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Complex revision hip arthroplasty
for aseptic implant instability
with 3D-modeling
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The increasing number of hip replacement surgeries in the world-
wide practice causes the progressive increase in revision cases.
The treatment of patients with instability of the hip implants requires
the individual approach, taking into account the size of the defect,
the loss of bone mass and the structural state of the bone in each
case. Objective. To show the technical opportunities of the revision
cementless implants in combination with 3D-modeling for the treat-
ment of acetabulum massive defects. Methods. It was shown the cli-
nical case of hip replacement surgery of the patient with the aseptic
instability of endoprosthesis components. A 3D-model of the pel-
vis and femur was created on the basis of the CT scan in order
to make an analysis of bone tissue defects and to select the exact
size of implant components for revision surgery. Results. It was sug-
gested a standardized methodology of the preoperative examina-
tion to make the high-tech operation easier and maximally effective.
1t is necessary not only to take into account the results of the X-ray
analysis, but also to pay attention to all changes in the damaged
segments. It was shown that the real plastic model make the work
of the surgeon easier during all steps of the treatment. The oppor-
tunity to use the standard revision components for the restoration
of the complex geometrically shaped bone was demonstrated with
the good nearest clinical and radiological and functional results.
Conclusions. The success of the revision arthroplasty depends on
the carefully preoperative planning, the maximum approximation
of the parameters of the artificial joint to the anatomical parameters
of the patient and biomechanics of the hip join. No less important is
the individual recovery program during the postoperative period.
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L]opiune icmomue 36inbweHHs KITbKOCMI onepayii nepeuHHo-
20 enoonpomesy8ants KyIouloGUx cyenobie y ceimosii npax-
muyi npu3eooums 00 NpopecusrHo20 NioGUUeHHs GUKOHAHUX
pesisitinux empyyans. JIiKy8anHsa nayieHmis i3 HecmaobiIbHiCIIO
KOMNOHEHMIB KVIbULOB020 CYeno6a umazae iHousioyaibHo2o nio-
X00Y 8 KOJCHOMY 8UNAOKY 3 YPAXYBAHHAM SeIUUUHU OeheKmy)),
8MpayeHoi KiCMKo80i Macu i cmpykmypHO20 CMAaHy KiCmKU.
Mema. [loxkazamu mexuiuHi MONCIUBOCMI PeBI3IUHUX Oe3ye-
MEHMHUX IMRAAHMAMIE 3a YMO8 MACUBHUX 0eheKmis KICmK08oi
mranunu. Memoou. Haseoeno KiiniuHuil 6unadox pesizitinoco
eHOONPOMe3y6anHs KYIbo80o2o cy2a100a 6 nayieHmku 3 dacen-
muuHolo HecmabinbHicmio Komnonenmie enoonpomesa. Ha
niocmasi pesynemamie KT cmeopeno 3D-modenv masza ma
cme2no6oi Kicmku 01 ananizy oegexmie Kicmrkogoi mKaHUHU
i mounozo niobopy komnonenmie enoonpomesa. Pesyromamu.
3anpononosano cmaroapmu308any Memoouxy nepedonepayitiHo2o
obcmedicens 0N Noae2uleH s Ma MAKCUMATbHOT epekmusHoc-
mi gucokomexHonoziunoi onepayii. Haeonowieno na neobxionoc-
mi 8paxo8ysamu 6Ci 3IMIHU YUIKOOJICEHUX Ce2MeHMis, a He uule
pesyrbmamu ananizy penmeenoepam. Ioxasano, wo euxopuc-
MAHHS PeanrbHOi NIACMUKOB0I MOOEl 3HAYHO noe2uye pobomy
Xipypea Ha ecix emanax nikysauua. IIpodemoncmposano moic-
JUBICMb GUKOPUCMAHHSL CMAHOAPMHUX PEGIZIUHUX KOMNOHEHMI6
015l GIOHOGAEHHS BeUKUX Oeqhekmie KicmKu CKIAOHOI 2eomem-
PUUHOT popmu 3 XOpOwUM HAUOIUNCUUM KIIHIKO-peHmeeHOo-
J02iYHUM | hyHKyionanrbHum pesyrbmamom. Bucnoexu. Yenix
Pesizilino2o eH0onpome3y8anis 3a1edlcums 6i0 pemenbHo20
nepeoonepayitinozo niaHyeanus, MaKkCUManibHo20 HaOIUICEHHS
napamempie wmyunoeo cyenoba 00 aHamomiuHux napamempis
nayicuma i 6iomexaniKu Kyavuio8oeo cyenoba. He menw easic-
JUB0IO € THOUBIOYANbHA npocpama peadbinimayii ¢ niciionepa-
YitiHOMY nepiooi.
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Introduction

Endoprosthetic replacement is currently the most
effective surgery for the treatment of injuries and
diseases of the hip joint. This is confirmed by the ever-
increasing number of these transactions around
the world. The leader is the United States, where,
since 2018, more than 800,000 operations are per-
formed annually, and more than 1.5 million per
year in the world as a whole [1-3]. It is known that
the 15-year survival of the endoprosthesis in the best
clinics in Europe and the United States is 85-95 %
[4, 5]. The main causes of unsatisfactory results
are various types of instability of the components
of the endoprosthesis, pain and dysfunction [5].

Aseptic endoprosthesis instability refers to the dys-
function of implants without any mechanical cause or
infection. There is a deviation of the dynamic balance
at the «bone — implant» boundary in the case of ce-
mentless fixation of the endoprosthesis and «bone —
cementy in the cement one, which leads to inflamma-
tory reactions in the joint [1, 6, 7].

The load and movement of the endoprosthesis be-
come factors of wear on hinged surfaces and joints,
where there is micromovement. The main source
of wear products under normal conditions is the bear-
ing surface of the cup, made of ultra-high molecular
weight polyethylene (UHMWP). At each stage, many
particles are formed, and most of them are less than
1 um in diameter. The cells of the patient’s immune
system react to polyethylene particles as foreign ma-
terial and initiate a complex inflammatory reaction.
This response leads to focal bone loss (osteolysis),
bone resorption, loosening and/or bone fracture
[8-10].

The degree of destruction of bone tissue depends
on the method of fixing the components of the endo-
prosthesis during the audit, its reliability and the term
of effective functioning of the endoprosthesis [11, 12].

The aim of the study: to show the technical capa-
bilities of revision cementless implants under condi-
tions of massive bone loss.

Material and methods

The study was approved by the Committee on Bio-
ethics at the municipal non-profit institution «Odesa
Regional Clinical Hospital» of Odesa Regional Coun-
cil (Minutes No. 5 of 19.02.2021). The patient volun-
tarily signed an informed consent.

A clinical case of revision hip arthroplasty due to
aseptic instability of endoprosthesis components is
presented. A 3D model of the pelvis and femur was
used to assess bone defects and accurately select en-
doprosthesis components.

Clinical example

A Sl-year-old patient L. was admitted to the or-
thopedic and traumatology department of the munici-
pal non-profit institution «Odesa Regional Clinical
Hospital» of Odesa Regional Council with pain and
restriction of movement in the left hip joint, impaired
leaning ability of the left lower extremity. According
to the patient, there was not any recent injury.

According to history, the patient since birth has
suffered from dysplasia of both hip joints. In 2008,
due to the progressive course of the dystrophic-
degenerative process, pain, dysfunction in the left
hip joint, total endoprosthesis (TEP) replacement
was performed. In 2015, due to pain and dysfunc-
tion in the right lower extremity, a cementless TEP
of the right hip joint with bone grafting of the upper
wall of the acetabulum was performed.

At the time of her visit, the patient was moving
with crutches, with a moderate load on the left lower
limb. Soft tissues of the left hip joint were without
visible signs of inflammation. Moderate soft tis-
sue edema of the left hip was found. The contours
of the soft tissues were slightly smoothed. Reduction
of the left lower limb by 2 cm. Active and passive
movements in the left hip joint were limited due to
pain. There were no vascular or neurological abnor-
malities in the left lower extremity.

The protrusion of the acetabular component with
its complete displacement and defect of the bone tis-
sue of the acetabulum type 3B according to Paprosky,
of the femur type 1A according to Paprosky were de-
termined radiologically (Fig. 1).

Results and their discussion

To clarify the diagnosis and choose further treat-
ment tactics the patient underwent:

— puncture of the hip joint in 3 areas with sub-
sequent cytological and microbiological studies to

Fig. 1. Radiologial image of a patient L. on admission
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exclude infectious etiology of the process. The growth
of microflora was not detected;

— analysis of laboratory parameters: C-reactive
protein (negative) and ESR (15);

— CT of the pelvis with 3D-reconstruction and cre-
ation of a plastic copy [13] of the pelvis and femur
of the patient (Fig. 2).

Examination showed thinning of the upper wall
of the acetabulum with the presence of multiple cysts,
some of which were pervasive. Due to a large defect
of the posteroinferior segment, the acetabulum ac-
quired an ellipsoidal shape with anterior-posterior di-
mensions of 67 mm, upper-lower of 49 mm.

The final diagnosis was made as follows: bilateral
dysplastic coxarthrosis of the third degree. Condition

Fig. 3. Modular revision system

Fig. 4. Modular cementless revision leg

after TEP of the right hip joint with bone autoplasty
of the upper wall of the acetabulum (2015). Aseptic
instability of left hip endoprosthesis components,
condition after TEP (2008).

Preoperative period involved several main stages:

— assessment of the general condition of the pa-
tient taking into account the expected extremely trau-
matic surgery;

Fig. 5. Selection of the acetabular component using a 3D model

Fig. 6. Intraoperative photo

Fig. 7. Radiological image of a patient L. after arthroplasty
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— laboratory puncture (multiple) diagnosis of the sep-
tic nature of instability;

— analysis of radiographic images of the pelvis and
hip joints;

— CT with subsequent creation of a 3D model
of polymer using 3D printing.

— selection of appropriate serial components
of the endoprosthesis according to the 3D model
of the pelvis and femur: acetabular component —
a modular revision mechanical system made by «tra-
becular titanium» technology, which consists of an
inspection cup and trabecular augment (Fig. 3). If
necessary, together with the acetabular component,
an angular spacer is used, i. e. an implant that pro-
vides a possibility to change the position of the liner
relative to the cup to correct the inclination angle
(10° or 20°) and add side shifting (5 mm) to restore
the center of rotation (Fig. 3). The femoral component
is a modular cementless inspection leg (Fig. 4).

After preoperative preparation, the patient under
spinal anesthesia in the lateral position underwent an-
terior external access to the hip joint. Samples were
taken for bacteriological and cytological analysis
from the joint cavity. The audit revealed a significant
amount of scar tissue, instability of the acetabular
and femoral components of the endoprosthesis, which
were removed.

Visually, the bone defects corresponded to 3D mo-
dels of the pelvis and femur. A trial acetabular com-
ponent was selected (Fig. 5).

Restoration of the defects of the acetabulum was
made with a small crumb of auto- and allobone.
The acetabular component with augment was in-
stalled and fixed with spongy screws. To increase
the stability of the head in the cup, the acetabular tilt
angle was corrected by a 20° spacer. A polyethylene
liner was installed.

The femoral rasp prepared the bed for the femoral
component of the endoprosthesis. Due to the thin cor-
tical layer of the femur, the proximal part of the fe-
mur was strengthened with cerclages. A cementless
modular femoral component was installed. The endo-
prosthesis head was selected. The thigh was straigh-
tened (Fig. 6).

As a result of the audit TEP, a sufficient amount
of movement was achieved. The length of the lower
extremities was the same. X-ray control was per-
formed (Fig. 7).

Postoperative wound healing was by the primary
tension. Starting from the 10th day after surgery and
for the next 3 months. the patient was on rehabilita-
tion treatment according to an individual program in
the rehabilitation sanatorium of Odesa.

Conclusions

A significant annual increase in the number of pri-
mary hip arthroplasty operations in the world leads
to a progressive increase in revision interventions.
Instability of the hip arthroplasty requires individual
approach to each patient taking into account the size
of the defect, lost bone mass and bone condition. This
example illustrates the facilitation of the surgeon’s
work due to preoperative planning using 3D-recon-
struction of the pelvis and femur based on CT results.

The success of revision arthroplasty depends on
careful preoperative planning, the maximum ap-
proximation of the artificial joint to the anatomical
parameters of the patient, as well as the biomechanics
of the hip joint. No less important is the individual
mode of rehabilitation of the patient in the postopera-

tive period.
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