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Abstract: The hip joint is pivotal in human mobility, supporting multi-axial movement and substantial loads during daily
activities. Osteoarthritis, particularly coxarthrosis, poses a significant health burden globally, necessitating total hip
arthroplasty (THA) as a common treatment. This review explores the efficacy of prehabilitation in optimizing outcomes
before hip surgery, highlighting its potential benefits in enhancing patient education, muscle strength, and
proprioception. We discuss rehabilitation strategies post-THA and assess various outcome measures such as the Postel
Merle D’Aubigne score and HOOS for functional evaluation. Additionally, we delve into biomechanical considerations
using finite element analysis (FEA) in the context of cervical spine mechanics and THA implant design, emphasizing the
role of computational modeling in enhancing surgical outcomes and implant durability.
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I.INTRODUCTION

The axial skeleton and lower extremities are joined at the hip joint. Three major axes of movement are possible in the hip
joint, and they are all perpendicular to one another. The femoral head is where the entire axis' center is located. Flexion
and extension movements are possible along the transverse axis. Osteoarthritis of the hip joint—coxarthrosis is one of the
most common causes of sickness absence among men in Poland [1].Osteoarthritis of the hip joint is recognized as the
second most common location of degenerative changes in the joints of the limbs (it is most often diagnosed in the knee
joint) and is the most common reason for total joint replacement both in Poland and worldwide [2]. Even though more
than 130 years have passed since the first arthroplasty [3], the effects of this form of treatment are not satisfactory.
Rehabilitation is one of the basic methods of treating early coxarthrosis [4] physical therapy is also widely used to
improve the functional status after hip arthroplasty [5].

The use of prehabilitation rehabilitation preceding treatment—has features that make this form of influence potentially
attractive: ensuring patient education [6] increasing muscle strength and range of motion [7] and improving
proprioception [8].The prehabilitation efficacy evaluation has major importance considering coxartrhosis prevalence.
Recently, prehabilitation is becoming increasingly popular as a method that potentially supports broadly understood
oncological treatment [9]. However, prehabilitation only makes sense when it significantly improves the patient’s
functional status and has a positive impact on the result of the final treatment. Moreover, prehabilitation generates costs
both for the health care system and the patient [10]. Medical and cost effectiveness are therefore of key importance if
prehabilitation is to become a separate service included in health insurance [11]. Currently, rehabilitation before surgical
treatment in Poland is not a routine procedure, although some orthopaedists, rehabilitation specialists, and
physiotherapists consider it justified to recommend it to patients.

The assessment of the effectiveness of prehabilitation in patients using self-therapy, postulated already before the
pandemic, became more important in 2020 [12]. A rather conservative form of communication—a paper brochure with
an outline of exercises (see Supplementary Material)—has been replaced by therapy conducted via electronic media,
including smartphones commonly available in developed countries. However, the paper form has the advantage of
accessibility and ease of use; after all, having a smartphone and the ability to use the application fluently is not obvious,
especially among the elderly. It is postulated to standardize the methodology for creating medical applications used by
patients [13]. Certainly, applications enable their creators to automatically remind patients about the need to perform a
given activity, a functionality that paper instructions do not have.
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Figure 1: Total hip joint replacement [14].

The Postel Merle D’ Aubigne score (PMA) requires the assessment of the range of abduction and flexion of the hip joints,
i.e., the critical range of motion for efficient movement up stairs and restoring an energy-efficient gait stereotype without
excessive, harmful movement of the center of gravity in the frontal plane [15]. It is a reliable, repetitive tool in clinical
practice. The HOOS Hip Disability and Osteoarthritis Outcome Score (HOOS) score allows for a comprehensive
assessment of the patient’s condition, from pain to sports activities. The Polish version of HOOS has been positively
evaluated for use in evaluating the results of hip arthroplasty [16]. The Laitinen scale is applied to assess the severity of
pain in the context of intensity, frequency, need to use analgesics and impact on physical activity. A visual analogue
scale (VAS) is used to assess the subjective intensity of pain. The variant of 100 mm was chosen, where 0 means no pain
at all, and 100 mm-—the strongest pain experienced or imaginable to the patient.

The tools are based on the patient’s self-evaluation and functional status. The study group consisted mostly of elderly
patients, for whom independent movement is one of the key conditions for maintaining independence in basic areas of
functioning and playing social roles. Scales based on self-evaluation also allow for the assessment of the patient’s risk of
kinesiophobia (fear of physical activity), which in the geriatric population leads to a secondary disability and reduced
quality of life [17].

I1. Finite Element Analysis (FEA) Basics :

Structural Finite-element analysis (FEA) has been widely used to perform stress and deformation analysis of complex
structures, for which an analytical solution might be infeasible. In the biomedical domain, FEA has been applied to study
the mechanics of human tissues and organs, tissue-medical device interactions, diagnostic and treatment strategies at a
patient-specific level [18].which may need to solve forward and inverse mechanics problems.

The finite element is important for predicting spine mechanics in situations where in vivo and in vitro models prove
insufficient. In the determination of internal loads, stresses, and strains in spinal tissue, numerical models have been used
[19]. Simulation results from numerical spine models can be employed to gain insight into the inner workings of the
cervical spine. Moreover, virtual models can display information previously unobtainable via physical models, such as
stress distribution in the intervertebral disc. Gradually, more accurate cervical spine modeling has increased the accuracy
of the guidance of spine surgery and the new design of cages. The only notable drawback is that greater computing power
is needed. This is controlled by converting models into somewhat less computationally intensive versions. The findings
they offer will still be quite accurate if they pass convergence tests and are validated against data that is known to be
accurate. Cervical spine modeling has been the subject of multiple reviews of the literature, but there have not been any
that contrast cervical spine models with material models. The limitations of the material models and cervical models
were not compared and discussed. We will therefore focus on reviewing the material property models and cervical
models for potential interest to the surgeons and biomechanical engineers [20].

The cervical spine is one of the smallest and most intricate joints in the human body [21]. Cervical disc herniations are a
problem caused by repetitive cervical spine loading [22]. The severity of loading needed also decreases as the age of
involved patients increases [23]. This is due to a lack of nutrient supply to the intervertebral disc; resulting in natural
wear and decreased performance with age, a phenomenon known as cervical spondylosis [24]. If the disc degenerates, the
cervical spine’s stability will be compromised, and the intravertebral disc height will change [25]. The decrease in
foraminal spacing can result in cervical radiculopathy and the compression of nerves causes great discomfort and reduced
quality of life for the affected individual [26].

The first attempts made at addressing this were through the fusion of the adjacent vertebra in a technique known as
anterior cervical discectomy and fusion (ACDF) established in the 1950s [27]. The intervertebral disc and osteophytes
are removed during this treatment, and the area of the spine is decompressed. Then, to maintain foraminal spacing and to
encourage a stable site for osseointegration, an adequately sized cage and bone graft are implanted [28]. Shortly after,
plate instrumentation was introduced to help regulate the stresses of the cervical spine. A variety of surgical techniques
and hardware have been developed in addition to the standard anterior plating, to improve the biomechanical
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postoperative state. Some adjunct structures that have been applied include lateral mass and pedicle screw systems, facet
replacement devices, and cervical disc replacements for multilevel procedures. For the treatment of cervical disc
problems, the golden standard has not yet been discovered. To better meet the needs of the system, more information on
the generalities and mechanics of the cervical spine is required. Many techniques have been used to learn more about the
cervical spine [29].

I11. Review of Hip Joint Implant Designs :

The hip joint is among the most essential load-bearing joint surfaces, enabling both strength and multiaxial movement
while transferring multiple times body weight (BW) during daily activities like walking, standing, bending and sprinting
[30]. The human body is composed of roughly 270 bones at the moment of birth, and this number will be lowered to 206
bones by the time of maturity when some of the bones are merged together [31]. When it comes to the significance of the
hip, it may be characterised by the fact that it allows human mobility and sustains the full body weight without causing
distress. The inability of the artificial joint to function properly is among the most prevalent reasons for complete joint
revision. Any severe relative movement involving joint partners is classified as joint instability, which is often
characterised by harm to implant components or adjacent soft tissue[32]. However, because of the joint’s load-carrying
capabilities in six degrees of freedom (flexion, extension, abduction, adduction, internal rotation, and external rotation), it
is susceptible to degeneration and local loading, resulting in discomfort. Artificial joints are frequently used to replace
degraded hip joints, also known as total hip arthroplasty to avoid such outcomes. Total hip joint replacement implant
consists of stem, femoral head, acetabular cup and backing cup.the components associated in THR. Total hip
replacements are often patient-specific and reliant on the requirements of the individual patient in terms of shape and
sizes. The range of motion and physical function are critical considerations, particularly in younger patients who have
high expectations for their life quality after THA surgery [33]. When a wide-ranging series of patients from various
experimental studies were analysed, the findings revealed that younger individuals are more prevalent among older
patients undergoing THR to restore function to a clinically relevant level. Furthermore, a substantial reduction in the
average age of patients who need hip implants has prompted studies to prolong the durability of THRs in attempt to
improve quality of life for active younger patients [34].
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Figure 3. Components used in hip implants[35].

Implants were traditionally held in place by pressure, friction or screws. Due to the insufficiency of these methods, new
and improved methods have been developed. Now, there are two common types of femoral stem fixation: cemented
femoral fixation and cementless femoral fixation [36]. Designing an Optimized Novel Femoral Stem. A femoral head is
attached by press fitting, then an acetabular cup and backing cup are attached [37]. Although a press-fit fixation approach
eliminates the need for screws or cups with screw holes, it can result in acetabular fractures or incompetence.

Comparison of Different Types of Hip Joint Implants.

Type of Hip Implant Description Advantages Disadvantages
Cemented Uses bone cement | Immediate fixation, initial | Risk of cement loosening, long-
(polymethylmethacrylate) | stability term wear

for fixation, providing
immediate stability.
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Uncemented Relies on bone growth into | Bone preservation, | Longer initial recovery, initial
the implant surface | potential longevity. instability

(osseointegration) for long-
term stability.

Hybrid Combines cemented and | Flexibility in component | Potential for mismatched wear
uncemented  components | selection patterns

(e.g., uncemented stem
with cemented cup).

Ceramic-on-Ceramic | Uses ceramic materials for | Low wear rates. Risk of ceramic fracture
both femoral head and
acetabular cup, known for
low wear rates.

Metal-on-Metal Utilizes metal components | Low wear rates. Concerns over metal ion release,
for both femoral head and tissue reactions
acetabular  cup, initially
durable.

1V. CONCLUSION

In conclusion, while THA remains a cornerstone in managing hip osteoarthritis, the integration of prehabilitation shows
promise in improving patient preparation and postoperative recovery. Biomechanical insights from FEA offer valuable
perspectives on implant design and surgical techniques, aiming to optimize functional outcomes and longevity of THA.
Future research should focus on standardizing prehabilitation protocols, validating computational models, and advancing
surgical techniques to further enhance patient care and treatment efficacy.Finite element analysis (FEA) has significantly
contributed to understanding the biomechanics of the hip joint and the cervical spine. In the context of THA, FEA aids in
the design and optimization of implants, ensuring they can withstand the complex loads and movements experienced by
the hip joint. By simulating different scenarios and analyzing stress distributions, FEA helps improve implant durability
and performance, ultimately enhancing patient outcomes.Overall, integrating prehabilitation, effective postoperative
rehabilitation, and advanced biomechanical modeling provides a comprehensive approach to managing hip osteoarthritis
and improving THA outcomes. Continued research and clinical validation are necessary to refine these strategies,
ensuring they deliver maximal benefits to patients and healthcare systems alike.
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