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ABSTRACT

Background: Total hip arthroplasty (THA) is a surgical procedure with the highest effectiveness in the
advanced arthritis due to degenerative disease. Due to the prevalence of degenerative changes in the
elderly population, this disease is becoming a major civilization problem and total hip arthroplasty is one of
the most commonly performed operations in orthopedics.

Objective: The aim of this article was to conduct a systematic review of the recent literature to present the
latest scientific reports on total hip arthroplasty. The article focuses on outlining the indications for the
procedure, explaining the problems and advantages of the selected surgical approaches, reviewing the
implants, new technologies and the complications of the methods used.

Methods: The article was developed based on scientific research published between 2015 and 2025. As a
result, the presented information is based on current studies, the latest scientific reports, and the most
recent expert guidelines. Studies that did not include an appropriate description of the methodology, were
unreliable, or contained outdated medical data were excluded from the review.

Conclusions: The choice of surgical technique - anterior, lateral, or posterior approach- should be
individually tailored to each patient. There are various types of implants differing in structure, material, and
fixation methods, each with its own advantages and limitations. Modern technologies, such as robotics and
computer navigation, have the potential to enhance surgical precision, although their long-term
effectiveness requires further research. Despite overall improvements in THA outcomes, long-term data on
the durability of different implant materials and fixation methods remain insufficient. Further studies are
necessary to develop new materials, refine surgical techniques, advance modern technologies, and improve
strategies for preventing complications.

Keywords: Total hip arthroplasty, THA, osteoarthritis, hip joint, surgical approach, orthopedics, 3D printing
technology

INTRODUCTION

The hip joint is a cotyloid joint formed by the head of the femur and the acetabulum of the pelvic bone,
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which is composed of the ilium, ischium, and pubis. On the edge of the acetabulum there is a rim that is
responsible for stabilizing the hip joint. The predominant role in functional mobility and stability of the hip
joints is played by the iliofemoral, ischiofemoral, and pubofemoral ligaments [1].

Total hip arthroplasty (THA) is one of the methods for treating degenerative joint disease of the hip,
fractures of the femoral neck, avascular necrosis of the femoral head [2] and tubercular arthritis [3]. It is
the most effective surgical procedure in the advanced stage of joint inflammation due to degenerative

disease, which is the leading cause of joint disability. Data indicate that 54 million people in the USA are
affected by this condition [4].

Fig 1. Radiological examination of the left hip joint after the surgery — THA [44].

Degenerative joint disease is characterized by pain, which can be observed in tests such as flexion,
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extension, and internal rotation. Other symptoms include stiffness and decreased mobility, which make it
difficult for the patient to perform daily activities. The etiology is associated with damage to the articular
cartilage; disturbances in degradation and synthesis [5]. Studies show that risk factors for this disease
include obesity, female gender, and age. It is believed that psychological disorders such as depression,
anxiety disorders, and psychosis also play a role in the pathogenesis [6]. The diagnosis of degenerative joint
disease of the hip is based on clinical symptoms and imaging tests. In the initial phase of the disease,
magnetic resonance imaging (MRI) may be used to show changes in the articular cartilage. However, the
most important imaging test for diagnosis is the anterior-posterior (AP) X-ray. Key to diagnosis is the
narrowing of the joint space to below 2mm and the presence of osteophytes, which are bony outgrowths
resulting from bone tissue overgrowth [7]. In treatment, rehabilitation, pain relievers, commonly NSAIDs,
and surgical methods such as THA [8] or arthroscopy are used. Arthroscopy is an effective technique in
treating femoroacetabular impingement (FAI) and rim injuries, which are one of the causes of degenerative
hip joint disease [9].
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Fig 2. Osteoarthritis of the left hip. AP RTG demonstrates lateral joint space narrowing (arrows)
and marginal osteophytes (arrowheads) [7].

It should be noted that total hip arthroplasty is the gold standard in treating this disease in patients for
whom conservative treatment has not yielded improvement. It can result in reduced pain, and even
complete elimination of it, as well as improved joint function. THA should be considered for patients with
advanced degenerative disease, painful symptoms, and stiffness that hinder daily functioning [10].

OBJECTIVE

The aim of this article was to conduct a systematic review of the recent literature to present the latest
scientific reports on total hip arthroplasty. The article focuses on outlining the indications for the procedure,
explaining the problems and advantages of the selected surgical approaches, reviewing the implants,
modern technologies and the complications of the methods used.

MATERIALS AND METHOD
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A literature search was conducted using PubMed and Google Scholar. The article was developed based on
scientific research published between 2015 and 2025. As a result, the presented information is based on
current studies, the latest scientific reports, and the most recent expert guidelines. Such an approach allows
for a reliable presentation of the topic in the light of contemporary medical knowledge, which is crucial for
the accuracy and credibility of the content. Additionally, reviewing scientific works from the past ten years
makes it possible to illustrate the evolution and development of the presented techniques, methods, and
therapies, revealing changes in the approach to the analyzed issue. Studies that did not include an
appropriate description of the methodology, were unreliable, or contained outdated medical data were
excluded from the review. Articles were searched by entering key words in the appropriate configuration:
‘total hip arthroplasty’, ‘THA’, ‘surgical approach’, ‘degenerative disease’, ‘hip-joint’, ‘orthopedics’, ‘3D
printing technology’.

DESCRIPTION OF THE STATE OF KNOWLEDGE

SURGICAL APPROACHES AND COMPLICATIONS

Several approaches can be distinguished for performing THA on the lower limb. These include the posterior
(PA), lateral (LA), and direct anterior approach (DAA). Each of these operations has its own advantages and
disadvantages. The operation with a posterior approach involves cutting the gluteus maximus muscle,
allowing visualization of the hip joint from the back. The surgical field in this procedure is the largest of all.
The lateral approach is characterized by cutting the gluteus medius muscle and opening the hip joint from
the anterolateral side. It is associated with the risk of damaging the gluteus maximus muscle. The DAA is
unique compared to previous surgeries because during this procedure, none of the muscles are cut. It
involves an incision between the tensor fasciae latae muscle and the sartorius muscle. In this type of
operation, visualization of the hip joint is the smallest [11].

Anterior superior iliac spine
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Fig 3. The skin incision used for the direct anterior approach to the hip [43].
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Fig 5. The skin incision used for a posterior approach to the hip [43].
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The size of visualization is significant in assessing the difficulty of the operation, which is associated with the
duration of the surgery. Due to the largest surgical field in the posterior approach, the operation time is the
shortest, and in the case of DAA, the longest [12]. This is important because studies have shown that the
longer the operation, the greater the chance of infection of the operated area. Each 20-minute extension of
the operation time is associated with nearly a 25% increase in the risk of subsequent infection [13]. On the
other hand, the small incision without disrupting the continuity of the muscle during the DAA procedure
results in a shorter recovery time due to less tissue trauma compared to the posterior approach. It should
be noted that the minimally invasive technique of DAA enables shorter hospitalization of the patient and a
faster return to functional hip joint mobility. Additionally, the smaller scar from the DAA approach may have
an impact on the aesthetic aspect [14]. Despite the longer recovery time with the posterior approach,
functional outcomes are comparable to DAA [15].

The choice of surgical technique may be associated with various complications during and after the
procedure. Research shows that the anterior approach is characterized by the highest predisposition to
infections. This is influenced by the aforementioned longer operation time and the presence of a wound near
the groin, where there is a greater likelihood of bacterial proliferation. Data indicate that wound infection in
patients after anterior approach surgery is 1.4%, compared to 0.2% in patients with a posterior approach.
The DAA approach poses a greater risk of perioperative fractures during attempts to create the femoral
canal than the posterior approach. This is related to the limited approaches to the surgical field and the
inability to visualize the femur well [16].

Clinical complications include nerve damage. Studies have shown that each approach carries a risk of
damaging specific nerves depending on their anatomical course. In the case of the posterior approach, this
complication occurs least frequently and affects the sciatic nerve [17]. The lateral approach carries the risk
of damage to the superior gluteal nerve [18], which is responsible for innervating the gluteus medius,
gluteus minimus, and tensor fasciae latae muscles. Its damage results in characteristic symptoms, including
dropping of the pelvis on the healthy side during walking or standing, known as Trendelenburg sign [19].
The most common complications associated with nerve damage are observed with the anterior approach.
This is due to the anatomical course of the lateral femoral cutaneous nerve (LFCN) near the incision. This
nerve is responsible for sensation in the lateral part of the thigh, so if it is damaged during surgery, serious
complications are not observed as with nerve damage during other approaches. It is estimated that
approximately 20-25% of these injuries can be avoided by shortening the proximal incision by 10 mm [20].

THA is associated with the risk of revision, i.e. repeated surgery on a previously operated hip joint. Despite
the development of surgical techniques and the construction of more advanced implants, revisions remain a
significant problem after THA [21]. Patient characteristics are an important risk factor. It is believed that
older patients have a greater likelihood of revision due to non-compliance with recommendations regarding
rehabilitation programs. Another risk factor is obesity, which increases the risk of infection and may cause
movement of the implant. The most common reason for revision after THA is aseptic loosening. It is
estimated that this complication is associated with 75% of revisions performed. Other causes include
periprosthetic fracture, infections, dislocations, and rarely, implant fractures [22].

Another complication directly related to the choice of approach in THA is dislocation. Most studies agree that
the posterior approach is associated with a greater risk of dislocations than the anterior approach [23]. The
etiology of dislocations is multifactorial and is related to age, BMI, gender, comorbidities, and surgeon
experience [24]. It may also be associated with significant tissue trauma, which occurs during surgery with
a posterior approach. Therefore, common recommendations from surgeons after this operation include
avoiding hip flexion above 90°, adduction beyond the midline, and internal and external rotation exceeding
20° [25]. It is believed that non-operative treatment of dislocations should be conducted in patients who
experience dislocation within 3 months of THA. The treatment involves closed reduction method. It is
estimated that the treatment of the first dislocation using closed reduction is effective in 2/3 of cases. In the
remaining cases of dislocation, occurring more than 3 months after the operation, if non-operative
treatment is ineffective and instability of the hip joint persists with improper positioning of the prosthetic
components, surgical treatment is recommended. Experts suggest that choosing the posterior approach in
revision surgery reduces the frequency of dislocations due to the possibility of posterior soft tissue repair
[26]. Additionally, it allows for better visualization of the hip joint due to the size of the incision. Other
revision approaches such as DAA and lateral are also possible, but due to the advantages of the posterior
approach mentioned earlier, they are less commonly used [27].

Each procedure has its advantages, limitations, and success rate. The choice of surgical approach depends
on the surgeon’s experience and expertise, as well as a thorough analysis of the patient, including the type
of pathology, quality of bone tissue, age, and coexisting diseases. Regardless of the chosen operation, the
main goal will be to alleviate pain and improve the patient's quality of life [28].

IMPLANTS: STRUCTURE. TYPES, FIXATION
Total hip arthroplasty (THA) involves the replacement of both the femoral head and the acetabular
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component, distinguishing it from hemiarthroplasty, where only the femoral component is replaced. The
prosthesis used in THA consists of a stem, head, liner, and acetabulum. This is a unipolar prosthesis [29]. In
recent years, there has been rapid development in implant technology, leading to longer durability and
effectiveness. Advances have resulted in durable implants made of materials such as ceramic and
polyethylene, as well as the introduction of modular bearings with dual mobility (allowing movement
between the head and liner, and liner and acetabular component), which improve joint functionality [30].
The concept of a dual mobility cup, with a mobile liner, increases the effective head diameter and surface
area between the liner and acetabular component. This type of prosthesis is called bipolar. This approach
minimizes the risk of implant dislocation in obese and elderly patients with inefficient abductor mechanisms.
It also provides a wide range of motion for young and active patients [31].

Endoprostheses can be classified based on articulation, which refers to the type of surfaces between which
motion occurs in the joint. This classification includes the types of materials used for the head and liner.
Common connections include metal-on-metal (MoM), metal-on-polyethylene (MoP), ceramic-on-ceramic
(CoC), and ceramic-on-polyethylene (CoP). Each connection has its own advantages and disadvantages
[32]. The metal-on-metal connection was introduced first. It typically consists of an alloy made of cobalt,
chromium, and molybdenum. Initially, it was believed to have several benefits, including reduced wear due
to the hardness of the materials and the ability to use larger diameter heads, providing greater stability and
reducing the risk of displacement. However, studies have shown that this connection is characterized by
high wear of the implants and the generation of metal debris. This phenomenon leads to rapid deterioration
of the prosthesis and its low 10-year survival rate [33].

THA using CoC and MoM demonstrated less implant wear compared to MoP. However, MoM was associated
with a higher incidence of osteolysis compared to CoC and MoP. Therefore, MoM carries a higher risk of
revision in long-term observation [34]. It's also worth noting that the presence of polyethylene can lead to
the formation of a pseudotumor in MoP connections. This is believed to be associated with an adverse
reaction to wear particles from polyethylene as well as metal particles [35]. Comparing polyethylene and
ceramic liners, studies have shown that clinical outcomes are similar, but wear rates in a 10-year
observation favor ceramic liners. However, it's important to note that ceramic liners are more expensive,
which may be a significant consideration in modern healthcare systems [36]. Studies show that the
ceramic-on-ceramic connection exhibits excellent durability even 20 years after surgery. CoC appears to be
the best solution for young and physically active patients, especially with the introduction of larger diameter
heads, which has reduced the risk of improper positioning and component collision, leading to excellent
functional outcomes [37]. A clinical issue with large ceramic heads is the risk of impingement on adjacent
soft tissues, which can cause pain in the groin area. Another issue may be the occurrence of noise. Up to
30% of patients after THA using CoC report squeaking [38].

The use of THA is not a permanent solution. The survival rate of implants is estimated to be between 15 and
25 years due to slow, progressive inflammatory reactions at the bone- implant interface, leading to its
aseptic loosening [45]. Studies show that ceramic implants have a lower risk of requiring revision (3%)
compared to MoP implants (25%), which is a significant prognostic factor. The 20-yearsurvival rate is
estimated at 96.9% for CoC implants, whereas for MoP implants, it is 73.6% [37]. The cause of faster wear
of implants is the surgical procedure, which leads to abnormalities in the fixation of the individual parts of
the prosthesis relative to each other. An example of such a procedure could be the incorrect placement of
the femoral component of the implant, where it is insufficiently inserted into the medullary canal of the
femur. A complication of this could be the lengthening of the lower limb on the side of the operated hip joint
relative to the other lower limb. This causes a change in the distribution of forces acting on both hip joints.
The described situation leads to a shift in the center of gravity during walking, transferring it to the operated
joint. As a result of this, the prosthetic components interact with each other, leading to their wear [46].
Another interesting phenomenon causing implant wear is the average angle of the hip joint socket. Analyses
indicate a significant increase in implant wear when the inclination of the socket exceeds 55 degrees. This is
an important risk factor that can lead to a decrease in the 20-year survival rate of implants [37].

A crucial step in the surgery is the durable fixation of implants to the bone. For this purpose, the following
constructions are used: cemented, uncemented, and hybrid (one part of the implant contains a cemented
system, while the other is uncemented). In the case of cemented implants, bone cement made of
polymethyl methacrylate is used. This system is characterized by a reduced risk of intraoperative and
subsequent periprosthetic fractures. Uncemented systems rely on direct bonding of bone to the implant,
facilitated by a special substance such as hydroxyapatite, which coats the implant. This enables integration
of bone tissue with the implant [39]. Additionally, uncemented prostheses can be further secured with
screws. Research suggests very low certainty of scientific evidence regarding the effectiveness of
uncemented acetabular implants without screw fixation, hence the recommendation for the use of screw
systems and further research on this issue [40].

The choice of fixation system depends on the surgeon's discretion, following individual patient analysis. In
uncemented prostheses, integration between the implant and bone takes longer due to bone remodeling
processes, hence after THA surgery, using crutches for about 1 month is recommended. This type is
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recommended for younger individuals with good bone tissue quality. Cemented prostheses are most
commonly used in patients over 75 years old, with poor bone tissue quality or concurrent rheumatologic
diseases. It allows for almost immediate weight-bearing and rapid patient rehabilitation [41], helping avoid
complications associated with immobilization, such as deep vein thrombosis and pulmonary embolism [42].

NEW TECHNOLOGIES AND THE DEVELOPMENT OF ORTHOPEDICS

Orthopedics is one of the fastest-growing fields of medicine, leading to dynamic progress in modern
technologies. Scientific research and technological advancements contribute to the improvement of surgical
techniques, surgical instruments, and implants used in the treatment of musculoskeletal disorders. One of
the areas in which innovation plays a key role is total hip arthroplasty. The introduction of modern materials
with increased durability, precise imaging techniques, and advanced systems supporting surgeons, such as
computer navigation and robotics, enables even better treatment outcomes. As a result, patients can expect
longer-lasting implants, shorter recovery times, and an improved quality of life after the procedure. Systems
such as computer navigation and robotics help increase the repeatability of surgical procedures, providing
much greater precision than the human hand. They allow for the accurate positioning of prosthetic
components and provide intraoperative information about bone structure and lower limb alignment.

Another useful tool is preoperative three- dimensional modeling, which enables the development of a
surgical strategy, reduces operation time, and helps prevent complications arising from individual
anatomical variations. This approach significantly facilitates a personalized treatment plan for each patient
[47]. Research results show that the use of robotics employing computed tomography (CT) and 3D
reconstruction improves radiological outcomes by increasing the safe placement of the prosthesis compared
to the manual technique. Studies do not indicate any significant difference in intraoperative or early
postoperative complications compared to the manual technique. Despite promising short-term results, there
is a lack of comprehensive studies with longer follow-up periods that could confirm the long-term impact of
using surgical techniques supported by robotic tools [48].

Preoperative (Left)

vs vs
Opposite Hip | Pre-op Hip

Hip Length
(mm) 12 N/A
Shorter
Combined
Offset (mm) 8 N/A

Decreased

Fig 6. Three-dimensional reconstruction of anatomical structures [49].

8von 13



archiv euromedica 2025 | vol. 15 | num. 2 |

Femoral
Version

Stem
Version

Planned

vs vs
Opposite Hip | Pre-op Hip
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Fig 7. Screen displaying preoperative confirmation of the femoral stem size, offset, and version
prior to cutting the femoral neck. [49].

Another innovation in total hip arthroplasty is the use of 3D printing technology, which is revolutionizing the
approach to the design and production of implants. Thanks to its ability to precisely adjust the shape, size,
and structure of the prosthesis, 3D printing allows for promising clinical outcomes and a personalized
approach to each patient. Prostheses produced with 3D printing are more closely aligned with the patients’
anatomical structures and enable better coordination with human biomechanics. Moreover, 3D printing
technology applied in hip arthroplasty has accelerated patient recovery after surgery- the time until weight-
bearing on the operated joint was shorter than with implants produced by other methods. Studies have
shown that implants created using 3D printing are more susceptible to loosening and carry a higher risk of
infection, although there is a lack of data from studies involving larger groups of participants. 3D printing
technology in hip arthroplasty is an intriguing solution that may represent the future of modern orthopedics
and play an increasingly important role in the coming years [50, 51].

DISCUSSION OF CONCLUSIONS

Total hip arthroplasty (THA) represents the final and irreversible treatment option for hip joint diseases,
most commonly due to degenerative changes. It is one of the most effective therapeutic methods,
particularly in older patients whose conditions are advanced and irreversible. Studies clearly indicate that
THA significantly improves joint function and the quality of life for patients suffering from conditions such as
hip osteoarthritis, femoral neck fractures, as well as disorders seen in younger populations, such as
avascular necrosis or tuberculous changes. This procedure effectively reduces pain, restores mobility, and
enables patients to return to their daily activities. However, modern THA surgery faces the challenge of
limited implant longevity, which ranges from about 15 to 25 years, potentially posing a significant issue for
younger patients who may require a revision surgery after this period.

The article presents the selection of a surgical technique, focusing primarily on choosing the appropriate
surgical approach—anterior, posterior, or lateral. The chosen method should be tailored to the patient’s
anatomy, comorbidities, and surgical history.

The anterior approach, as the only intermuscular technique, preserves muscle continuity, resulting in less
postoperative pain and faster recovery. However, due to its limited surgical field, it can be technically
demanding and unsuitable for all patients. For this reason, it also carries the risk of intraoperative
conversion to another approach.

The posterior approach provides better visibility of the surgical field, making it the preferred choice for
revision surgeries and cases with atypical anatomy. However, it is associated with a higher risk of joint
dislocation, particularly during everyday activities such as sitting in a chair.

The lateral approach represents a compromise between the anterior and posterior methods, balancing the
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risk of dislocation with optimal joint access. Literature suggests that individualizing the choice of surgical
technique can significantly impact treatment outcomes, minimizing complications and accelerating recovery.
Additionally, it emphasizes that no single technique can be definitively considered the best, and the
selection should be tailored to each patient individually.

The classification of hip prostheses is based on the type of articulation, meaning the materials that form the
joint surfaces. The main combinations include metal-on-metal (MoM), metal-on-polyethylene (MoP),
ceramic-on-ceramic (CoC), and ceramic-on-polyethylene (CoP), each with its own advantages and
limitations. MoM, initially considered durable and stable, proved problematic due to high wear and the
release of metal particles, leading to osteolysis and an increased risk of revision surgery—consequently, it is
now rarely used. MoP, the most commonly chosen option, offers good clinical outcomes at an affordable
cost, though it may carry a risk of pseudotumor formation due to reactions to wear particles. Ceramic
components stand out for their high durability, making them a preferred choice for younger patients.
However, their higher cost is a significant limiting factor for widespread use. The CoC combination, while
extremely durable, can cause a squeaking phenomenon during daily activities, raising concerns about user
comfort.

There are also different fixation systems between the implant surface and the bone. These include
cemented, uncemented, and hybrid prostheses. Cemented implants, traditionally used in older patients with
osteoporosis, provide immediate stability. In contrast, modern uncemented implants, preferred for younger
and more active patients, allow for long-term integration with the bone through osteointegration. The hybrid
approach, which combines a cemented acetabular cup with an uncemented femoral stem, is also gaining
popularity, offering a personalized approach to each patient. The final choice of fixation method should
consider the patient’s age, bone quality, activity level, and other clinical factors.

In the future, computer navigation and robotic systems may play a key role by enabling more precise
positioning of prosthetic components and providing valuable information during surgery. Preoperative 3D
modeling supports surgical planning, reducing the risk of complications. Studies suggest that the use of
robotics combined with computed tomography (CT) and 3D reconstruction improves radiological outcomes
compared to traditional manual techniques. However, despite promising short-term results, there is a lack of
long-term studies to confirm the lasting impact of these technologies on treatment outcomes.

Despite advancements in THA technology, complications such as infections, joint instability, and prosthetic
component wear remain significant challenges. Although overall treatment outcomes have improved, long-
term data on the durability of different implant materials and fixation methods are still lacking. Further
research is essential to develop new materials, refine surgical techniques, and improve strategies for
preventing complications.
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