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Abstract
Background. 3D imaging tools significantly expand the ability to assess the bone tissue condition, 

both in terms of its qualitative properties and in terms of accurate determination of bone defect 
geometry and volume. The purpose of the study was to determine the 3D imaging potential for the 
preoperative planning and correction of surgical tactics in hip arthroplasty. Materials and Methods. A 
retrospective analysis of the preoperative planning of 110 primary and revision hip arthroplasties with 
3D imaging was performed. The following specialized software were employed: RadiAnt DICOM Viewer 
file converter — for 3D models production; 3D/CAD designers — for volumetric models processing 
and correction; InVesalius 3.0 program — for bone density evaluation by the Hounsfield scale; K-Pacs 
— for viewing MSCT and X-ray images. All patients underwent pelvic bones radiography in the front 
and anterior-lateral planes. Post-traumatic acetabular deformity was described in accordance with 
the X-ray picture in each individual clinical case. For revision arthroplasty, the acetabular defect was 
determined according to the W.G. Paprosky classification. In 36 patients (32.7%), the acetabulum 
defect was the result of trauma. In 74 patients (67.3%), the cause of surgery was endoprosthesis 
components loosening. Results. In 80% of cases (88 patients), the analysis of the 3D model did not 
change the surgical tactics determined in the preoperative planning using pelvic radiographs; in 20% 
of cases (22 patients), the use of 3D imaging revealed new circumstances and changed the surgical 
tactics. Conclusion. In standard cases, it is possible to use the traditional preoperative planning 
using radiographs in several planes. In primary hip arthroplasty in the patients with post-traumatic 
deformity, including a false joint of acetabulum bottom or 2 to 3 degree osteopenia, it is advisable to 
perform 3D imaging. In the case of revision arthroplasty, 3D visualization is indicated in acetabulum 
Paprosky IIIA, IIIB defects with pelvic discontinuity. 
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Introduction

There has been an increase in the number 
of primary and revision total hip arthroplas-
ties (THA) with additive technologies (AT) 
worldwide [1, 2, 3, 4]. 

The revision THA requires significant ma-
terial resources, highly skilled operating sur-
geon, as well as the exact choice of surgical 
tactics [5, 6, 7]. Preoperative planning of the 
complex cases of primary and revision THA is 
a complex task, usually requiring a number of 
additional studies, including multislice com-
puted tomography (MSCT). The surgery out-
come depends on the tactics chosen during 
the planning process: an adequate choice of 
the implant, the need and the possibility of 
using bone grafting, the operative time and a 
number of other factors that make up the pa-
tient’s further well-being [8]. The objectives 
of preoperative planning using volumetric 
visualization (VV) are as follows: long-term 
endoprosthesis survival, proper biomechan-
ics, ensuring the stable primary fixation of 
the acetabular implant, and adequate com-
pensation for bone deficiency [9]. 

Nowadays, most clinics of the Russian 
Federation do not have the possibility to use 
the AT in the preoperative period. Therefore, 
the course of THA is usually determined on 
the basis of a series of pelvic bones X-rays 
analysis. In preoperative planning using 2D 
tools, it is possible to correctly determine 
the center of rotation and the necessary 
femoral compensation, adjust the axis of the 
limb and select the standard components of 
the hip prosthesis [10, 11, 12]. VV tools sig-
nificantly expand the ability of bone tissue 
evaluation both in terms of bone quality and 
in terms of accurate determination the ge-
ometry and the volume of acetabulum bone 
tissue defect. This information opens up 
new approaches to preoperative planning, 
allowing maximum preservation of bone 
tissue in the course of individual implant 
modeling or selection of standard compo-
nents, to determine the character and the 
volume of bone grafting. 

The purpose of the study was to demon-
strate the possibilities of VV in the preopera-
tive planning of THA for the choice of surgi-
cal tactics. 

Materials and Methods

Design: retrospective single-center obser-
vational study. 

A retrospective analysis of 110 clinical 
cases of preoperative planning of primary 
(36 patients) revision (74 patients) THA us-
ing VV was performed from December 2016 
to November 2019. The analyzing group in-
cluded 48 men and 62 women with an aver-
age age of 52±12 years (from 27 to 77), an 
average body mass index of 26.3±5.1 kg/m2. 
The follow-up time after the surgery aver-
aged 21±12 months (from 1 to 34). 

Inclusion criteria: the patients with the 
diagnoses of “post-traumatic acetabular de-
formity” or “aseptic loosening of endopros-
thesis components” undergone primary or 
revision THA using VV. 

Exclusion criteria: patients with “dysplas-
tic coxarthrosis”. The decision not to include 
the patients with dysplastic coxarthrosis in 
the study was made for the following rea-
son. The bone defects in post-traumatic 
acetabulum deformity or endoprosthesis 
components loosening are made artificially 
(by injury or as a consequence of a surgery).  
In contrast, in dysplastic coxarthrosis, an im-
properly formed hip has been presented ini-
tially. Dysplasia is a congenital abnormal de-
velopment of the hip, that is, this condition 
has a completely different nature. 

In the preoperative period, all the pa-
tients underwent the pelvic bones X-rays in 
the frontal and anterior-lateral planes. The 
post-traumatic acetabular deformity was de-
scribed by the X-ray picture in each clinical 
case. For revision THA, an acetabular defect 
was classified according to the generally ac-
cepted W.G. Paprosky classification [13]. 

Periprosthetic infection (PPI) in the pa-
tients undergone revision THA was excluded 
by the hip puncture followed by bacteriologi-
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cal examination of the obtained material. PPI 
was excluded in all 74 cases of revision THA. 

Preoperative planning

The process of preoperative planning us-
ing VV begins with the construction of a 3D 
model based on the MSCT. Conversion a se-
ries of MSCT (DICOM) images into a single 
3D-format file (*.stl) was carried out using 
specialized software RadiAnt DICOM Viewer 
(Medixant, Poland). Next, the obtained 3D 
model was processed in the InVesalius 3.0 
program (CTI, Brazil) to make it possible to 
assess the bone density on the Hounsfield 
scale in the region of interest. As a rule, this 
is the area of the supposed major bone-im-
plant contact (Fig. 1). 

With the standard InVesalius tools, the 3D 
model foreign bodies were virtually removed 
from the acetabulum and the proximal third 
of the thigh, in particular the endoprosthesis 
components. 

To further obtain the “working” model, 
the pelvic bones were visualized. Figure 2 
presents the model in the regime of 650 
Hounsfield units (HU), within the density 
range of 400–600 HU, which is considered 
the relative norm for bone tissue of this ana-
tomical region [12]. 

The next stage was the direct planning 
of operative tactics on the resulting “work-
ing” 3D model of the pelvic bones. For this 
purpose, we used the specialized Autodesk 
Netfabb software. For the latter, we creat-
ed a standard components database by 3D 
scanning. Some of the endoprosthesis com-
ponents were made independently accord-
ing to the principle of matching geometric 
shapes. The Autodesk Netfabb capabilities 
allowed the preoperative planning on an ex-
isting volumetric model of the pelvis by ar-
ranging templates in the acetabulum area. 
Thus, in a given clinical situation, it is pos-
sible to determine which component is more 
appropriate to use to maximize bone pres-
ervation and optimize the course of surgi-
cal treatment. E.g., in case of an acetabulum 
roof defect (cavitary defect corresponding 
to Paprosky type IIB), bone grafting and a 
endoprosthesis standard component can be 
used or jumbo cup without bone grafting. 
In the same situation, it is also possible to 
perform the maximum volume bone graft-
ing, to place an individual augment, thereby 
creating a support block along the defect 
contour, and to place a standard acetabu-
lar component of the smallest possible size 
(Fig. 3). 

Fig. 2.  
The «working» 
model. The pelvic 
bones are visualized 
within a density  
of 400–600 HU. 

R 52

Fig. 1. 3D model processed with InVesalius 
program. The bone density of the region  
of interest is estimated by the Hounsfield scale. 
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Fig. 3. Preoperative 
planning on the 3D 
model of the pelvis 
bones: a defect  
of the upper edge 
of the acetabulum 
is replaced with an 
individual augment, 
it is planned to 
install an individual 
acetabular component 
of a hemispherical 
shape.

Such an approach makes it possible to pre-
serve the intact bone tissue, maximize the 
use of bone grafting and to predict with high 
probability the reliable primary fixation of the 
endoprosthesis components. In the process 
of individual constructions developing, the 
standard Autodesk Netfabb tools allow the 
surgeon to set the desired anteversion and in-
clination of the acetabular component, deter-
mine the possible bone grafting sites, and cor-
rectly orientate the fasteners. This will greatly 
facilitate further modeling of the implant to 
the bioengineer, who, as a rule, is not an op-
erating surgeon and is not familiar with the 
intricacies of large joint arthroplasty. 

Results
In 36 patients (32.7%), an acetabulum de-

fect was the result of traumatic exposure; 

74 patients (67.3%) required surgery due to 
the loosening of the previously placed en-
doprosthesis components. In 16 cases out 
of 74 (21.6%), the acetabular defects were 
classified as type IIB, in 8 (10.8%) — IIC, in 
22 (29.7%) — IIIA, in 20 (27.1%) — IIIB, 8 pa-
tients (10.8%) were diagnosed the pelvic ring 
discontinuity. 

In 80% of cases (88 patients), the analysis 
of the 3D model did not change the tactics 
of surgical intervention determined during 
preoperative planning with pelvic X-rays in 
a various planes. However, in these cases, VV 
helped to determine the volume and nature 
of bone grafting, the fixation points of the 
fasteners in areas of the most dense bone 
tissue. 

Preoperative planning with VV in 20% 
of cases (22 patients) helped to reveal new 
circumstances and a change in the surgical 
tactics in favor of an individual construction 
or in favor of standard components in com-
bination with or without bone grafting (see 
Table). 

Of the 10 cases of primary THA due to post-
traumatic acetabular deformity, in which the 
surgical tactics were changed after VV, in  
7 cases the pathological process was accom-
panied by the presence of a pseudarthrosis 
in the acetabulum bottom, in 3 cases — os-
teopenia of 2 to 3 degree (T-test from -1.7  
to -2.4 SD). 

Table
Correction of surgical tactics due to employment of volumetric visualization  

in preoperative planning

Type of surgery and patient’s 
diagnosis

Preoperative planning of surgical tactics 

Before volumetric visualization
After 3D model construction, assessment 
bone density, calculation of possible bone 

grafting volume

Total hip arthroplasty  
for post-traumatic acetabular 
deformity (n = 10)

Jumbo cup multiholes, additional 
fixation with screws (sciatic, pubic, 
above acetabulum bone mass)

Standard augment + individual acetabular 
component (hemispherical with segmental 
openings (sciatic, pubic, above acetabulum 
mass) + bone autograft

Revision hip arthroplasty  
for aseptic loosening  
of endoprosthesis components  
(n = 12)

Standard augments + bone allograft +  
standard hemispherical acetabular 
component

Minimum required individual construction + 
bone allograft
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Of 12 revision THA for aseptic loosen-
ing, the tactics of which changed after VV, in  
3 cases (25%) the acetabular defect was clas-
sified as IIIA, in 4 cases (33%) — IIIB, in 5 pa-
tients (42%) — pelvic ring discontinuity. 

Case report 1

A 27-year-old patient was admitted to the 
Central District Hospital in December 2018 
with a multiple injury in a traffic accident. A 
closed fracture of the acetabulum bottom on 
the left, a comminuted fracture of the ace-
tabulum roof on the left, and a posterior dis-
location of the left femoral head were diag-
nosed. 9 months later from the time of injury, 
all metal constructions of the left acetabular 
area were removed at the patient’s place of 
residence and an orthopedic traumatolo-
gist consultation at the Tsivian Novosibirsk 
Scientific Research Institute of Traumatology 
and Orthopedics was recommended. 

At the time of admission in December 
2019, the following clinical picture was ob-
served: a relative shortening of the left lower 
limb by 7 cm, a Harris score of 20 points, and 
VAS score of 7 points. The X-ray picture is 
presented in Figure 4. 

The MSCT was performed (layer thickness 
0.5 mm, radiation dose 2.0±0.9 mSv, 32-slice 
Philips apparatus). On the basis of MSCT a 
3D model of the patient’s pelvic bones was 
constructed (Fig. 5). 

Fig. 4. X-ray of a patient 27 y.o. on admission:  
left-sided 3-stage post-traumatic hip 
osteoarthritis with cyst-like restructuring and 
aseptic necrosis of the left femoral head apex, 
massive paraarticular ossificates, left acetabulum 
fracture consolidated in the displacement 
position, consolidated fracture  
of the left acetabulum posterior wall. 

Fig. 5. 3D model of pelvic bones in the mode  
of 400–600 HU. 

The further preoperative planning was car-
ried out by InVesalius and Autodesk Netfabb 
programs in bone density mode from 400 to 
600 HU. 

During the preoperative planning, the op-
tions for the standard Jumbo cup placement 
with acetabulum bone grafting were consid-
ered. However, in this case it was necessary to 
remove a significant amount of intact bone 
tissue for reliable fixation of the acetabular 
component. The use of standard hemispheri-
cal augments is difficult due to the impos-
sibility of their fixation into the deformed 
acetabulum roof and development of a reli-
able support for the acetabular component. 
Considering the patient’s young age and the 
possibility of performing bone autografting 
using the left femoral head, it was decided to 
calculate the maximum possible volume of 
bone autograft and, based on the volume ob-
tained, to model an individual construction, 
and then to perform left THA with standard 
Smith & Nephew components. 

Using the capabilities of the Autodesk 
Netfabb program, we calculated the volume 
of the femoral head and the volume of the 
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acetabular defect on the left. This was nec-
essary for further modeling of an individual 
construction with the minimum possible use 
of a metal component (Fig. 6, a, b). Direct 
modeling of an individual construction was 
performed by contour grafting of the ace-
tabular roof region, taking into account the 
virtual filling of the defect with a bone auto-
graft (Fig. 6 c). 

The surgery was performed using the 
standard surgical instruments, lasted  

110 minutes, intraoperative blood loss was 
550 ml. The control X-rays were taken in the 
operating room (Fig. 7). 

The patient was activated on the 2nd day 
after surgery, received therapy in accordance 
with the protocol for the management of the 
patients after primary THA. The total length 
of hospitalization was 14 days. At the control 
examination a month later, the Harris ques-
tionnaire revealed 67 points, VAS 3 points. 
The patient moved with a cane. 

Fig. 6. Stages of preoperative planning:  
a — calculation of the volume of the femoral head (105.5 cm3); 
b — calculation of the volume of the defect of the posterior edge of the acetabulum (98.7 cm3); 
с — modeling of an individual implant.

bа

105,5 cm3

105,5 cm3

с

98,7 cm3

Fig. 7. X-ray of the patient: the left hip joint was replaced  
by an individual endoprosthesis, primary fixation with 7 screws; 
the position of the components of the endoprosthesis  
is correct.
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Fig. 8. X-ray of female patient 62 y.o.:  
post-implantation Paprosky IIIB defect  
of the left acetabulum. 

Case report 2

A female patient of 62 years old under-
went primary left THA in 2005. In 2016, the 
left hip endoprosthesis components were re-
moved due to a deep periprosthetic infection. 
In April 2017, the patient was admitted at 
the Tsivian Novosibirsk Scientific Research 
Institute of Traumatology and Orthopedics. 
Harris score was 20 points, VAS — 7 points. 
An X-ray of the pelvic bones in a frontal 
plane was performed (Fig. 8). 

During preoperative planning, it was de-
cided to use three standard augments to rec-
reate the support along the acetabulum front 
and lower edges, then to replace the defect in 
the area of the acetabulum roof, and after it 
to place the standard acetabular component 
(Fig. 9). 

Fig. 9. Preoperative planning of revision hip 
arthroplasty. Three red triangles indicate  
the attachment points of standard augments,  
a green triangle showes the acetabular  
component location. 

3D reconstruction was performed accord-
ing to the results of MSCT. During the analy-
sis of the acetabular defect, it was found that 
the implantation of standard augments was 
difficult, because there was a pronounced 
osteoporosis of the acetabular bones, and 
the complex geometry of the defect would 
not contribute to reliable fixation of the 
augments. It was decided to maximize the 
use of bone allograft with acetabular recon-
struction with an individual 3D construc-
tion (Fig. 10). 

The surgery was carried out using stand-
ard surgical instruments and passed without 
technical difficulties, duration — 123 min-
utes, blood loss — 450 ml. An X-ray of the 
patient’s pelvis after the surgery is shown in 
Figure 11. 
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The patient was activated on the 3rd day 
after the surgery. She received therapy in ac-
cordance with the patient management pro-
tocol after revision THA. The total length of 
hospitalization was 16 days. At the control 
examination after 6 months, the Harris ques-
tionnaire score was 68 points, VAS 2 points. 
The patient moved using a cane. 

Discussion
The problem of the tactics choice for 

primary and revision THA in complex cases 
remains unresolved [14, 15, 16, 17]. In such 
cases, it is advisable to use AT in the pre-
operative period both for modeling indi-
vidual constructions and for planning the 
course of surgery [18, 19, 20]. Nowadays, 

the use of AT is already not revolution-
ary. The widespread introduction of 3D 
printing and AT began in Russia in 2015  
[21, 22, 23]. Until now, there are a number 
of fundamental questions that cannot be 
answered unambiguously: determining the 
necessary and sufficient contact area of an 
individual construction with bone tissue, 
the minimum required number of fasten-
ers, the possibility and necessity of using 
bone allograft [24]. In such situations, it is 
possible to use VV as an additional option 
in search of an answer to some of the above 
questions. In our practice, 3D technolo-
gies were used not only for modeling and 
manufacturing of individual constructions, 
but also as a tool for preoperative planning 

Fig. 10. Modelling of an individual implant.  
The inclination and direction of the holes correspond to  
the optimal route of the fasteners.

Fig. 11. Postoperative X-ray of female patient, 62 y.o.:  
the left acetabular defect was replaced by 180 cm3 bone allograft.  
The left hip is replaced by individual 3D implant.
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for THA with both serial and individual 
constructions. As a result of more detailed 
preoperative planning using VV from 110 
studied clinical cases, the surgical tactics 
was adjusted in 22 (20%), see Table. 

Conclusion

Preoperative planning on 3D models 
makes it possible to maximally preserve the 
acetabulum, to provide the possibility of con-
tact of the implant with a denser bone tissue, 
to determine the volume of bone grafting, 
and in some cases abandon complex individ-
ual constructions. 

Note that at the moment there is no 
“gold standard” for THA, a lot in preopera-
tive planning depends on the preferences 
and experience of the surgeon. We are not 
talking about the need to use VV in standard 
cases of primary endoprosthetics, but VV 
can be an additional tool for complex cases 
of primary and revision endoprosthetics. 
Since for 3D visualization, MSCT, additional 
software, painstaking work of a bioengineer 
are necessary, the hospitalization period 
increases by an average of 2 to 3 days, the 
patient’s expectations and the cost of treat-
ment increase respectively. Therefore, in or-
dinary cases it is reasonable to content with 
the standard preoperative planning using 
X-rays in several planes. However, in case of 
primary total THA, when it comes to post-
traumatic deformity, including the presence 
acetabular bottom pseudarthrosis or os-
teopenia of 2 to 3 degree, it is advisable to 
perform VV. In the case of revision THA, it 
makes sense to conduct 3D visualization in 
the presence of Paprosky IIIA, IIIB acetabu-
lar defects and pelvic ring discontinuity. 
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