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PREOPERATIVE PLANNING OF HIP ARTHROPLASTY
Minasov BSh, Yakupov RR, Bilyalov AR, Minasov TB, Valeev MM, Mavlyutov TR, Nigamedzanov |E, Akbashev VN &, Karimov KK
Bashkir State Medical University, Ufa, Russia

Preoperative planning of hip arthroplasty provides surgeons with a unique opportunity of thorough investigation of the patient’s anatomy, allows them to determine
optimal implant size and position, as well as to prevent potential complication. Advances in digital technology enable expansion of opportunities of preoperative
planning due to using three-dimensional modeling. The study was aimed to compare precision of the three-step preoperative planning of hip arthroplasty and the
standard method. Methods: The study involved 224 patients with various forms of degenerative and dystrophic diseases of the hip joint, who were divided into the
index and control groups based on the planning method. In the index group, preoperative planning of arthroplasty was conducted in three steps: assessment of
bone density in the zones of fixation based on CT; virtual design involving the use of automated programs; 3D model construction based on the computer model.
X-ray images and endoprosthesis templates were used in the comparison group. The results showed that there were no significant differences between planning
methods in patients with osteoarthritis and avascular necrosis of the femoral head (p > 0.05), in contrast to the group with traumatic hip joint pathology showing
significant differences (o, = 0.002). Conclusions: the three-step algorithm for preoperative planning of hip arthroplasty showed higher efficacy in patients with various
nosological forms of degenerative and dystrophic diseases of the hip joint compared to the standard method.
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NPEAONEPALMNOHHOE NMJIAHUPOBAHUE APTPOIMJNIACTUKN TASOBEPEHHOIO CYCTABA

B. L. MuHacos, P. P. flkyrnos, A. P. bunanos, T. B. MuHacos, M. M. Banees, T. P. Masntotos, 1. 3. HuramenssaHos, B. H. Akbalues =,
K. K. Kapvmos

Baluknpckuii rocyAapCTBEHHbIN MEOVLIMHCKNIN YHMBEPCUTET, Ydha, Poccus

[MpenonepaLyoHHoe NnaHnpoBaHne apTponnacTuki TEC NpeaocTaBnseT XvpypramMm YHUKaIbHYO BO3MOXXHOCTb TLLATENIBHOIO U3YYEHWst aHaTOMUM MauueHTa,
MO3BOMAET OMNPeneNUTb ONTUMaUTbHBIA Pa3Mep, MO3MLMOHMPOBaHE UMMIaHTa, a Takke NpedynpeanTb NoTeHUMabHble OCNoXXHeHUs. PassuTrie umhpoBbIX
TEXHOMOMMIA MO3BOSISET MOBbICUTL BO3MOXHOCTV MPEA0NEPALIMOHHOMO MNaHMPOBaHNSA 3a CHET NCMOSb30BaHNA TPEXMEPHOrO MoaenpoBaHus. Liens: nposectn
CpaBHEHME TOYHOCTW TPEX3TanHOro MPeAonepaLyioHHOro NaaHMpoBaHKst apTpornacTukn TBC Mo cpaBHEeHWIO CO CTaHapTHbIM MeTofom. B uccnenoBaHvie
ObINO BKMOYEHO 224 MaupeHTa ¢ pasnm4HbiMi hopMamMi AereHepaTuBHO-ANCTPOdmHeCcKmX 3abonesaHnii TBC, koTopble Bbinn pa3aeneHbl Ha OCHOBHYIO 1
KOHTPOJIbHYIO FPYMMy B 3aBUCUMOCTW OT MeToAa NMiaHMpoBaHuist. B rpynne nccnenoBaHms npeaonepauyoHHoe NiaHnpoBaHne apTpomniacTvkn MpoBOAMIIOCH
B TPpW 3Tana: oLjeHka NIoTHOCTU KOCTHOW TKaHW B 061acTy OMOPHbIX 30H Ha ocHOBaHUW KT-Tomorpadun; BUpTYyanibHOe MPOEKTUPOBaHWE C UCMOb30BaHEM
aBTOMaTU3MPOBaHHbIX MpPOorpamMMm; unarotosneHve 3D-mMopen Ha OCHOBE KOMMbIOTEPHOrO MOAENMPOBaHWsA. B rpynne cpaBHeHVs MCnonb3oBanm
pEHTreHorpaMMbl 1 LLIAGMOHbLI 3HAOMPOTE3a. Pe3ynsTaThl Mokasanm, YTo CTaTUCTUYECKM 3HAYUMON PasHULbI MeXAy METOLaMU MIaHUpOBaHUst He Oblo Y
naumeHToB, CTPafatoLLMX OCTEOAPTPO30M 1 aBaCKYNSPHLIM HEKPO30OM rofoBkM 6efpa (o > 0,05), B oTAnYMe OT rpynnbl C MOCTTpaBMaTUYECKON NaTonoruem
TBC, y KoTopoi oTMevaack CTatucTU4eckm sHaunmas pasHiua (o, = 0,002). BbiBob!: anropyT™ TPEXaTarnHo MEeTOAMKIA NPefonepaLioHHOro MiaHMpoBaHs
apTtponnactukn TEC nokasan 6onee BbICOKYIO 3PMPEKTUBHOCTb ANA NALMEHTOB C PA3NIM4HON HO30MOMMHECKON (DOPMOW AereHepaTnBHO-ANCTPOMUHECKIX
3abonesaHuin TBC no cpaBHEHUIO CO CTaHAAPTHbIM METOAOM.
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In recent decades, the share of high-tech medical care in
traumatology and orthopedics dramatically increased,
including endoprosthetic replacement of major joints in the
lower limbs: hip and/or knee joint [1]. Total hip replacement
(THR) is a standard surgical procedure used for treatment of
severe disorders [2]. The main purpose of hip replacement is
pain relief and functional lower limb restoration allowing the
patient to return to active role and improve his/her quality
of life. When performing total hip replacement (THR), the
endoprosthesis acetabular component and stem should
have appropriate component size and position, which is
essential for achieving good functional outcome and longevity
of the prosthesis. However, incorrect positioning or sizing
of the endoprosthesis components increases the risk of
intraoperative and postoperative complications, such as limb
lengthening or shortening, intraoperative fractures, aseptic
loosening, dislocation of the endoprosthesis head, etc. [3].
All these contribute to postoperative pain in the operated
joint, instability and premature failure of the endoprosthesis
components, thereby bringing dissatisfaction to the patient
and reducing his/her quality of life [4]. Joint replacement
of any type requires preoperative planning and intraoperative
control. Preoperative planning is of utmost importance for
optimization of the THR outcome. It helps the surgeon to
visualize the final implant position after thorough assessment of
clinical and radiography data [5]. In case of primary arthroplasty,
preoperative planning can be performed using standard
x-ray images, 2D templates or appropriate software. When
performing primary arthroplasty in patients having a history of
injury, osteotomy, surgical procedures, preoperative planning is
hampered by non-compliance with the radioanatomical criteria.

Superimposition of the endoprosthesis templates onto the
standard x-ray image of the hip joint for accurate sizing and
positioning of the acetabular and femoral endoprosthesis
components represents a conventional method of preoperative
planning of THR.

Three-dimensional planning makes it possible to more clearly
define the patient’s unique anatomical features and reference
points and ensures optimal visualization for preoperative implant
sizing. The 3D planning methods allow one to more accurately
determine the size of the endoprosthesis acetabular component
and stem (96-100%) compared to 2D templates (16-43%). The
results confirm superiority of 3D methods over 2D templates in
terms of implant sizing accuracy. The computed tomography
data used in 3D planning represent an appealing alternative to
navigation for restoration of the limb length and axis [6-9].

The lack of unified approaches to planning of surgical
treatment prevents achieving identical treatment outcomes
in similar clinical situations. It is necessary to create certain
preoperative planning algorithm for selection of treatment
tactics in patients with various joint disorders.

The study was aimed to compare the effectiveness of the
three-step preoperative planning of hip arthroplasty based on
the nosological form of degenerative and dystrophic disease of
the hip joint and that of the standard method.

METHODS

Comparative analysis of outcome estimates for various methods
of preoperative planning of THR was conducted. A total of 224
patients were enrolled. Inclusion criteria: grade llI-IV (Kellgren &
Lawrence classification) primary (idiopathic) osteoarthritis of the
hip associated with grade Ill or more joint function impairment;
grade II-lll aseptic necrosis of the femoral head with severe
pain; post-traumatic condition (condition after osteosynthesis
for proximal femur or acetabulum fractures) with complications
in the form of post-traumatic ostheoarthrosis or nonunion,
and individuals in need of hip arthroplasty. The diagnosis was
established based on the clinical and anamnestic data, as
well as using instrumental assessment methods (radiography,
computed tomography and magnetic resonance imaging).
Exclusion criteria: infectious inflammatory disease of the

Fig. 1. Determination of bone density in the zones of fixation located in the acetabular area based on the horizontal (A, B, C) and frontal (D, E, F) CT scans of the
73-year-old patient: at the level of inferior acetabulum (A); at the level of the acetabulum middle part (B); at the level of superior acetabulum (C) (Average total bone
density according to the Hounsfield scale — 30.65 HU.); at the level of posterior acetabulum (D); at the level of the acetabulum middle part (E); at the level of anterior
acetabulum (F). (Average total bone density according to the Hounsfield scale — 30.09 HU.)
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Fig. 2. Determination of bone density in the zones of fixation located in the acetabular area based on the sagittal, horizontal and frontal CT scans of the 73-year-old
patient. A. Bone density estimation based on the sagittal scan. B. Bone density estimation based on the frontal scan. C. Bone density estimation based on the
horizontal scan. (Average total bone density according to the Hounsfield scale — 869.13 HU.)

affected segment; concomitant somatic disorders representing
absolute contraindications to surgery; no informed consent
submitted by the patient, age under 18 years. All patients
were divided into two groups: index group (116 people) and
comparison group (108 people). The index group was divided
into three subgroups: 34 patients with ostheoarthrosis (average
age 60.8 + 7.2 years), 30 patients with avascular necrosis of
the femoral head (average age 43.9 + 7.9 years), 52 patients
with post-traumatic hip joint disorders (patients of this group
underwent osteosynthesis for fractures of the femoral neck,
trochanter region of the femur, acetabulum of the pelvis, etc.)
(60.2 + 11.1 years). The comparison group was also divided
into three subgroups: 33 patients with ostheoarthrosis (average
age 61.3 + 6.8 years), 29 patients with avascular necrosis of the
femoral head (42.6 + 8.4 years), 46 patients with post-traumatic
hip joint disorders (69.3 + 12.7 years). The average age of all
surveyed patients was 57 + 6.2 years, 119 people (53.12%)
were females, 105 people (46.87%) were males.

In the index group (n = 116), preoperative planning of hip
arthroplasty was performed in three phases.

In the first phase, bone density in the acetabular and
femoral areas was determined in three planes based of the
hip joint computed tomography (CT) data using the Hounsfield
scale. Bone density was assessed around the perimeter of
the zones of fixation considering the planned implant location
and installation site. Determination of the zone with optimal

bone density and the regions with reduced bone density,
osteosclerosis, cysts and various defects was an important
criterion of the endoprosthesis installation and positioning.
When performing preoperative planning in patients having a
history of osteosynthesis, it was difficult to determine bone
density in the zones of fixation due to the presence of “metal
artifacts” (Fig. 1 and 2).

In the second phase, the TraumaCad v. 2.4 software
(Brainlab; USA) was used to determine the optimal size and
position of the endoprosthesis components. For that x-ray
image of the pelvis with the hip joint was uploaded to the
program, over which the digital template of the endoprosthesis
femoral and acetabular components was superimposed.
However, when performing preoperative planning of
endoprosthetic replacement using software, complete proximal
femur visualization was hampered by the presence of surgical
hardware (Fig. 3).

In the third phase, the Geomagic Studioc (Raindrop
Geomagio Inc.; USA) and 3D Slicer (Copyright 2023, Slicer
Community; USA) software was used for virtual installation
of the endoprosthesis components following construction
of a volumetric model of the baseline condition (Fig. 4). This
phase enabled estimation of the segment anatomy distortion,
more accurate adjustment of the endoprosthesis positioning,
provision of starting biomechanics, and determination of the
hip arthroplasty tactics. In cases of severe hip joint deformities,

Fig. 3. Survey frontal x-ray image of the pelvis and the right hip joint of the 73-year-old patient. Diagnosis: condition after osteosynthesis involving the use of the DHS
system. False joint of the right femoral neck. A. X-ray image acquired at admission to surgery — osteosynthesis of the right femur involving the use of the DHS system.
B. X-ray image acquired after osteosynthesis involving the use of the DHS system. C. Sizing and positioning of the endoprosthesis components using the TraumaCad
v. 2.4 software. (Planned size of the acetabular component — 50, femoral component — 4)
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Fig. 4. Female patient, 73 years. Comparison of the endoprosthesis component dimensions during preoperative planning based on volumetric modeling performed
before and after hip arthroplasty. A. Volumetric model of the right hip joint with virtual installation of the endoprosthesis components (planned size of the acetabular
component — 52, femoral component — 6). B. Survey x-ray image of the pelvis and right hip joint after installation of endoprosthesis, the dimensions of acetabular and

femoral components corresponded to the planned dimensions

computer modeling was combined with 3D printing of the
affected segment before and after hip arthroplasty (Fig. 5).

In the control group (n = 108), preoperative planning
was performed by standard methods: posterioanterior x-ray
images of the pelvis with the hip joint were used, over which
the templates of the endoprosthesis components (draft) were
superimposed to determine the implant size.

Preoperative planning was followed by surgical treatment,
THR, in both studied groups.

RESULTS

The results were assessed based on the match of the
endoprosthesis component dimensions determined before
and during surgery (intraoperatively). The index group patients
with osteoarthritis and avascular necrosis of the femoral
head showed higher implant sizing accuracy, however, it was

comparable with that of the control group (p > 0.05). The
subgroup with post-traumatic disorders showed significant
differences in the accuracy of the intended endoprosthesis
component size determination between the index and the
control groups (p, = 0.002). The main results and the implant
sizing accuracy depending on the disease entity and the
preoperative planning method are provided in Table 1 and Fig. 6.

DISCUSSION

Comparability of the results of the index and control group
patients with osteoarthritis and aseptic necrosis could result
from minor anatomy distortion in the segment of the pelvis and
the lower limb, while in patients with post-traumatic disorders
the planned endoprosthesis component dimensions in controls
did not match actual size in more than a half of cases, which
suggested low effectiveness of standard planning method

Fig. 5. Patient, 45 years. Preoperative planning based on volumetric prototyping. A. Printed 3D model of the hip joint before arthroplasty. B. Printed 3D model of the
hip joint after arthroplasty. C. Preoperative planning of the right hip arthroplasty based on volumetric modeling

Table 1. Endoprothesis component sizing accuracy depending on the nosological form of degenerative and dystrophic disease of the hip joint (%)

Osteoarthritis (subgroup 1)

Avascular necrosis of the femoral Post-traumatic disorder

head (subgroup ) (subgroup )
Control group Index group Control group Index group Control group Index group
Number of people n=33 n=234 n=29 n=230 n=46 n=>52
Endoprothesis component sizing accuracy (%) 81.82 85.29 (p,=0.7) 82.76 86.67 (p, = 0.68) 47.83 78.85 (p, = 0.002)

Note: p_ — significance of differences from controls.

BECTHVK PIMY | 6, 2023 | VESTNIKRGMU.RU



90 —
80 —

S 70 -

>

(]

g 60—

>

(&)

S 50—

(@)]

N 40—

w

£ 30

3

o

£ 20
10
0_

Index group

Fig. 6. Implant sizing accuracy when using different preoperative planning methods

in this group of patients due to more prominent segment
anatomy distortion resulting from fractures, osteosynthesis
or reconstructive surgery, as well as to the hip joint anatomy
distortion, impaired joint congruence, secondary pelvic and spinal
deformities, lower limb shortening by more than 3 cm [10-12].

The analysis resulted in creation of the algorithm for
selection of preoperative planning method based on the forms
of degenerative and dystrophic diseases of the hip joint and
severity of the hip joint anatomy distortion (Table 2).

CONCLUSIONS

The proposed approach to selection of preoperative planning
technique makes it possible to accurately determine the

ORIGINAL RESEARCH | SURGERY

B Osteoartritis
[l Aseptic necrosis

[ Post-traumatic disorder

Control group

endoprosthesis component dimensions and contributes
to correct orientation and positioning of the endoprosthesis
components during hip arthroplasty. The proposed algorithm of
the three-step method showed higher effectiveness of preoperative
planning and personalized design for patients with various
nosological forms of degenerative and dystrophic diseases of
the hip joint compared to the standard method, it also enabled
accurate endoprosthesis component sizing. Preoperative
planning of hip arthroplasty by the proposed method allows one
to assess the disease characteristics at the local and systemic
levels. The most challenging situations are observed in patients
with post-traumatic disorders of the hip joint. This is due to
the fact that patients of this group usually show severe bone
disruption in the femoral and acetabular zones of fixation.

Table 2. Selection of preoperative planning technique based on the form of degenerative and dystrophic disease of the hip joint

Groups of patients

Preoperative planning phases

Patients with avascular necrosis of the femoral head, primary osteoarthritis
and no prominent anatomy distortion

Determination of bone density in the acetabulum and zones of fixation
based on CT in accordance with the Hounsfield scale

Using the automated software to determine the endoprosthesis component
dimensions based on 2D design

Patients with avascular necrosis of the femoral head, primary osteoarthritis
and prominent anatomy distortion (secondary deformities of the spine and
pelvis, rigidity, lower limb shortening by more than 3 cm)

Patients with post-traumatic disorders of the hip joint having a history of
various types of proximal femur surgery (osteosynthesis) or acetabular
fractures

Determination of bone density in the acetabulum and zones of fixation
based on CT in accordance with the Hounsfield scale

Using the automated software to determine the endoprosthesis component
dimensions based on 2D design

Preoperative planning involving construction of volumetric 3D models
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