
e INTRODUCTION
The issue of optimisation of preoperative planning for 
total hip arthroplasty (THA) has gained importance in 
modern orthopaedic surgery. Preoperative planning plays 
a critical role in determining the surgical strategy, choos-
ing a prosthesis and establishing its optimal placement to 
achieve the best functional results and reduce the risk of 
postoperative complications. One of the key aspects that 
affect the success of THA is the accurate determination of 
the centre of rotation of the hip joint. The scientific com-
munity is increasingly recognising that the patient’s ana-
tomical parameters, in particular the pelvic angle, have a 
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Abstract. The growing number of hip replacements associated with an ageing population requires more accurate and 
efficient methods of planning operations to ensure the success of interventions and minimise the risk of complications. 
The study aimed to demonstrate how changes in the pelvic angle affect the accurate determination of the centre of 
rotation of the hip joint. The study used dry pelvic and femoral bones with a 4 mm diameter implanted steel ball in 
the femoral head for modelling. X-rays were taken using a PLX 140 X-ray machine to record the displacement of the 
centre of rotation. The study confirmed the hypothesis that a change in the pelvic angle leads to a shift in the centre of 
rotation of the hip joint. This displacement requires attention during preoperative planning, as it can affect the choice 
and placement of the endoprosthesis. The study found that a high pelvic angle makes it difficult to fit a hip prosthesis, 
increasing the risk of prosthesis wear and dislocation. This requires an individualised approach to each patient, the 
use of special implants and postoperative monitoring. It is necessary to assess the anteversion and inclusion of the 
prosthesis, adjust the implantation depth and select the appropriate types of prosthesis based on the patient’s anatomy. 
The use of 3D modelling helps to optimise the placement of the prosthesis. Addressing anatomical features is key to 
reducing the risk of complications and improving the long-term results of arthroplasty
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significant impact on the determination of this centre of 
rotation, which in turn affects the overall surgical outcome.

A study by L. Yao et al. [1] determined that older pa-
tients who underwent hip or knee arthroplasty in the first 
six months after surgery reported functional limitations 
resulting from hip or knee-related symptoms. This study 
adds to the understanding of the factors that influence 
perceptions of participation among older patients under-
going hip or knee arthroplasty.

Similar clinical trials have been conducted in Ukraine, 
which may have an impact on the understanding of  
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To obtain X-rays of the pelvis and femur with the 
implanted balloon, the patient bones were carefully po-
sitioned on the X-ray table in the desired position. The 
bones must be properly aligned to obtain high-quality im-
ages. The X-ray tube, which emits X-rays, was positioned 
according to the required geometry and angle to optimally 
visualise the pelvic and femoral bones. The obtained X-rays 
were processed using appropriate software to improve im-
age quality and clarity. The images were analysed in detail 
to determine the exact centre of joint rotation. This meas-
urement was carried out using specialised length and an-
gle measurement software, which ensured high accuracy of 
the results. This innovative approach made it possible to 
visualise and measure the displacement of the centre of ro-
tation with high accuracy using X-rays taken with the PLX 
140 apparatus (USA). The device has a high X-ray power for 
high-quality images and the ability to adjust the position 
and orientation of the X-ray tube for precise positioning 
and obtaining the required images. The device can operate 
in a wide range of energies and frequencies, which allows it 
to be used for a variety of clinical applications. Built-in al-
gorithms can be used to process the images captured, pro-
viding clear and detailed images. The technique was based 
on the implantation of a steel ball into the femoral head, 
which was performed to create a visual marker system for 
accurate tracking of the dynamics of the joint’s centre of 
rotation during changes in the pelvic angle.

The PLX 140 X-ray machine played a critical role in the 
research study, as it was used to accurately determine the 
initial position of the centre of rotation of the hip joint and 
to document the changes caused by the modification of the 
pelvic angle. This stage of the study was particularly signif-
icant because it provided the ability to visualise and quan-
tify the displacement of the centre of rotation resulting 
from changes in pelvic position. The use of an X-ray ma-
chine was used to obtain clear and detailed images, which 
are critical for accurate analysis of the biomechanical pa-
rameters of the hip joint. This approach not only improved 
the accuracy of the study but also opened new perspectives 
for understanding the relationship between the anatomical 
structure of the pelvis and the functional state of the hip 
joint, which is crucial for optimising preoperative planning 
and increasing the effectiveness of total hip replacement.

Modelling changes in the pelvic tilt angle was a key el-
ement of the study aimed at analysing the impact of pelvic 
anatomical variations on the position of the centre of rota-
tion of the hip joint, which is crucial for the success of total 
joint replacement. As part of this experiment, a technique 
was used that allowed for precise and controlled changes in 
the angle of the pelvis from its natural position to angular 
deviations of 0, 10, 20, 30 and 40°. This systematic change 
in angles was implemented using specially designed setups 
and techniques that ensured high accuracy and reproduc-
ibility of the study conditions. To simulate changes in the 
angle of the pelvis, special devices were used to reproduce 
this change realistically. For fixing the bones, the machines 
were equipped with special fixators or holders that ensured 
stable fixation of the bones during the simulation. The 
components of the plants were made of strong and reliable 
materials such as plastic to ensure high stability and dura-
bility. The bones were fixed in a certain position employing 
fixators. By adjusting the angle of the pelvis with the help 

scientists about the importance of determining the pelvic 
angle before planning hip or knee prosthetics. The study by 
I. Zazirnyi [2] confirmed the safety and cost-effectiveness 
of THA, demonstrating significant progress in the devel-
opment of less invasive surgical techniques, improvement 
of materials and technologies, which contributes to tissue 
preservation, implant durability, biocompatibility and abil-
ity to integrate with bone tissue. However, challenges such 
as the risk of infections and dislocations require additional 
research and improved clinical practices. The researcher 
draws attention to the importance of thoroughly testing 
innovations and monitoring their application, as well as 
the need to address biomechanical aspects, in particular 
the angle of the pelvis, to optimise the positioning of the 
prosthesis after THA. These findings may be related to pel-
vic tilt angle and hip prosthetics, as optimising posture and 
balance through rehabilitation can improve load distribu-
tion on the prosthetic joint, reducing the risk of complica-
tions and promoting better implant adaptation [3].

Additionally, studies have shown a close relationship 
between anatomical and biomechanical characteristics, 
such as pelvic tilt angle, and the occurrence of complica-
tions after arthroplasty. Optimisation of the positioning of 
the endoprosthesis, considering the individual characteris-
tics of the patient, is critical to reducing the risk of instabil-
ity, dislocation and other complications, ensuring the long-
term functioning of the implant and improving the quality 
of life of patients [4, 5]. Thus, the integration of advanced 
surgical techniques, considering the anatomical features of 
each patient, is key to successful recovery and ensuring op-
timal long-term results of arthroplasty treatment [6].

Despite the existing results, there have not been 
enough studies conducted in this area. The main objective 
of the study was to prove that a change in the pelvic tilt 
angle affects the determination of the centre of rotation 
of the hip joint, which is critical in the preoperative plan-
ning of THA. This knowledge is necessary for accurate 
positioning of the prosthesis, minimising the risk of post-
operative complications and ensuring better long-term 
treatment results.

e MATERIALS AND METHODS
The study was conducted at the Institute of Traumatolo-
gy and Orthopedics of the National Academy of Medical 
Sciences of Ukraine from January 2023 to January 2024. In 
this study, the main materials were dry pelvic and femoral 
bones, into which a 4 mm diameter steel ball was implant-
ed in the femoral head to simulate a change in the centre of 
rotation. The bones had no pathologies or signs of chronic 
diseases that could affect the results of the study.

As for the balloon implantation technique, they were 
made of a special medical alloy that meets all quality 
standards and has a standard diameter of 4 mm. The balls 
were placed in the femoral head in a place that corresponds 
exactly to the area of the centre of rotation of the joint. 
This was done to accurately reproduce the physiological 
movement of the joint during the experiment. The ball was 
surgically fixed in the head of the femur. This process en-
sured that the ball was securely fixed in the correct position 
for the subsequent experiment. This method of ball im-
plantation was used to accurately reproduce the conditions 
of joint movement and obtain reliable results of the study.
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of the devices, the change under study was reproduced. 
During the simulation, the position of the bones was meas-
ured and monitored to ensure that the change in pelvic an-
gle was accurately reproduced.

In the context of the study, which revealed difficulties 
with hip prosthesis placement due to the high pelvic an-
gle, the use of specially designed devices and techniques is 
key to optimising the arthroplasty procedure and minimis-
ing risks: 3D modelling and planning, navigation systems 
during operations using computer navigation or robotic 
systems. This detailed modelling allowed for an in-depth 
analysis of the biomechanical shifts in the position of the 
centre of rotation that occur as a result of changes in the 
pelvic angle. As part of the research, a comprehensive anal-
ysis was conducted of the impact of changes in the pelvic 
tilt angle on the position of the centre of rotation of the hip 
joint, which is essential for optimising preoperative plan-
ning for THA. For this purpose, specialised materials were 
prepared, including the collection of dry pelvic and femoral 
bones and the implantation of a steel ball into them. The 
method of modelling changes in the pelvic angle and re-
cording the corresponding changes in the position of the 
centre of rotation on X-rays made it possible to conduct a 
detailed analysis of biomechanical changes in the hip joint. 
The application of this technique has opened the possibil-
ity of identifying critical angular deviations at which the 
displacement of the centre of rotation reaches such values 
that can significantly affect the mechanics of the hip joint 
and the efficiency of the endoprosthesis.

For the statistical analysis of the data in this study, 
specialised software was used to analyse medical images 
and measure the parameters of X-ray images. This soft-
ware was able to accurately measure the displacements of 
the centre of rotation of the hip joint, which allowed for 
a highly accurate analysis of the effect of changes in the 
pelvic angle on the anatomical position and functionality 
of the hip joint. In addition, this software was used to iden-
tify subtle biomechanical changes associated with pelvic 
tilt modification and their potential impact on the choice 
of location and orientation of the hip replacement. Medi-
cal image processing software such as OsiriX (France) and 
ImageJ (USA) were used. These applications provide exten-
sive capabilities for analysing and measuring X-ray image 
parameters, including a variety of statistical methods for 
processing the data.

All experimental procedures were carried out follow-
ing the ethical principles established by the institution 
that conducted the study. Relevant ethical documents and 
standards that were addressed during the research include 
the Declaration of Helsinki [7], Belmont Report [8]. Addi-
tionally, the Guideline for Good Clinical Practice E6(R1) [9], 
Ethical Principles of Psychologists and Code of Conduct [10], 
and Data protection in the EU  [11] were also considered.

e RESULTS
The angle of the pelvis has a significant impact on the po-
sitioning of the hip prosthesis and its functionality after 
fitting. This is because the pelvic tilt angle determines the 
position of the acetabular component, which should be 
optimally oriented for normal hip biomechanics. Incorrect 
positioning of this component can lead to increased pres-
sure on the prosthesis, which can cause wear, deformation 

or even destruction. If the pelvic angle is too high or too 
low, this can lead to an incorrect distribution of the load 
on the hip joint, which in turn increases the risk of pros-
thesis dislocation, pain and limited mobility. It can also 
cause changes in the patient’s gait and increase the risk of 
falls and injuries. Concerning the correlation between pel-
vic angle and the fitting process, the pelvic angle must be 
accurately considered when planning and fitting the ace-
tabular component to achieve optimal prosthetic results. 
The angle of anteversion and lateral deviation should be 
carefully measured and considered to minimise the risk 
of the above complications. Modern technologies, such 
as computed tomography and computer modelling, allow 
surgeons to predict and plan interventions based on the 
individual characteristics of each patient. This approach 
optimised surgical outcomes and provided patients with a 
better quality of life after surgery.

In the context of this scientific experiment, an ad-
vanced technique was used to accurately and controllably 
modify the pelvic angle at intervals of 0, 10, 20, 30 and 40° 
from its baseline position. These angular changes were 
made using innovative devices and procedures designed 
to ensure precision and repeatability of the experimental 
conditions. This careful modelling approach allowed for 
a comprehensive analysis of the biomechanical displace-
ments of the centre of rotation that occur in response to 
changes in pelvic angle. The use of this methodology was 
used to determine those critical angular parameters, upon 
reaching which the shift of the centre of rotation becomes 
so significant that it can affect the overall mechanics of the 
hip joint and the optimal functioning of the endoprosthesis. 
The image shows a pelvic model representing the natural 
position with a pelvic angle of 0° (Fig. 1). This is a standard 
starting position for modelling and determining the basic 
parameters of preoperative planning for hip arthroplasty.

Figure 1. Simulate a 0° pelvic tilt angle
Source: compiled by the authors

X-ray markers visible on the femur are used to accu-
rately assess the position of the centre of rotation. This 
image can be used to measure the pelvic tilt angle, which 
is important for analysing the potential impact of pelvic 
tilt on the long-term functionality and stability of the 
prosthesis. In this case, the zero pelvic tilt angle allows to 
definition of the “ideal” starting point from which addi-
tional measurements will be taken when the tilt is changed 
to higher angles, allowing for assessment changes in the 
position of the centre of rotation and deviation from the 
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optimal position of the prosthesis. The image has a clear 
view of the pelvis and femur, which can be used to iden-
tify anatomical features and potential areas for attention 
when planning prosthetics. Such a detailed analysis of 
bone structures in the context of preoperative planning is 
critical for successful hip arthroplasty.

Figure 2 shows an X-ray of an anatomical model of the 
pelvis simulating a horizontal orientation with a pelvic 
angle of 10°. This image serves as a starting point for the 
analysis of preoperative planning of hip arthroplasty and 
assessment of the basic parameters for the implantation 
of the prosthesis.

placement (Fig.  3). The image shows that at an angle of 
inclination of 20°, changes occur that can potentially af-
fect the biomechanics of the hip joint and determine the 
strategy for implant placement. The markers on the image 
can be used to measure the angular deviation and assess 
its impact on the position of the joint’s centre of rotation. 
This data is critical for preventing complications such as 
implant wear or joint instability after surgery.

The X-ray image shows the pelvic skeleton with im-
planted metal structures with the pelvis tilted by 30° 
(Fig. 4). This deviation is performed to study biomechan-
ical changes in the position of the implants and their ori-
entation relative to the pelvic and femoral bones, which is 
important for preoperative planning.

Figure 2. Simulate a 10° pelvic tilt angle
Source: compiled by the authors

The pelvic tilt angle of 10° creates the conditions for 
further measurements to assess the effect of different tilt 
angles on the centre of rotation of the joint and to identify 
abnormalities in the positioning of the endoprosthesis. The 
marked clarity of the visualisation of bone structures in the 
image allows you to examine the anatomical characteris-
tics in detail and choose the optimal implantation strategy. 
Such a thorough analysis of the bone matrix plays a key role 
in preoperative planning, creating the basis for effective 
hip arthroplasty and ensuring the best clinical outcomes. 
In the X-ray, the pelvic angle was modified to 20° from the 
horizontal position, demonstrating the effect of the change 
in inclination on the positioning of the arthroplasty (Fig. 3).

Figure 3. Simulate a 20° pelvic tilt angle
Source: compiled by the authors

This image has practical implications for preoperative 
planning, allowing orthopaedic surgeons to understand 
how changes in pelvic angle can affect optimal implant 

Figure 4. Simulate a 30° pelvic tilt anglee
Source: compiled by the authors

A 30° shift in pelvic angle shows how a change in pel-
vic position can affect the angle of inclination, which then 
affects the functionality and service life of the prosthesis. 
This image provides valuable information for surgeons 
and engineers involved in biomechanics and implant de-
sign, allowing them to better understand the impact of 
anatomical deviations on optimal prosthetic positioning. 
The image can also be useful for developing personalised 
surgical plans, considering individual anatomical varia-
tions in patients.

The X-ray in Figure  5 shows a pelvic model used for 
scientific research with implanted markers that simulate a 
40° change in pelvic angle. This image is intended to sim-
ulate physiological conditions to evaluate the effect of tilt 
angle on surgical planning for hip arthroplasty.

Figure 5. Simulate a 40° pelvic tilt angle
Source: compiled by the authors
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Markers placed on the bone model are highlighted in 
bright white, indicating the use of a material with a high 
degree of radiopaque contrast. The image shows the an-
atomical structures of the pelvis and femur with metal 
markers on them. These markers accurately determine the 
position and orientation relative to the bones. The image 
illustrates a carefully planned placement of markers that 
can reproduce the corresponding angular changes in the 
position of the pelvic bones, which is important for preop-
erative modelling. It shows not only the bones themselves 
but also the spatial relationships between them, which is 
critical for planning the exact location of the endopros-
thesis, its inclination and orientation, as well as for pre-
dicting changes in the load on the joint after surgery. This 
approach demonstrates the importance of advanced im-
aging techniques for optimising surgical strategy and may 
contribute to the development of more accurate algorithms 
for preoperative planning, risk reduction and improved pa-
tient care in orthopaedic surgery.

Based on the analysis of the data obtained, the study 
found that a change in the pelvic tilt angle significantly af-
fects the location of the centre of rotation of the hip joint, 
which, in turn, has significant implications for the choice 
of optimal placement of the endoprosthesis and preven-
tion of possible postoperative complications. The strat-
egy for hip prosthetics at zero pelvic tilt and 40° tilt will 
be significantly different due to changes in anatomy and 
biomechanics that require a different approach to prosthe-
sis planning and fitting. For example, at 0° of pelvic tilt, 
the prosthesis can be planned based on standard anatomy 
without the need for correction for significant anterior or 
posterior pelvic tilt. The angle of anteversion and inclusion 
of the acetabular component can be set closer to the “ide-
al” standard values, which are considered optimal for most 
patients. The general orientation of the implants con-
cerning the bone structures is standard, which facilitates 
placement and ensures good functional results. At 40° of 
pelvic tilt, specialised planning is required to address the 
increased pelvic tilt, which can affect the positioning of the 
acetabular component and the need for correction to pre-
vent excessive soft tissue tension or strain. It may be nec-
essary to adjust the angle of implantation of the acetabular 
component to avoid improper loading of the prosthesis and 
reduce the risk of dislocation. Computer navigation and 
computer modelling become even more critical for the pre-
cise positioning of the implants concerning the abnormal 
pelvic position.

In general, the greater the pelvic angle, the more diffi-
cult it is to ensure the correct positioning of the acetabular 
component of the prosthesis and the greater the risks asso-
ciated with improper load distribution, prosthesis wear and 
dislocations. This requires a more individualised approach 
to each patient and may require the use of non-standard 
implants or implantation techniques, as well as more thor-
ough postoperative monitoring and rehabilitation. Fitting 
a hip prosthesis is a complex process that requires consid-
ering many individual anatomical features of the patient, 
including the angle of the pelvis. Depending on this angle, 
the prosthesis placement strategy may need to be adjusted. 
Assessment and correction of anteversion and inclusion of 
the denture cup should be performed. Anteversion is the 
angle at which the cup is placed in the acetabular bed. An 

incorrect angle of anteversion can cause an increase or 
decrease in soft tissue tension around the prosthesis and 
affect the risk of dislocation. Furthermore, the depth of 
implantation of the acetabular component is adjusted and 
should consider changes in the anatomy that occur at dif-
ferent pelvic angles. This ensures that the load is evenly 
distributed over the prosthesis. Depending on the patient’s 
anatomy and pelvic angle, it may be necessary to select 
specific types or models of prosthesis to optimise fit and 
functionality. With the help of 3D modelling and preoper-
ative planning, it is possible to determine exactly how the 
pelvic angle will affect the position of the prosthesis and 
what adjustments need to be made for optimal positioning. 
Post-operative rehabilitation programmes should be adapt-
ed to the changes in biomechanics resulting from pelvic tilt 
to promote proper recovery and reduce the risk of complica-
tions. Taking these factors into account is important to en-
sure the long-term success of the prosthesis and reduce the 
risk of complications such as pain, limitation of movement, 
inappropriate loading and dislocation of the prosthesis.

The results of the study emphasise the importance 
of considering the individual anatomical features of the 
patient in the preoperative planning of THA. A detailed 
understanding of the relationship between the pelvic tilt 
angle and the position of the joint’s centre of rotation al-
lows for optimised surgical technique, maximised prosthe-
sis functionality, and improved long-term treatment out-
comes. Thus, the study makes an important contribution to 
the development of preoperative planning in orthopaedic 
surgery, providing a foundation for further scientific devel-
opments in this area.

e DISCUSSION
The angle of the pelvis is a critical parameter that affects 
the biomechanics of the hip joint and its loading. Incorrect 
determination of this angle can lead to a shift in the cen-
tre of rotation of the joint, which in turn increases the risk 
of dislocation of the prosthesis, worsens functional out-
comes, and may require revision surgery. The study used 
modern techniques, such as X-rays with modelling of the 
displacement of the centre of rotation, which allow for high 
accuracy in determining the angle of pelvic tilt and its im-
pact on the position of the endoprosthesis.

The fact revealed in this study is that the pelvic tilt 
plays a significant role in the planning and fitting of hip 
arthroplasties, as it directly affects the functional antever-
sion and tilt of the acetabular component of the prosthe-
sis. This understanding requires surgeons to take an indi-
vidual approach to each case, based on a detailed analysis 
of the patient’s anatomical features. These findings are 
echoed in the studies of such scholars as L. Yao et al.  [1], 
J.D. Maratt et al. [12], Y. Kokubu et al. [13], who also studied 
the effect of pelvic tilt angle on the placement and func-
tionality of hip arthroplasties. Their work emphasises the 
need to adapt the surgical strategy to this anatomical fea-
ture to improve the success of arthroplasty. The differences 
between studies are in the ways of assessing the effect of 
pelvic tilt and the methods of correcting the position of the 
acetabular component. While some researchers focus on 
the use of preoperative computed tomography or magnet-
ic resonance imaging to determine the optimal position of 
the prosthesis, others suggest the use of an intraoperative  
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navigation system to achieve maximum accuracy in com-
ponent placement. However, both lines of research em-
phasise the critical importance of preoperative planning 
and adaptation of surgical techniques to the individual 
anatomical characteristics of the patient. This encourages 
further scientific developments in the field of orthopaedic 
surgery to improve methods of assessment and planning of 
arthroplasty that consider the angle of inclination of the 
pelvis. The difference in approaches between the studies 
indicates the potential for future innovations in the field 
of orthopaedics, including the development of universal 
protocols for the assessment and planning of arthroplasty 
that would provide individualised and effective treatment 
of patients based on a comprehensive analysis of the ana-
tomical and functional characteristics of the hip joint.

The fact that an individualised analysis of the hip joint 
anatomy, particularly the pelvic angle, is important is the 
starting point for a discussion with the study by H.H. Yun et 
al. [14]. Studies have highlighted the critical role of pelvic 
tilt angle in hip arthroplasty, emphasising its impact on 
prosthesis positioning and its potential to minimise the 
risks associated with prosthesis wear and dislocation. How-
ever, the study by the researchers addressed in detail the 
dynamics of pelvic tilt and rotation before and after sur-
gery using advanced imaging techniques such as computed 
tomography and standing X-rays. This concludes that sig-
nificant changes in pelvic tilt and rotation, which could af-
fect the position of the prosthesis, usually do not occur [15, 
16]. This study also highlights that pelvic tilt is crucial for 
an accurate assessment of the anteversion of the prosthe-
sis cup, whereas pelvic rotation has less of an impact on 
this parameter. It coincides with those studies recognise 
the importance of anatomical planning and emphasise 
the need for individualised approaches to each patient to 
achieve optimal surgical outcomes. At the same time, the 
study by H.H. Yun et al. [14] adds a level of analysis, demon-
strating that the stability of pelvic tilt and rotation after 
surgery is an indicator of successful prosthesis positioning, 
regardless of initial anatomical variations. The difference 
between these studies is in the methodology for assessing 
changes in the anatomical position of the pelvis and its 
impact on the orientation of the prosthesis. The research-
ers focus on specific metrics measured directly before and 
after surgery, which establishes a direct link between the 
stability of pelvic angular parameters and the success of ar-
throplasty. Thus, although the main conclusion about the 
importance of the pelvic angle in arthroplasty planning is 
the same, the study by the researchers provides a more in-
depth analysis of the interaction between pelvic anatomi-
cal parameters and prosthesis positioning, using thorough 
imaging techniques.

The key discovery, which emphasises the importance of 
individualised analysis of the hip joint anatomy, especially 
the pelvic angle, before THA, has a deep resonance with 
the study conducted by T. Tateiwa et al. [17]. The research 
goes beyond traditional approaches to surgical planning, 
emphasising the need for a thorough understanding of the 
patient’s anatomy to reduce the risk of complications and 
optimise treatment outcomes. The researchers focused on 
postoperative changes in global spinal sagittal alignment 
after hip arthroplasty, identifying the key role of accurate 
spinal positioning in preventing potential complications. 

Similarly, the finding in this study highlights the impor-
tance of precise planning of the positioning of the hip 
prosthesis, considering the angle of the pelvis. In both cas-
es, precision in planning surgical interventions is a key ele-
ment in improving the effectiveness of treatment and min-
imising risks for patients. However, in contrast to the study 
by the researchers, which focuses on postoperative spinal 
alignment and its changes, this study focuses on the effect 
of pelvic angle on the planning and placement of hip pros-
theses. This difference in emphasis allows us to consider 
these studies as complementary, as they highlight different 
aspects of surgical planning and indicate the importance of 
a comprehensive approach to hip and spine surgery.

Both studies make a significant contribution to the 
development of preoperative planning in orthopaedic sur-
gery, emphasising the need for an individualised approach 
based on a detailed analysis of each patient’s anatomy. 
This reinforces the idea that the success of a surgical in-
tervention depends on preliminary preparation and the 
ability to adapt surgical techniques to the patient’s unique 
physiological characteristics. The authors’ study, as well 
as that of other researchers  [18-20], found that an in-
creased pelvic tilt angle complicates the implantation of a 
hip prosthesis, increasing the risk of wear and dislocation, 
requiring an individual approach and postoperative care. 
The importance of assessing anatomical parameters such 
as anteversion and inclusion of the prosthesis is empha-
sised to optimise prosthesis positioning and reduce the 
risk of complications  [21]. On the other hand, the study 
by T. Tateiwa et al. [17] focuses on the analysis of changes 
in global sagittal spinal alignment after THA, indicating 
the key role of accurate spinal positioning in preventing 
degenerative changes in the lumbar spine. It focuses on 
the impact of changes in pelvic and spinal position on 
long-term treatment outcomes, especially in cases with 
certain anatomical features. Both studies acknowledge 
the importance of individual anatomical characteristics in 
surgical planning and treatment strategy, emphasising the 
need for detailed preoperative analysis and planning. The 
main difference lies in the focus of the research. The first 
focuses on the implantation of a hip prosthesis and the 
associated risks due to the anatomy of the pelvis, while 
the second study looks at the impact of THA on the sagit-
tal alignment of the spine, paying attention to long-term 
changes in the spinal column that can affect the patient’s 
overall condition.

The key finding of the study is the critical role of indi-
vidualised analysis of the hip joint anatomy, especially the 
pelvic angle, in preoperative planning for total hip replace-
ment. This understanding allows surgeons to plan pros-
thesis placement more accurately, which helps to reduce 
the risk of complications, increase implant functionality 
and improve long-term patient outcomes. This research 
is leading to improvements in preoperative planning, in-
cluding the use of advanced imaging techniques such as 
3D modelling and the development of new surgical in-
struments and navigation systems to optimise prosthesis 
placement based on each patient’s unique anatomy. This 
finding correlates with the study conducted by A.  Eslam 
Pour et al. [22], А. Palit et al. [23], also focused on the study 
of changes in pelvic tilt and their impact on the function-
ing of hip prostheses. Their findings indicate that changes 
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in pelvic tilt, even by less than 10°, can cause significant 
problems, including the risk of prosthesis dislocation, 
depending on the patient’s movements. Their findings 
highlight the importance of adapting prosthesis design, 
especially prosthesis head dimensions and stem angles, 
to minimise the risk of dislocation or impingement asso-
ciated with changes in pelvic tilt. Studies demonstrate the 
importance of preoperative analysis and planning based 
on the patient’s anatomy to optimise the results of THA. 
At the same time, this paper expands the understanding 
of this issue, emphasising the need to integrate advanced 
imaging techniques and develop the latest surgical tools 
to individualise surgical interventions. This, in turn, high-
lights the need for further research and technology devel-
opment in this area to ensure the most effective and safe 
treatments for patients in need of arthroplasty.

The fact revealed in the study, which emphasises the 
critical importance of individualised analysis of the hip 
joint anatomy, especially the pelvic angle, before per-
forming total hip arthroplasty, resonates with the work 
of such scientists as М. Okamoto et al. [24], С. Foissey et 
al.  [5], also emphasise the importance of adequate mon-
itoring and adjustment of the pelvic angle to ensure op-
timal placement of the endoprosthesis cup. Both studies 
emphasise that improper positioning of the prosthesis 
can lead to significant postoperative complications, in-
cluding dislocation, increased wear of the prosthesis, 
and, as a result, reduced functionality and the need for 
repeated surgical interventions. The overlap between 
these studies lies in the recognition that accurate preop-
erative planning that addresses the individual anatomy of 
the patient is fundamental to achieving optimal surgical 
results. Thus, changing the angle of the pelvis requires 
not only accurate diagnosis before surgery but may also 
require the use of specialised surgical techniques and 
instruments to adapt to these unique features. Research 
also points to the potential benefits of using advanced 
technologies, such as 3D modelling and navigation sys-
tems, to improve the accuracy of endoprosthesis place-
ment. However, the study by М. Okamoto et al. [24] has a 
specific focus on patients with low body mass index and 
a large range of internal rotation, which is important for 
identifying subgroups of patients at higher risk of pelvic 
tilt change. This emphasises the importance of not only 
universal approaches to planning and performing arthro-
plasty but also the need for a more detailed considera-
tion of individual risk factors. Taking these addresses, it 
is possible to conclude that the integration of data from 
different studies contributes to the improvement of or-
thopaedic surgery practice, increasing the chances of 
successful intervention and minimising the risk of com-
plications, which is an important contribution to the de-
velopment of personalised medicine.

The fact that individualised analysis of the hip joint 
anatomy, particularly the pelvic angle, is important for 
planning THA is an important contribution to the prac-
tice of orthopaedic surgery. This insight allows surgeons 
to more accurately position the prosthesis, reducing the 
risk of complications, and improving implant functionality 
and overall patient outcomes. The development of preop-
erative planning methods, including the use of 3D model-
ling, creates prospects for further progress in orthopaedic 

surgery and the development of personalised medicine. A 
study by H. Choe et al. [25], which indicates that repeated 
hip surgeries cause external rotation of the hip and in-
crease the risk of collision and dislocation, especially in 
two-stage operations with muscle atrophy, demonstrates 
the importance of attention to anatomical details and 
potential changes after surgery. This study points to the 
difficulties that can arise due to anatomical changes after 
surgery and highlights the need to adapt surgical planning 
and postoperative care to minimise risks. Although studies 
have focused on anatomical features and their impact on 
surgical outcomes, the key discovery about the importance 
of pelvic tilt angle in planning for arthroplasty is comple-
mented by the findings on the consequences of reopera-
tion identified in the study by the researchers. Together, 
these studies highlight a comprehensive approach to hip 
surgery that requires a detailed understanding of the anat-
omy and potential joint changes to ensure the best possi-
ble treatment outcomes. The difference between the two is 
the emphasis on primary planning versus the complexities 
associated with re-operations, but they share a common 
commitment to minimising risks and improving patient 
outcomes by considering unique anatomical features.

Based on the studies presented, it is possible to con-
clude that pelvic tilt is a key parameter that has a sig-
nificant impact on the success of total hip arthroplasty. 
Incorrect determination of this angle can lead to a shift 
in the centre of rotation of the joint, increasing the risk 
of dislocation of the prosthesis and the need for revision 
surgery. Modern imaging techniques, such as X-rays and 
computer modelling, allow for high accuracy in measur-
ing the pelvic tilt and adapting the surgical approach to 
the individual anatomical features of the patient, which 
helps to optimise treatment outcomes and minimise the 
risk of complications. The interaction between the hip 
and the spine presents interesting challenges for the ar-
throplasty surgeon, requiring an in-depth assessment of 
both the coronal and sagittal planes during the planning 
of the operation. Understanding of this topic has improved 
significantly in recent years, but many questions remain. 
Well-designed prospective studies are needed to help 
identify and define how to integrate the sagittal plane into 
preoperative planning to determine optimal orientation 
to improve patient outcomes and load behaviour; only 
then can the benefits associated with the use of naviga-
tion/robotics reach their maximum potential, according to 
A. Premkumar et al. [26], G. Grammatopoulos et al. [27]. In 
comparison, the study by D. Kobayashi et al. [28] found an 
association between hip rotation and overall body align-
ment in patients undergoing THA. The authors emphasise 
the importance of considering hip rotation when planning 
and performing hip surgery to ensure optimal recovery. 
The study also noted that the interaction between the hip 
and spine poses a challenge to orthopaedic surgeons, re-
quiring detailed planning of the operation, considering the 
coronal and sagittal planes. Despite significant progress in 
understanding this topic, there are still many unresolved 
issues that highlight the need for further research.

e CONCLUSIONS
When analysing the effect of changes in the pelvic tilt  
angle on the planning of hip arthroplasty, it should be 
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noted that this value is a key biomechanical parameter 
that affects the position and orientation of the acetabular  
component of the prosthesis.

As a result of the study using dry bone models with 
steel balls that simulate the centre of rotation of the fem-
oral head, it became possible to measure and visualise the 
displacement of the centre of rotation with changes in the 
angle of inclination. During the experiment, using X-rays 
from the PLX 140, the displacement of the centre of rota-
tion, which occurred when the pelvic angle was changed 
from 0 to 40°, was recorded. These studies have shown that 
with an increase in the pelvic tilt angle, there is a change 
in the position of the acetabular component of the pros-
thesis, which can lead to a change in the direction of load-
ing on the prosthesis and the bone structures around it. 
This displacement can increase the risk of prosthesis dis-
location, faster wear and other complications. Therefore, 
at 0° of pelvic tilt, preoperative planning can be based on 
standard anatomical landmarks and parameters, taking 
the typical position of the joint and prosthesis as a basis. 
However, with a significant pelvic tilt of 40°, it is neces-

sary to consider the changed geometry of the pelvic bones, 
which requires adjustment of implant angles and, possibly, 
the choice of specialised prosthesis types that would better 
adapt to the changed biomechanics. In addition, the preop-
erative planning must also be individually adapted to the 
increased tilt angle to ensure optimal recovery and reduce 
the risk of complications.

The study results highlight the importance of an indi-
vidual approach to each arthroplasty case, where preoper-
ative planning should be closely linked to the patient’s pre-
cise anatomy and biomechanics. Therefore, it is possible to 
conclude that the range of pelvic tilt angles that should 
be considered when planning total arthroplasty should be 
expanded and the methods for determining these angles 
should be improved.
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Анотація. Зростаюча кількість ендопротезувань кульшового суглоба, пов’язана зі старінням населення, вимагає 
більш точних та ефективних методик планування операцій, щоб забезпечити успішність втручань і мінімізувати 
ризик ускладнень. Дослідження мало на меті показати, як зміна кута нахилу таза впливає на точне визначення 
центру ротації кульшового суглоба. У науковій роботі були використані сухі кістки тазу та стегнової кістки з 
імплантованою сталевою кулькою діаметром 4 мм у голівці стегнової кістки для моделювання. Рентгенівські 
знімки виконувались за допомогою Рентген апарату PLX 140 для фіксації зміщення центру ротації. Дослідження 
підтвердило гіпотезу про те, що зміна кута нахилу таза призводить до зміщення центру ротації кульшового 
суглоба. Таке зміщення вимагає уваги при передопераційному плануванні, оскільки може вплинути на вибір та 
розміщення ендопротеза. Дослідження виявило, що великий кут нахилу таза ускладнює встановлення протеза 
кульшового суглоба, підвищуючи ризики зносу протеза та дислокацій. Це вимагає індивідуалізованого підходу 
до кожного пацієнта, використання спеціальних імплантатів та післяопераційного спостереження. Необхідно 
оцінювати антеверсію та інклінацію протеза, регулювати глибину імплантації та вибирати відповідні типи 
протезів, виходячи з анатомії пацієнта. Використання 3D-моделювання допомагає оптимізувати розміщення 
протеза. Врахування анатомічних особливостей є ключовим для зниження ризику ускладнень та покращення 
довгострокових результатів ендопротезування

Ключові слова: ендопротезування; анатомічні параметри; старіння населення; якість лікування; довгострокові 
результати; оптимізація хірургії; ризик ускладнень
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