of fixation
and design of the endoprosthesis stem. The main methods are:
use of special instruments, window osteotomy, extended proxi-
mal osteotomy, transfemoral osteotomy. The choice of method
depends on the specific situation, starting with the least trau-
matic approach. Conclusions. Removal of stable stems requires
an individual approach and careful planning. Cemented pol-
ished stems are usually easier to remove, but there may be diffi-
culties with the removal of the cement mantle. Cementless stems
with distal fixation often require more aggressive methods.
The choice of method should be based on the principle of mini-
mal trauma, taking into account the possibility of further revi-
sion arthroplasty. It is recommended to have several alternative
surgical plans. The proposed methodology of intraoperative
actions allows optimizing the decision-making process, which
contributes to improving the results of revision hip arthroplasty.

3pocmanns kinbkocmi nepunHo20 eHOOnpPoOme3y8ants npusee-
710 00 30inblenHa yacmomu pesisitinux empydans. [lpobrema
BUOANIEHHA CMAOINLHUX HIJICOK 3ANUUAEMbCA AKMYATAbHOIO,
OCKINbKU 8IOCYMHICMb €OUHO020 NIOX00Y NPU3800UNb 00 3011b-
wieHHs: mpueaiocmi onepayiil, Ni0GUWeHHs pUUKY YCKAAOHEHb
ma nozipuienus pesyromamis nikyeanus. Mema. Pozensinymu
iCHYI04l MemoOuKy ma 3’acyeamu Haubiibu ONMmuMaibHi nio-
X00u 00 uoaneHHss CmabibHUX HINCOK eHOONPOme3ié Kyilb-
wosoeo cyenoba piznoco muny ¢ixcayii. Memoou. Ilposedeno
cucmemamuynull 02180 Jimepamypu 3 eieKmpoHHUx 6a3
PubMed, Scopus, Web of Science 3a nepioo 1986-2023 p.,
3 Axux eidiopano 28 nybnixayiu. Bukopucmano enacuuii xii-
HiyHull 0oceio aemopie (171 pesiziiine empyuannus 3 2013 no
2024 pik). Pesynomamu. Memoouka 6udaieHus 3anedxcums
810 muny ikcayii ma ousauiny Hidcku eHoonpomesa. OCHOBHI
MemoOuKU: SUKOPUCIIAHHA CHeYiaNbHUX IHCMPYMEeHmis, «8i-
KOHUAmMay, po3wupenda npOKCUMANbHA Md Mpanchemopans-
Ha ocmeomomii. Bubip cnocoby sanedxcumv 60 KOHKpemHoi
cumyayii, NOYUHAIOUU 3 HAUMEHW MPASGMAMUYHO20 NIOX00Y.
Bucnosxu. Budanennsi cmabinbnux HidiCOK eumaeac iHOUGI-
0yanbHo20 nioxXody ma pemenvHo2o Naanyeanus. Llemenmni
Nnonipoeami HidcKu 3a36uuail aeauie GUOAIUMU, ale MOJICYMb
BUHUKHYMU CKAAOHOWI 3 BUNVYEHHAM YeMeHMHOI MaHmii.
Besyemenmnui nisicku 3 oucmanvhoio ¢hixcayieio 30e0inbuio-
20 eumazaromy azpecuguiwiux Oil. Bubip memoouxu nosumeH
IPYHMYBAMUCA HA NPUHYUNT MIHIMATLHOI MpasmMamudnocmi
3 YPAXYBAHHAM MOIHCIUBOCHT NOOATBULOO PEBI3iliHO20 eHOONPO-
me3ysanus. Pexomendyemvcs mamu Kilbka anibmepHamuHux
naauie onepayii. 3anpononosana mMemoouxa iHmpaonepayiuHux
Oitl  00380115€ OnMUMI3y6amu npoyec npuiiHamms pi-
wieHb, AKUL CNpUs€E NOKPAUJeHHIO De3YIbmamie peeiziino2o
eHOonpome3y8ants Kyaivuoeo2o cyenoba. Knwouosi crosa.
Enoonpomesysanns Kynouogo2o cyenoba, pesizia KyIoulo80o2o
cyenoba, 6udanenHs cmezHO8020 KOMNOHEHMA eHOOnpomesd
KYIbUL0BO20 cyenoba.
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Introduction

Total hip replacement is one of the most effective
and common orthopedic procedures performed today.
According to the Agency for Healthcare Research and
Quality (AHRQ), more than 1 million hip and knee
replacements are performed annually in the United
States [1]. The increase in the number of primary
total hip replacements over the past three decades,
as well as the expansion of indications for this sur-
gery in younger and more active patients, has led to
a corresponding increase in the number of revision
procedures. Analysis of trends shows that the pro-
portion of such procedures remains significant. Be-
tween 1990 and 2002, 17.5 % of all hip replacements
in the United States were revision procedures. This
percentage was projected to remain stable at 16.3 %
in 2005 and is projected to remain at 14.5 % in 2030
[2]. However, the increase in infectious complications
is of particular concern. The percentage of revision
hip arthroplasty due to periprosthetic infection in-
creased from 9.7 % to 23.7 % during 20122022 [3].
Removal of stable endoprosthesis components, espe-
cially femoral components, poses significant techni-
cal challenges, as the endoprosthesis stem is usually
stably fixed in the bone, which poses a risk of ad-
ditional bone damage (significant bone defects and
fractures). Despite the importance of this problem,
there is no systematic approach in the current litera-
ture to the choice of a method for removing the stable
femoral component of a hip endoprosthesis. The lack
of a unified vision of solving this issue leads to an
increase in the duration of operations, an increase in
the risk of intraoperative complications, and a dete-
rioration in long-term treatment results. In addition,
a suboptimal choice of endoprosthesis removal tech-
nique can cause significant bone defects that compli-
cate subsequent reconstruction and negatively affect
the functional outcome.

Purpose: to review existing methods and identi-
fy the most optimal approaches to removing stable
stems of hip joint endoprostheses of various types
of fixation.

Material and methods

The study was approved by the local Bioethics
Committee of the State Establishment “Professor
M. 1. Sytenko Institute of Spine and Joint Pathology
of the NAMS of Ukraine” (Protocol No. 246 dated
23.09.2024).

A systematic review of the literature was con-
ducted using the scientometric electronic databases
PubMed, Scopus, Web of Science and other rele-
vant sources of scientific and medical information.

The search was carried out using the keywords:
hip arthroplasty, hip revision arthroplasty, removal
of the femoral component of the hip joint endopros-
thesis (hip arthroplasty, hip revision arthroplasty,
femoral stem removal).

The search depth covered the period from 1986
to 2023, which allowed us to take into account both
classical methods and modern approaches to the re-
moval of stable stems of endoprostheses. The analysis
included 28 publications that met the criteria of rel-
evance and completeness of coverage of the prob-
lem under study. The scientific literature of the last
5 years consists of 10 sources.

In addition, the study used the authors' own clin-
ical experience in performing revision surgeries to
remove stable stems of hip joint endoprostheses. In
the period from 2013 to 2024, 171 revision surgeries
were performed in the clinic on this occasion. This
allowed us to supplement theoretical information
with practical observations and recommendations.

The selection of articles was carried out accord-
ing to the following criteria: compliance with the re-
search topic; the presence of a detailed description
of the methods for removing stable stems of endo-
prostheses; presentation of the results of the clinical
application of the described methods; publication in
peer-reviewed scientific journals.

Articles that did not contain sufficient information
about the technique of endoprosthesis removal or did
not have clinical confirmation of the effectiveness
of the described techniques were excluded.

Results

Unlike early periprosthetic infection, where
the method of choice is revision surgery consisting
of debridement and replacement of the friction pair
[4], in the case of late infectious complications, all or-
thopedic surgeons recognize that the only possibility
to cure them is intervention with complete removal
of the endoprosthesis. In some cases, a new endopros-
thesis is immediately installed after this (one-stage
revision endoprosthesis) [5]. However, in most cases,
a two-stage endoprosthetic repair is performed with
the use of a temporary implant after the first stage —
a spacer [6, 7], or without it (Girdlestone).

In both of these techniques, complete removal
of the structure is initially provided. Minimization
of complications in the form of significant bone de-
fects and fractures of the femur requires very careful
and meticulous preparation for this operation.

With the advent of special tools for removing
the cementless endoprosthesis cup, this problem has
been practically solved (Fig. 1).
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There are no special difficulties with the cement
cup (the polyethylene cup can be removed using
a milling cutter, and the cement mantle with a chisel
and a sharp spoon) [8].

It should be noted that removing a stable endo-
prosthesis stem is a very difficult task.

First, it is worth mentioning that the stems are
divided by the type of fixation - cement or cement-
less. Cement polished stems can be removed using
extractors (Fig. 2) (quite easily), but the cement man-
tle in the bone canal of the femur most often remains
intact (Fig. 3).

Removing the proximal part of this mantle (ap-
proximately 1/3 of the length) using a chisel is car-
ried out without any special problems, but complete
removal of the cement is a much more complicated
process.

Undoubtedly, there are special tools — long chis-
els (straight and fluted), special spoons with reverse
stroke, drills, conical cutters with high thread, etc.

[11] (Fig. 4).

Fig. 1. System used
to remove well-fixed,
cementless acetabular
components: two
blades — short on the
left (a) and full radius
on the right (b) [9]

Fig. 2. Femoral component extractor [2]

However, all these devices do not always allow
for complete removal of the distal part of the ce-
ment. Some experts believe that complete removal
of the cement mantle is not necessary in single-stage
arthroplasty, and it is possible to install a new cement
stem if the cement remnants do not interfere (the “ce-
ment-in-cement” technique), but not everyone agrees
with this [10, 12]. We are also convinced that during
the treatment of periprosthetic infection, the cement
should be completely removed.

Clinical example No. 1

A 62-year-old patient G. was diagnosed with
late periprosthetic infection of the right hip joint
(Fig. 5, a). Condition after two-stage revision hip
replacement: removal of the components of the hip
replacement (femoral — using an extractor, cement
mantle — using a long bit), installation of a metal-ce-
ment spacer (Fig. 5, b), revision of the right hip joint,
removal of the metal-cement spacer, installation of an
augment, cement cup, revision modular stem with
a ceramic head, plastic surgery of the cavity defect
of the medial wall of the acetabular fossa with gran-
ules of biphasic ceramics based on hydroxylapatite
(Fig. 5, ¢).

For complete removal of the cement mantle, two
types of femoral osteotomy can be performed: ex-
tended proximal (ETO) and transfemoral (Wagner)
[13-16] (Fig. 6, c).

They differ in the size of the circumference and
orientation. Extended proximal osteotomy usual-
ly covers one third of the femoral circumference,

Fig. 3. Remains
of cement mantle
after removal
of the femoral
component [10]

Fig. 4. Variants of distal cement mantle removal [11]
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accessed in the sagittal plane (Fig. 6a), while trans-
femoral osteotomy covers half of the femoral circum-
ference, accessed in the frontal plane (Fig. 6b).

After the osteotomy, part of the bone wall remains
connected to the periosteum and opens like a lid,
allowing for expanded access to the cement mantle
and its complete removal. This is followed by osteo-
synthesis with wire, staples, or cables, and insertion
of a spacer or revision stem [15, 17].

The advantage of this technique is very good visu-
al control, which allows for easy cement removal [18].

Its disadvantages are trauma, weakening
of the mechanical strength of the proximal femur and
the risk of further fracture, development of instability
of the spacer or endoprosthesis stem (with one-stage
revision endoprosthesis).

Another technique is used in cases where most
of the cement mantle can be removed, but its distal
part remains in the femoral canal, the so-called “win-
dow” osteotomy of the femur. To perform this, it is
necessary to find out the boundaries of the cement
residues in the distal part of the femoral mantle. From

another, relatively small, access, first, using a thin
drill, the boundaries of the cement location are speci-
fied, then a “window” is made with a pendulum saw,
1 cm wide at its location. The formed bone flap is
removed (Fig. 7).

After that, the cement is removed, the bone flap
is placed in its place and fixed with a metal wire, ties
or cable. Then a revision stem or spacer is installed
[15, 19].

This procedure is less traumatic, the risk of frac-
ture is lower, but still the postoperative loading
of the limb should be very careful. To prevent frac-
ture, the spacer or revision stem should be immersed
5-6 cm distal to the level of the formed “window” in
the femur [20].

Removal of unpolished cement stems is technical-
ly a more difficult intervention due to the stronger
connection of such stems with the cement mantle. It
is mostly possible to remove them only together with
the cement, which is very difficult given their stabili-
ty. Therefore, first we also try to remove the proximal
part of the cement mantle with a chisel, then form

Fig. 5. Patient G. Radiographs “before” and
“after” surgical interventions: periprosthetic
infection of the right hip joint (a); condition
after revision intervention and installation of
a metal-cement spacer (b) and after revision
arthroplasty (c)

Vastus lateralis

Fig. 6. Schematic representation of the
lines of cuts that need to be made for the
extension of the proximal osteotomy (a) and
for the transfemoral osteotomy (b). Visual
comparison of two methods (c) [15]

Fig. 7. Schematic representation of the
technique of performing a “window”
osteotomy (a). [11]. Intraoperative clinical
example of the technique of “window”
osteotomy (b, ¢)
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a “window” in the femur along the remaining ce-
ment, remove it and knock out the stem from the side
of this “window” in the proximal direction. Unlike
the removal of cement residues, in the case of pol-
ished stems, the width of the “window” can reach one
third of the circumference of the femur due to the size
of the cement mantle.

Clinical example No. 2

A 73-year-old patient G. was diagnosed with late
periprosthetic infection after unipolar cement endo-
prosthetic repair of the left hip joint due to a frac-
ture of the femoral neck (Fig. 8, a). The operation was
a two-stage revision of the left hip joint. A “window”
osteotomy of the femur was performed and the uni-
polar endoprosthesis and bone cement were removed
without the use of a spacer (Fig. 8, b). Revision en-
doprosthesis of the left hip joint was performed after
12 weeks (Fig. 8, c).

Fig. 8. Patient G. Condition “before” and “after” surgical
interventions: periprosthetic infection of the left hip joint (a);
condition after revision, removal of endoprosthesis components
(b); condition after revision endoprosthetic repair of the left hip
joint (c)

In our own observations, in the presence of a mas-
sive cement mantle of irregular shape (with uneven
contours), the method of choice is immediately an ex-
tended proximal osteotomy of the femur.

Removal of cementless stems depends on the type
of fixation: proximal, intermediate (metaphyseal) or
distal.

The stem of the proximal fixation is easiest to re-
move, because osseointegration is observed only in
its proximal part. This allows the stem to be mobi-
lized with a chisel and removed without violating the
integrity of the femur and without creating addition-
al complications in the future during the installation
of a revision stem [11] (Fig. 9).

Clinical example No. 3

A 6l-year-old patient S. was diagnosed with late
periprosthetic infection of the right hip joint after to-
tal cementless arthroplasty (Fig. 10, a).

Condition after two-stage revision arthroplas-
ty of the right hip joint, removal of the stem using
a flexible bit with the installation of a cement spac-
er (Fig. 10, b), removal of the spacer and installation
of the revision stem, replacement of the cup and head
(Fig. 10, ¢).

The stem of the intermediate (metaphyseal) fixa-
tion (Muller type) is more difficult to remove, but in
most cases, it is still possible to mobilize it using flex-
ible bits, loosen it and knock it out. Some designs have
a high-quality ceramic coating of the entire surface,
which causes fusion with the bone tissue of the fe-
mur of almost the entire surface of the stem. Exces-
sive efforts can lead to a fracture of the femur and

Fig. 9. Schematic representation of
extraction of the femoral component with
cementless proximal type of fixation
using a flexible bit and its mobilization
using Steinmann pins [21]

Fig. 10. Patient S. Radiographs “before” and
“after” surgical interventions: periprosthetic
infection of the right hip joint (a); after revision
of the joint, installation of a cement spacer (b);
after revision arthroplasty (c)
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significantly increase the trauma of the operation [11,
13]. Therefore, if it is not possible to mobilize the fem-
oral component using flexible bits, there is a need to
perform an extended proximal femoral osteotomy.

Clinical example No. 4

A 54-year-old patient L. was diagnosed with
late periprosthetic infection of the right hip joint
(Fig. 11, a). Condition after two-stage revision endo-
prosthetic repair: removal of endoprosthesis compo-
nents (femoral metaphyseal fixation using a flexible
bit), installation of a cement spacer (Fig. 11, b); its
removal and installation of a Wagner-type revision
stem (Fig. 11, c).

The greatest difficulties are caused by the removal
of the distal fixation stem of Zweymuller type, or an-
other design.

It is mostly impossible to mobilize such stems
even with the help of flexible bits. However, we al-
ways try to use them first and loosen the stem.
Sometimes this works, which significantly reduces
the trauma of the intervention and facilitates the in-
stallation of a spacer or revision stem.

Clinical example No. 5

A 72-year-old patient Y. was diagnosed with
late periprosthetic infection of the left hip joint

Fig. 11. Patient L. Radiographs "before" and "after" surgical
interventions: periprosthetic infection of the right hip joint (a);
condition after revision, installation of a cement spacer (b); after
revision arthroplasty (c)

(Fig. 12, a). A two-stage revision arthroplasty was
performed —removal of the prosthesis components,
replacement of defects with a metal-cement spacer
(Fig. 12, b) with its subsequent removal (Fig. 12, c)
and installation of a Kerboull ring, cement cup and
cementless Wagner stem. Due to the destruction
of the proximal femur, it became possible to effective-
ly remove the femoral component of the distal fixa-
tion using a flexible bit.

Most often, an extended proximal femoral oste-
otomy must be performed. Preliminary work with
the use of a flexible bit facilitates and accelerates
the mobilization of the stem after femoral osteotomy.

Clinical case No. 6

A 62-year-old patient G. was diagnosed with
late periprosthetic infection of the right hip joint
(Fig. 13, a). Condition after two-stage revision ar-
throplasty: revision of the right hip joint, extend-
ed proximal osteotomy of the right femur, removal
of endoprosthesis components, metal osteosynthesis
of the proximal femur with a cable system (Fig. 13, b).
At the second stage, the defects of the acetabular fos-
sa were repaired with biphasic ceramic granules and
allografts, an augment, a cement cup and a revision
pedicle were installed, and the upper third of the fe-
mur was fixed with tape (Fig. 13, c).

Removal of broken stems

Fracture of the femoral component accounts for
approximately 1% of revisions after primary total hip
arthroplasty [22, 23].

It is quite easy to remove the proximal part
of the stem, but the distal part is usually well fixed
in the femoral canal and it is very difficult to reach
it. Such cases are more common with long stems and
revision modular ones [24, 25].

There are special devices for this, for example,
a technique in which, after osteotomy of the femur
at the level of the stem fracture, a hole is first made
in the distal part of the stem to a depth of 1-1.5 cm

Fig. 12. Patient Y. Radiographs “before” and “after” surgical
interventions: periprosthetic infection of the left hip joint (a);
after revision, installation of a metal-cement spacer (b); after
revision arthroplasty (c)

Fig. 13. Patient G. Radiographs “before” and “after” surgical
interventions: periprosthetic infection of the right hip joint (a);
after revision with extended proximal osteotomy (b); after revision
arthroplasty (c)
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with a drill, then a thread is cut with a tap, a removal
tool is screwed into this hole, after which the stem is
removed with a hammer (Fig. 14).

Clinical example No. 7

A 77-year-old patient K. was diagnosed with late
periprosthetic infection of the left hip joint. Condi-
tion after two-stage revision arthroplasty: removal
of prosthesis components, replacement of the de-
fect with a metal-cement spacer (Fig. 15, a), re-
moval of the spacer, installation of a revision stem
(Fig. 15, b). Fracture of the modular stem of the left
hip joint endoprosthesis (Fig. 15, c). Condition after
revision arthroplasty, femoral osteotomy, removal
of a stem fragment, replacement of the modular stem
(Fig. 15, d).

As arule, an extended proximal femoral osteoto-
my [26] or a “window” [27, 28] is used.

It is better to form a “window” immediately dis-
tal to the end of the stem and apply force by direct
blows to the stem in the distal-proximal direction. In
order to reach the distal part of the stem after its dis-
placement in the proximal direction, metal cylinders
2-3 cm long and 8—-10 mm in diameter are immersed
in the femoral canal. This gives a possibility to apply
force directly to the end of the stem without addition-
al trauma to the femur.

Clinical example No. 8

A 50-year-old patient S. was diagnosed with late
periprosthetic infection of the right hip joint, fracture
of the endoprosthesis stem (Fig. 16, a). Condition af-
ter one-stage revision endoprosthesis of the right hip
joint, “window” osteotomy of the femoral diaphysis,

Fig. 14. Removal of the distal
part of the broken stem using
a tap in a clinical example

removal of the broken stem, installation of the revi-
sion construct stem (Fig. 16, b).

Discussion

Our study emphasizes the importance of an in-
dividual approach and careful preoperative planning
during the removal of stable endoprosthesis stems.

Literature review and our own clinical experi-
ence show that the choice of endoprosthesis remov-
al technique depends largely on the type of fixation
and stem design. This is consistent with the data
of J. M. Laffosse, who also emphasizes the need for
a differentiated approach to the removal of different
types of endoprostheses [11].

During the removal of cement stems, we encoun-
tered the problem of removing the cement mantle, es-
pecially in the case of polished stems. This issue was
also described in the work of F. Pipino, who proposed
the “cement-in-cement” technique for cases where
complete cement removal is not possible [10]. How-
ever, unlike Pipino, we believe that for the treatment
of periprosthetic infection, the cement should be re-
moved completely. This is consistent with the recom-
mendations of the Second International Consensus
Conference on Periprosthetic Infection [4].

For the removal of unpolished cement stems, we
often used a “window” osteotomy. This method is
also described by K. A. Zweymuller et al., who em-
phasize the effectiveness of this technique for remov-
ing cemented stems [20].

Regarding cementless stems, our experience
shows that proximally fixed stems are usually easier
to remove than distally fixed stems. This is in line
with the findings of R. P. Shah et al., who described
a technique using Steinmann pins to remove well-
fixed cementless stems [21].

For distally fixed stems, we often used an extend-
ed proximal femoral osteotomy. This technique is de-
scribed in detail by T. I. Younger et al. and remains
an effective method for difficult cases [13].

We paid special attention to the problem of remov-
ing broken stems. We used both special instruments

Fig. 15. Patient K. Radiographs “before” and
“after” surgical interventions: after revision
of the left hip joint, removal of components
and replacement of the defect with a metal-
cement spacer (a); after revision arthroplasty
(b); fracture of the modular stem of the
endoprosthesis (c); after revision arthroplasty,
osteotomy of the femur, removal of a stem
fragment, replacement of the modular stem

@
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Fig. 16. Patient S. Radiographs “before” and “after” surgical
interventions: fracture of the endoprosthesis stem (a); after
revision arthroplasty, removal of the broken stem and its
replacement (b)

(e. g., the tap technique) and osteotomy. This is con-
sistent with the approach described by P. Wahl et al.,
who also emphasize the effectiveness of osteotomy
for removing broken stems [26].

Our study has certain limitations. First, a com-
parative analysis of the effectiveness of different en-
doprosthesis removal techniques was not conducted.
Second, long-term results after revision endoprosthe-
sis using different stem removal techniques were not
presented. These aspects may be the subject of fur-
ther development.

Despite the listed limitations, this study has im-
portant practical significance. The proposed intra-
operative procedure allows for optimizing the de-
cision-making process depending on the type
of prosthesis fixation. This may contribute to improv-
ing the results of revision hip arthroplasty and reduc-
ing the risk of intraoperative complications.

Conclusions

Removal of stable hip joint endoprostheses is
a complex surgical task that requires an individual
approach and careful preoperative planning.

The choice of technique depends on the type
of fixation (cemented or cementless) and the design
of the endoprosthesis stem. Cemented polished stems
are usually easier to remove, but difficulties may arise
with removing the cement mantle. Cementless stems
with distal fixation often require more aggressive re-
moval techniques.

The main methods of removal are using special
instruments (extractor, chisel), “window” osteoto-
my, extended proximal osteotomy and transfemoral
osteotomy. The choice should be based on the prin-
ciple of minimal trauma, considering the possibility
of subsequent revision endoprosthesis.

Special techniques or instruments may be re-
quired when removing broken stems. In such cases,

a “windowed” or extended proximal femoral osteoto-
my is often effective.

It is recommended to have several alternative sur-
gical plans with appropriate material support to allow
intraoperative changes in tactics. It is better to start
with the least traumatic techniques, moving to more
aggressive ones only if necessary.

The proposed sequence of intraoperative actions
allows for optimizing the decision-making process
depending on the type of prosthesis fixation, which
contributes to improving the results of revision hip
arthroplasty.
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