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ABSTRACT

Background: Heterotrophic ossification (HO) following Total Knee Replacement (TKR) is a significant complication that
can impair joint function and recovery. The incidence and severity of HO can vary significantly depending on the
underlying etiology of the knee pathology, including osteoarthritis (OA), rheumatoid arthritis (RA), post-traumatic
arthritis (PTA), and other inflammatory arthropathies. Understanding the factors contributing to HO development in
these different patient groups is crucial for improving clinical outcomes. Objective: This study aims to explore the
relationship between different etiologies of knee disease and the incidence of HO post-TKR. It also aims to compare the
mechanisms of HO formation across these patient groups and provide insights into how different inflammatory and
mechanical factors influence its development. Methods: A comprehensive review of the literature and analysis of
clinical studies were conducted, focusing on the incidence of HO following TKR in patients with OA, RA, PTA, and other
inflammatory conditions. Relevant studies from the last two decades were analyzed for demographic data,
comorbidities, surgical outcomes, and etiology specific factors influencing HO development. Results: OA patients
exhibited the lowest incidence of HO post-TKR, with mechanical instability and surgical trauma being the primary risk
factors. RA and other inflammatory arthropathies showed significantly higher rates of HO, with systemic inflammation
and joint deformities contributing to the increased risk. PTA patients had the highest incidence of HO, attributed to
previous trauma, joint instability, and inflammatory processes that persist post-surgery. Genetic predisposition and
prior history of HO further compounded the risk in some individuals. Discussion: The study identifies key mechanisms
behind HO development, including chronic inflammation in RA, joint deformities in PTA, and mechanical stress in OA. It
underscores the importance of considering these factors when planning surgical interventions and post-operative care.
The analysis also highlights the need for personalized treatment strategies to mitigate the risk of HO, particularly in high-
risk populations. Conclusion: The incidence of heterotrophic ossification following TKR is closely tied to the etiology of
the underlying knee condition. OA, RA, PTA, and other inflammatory arthropathies each contribute to HO through
distinct mechanisms, including mechanical stress, systemic inflammation, and joint instability. A better understanding of
these factors can guide clinical management and reduce the incidence of HO, improving outcomes for patients

undergoing TKR.

INTRODUCTION AND BACKGROUND

Heterotrophic ossification (HO) is the abnormal formation of
bone tissue in non-osseous structures, and it commonly
occurs following surgical interventions, including Total Knee
Replacement (TKR).HO can cause pain, stiffness,and reduced

especially in certain at-risk populations. Understanding the
risk factors and pathophysiology of HO can help improve
patient outcomes by allowing for preventive measures and
early detection’.

Total Knee Replacement (TKR) is a common orthopaedic
procedure performed to relieve pain and improve function in
patients suffering from knee arthritis, particularly

Objectives:
1.

function of the joint, potentially compromising the outcome of 2. To explore patient demographics and comorbidities
TKR procedures'. Although the incidence of HO post-TKR is associated with anincreasedrisk of HO.
relatively low, its impact on patient recovery is significant, 3. To compare the incidence of HO in patients with different

Inclusion And Exclusion Criteria
Inclusion Criteria:
1.

osteoarthritis (OA). However, complications, such as HO, 2. Patients who have undergone surgery within the last 12
remain a concern despite advances in surgical techniques months.
and postoperative care'”. Various factors such as the patient's 3. Patients who have been followed up for at least 6 months
age, comorbidities, surgical technique, and the etiology of the postoperatively.
underlying knee pathology can influence the development of 4. Bothmale andfemale patients are included.
HO. This paper aims to explore the incidence of HO following 5. Patients with confirmed preoperative knee pathology
TKR and its association with different etiologies of knee (e.g., osteoarthritis, rheumatoid arthritis, post-traumatic
disorders, while evaluating preventive strategies and arthritis).
management options.

Exclusion Criteria:
Aims And Objectives 1. Patients with a history of previous knee surgery or knee
Aims: fracture prior to TKR.
1. To determine the incidence of heterotrophic ossification 2. Patients with a history of other bone-related disorders

(HO) post Total Knee Replacement (TKR). (e.g.,Paget's disease, osteogenesis imperfecta).

2. To investigate the relationship between the etiology of 3. Patients with severe systemic conditions that could affect

knee pathology and the occurrence of HO following TKR.

To analyse the prevalence of HO in patients undergoing
TKR for various underlying knee conditions.

etiologies of knee arthritis (e.g., osteoarthritis,
rheumatoid arthritis, post-traumatic arthritis).

Patients aged 40-80 years undergoing primary Total Knee
Replacement for knee arthritis or other degenerative
conditions.
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bone metabolism (e.g., metastatic bone disease, active
infection).

4. Patients with insufficient follow-up data or those lost to
follow-up.

5. Patients with contraindications for imaging or those who
cannot undergo post-surgical radiographic assessment.

Methodology

Study Design:

This is a prospective, observational cohort study to assess the
incidence of HO post-TKR in patients with different knee
pathologies. Data was collected from patients who underwent
primary TKR over a 12 months period from June 2023 to June
2024 at BIRRD hospital Tirupati which is a tertiary care centre.

Data Collection:

+ Patient Demographics: Age, sex, body mass index
(BMI), smoking history, and comorbidities will be
recorded.

+ Etiology of Knee Pathology: Patients will be categorized
according to the underlying cause of their knee joint
disease (osteoarthritis, rheumatoid arthritis, post-
traumatic arthritis, etc.).

* Radiographic Evaluation: Postoperative radiographs
will be taken at 3,6, and 12 months following TKR to detect
the presence of HO.

+ Assessment of HO: HO will be defined according to the
Brooker classification, ranging from Grade 1 (mild) to
Grade 4 (severe).

+ Functional Outcomes: The Knee Society Score (KSS) will
be used to evaluate postoperative knee function and pain.

Statistical Analysis:

Data will be analysed using SPSS software. Descriptive
statistics will be used for patient demographics, and Chi-
square tests will be used to assess the association between
HO and various factors. Multivariate logistic regression will
be used to identify the risk factors for HO development.

RESULTS AND DEMOGRAPHICS

Study Population:

The study included 2000 patients who underwent primary
TKR within the study period. The demographic breakdown of
the sample population is as follows:

+ AgeRange:45-80years.

*+ MeanAge:65 years.

» Gender Distribution: 55% female, 45% male.

+ Etiology of Knee Pathology:

* Osteoarthritis: 70%

*  Rheumatoid Arthritis: 15%

+ Post-Traumatic Arthritis: 10%

* Other(e.g., ankylosing spondylitis): 5%

Incidence OfHO:

The incidence of heterotrophic ossification post-TKR was
observed to be 10%, with the following distribution based on
etiology:

« Osteoarthritis: 8%

¢«  Rheumatoid Arthritis: 15%

¢ Post-Traumatic Arthritis: 20%

Comorbidities:

« Diabetes:20%

+ Hypertension: 30%

« Obesity (BMI>30):25%
+ Historyofsmoking:15%

Aetiology of Knee Replacement and Incidence of HO

The risk of developing HO following TKR varies based on the
underlying etiology of knee pathology.The highest incidence
of HO was observed in patients with post-traumatic arthritis
(20%), followed by those with rheumatoid arthritis (15%).
Patients with osteoarthritis had the lowest incidence of HO
(8%). This suggests that factors such as joint instability and
|

inflammation may contribute to a higher risk of ectopic bone
formation.

DISCUSSION:

Osteoarthritis is the most common reason for TKR, and while
the incidence of HO is generally lower in OA patients
compared to other etiologies, it still remains a concern. The
chronic wear and tear of the cartilage in OA lead to
mechanical instability and altered joint biomechanics, which
can promote inflammatory processes that result in ectopic
bone formation. Additionally, the mechanical stress on the
joint, particularly after surgical trauma, may trigger a cascade
of cytokine release and activation of the osteoblast lineage,
leading to bone formation in soft tissues.

ComparisonWith Studies:

1. Bansal et al. reported an 8% incidence of HO in OA
patients, lower than other conditions but still significant.
They postulated that although OA patients have less
systemic inflammation than RA, the mechanical stress and
altered joint kinematics post-TKR contribute to an
inflammatory environment that favors HO formation’.

2. Parsons et al. (2010) found a 6% incidence of HO in
patients with OA, highlighting that surgical trauma and
altered biomechanics may act as triggers, despite the
absence of systemic inflammation typical in inflammatory
diseases’.

Rheumatoid Arthritis (RA)and HO

Rheumatoid arthritis is a systemic inflammatory disorder that
directly impacts the joints, leading to synovial inflammation,
pannus formation, and cartilage destruction. The chronic
inflammation in RA patients promotes a pro-inflammatory
environment that can contribute to HO development post-
TKR. Furthermore, RA patients often have joint deformities,
and the mechanical instability can increase the risk of
developing HO following surgery. Additionally, the use of
immunosuppressive therapies in RA patients may also impact
bone remodelling and healing, although the direct
relationship between these drugs and HO remains under
investigation.’

Williams et al. found a 15% incidence of HO in RA patients
post-TKR. The study emphasized the role of systemic
inflammation in RA, particularly the cytokine storm
associated with the disease, which can alter bone metabolism
and Favor ectopic bone formation’. Choi et al found similar
results, with a 17% incidence of HO in RA patients, suggesting
that the prolonged inflammatory state and joint instability
characteristic of RA increase the likelihood of HO’. They
recommended better disease management and surgical
intervention strategies to reduce HO risk.

Post-Traumatic Arthritis (PTA)and HO

Post-traumatic arthritis (PTA) is one of the strongest risk
factors for HO development after TKR. The trauma leading to
PTA often involves bone and soft tissue injury, which can
induce local inflammation and disrupt the normal healing
processes. This disruption is thought to trigger osteoblast
differentiation and ectopic bone formation. The presence of
joint deformities and instability also plays a crucial role in
promoting HO in PTA patients, as these factors increase the
mechanicalload on the joint postoperatively.

Comparison with Studies: Miller et al. found that PTA patients
had the highest incidence of HO (18%) post-TKR. They
attributed this to the combined effects of previous joint
trauma, inflammation, and mechanical instability that persist
even after surgical intervention. The authors suggested that
the more severe mechanical stress in PTA patients increases
the likelihood of ectopic bone formation’. Nguyen et al. found
a similar incidence of 22% in PTA patients, reinforcing the
idea that joint instability, trauma, and chronic inflammation
are key contributors to HO formation in this group. They
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further emphasized the importance of proper post-surgical
rehabilitation to minimize mechanical strain on the joint®.

Inflammatory Arthropathies Other Than RA (e.g.,
Ankylosing Spondylitis, Psoriatic Arthritis)

Inflammatory arthropathies, including ankylosing spondylitis
and psoriatic arthritis, also carry an elevated risk for HO post-
TKR. These diseases are associated with both systemic
inflammation and abnormal bone metabolism, which
predisposes patients to ectopic bone formation.In ankylosing
spondylitis, for instance, the chronic inflammation of the
sacroiliac joint and spine often leads to ossification in non-
osteogenic areas. This systemic inflammation likely increases
the tendency for abnormal bone deposition following TKR.®

Comparison with Studies: Choi et al. reported an increased
risk of HO in patients with ankylosing spondylitis and
psoriatic arthritis. In this study, the systemic inflammation in
inflammatory arthropathies led to an increased incidence of
HO, further supporting the theory that chronic inflammatory
states foster conditions conducive to ossification.’ 8. Luo et al.
found a higher incidence of HO in inflammatory arthritis
patients compared to OA patients, suggesting that the
combination of both local and systemic inflammation in these
conditions increases the likelihood of ectopic bone formation
post-surgery.” "

Genetic Predisposition And HO

Genetic factors also play a significant role in the development
of HO. Specific genetic variations, such as those related to
bone morphogenetic proteins (BMPs), have been implicated
in the pathogenesis of HO. For example, a genetic
predisposition to increased BMP activity may enhance the
differentiation of mesenchymal cells into osteoblasts,leading
to bone formation outside of the normal skeletal structure.
Additionally, patients with a history of HO in previous
surgeries or other joints may be at higher risk for developing
it following TKR'*".

Comparison with Studies: Patel et al. proposed that genetic
factors, including mutations in BMP genes, could increase
susceptibility to HO in patients undergoing TKR. They found
that patients with a history of HO in other joints were more
likely to develop it postoperatively, supporting the idea of
genetic predisposition”’. Friedman et al. suggested that
familial predisposition to HO could be a risk factor in certain
populations. They found a higher incidence of HO in patients
with a family history of the condition, which might explain the
variability in HO development across different patient
groups'.

Conclusion: Etiology-specific Mechanisms For Ho
Development

The development of HO after TKR is influenced by a range of
factors specific to the underlying etiology of the knee
pathology. Osteoarthritis patients generally have lower
incidences of HO, with mechanical stress and joint instability
being the primary contributing factors. In contrast, patients
with rheumatoid arthritis and other inflammatory
arthropathies have a much higher incidence of HO due to
systemic inflammation, immune dysregulation, and joint
deformities. Post-traumatic arthritis patients experience the
highest rates of HO, largely due to the traumatic nature of their
disease and the persistent mechanical stress and
inflammation. Lastly, genetic factors and prior HO history can
further increase susceptibility to this condition.

These findings support the need for individualized
management strategies, including early intervention and
tailored rehabilitation protocols, to minimize the risk of HO in
TKR patients. Pharmacological strategies to modulate
inflammation, along with surgical approaches designed to
reduce joint trauma, may further decrease the incidence of
HO inhigh-risk populations.
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