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ABSTRACT

Background with Objectives: Knee osteoarthritis (OA) is a common degenerative disorder leading to pain,
stiffness and functional limitation. Radiological severity often does not correlate well with clinical symptoms.
Anatomical factors such as patella tendon length (PTL) may influence functional outcomes. The present study
was conducted to determine the correlation between patella tendon length and Western Ontario and McMaster

Universities Osteoarthritis Index (WOMAC) score in patients with osteoarthritis knee.

Methodology: This cross-sectional study was conducted in the Department of Orthopaedics, National Institute
of Medical Science and Research, Jaipur over a period of 18 months. A total of 62 patients aged >40 years
were included. Mean age of participants was 58.23+11.21 years, with female predominance (58.1%). Most
patients had moderate to severe osteoarthritis with Kellgren—Lawrence Grade 3 (45.2%) and Grade 4 (37.1%).
Patella tendon length was measured on lateral knee radiographs at 30° flexion. Functional assessment was
performed using the WOMAC index. Statistical analysis included Pearson correlation with p<0.05 considered

significant.

Results: The mean WOMAC scores were: pain 5.14+2.41, stiffness 1.82+0.96, physical function 16.73+£7.11

and total score 23.71+£10.17, indicating moderate symptom severity.
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Correlation analysis showed a weak negative association between patella tendon length and WOMAC scores:
pain (r =-0.206, p=0.107), stiffness (r = -0.145, p=0.261), function (r = -0.227, p=0.076), and total WOMAC
score (r = -0.266, p=0.036), with only total score showing statistical significance. There was a weak positive
but non-significant correlation between PTL and KL grading (r = 0.202, p=0.115). Comparison across PTL
groups revealed that patients with short tendon length had highest WOMAC score (27.33+11.53), followed
by medium (23.05+10.09) and lowest in long tendon group (20.60+7.72), indicating worse functional

outcomes with shorter tendon length.

Conclusion: The study demonstrates that patella tendon length has a weak but clinically relevant association
with functional outcomes in knee osteoarthritis. Longer tendon length is associated with lower WOMAC
scores and better functional status, while shorter tendon length is linked to greater pain and disability.
However, patella tendon length does not show a significant correlation with radiological severity, indicating

that functional impairment in osteoarthritis is multifactorial.

Keywords: Knee osteoarthritis, Patella tendon length, WOMAC score, Kellgren-Lawrence grading,

Functional outcome, Correlation study

INTRODUCTION

Osteoarthritis of the knee represents one of the most prevalent degenerative joint disorders globally,

affecting millions of individuals across all demographic groups and significantly impairing their quality of life
through progressive cartilage degeneration, chronic pain, joint stiffness and substantial functional limitations.!
As populations continue to age and life expectancy increases, particularly in developing countries, the
prevalence of knee osteoarthritis is rising dramatically, making it a substantial public health burden that
necessitates comprehensive investigation into its complex pathophysiology, contributing anatomical and
biomechanical factors and reliable clinical assessment methods.?® The disease process involves intricate
interactions between mechanical loading patterns, anatomical variations, cartilage metabolism, inflammatory
mediators and biomechanical alterations that collectively influence disease progression, symptom severity and
clinical outcomes in affected individuals.*

The patellar tendon, also referred to as the patellar ligament, extends from the inferior pole of the
patella to the tibial tuberosity with a typical length ranging from 3.5 to 5.5 centimeters, serving as a crucial
component of the knee extensor mechanism by transmitting forces from the quadriceps muscle to the tibia
during knee extension and functional activities.® Variations in patellar tendon length have been increasingly
recognized as important factors influencing patellofemoral biomechanics and joint kinematics with altered
tendon dimensions potentially affecting force distribution across the knee joint, modifying contact pressures
on articular cartilage and contributing to abnormal joint loading patterns that may accelerate degenerative
changes.>® Recent evidence suggests that patellar height abnormalities, typically assessed through
standardized radiographic ratios such as the Insall-Salvati index (which calculates the ratio of patellar tendon
length to patellar length) are significantly associated with structural damage in the patellofemoral joint,
including cartilage loss, subchondral bone changes and bone marrow lesions in patients with osteoarthritis.

The position, morphology and alignment of the patella have been shown to play critical roles in maintaining
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normal biomechanical function of the knee joint with numerous studies demonstrating that both patella alta
(high-riding patella with elongated patellar tendon) and patella baja (low-riding patella with shortened patellar
tendon) may predispose individuals to patellofemoral complications, altered joint mechanics, abnormal
cartilage contact patterns and accelerated degenerative changes.>"#

The Western Ontario and McMaster Universities Osteoarthritis Index, universally known as the
WOMAC score, represents a widely validated, reliable and responsive patient-reported outcome measure
specifically designed to comprehensively assess pain, stiffness and physical function in individuals with knee
and hip osteoarthritis across diverse populations and clinical settings.®° This standardized self-administered
questionnaire comprises 24 items systematically divided into three distinct subscales: pain (5 items evaluating
pain intensity during various activities with scores ranging from 0-20), stiffness (2 items assessing joint
stiffness with scores ranging from 0-8) and physical function (17 items evaluating difficulty performing daily
activities with scores ranging from 0-68) with higher cumulative scores indicating worse symptoms, greater
functional impairment and reduced quality of life.1%!

The WOMAC has demonstrated excellent test-retest reliability, construct validity, criterion validity
and responsiveness to clinically meaningful changes across multiple language versions, cultural adaptations
and patient populations, firmly establishing it as a gold standard tool for evaluating disease severity,
monitoring treatment outcomes and assessing therapeutic interventions in osteoarthritis patients. Its ability to
capture patient-perceived functional limitations, symptom burden and disease impact on daily activities
provides crucial clinical information that complements objective radiographic assessments, physical
examination findings and biomechanical measurements in the comprehensive evaluation of knee
osteoarthritis.113

Despite growing recognition of the importance of biomechanical factors in knee osteoarthritis
pathogenesis and the established role of patellar anatomy in joint mechanics, limited research has specifically
investigated the relationship between patellar tendon length and functional outcomes measured by the
WOMAC score in patients with knee osteoarthritis. Understanding this correlation could provide valuable
insights into how anatomical variations contribute to symptom severity and functional disability, potentially
identifying patients at higher risk for poor outcomes and informing targeted therapeutic interventions.34
Furthermore, establishing such associations may enhance clinical decision-making regarding conservative
management strategies versus surgical interventions, particularly in cases where anatomical correction could
potentially improve biomechanical alignment and reduce symptom burden. Therefore, investigating the
correlation between patellar tendon length and WOMAC score in osteoarthritis knee represents an important
step toward comprehensive understanding of the multifactorial nature of this debilitating condition and may
contribute to more personalized and effective treatment approaches for affected individuals.**6
NEED OF THE STUDY

The need to investigate the correlation between patellar tendon length and WOMAC score in knee
osteoarthritis arises from critical knowledge gaps regarding how anatomical variations influence patient-
reported functional outcomes. While radiographic severity often fails to predict symptom burden, establishing

this correlation could bridge the gap between objective anatomical measurements and subjective functional
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disability. Recent evidence shows that higher patellar tendon length ratios correlate with more severe
osteoarthritis, suggesting altered biomechanics and increased cartilage stress. However, how these anatomical
changes translate into WOMAC-measured functional impairment remains poorly understood.

Clinically, this knowledge would enable early identification of patients at risk for severe functional
limitation, guiding targeted interventions including physiotherapy, bracing and timely surgical referrals. Most
existing studies focus on post-surgical scenarios rather than native osteoarthritic knees, creating a significant
research gap. Understanding this correlation would support personalized treatment approaches, allowing
clinicians to tailor interventions based on individual anatomical characteristics and better predict treatment
outcomes. Ultimately, establishing the relationship between patellar tendon length and WOMAC scores would
enhance comprehensive understanding of knee osteoarthritis's multifactorial nature and enable evidence-

based, individualized management strategies.

AIM AND OBJECTIVES

AlIM:
To determine the Correlation between patella tendon length and Western Ontario and McMaster
Universities osteoarthritis index (WOMAC) score in osteoarthritis knee.
OBJECTIVES:
1.  To measure the variation in patella tendon length in patients with Osteoarthritis Knee.

2. To compare the WOMAC scores of patients with Osteoarthritis Knee with varying patella tendon

lengths.

3. To determine the relationship between patella tendon length and the severity of Osteoarthritis Knee.

REVIEW OF LITERATURE

SURGICAL ANATOMY
KNEE JOINT

The knee joint is classified as a modified hinge joint, designed to permit flexion and extension while
allowing slight rotational and translational movements. It is composed of three primary bones - the femur,
tibia and patella - which together form three partially independent compartments: the medial tibiofemoral,
lateral tibiofemoral and patellofemoral compartments. These components work in coordination to provide
stability, strength and smooth articulation during weight-bearing and motion activities such as walking,
running and climbing. The structural configuration of the knee enables it to sustain substantial mechanical

loads while maintaining flexibility and functional mobility.*"8
FEMUR

The distal portion of the femur demonstrates a highly specialized architecture that contributes
significantly to knee mechanics. The femoral condyles are asymmetrical in both shape and alignment; the

medial condyle is larger and exhibits a more regular curvature, while the lateral condyle is slightly shorter and
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broader. The long axis of the lateral condyle lies closer to the sagittal plane, whereas the medial condyle is
angled obliquely-typically opening posteriorly at an angle of approximately 22 degrees. This difference in
alignment ensures proper load distribution during knee movement.*® At the anterior aspect, the condyles are
divided by a shallow groove called the femoral trochlea, which provides a smooth track for patellar movement
during flexion and extension. The lateral condyle's broader contour within the intercondylar notch contributes
to patellar stability and assists in guiding knee motion during dynamic activity.
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Figure 1: Knee Joint
Source: https://www.physio-pedia.com/images/d/d6/Ligaments-of-the-knee.jpg

TIBIA

The tibia, the major weight-bearing bone of the lower leg, forms the lower portion of the knee joint.
The medial tibial plateau is larger, flatter and has a squared-off posterior margin, a feature clearly visible on
lateral radiographs. In contrast, the lateral tibial plateau is smaller and displays a slightly convex surface. The
presence of the menisci - crescent-shaped fibrocartilaginous structures greatly enhances joint congruence by
deepening the articular surfaces and distributing the load evenly across the tibial plateaus. Between these
plateaus lies the intercondylar eminence or tibial spine, which serves as an important attachment area for
ligaments and menisci. The anterior intercondylar fossa, located anterior to this eminence, provides anchoring
points for several critical structures: the anterior horn of the medial meniscus, the anterior cruciate ligament
(ACL) and the anterior horn of the lateral meniscus. Posteriorly, the attachments include the posterior horns
of both menisci and the posterior cruciate ligament (PCL). This intricate arrangement of structures allows the
knee to balance flexibility with stability, preventing excessive motion while permitting smooth

articulation.181°
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Figure 2: Tibia and its attachments

Source: m.instantanatomy.net/diagrams/leg036a.png
ARTICULAR CARTILAGE

Avrticular cartilage is a specialized, resilient connective tissue that covers the surfaces of bones within
synovial joints, including the femoral condyles, tibial plateaus and posterior aspect of the patella. It consists
of a dense extracellular matrix composed of collagen fibers mainly type 11 and hydrated proteoglycans, which
together provide both elasticity and resistance to compressive forces. Proteoglycans, made up of a core protein
attached to glycosaminoglycan chains help retain water and maintain the cartilage's load-bearing capacity.
Structurally, hyaline cartilage is divided into four distinct zones: the superficial (tangential), middle
(transitional), deep (radial) and calcified zones. These layers vary in collagen fiber orientation and chondrocyte
arrangement, optimizing the tissue's mechanical strength and shock absorption. The highest density of
chondrocytes is located near the subchondral bone and progressively decreases toward the surface. Because
cartilage lacks its own blood supply, it relies on diffusion from synovial fluid for nourishment in its superficial
regions and on the subchondral bone for deeper layers. This unique structure ensures low-friction joint

movement and helps protect underlying bone from stress and damage.?%?
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LIGAMENTS

The knee joint is reinforced and stabilized by an extensive network of ligaments and meniscal

structures that regulate motion, prevent dislocation and maintain alignment.?? These include:

1.  Fibrous capsule: A dense connective tissue sheath enclosing the joint, providing general stability and

containing synovial fluid.

2. Ligamentum patellae: A continuation of the quadriceps tendon, extending from the patella to the tibial

tuberosity, aiding in knee extension.

3. Tibial collateral ligament (medial collateral ligament): Located on the medial side of the knee, it

connects the femur to the tibia, resisting valgus stress and stabilizing the inner knee.

4.  Fibular collateral ligament (lateral collateral ligament): A cord-like structure on the lateral side that

prevents varus stress and supports the outer aspect of the knee.

5. Oblique popliteal ligament: Extends from the semimembranosus tendon across the posterior knee,

reinforcing the capsule and resisting hyperextension.

6.  Arcuate popliteal ligament: Strengthens the posterolateral corner of the knee and assists in stabilizing
the posterior capsule.

7. Anterior cruciate ligament (ACL): Extends from the anterior tibial plateau to the posterior femoral
condyle, controlling anterior translation of the tibia and rotational stability.

8.  Posterior cruciate ligament (PCL): Runs from the posterior tibial plateau to the anterior femoral

condyle, preventing posterior displacement of the tibia.

9. Medial meniscus: A C-shaped fibrocartilaginous structure that cushions and stabilizes the medial

compartment.

10. Lateral meniscus: More circular in shape and mobile, it serves to absorb shock and enhance joint

congruity in the lateral compartment.

11. Transverse ligament: Connects the anterior horns of both menisci, coordinating their movements

during flexion and extension.?24

MENISCI

The menisci are two crescent-shaped fibrocartilaginous structures that act as vital components of the
knee joint, primarily responsible for enhancing the articulation between the femoral condyles and tibial
plateaus. They effectively deepen the tibial articular surfaces, improving joint stability and load distribution.
Structurally, they are composed mainly of type | collagen, which accounts for approximately 75% of their dry
weight with the remaining 8-13% consisting of non-collagenous proteins. The collagen fibers are arranged
predominantly in a circumferential orientation, allowing the menisci to withstand and dissipate compressive

forces efficiently.® In addition, radial fibers extending across the surface and within the mid-substance
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contribute to tensile strength and prevent longitudinal tearing. Functionally, the menisci are essential for
several biomechanical processes including load transmission across the tibiofemoral joint, improving joint
congruence, facilitating even distribution of synovial fluid to nourish articular cartilage and preventing

impingement of soft tissues during knee movement.?®
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Figure 3: Ligaments around the knee joint

Source: https://teachmeanatomy.info/wp-content/uploads/The-Menisci-of-the-Knee-Joint-

Posterior-View.jpg

MUSCLES

The primary movements of the knee joint include flexion, extension and limited rotation, all of which
are coordinated by surrounding muscles. Flexion is mainly achieved through the action of the hamstrings
comprising the biceps femoris, semitendinosus and semimembranosus assisted by the gastrocnemius and
popliteus muscles. Extension is primarily performed by the quadriceps femoris group, which consists of the
rectus femoris, vastus medialis, vastus lateralis and vastus intermedius. During terminal extension, due to the
unique shape of the femoral condyles and ligamentous constraints, the femur exhibits a slight medial rotation
on the tibia known as the “screw-home” mechanism, which locks the knee for stability. The sartorius, gracilis
and semitendinosus muscles on the medial side, along with the iliotibial tract on the lateral side, act as

stabilizing “guy ropes” maintaining pelvic and knee alignment during movement.?’
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Figure 4: Muscles causing knee extension

Source: https://www.instagram.com/p/DLmzD3Ax0v2/

Figure 5: Muscles in anterior aspect of knee joint

Source: https://www.aafp.org/content/dam/brand/aafp/pubs/afp/issues/2007/0115/p194-f1.jpg
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Joint
capsule

Figure 6: Medial aspect of knee joint

Source: https://musculoskeletalkey.com/wp-
content/uploads/2016/08/B9781437715033000913 f091-005-9781437715033.jpg

BLOOD SUPPLY

The knee joint receives a rich and intricate blood supply through an extensive anastomotic network
that ensures consistent perfusion during flexion and extension. This vascular network is formed by five main
sources: (1) the five genicular branches of the popliteal artery, (2) the descending genicular branch of the
femoral artery, (3) the descending branch of the lateral circumflex femoral artery, (4) two recurrent branches
of the anterior tibial artery and (5) the circumflex fibular branch of the posterior tibial artery. Together, these
arteries create a periarticular arterial ring that sustains the joint’s metabolic demands and facilitates healing

following injury.?®
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Figure 7: Arterial supply around knee joint

Source: https://basicmedicalkey.com/wp-
content/uploads/2016/06/B9780443066849500901 grl.jpg

Nerve Supply

The innervation of the knee joint is derived from several major nerves contributing articular branches.
The femoral nerve supplies the anterior aspect of the joint through branches to the quadriceps, particularly the
vastus medialis. The sciatic nerve contributes via its tibial and common peroneal (fibular) branches, which
provide genicular twigs to the posterior and lateral portions of the capsule. Additionally, the obturator nerve,
through its posterior division, innervates the medial aspect of the joint. This composite innervation ensures

proprioceptive feedback and pain sensation, aiding in reflexive stabilization during movement.?®
Movements of knee joint

Sagittal Plane movements-

e  Flexion - 0-125 degrees

e  Extension - 0-10 degrees

Rotational movements-

e Internal rotation /external rotation- 6 degrees.*
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Mechanical alignment of Knee joint

The alignment of the lower limb is determined by the relationship between the anatomical and
mechanical axes. The anatomical axis refers to the diaphyseal midline of the femur and tibia, which forms a
natural valgus angle of about 6° + 2°.% The mechanical axis, defined as a straight line from the center of the
femoral head to the center of the talar dome on a standing long-leg anteroposterior radiograph, should ideally
pass through the center of the knee joint, representing a neutral alignment. In cases of genu varus (bow-legged)
deformity, the mechanical axis shifts medially, while in genu valgus (knock-knee) deformity, it deviates
laterally.3!

Mechanical Vertical Femoral
axis axis shaft axis
—>|g° «—

Transverse
knee axis

Transverse
ankle axis

Figure 8: Mechanical axis and anatomical axis

Source: https://d45j13w9libvn.cloudfront.net/jaypee/
static/books/9789350251683/Chapters/images/12-1.jpg

To correct coronal plane deformities, surgeons rely on weight-bearing axis correction methods, most
notably the Dugdale technique, which recommends lateralizing the mechanical axis to 62-66% of the tibial

plateau width from the medial edge with 65% commonly considered optimal.
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Fujisawa point

Figure 12: Fujisawa point

Source: https://www.researchgate.net/figure/Radiological-image-showing-Fujisawa-
point_figl 338186500

The Fujisawa point is a landmark used in corrective osteotomy planning to restore proper mechanical
alignment. It divides the tibial plateau into 0-100% from medial to lateral, serving as a reference for
determining the ideal intersection point of the mechanical axis through the knee. The correction angle is
established by drawing lines from this target point to the centers of the femoral head and talar dome,
accounting for ligamentous laxity that affects tibiofemoral joint distraction. The wedge height needed for
correction is traced on the radiograph corresponding to the desired angular adjustment and is standardized to
account for radiographic magnification. This precise technique ensures optimal load distribution across the

joint post-correction, minimizing stress on the articular cartilage and improving long-term joint function.3!
KNEE OSTEOARTHRITIS:
Epidemiology:

Knee osteoarthritis (KOA) represents a substantial global health burden, affecting approximately 374.7
million individuals worldwide in 2021 with an age-standardized prevalence of 4,711.84 per 100,000
population (4.90%) for both sexes.3?3® The global prevalence varies significantly by age group with studies
indicating that 16.0% of individuals aged 15 years and over and 22.9% of individuals aged 40 years and over
are affected by KOA.32 In 2019, there were approximately 364.58 million prevalent cases globally, including
29.51 million incident cases and 11.53 million disability-adjusted life years (DALYSs) attributed to
KOA.** The disease burden has increased substantially since 1990 with age-standardized rates for prevalence,

IJRARTHO00384 ] International Journal of Research and Analytical Reviews (IJRAR) www.ijrar.org | 658



© 2026 IJRAR May 2026, Volume 13, Issue 2 www.ijrar.org (E-ISSN 2348-1269, P- ISSN 2349-5138)

incidence and DALYSs increasing by 8.3%, 7.1% and 8.2% respectively with projections suggesting a 74.9%
increase in KOA cases by 2035.%°

Knee osteoarthritis represents a significant public health challenge in India with an overall prevalence
of 28.7% in the general population based on community-based studies. In a comprehensive cross-sectional
study conducted across five geographic sites in India, including North, Central, Western, Southern and Eastern
regions, radiographic diagnosis using the Kellgren and Lawrence grading scale revealed substantial disease
burden among individuals aged 40 years and above. The prevalence demonstrates considerable geographic
variation with higher rates observed in rural areas (31.1%) and metropolitan cities (33.1%) compared to small
cities (17.2%) and towns (17.1%).% A systematic review and meta-analysis of elderly Indians reported a
pooled prevalence of 47% (95% CI: 38.4% to 55.8%), indicating that nearly half of the elderly population in
India suffers from knee osteoarthritis.3” Recent population studies have shown that the burden of osteoarthritis
in India increased from 23.46 million cases in 1990 to 62.35 million cases in 2019, representing a substantial

epidemiological transition.®

Gender disparities are prominently observed in the Indian context with females demonstrating a
significantly higher prevalence of 31.6% compared to males at 28.1% (P = 0.007).%® Regional studies from
rural South India reported a community prevalence of knee osteoarthritis among adults aged 40 years and
above with female gender identified as a significant risk factor.®® In rural Jammu, the overall prevalence was
35.7% with females showing substantially higher rates at 44.5% compared to males at 23.1%.4° Studies from
rural areas of Karnataka reported a prevalence of 42% among elderly individuals aged 60 years and above
with female preponderance noted consistently across different geographic locations.®” The age-related
progression is marked with prevalence increasing from lower rates in the 40-50 year age group to the highest
burden observed in individuals aged 60 years and above (P = 0.001).%¢ In a study from rural South India using
American College of Rheumatology criteria, adults aged 40 and above demonstrated significant age-related

increases in disease prevalence.*
Etiology & Pathogenesis:

Knee osteoarthritis is a multifactorial and heterogeneous condition influenced by several independent
risk factors, including aging, previous joint trauma, obesity and female sex. These factors collectively
contribute to the disruption of the normal biomechanical and biochemical integrity of the joint. The disease is
characterized by progressive structural alterations such as articular cartilage loss, osteophyte formation,
subchondral sclerosis and synovial changes. Microscopically, OA cartilage demonstrates fibrillation, fissuring
and focal necrosis, alongside neovascularization. Chondrocytes, which are responsible for maintaining and
repairing cartilage, undergo increased metabolic activity in an attempt to counteract matrix degradation.
However, when reparative processes fail to keep pace with degeneration, OA develops. A key biochemical
marker of this process is the upregulation of ADAMTS (a disintegrin and metalloproteinase with
thrombospondin motifs), an aggrecan-degrading enzyme found both in affected cartilage and in circulation.?

Radiographically, the hallmark features described by Kellgren et al. include joint space narrowing, indicative
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of cartilage loss and the presence of marginal osteophytes.*!

Burr et al. suggested that early OA involves subchondral bone sclerosis and microfracture formation,
which may accelerate cartilage degeneration?* Clinically, patients commonly experience knee pain, often
accompanied by stiffness, swelling and deformity. Symptoms vary in severity, from mild discomfort to
debilitating pain. Early management includes conservative options such as physiotherapy, orthotic bracing,
weight reduction, lifestyle modification and pharmacological therapy namely nonsteroidal anti-inflammatory
drugs (NSAIDs), analgesics, glucosamine, chondroitin sulfate and intra-articular injections of corticosteroids
or hyaluronic acid.*? As OA progresses, surgical options become necessary. Depending on patient age, activity
level, disease extent and compartmental involvement, procedures such as arthroscopic debridement,
osteochondral grafting, autologous chondrocyte implantation, high tibial or distal femoral osteotomy, partial

or total knee arthroplasty and arthrodesis may be performed.*?
Genu varum:

In genu varum, the femoral and tibial diaphyseal axes diverge laterally, creating an angle exceeding
173-175 degrees. The weight-bearing line drawn from the femoral head to the midpoint of the ankle joint
shifts medially by more than 4 + 2 mm relative to the center of the knee. In severe deformities, the mechanical
axis deviation (MAD) exceeds 15 mm medially and the intercondylar distance (ICD) between the femoral
condyles increases significantly.*? This misalignment intensifies the load on the medial compartment,

promoting cartilage wear and advancing degenerative changes.

|
f

Diagram showing normal lower limb(a) and varus deformity of the lower limb(b) (AO - Osteotomies
around the knee)

Figure 13: Normal and varus deformity of knee

Source: https://i0.wp.com/musculoskeletalkey.com/wp-content/uploads/2020/06/10-1055-b-

002-10327_c01_f006.jpg?fit=764,377&ssl=1
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Consequences of the lower limb deformities:

When frontal plane deformities of the femur or tibia alter normal knee alignment, load distribution
across the joint becomes uneven.** This abnormal mechanical stress accelerates cartilage degradation,
resulting in the progression of degenerative joint disease. Corrective osteotomy, a surgical procedure involving
bone cutting and realignment, is designed to shift the weight-bearing axis from the affected region to a
healthier portion of the knee. By redistributing mechanical load, the surgery relieves pain, enhances joint
function and slows the degenerative process, potentially delaying the need for total or partial knee
replacement. Both open-wedge and closed-wedge osteotomy techniques are well-established and are selected

based on the specific nature and degree of varus or valgus deformity.*
Clinical Examination:

1.  Patient Assessment: Before determining the appropriate surgical or nonsurgical management, factors
such as the patient's age, occupation, body mass index (BMI), symptom duration, prior surgeries and
postoperative expectations must be carefully reviewed. A comprehensive nutritional, neurological and
vascular examination helps identify underlying conditions that could compromise postoperative

recovery or surgical success.

2.  Physical Examination: A detailed examination begins with inspection for swelling, scars, sinuses or
deformities. The range of motion is assessed in various positions - extension, mid-flexion and full flexion
to evaluate joint stability and alignment. Observation during standing helps assess the severity of varus
or valgus deformities. Examination of the patellar tracking mechanism is crucial to identify
malalignment or clunk syndromes. The integrity of the extensor mechanism is verified and neurological,
vascular and gait assessments are performed. The hip and spine are also examined to rule out referred

pain sources.
Uni compartmental Osteoarthritis:

Medial unicompartmental femorotibial OA is the most common presentation of localized knee
degeneration. Patients typically report pain localized to the medial joint line during walking or standing. When
discomfort is diffuse or extends beyond a single compartment, the indication for osteotomy should be
reconsidered, as other pathologies may be contributing to symptoms.*®

Radiographic Views:

Preoperative radiographic evaluation is vital for accurate diagnosis and surgical planning. Standard
anteroposterior (AP) and lateral knee radiographs, along with a full-length weight-bearing scanogram of both
lower limbs, provide critical information about the mechanical axis and the extent of deformity. A weight-
bearing AP radiograph helps determine the degree of malalignment and guides osteotomy planning. To ensure
precision, the patella must face directly forward over the femoral condyles to prevent rotational errors that

could distort measurements.*!
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Figure 14: lower limb scanogram

Source: https://www.shutterstock.com/shutterstock/photos/16298 57320/display_1500/stock-
photo-scanogram-of-lower-limb-or-x-ray-image-of-total-lower-extremity-medical-
background-concept-1629857320.jpg

Grade of Osteoarthritis:

Several radiological classification systems have been established to describe the progressive stages of
osteoarthritis (OA) based on structural and morphological changes visible on imaging. These grading systems
help clinicians assess disease severity, monitor progression and guide treatment decisions. The two most
widely used classifications are the Kellgren and Lawrence classification and the Ahlback classification.

1. Kellgren and Lawrence Radiological Classification of Osteoarthritis*!

This system is one of the most commonly used grading methods for OA and is based on plain

radiographic findings. It evaluates the presence of osteophytes, joint space narrowing, subchondral sclerosis

and bone deformity.
e Grade 0: No visible radiographic signs of osteoarthritis.
e Grade I: Doubtful or minimal joint space narrowing with possible early osteophytic lipping.
e Grade II: Definite osteophyte formation accompanied by possible narrowing of the joint space on
weight-bearing radiographs.
e Grade Ill: Multiple osteophytes, definite joint space narrowing, subchondral sclerosis and early bony
contour deformities.

e Grade IV: Extensive osteophyte formation, severe joint space narrowing, marked subchondral

sclerosis and evident bony deformity indicating advanced disease.

This grading scale provides a standardized framework for evaluating radiographic OA severity,

allowing for comparison across clinical studies and aiding in determining appropriate management strategies.
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GRADE 4

Figure 15: Kellgren and Lawrence Classification -Osteoarthritis of knee

Source: https://www.researchgate.net/figure/Radiographic-grading-of-osteoarthritis-in-knee-

joint-using-Kellgren-Lawrence-score_figl 347074739
2. Ahlback Radiological Classification of Osteoarthritis of the Knee

The Ahlbéack classification is specifically applied to knee osteoarthritis and focuses on the degree of
joint space loss, tibial plateau attrition and tibiofemoral subluxation. It is particularly useful in assessing

advanced stages of disease and planning surgical interventions such as osteotomy or arthroplasty.

e Grade I: Mild reduction of joint space compared to normal.
e Grade I1: Complete obliteration of the joint space, indicating full cartilage loss.
e Grade IlI: Tibial plateau attrition of less than 5 mm, signifying early subchondral bone wear.

e Grade IV: Tibial plateau attrition between 5-10 mm, reflecting more extensive bone erosion and
deformity.

e Grade V: Severe deformity with marked tibial subluxation or displacement.

The Ahlbéck classification is especially valuable for orthopedic surgical planning, as it correlates
closely with the extent of bone destruction and deformity observed intraoperatively.*’#8
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MANAGEMENT OF OSTEOARTHRITIS OF KNEE

Osteoarthritis (OA) of the knee can be addressed through either non-operative (conservative) measures
or surgical interventions, depending on the stage of disease, severity of symptoms and patient-specific needs.
The main goals of treatment are to reduce pain, improve joint function, correct deformity and enhance overall

quality of life.*°
CONSERVATIVE (NON-OPERATIVE) MODALITIES OF TREATMENT MANAGEMENT:

Knee osteoarthritis is a chronic, multifactorial and progressive disorder that significantly impairs
mobility and daily functioning. Conservative management is typically the first line of therapy, aiming to
alleviate pain, restore strength and maintain joint stability before surgical treatment becomes necessary. Key
non-operative approaches include therapeutic exercise, weight management, orthotic support and

pharmacologic therapy.*
Exercise Therapy:

Exercise plays a crucial role in managing knee OA by enhancing muscle strength, improving joint
stability and reducing stiffness. Both land-based and aquatic exercise programs have been shown to improve
physical function and alleviate pain. Aerobic and resistance training, particularly when combined with weight
reduction in overweight or obese individuals, produces significant clinical benefits. Isometric quadriceps
strengthening is especially effective; when performed three times per week for six weeks with the knee flexed

to 60 degrees, it significantly improves quadriceps torque, pain scores and overall function.*%>
Orthotic and Supportive Interventions:

Several mechanical aids and supportive devices are recommended to improve lower limb alignment
and reduce joint stress. These include medially wedged insoles for valgus deformities, lateral heel wedges or
subtalar strapped insoles for varus knees and medially directed patellar taping to improve patellar tracking.>:
Walking aids, such as canes, braces and knee sleeves, can help reduce joint loading and improve stability.
Participation in self-management and psychosocial programs, manual therapy combined with supervised
exercises and the application of heat or cold therapy are also beneficial for symptom control and maintaining

mobility.>2
Pharmacological Management:

Drug therapy focuses on pain relief and inflammation control. First-line medications include
nonsteroidal anti-inflammatory drugs (NSAIDs), particularly for patients under 75 years of age, to manage
mild-to-moderate pain. Intra-articular corticosteroid injections are recommended for acute flare-ups with
effusion.*>*® For patients unresponsive to NSAIDs, tramadol and other opioid analgesics may be prescribed
cautiously. Intra-articular hyaluronic acid injections can improve lubrication and delay disease progression,
while glucosamine and chondroitin sulfate supplements may support cartilage metabolism and repair by

replenishing essential glycoproteins.
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Surgical Management

Surgical intervention is reserved for patients with persistent, disabling pain or deformity that fails to
respond to conservative measures, or for those with recurrent locking, effusion or severe joint degeneration.
Common indications include functional limitation, structural instability and end-stage OA.*444° The choice
of surgical procedure depends on multiple factors such as patient age, activity level, disease stage, number of

compartments affected and overall health status. Surgical options include:

e Arthroscopic debridement for removal of loose cartilage or osteophytes.

e Osteotomy (tibial or femoral) for realignment of weight-bearing axes in cases of varus or valgus
deformity.

e Unicompartmental, total or patellofemoral arthroplasty for advanced cases involving one or more

compartments.

OSTEOTOMY

Successful osteotomy requires meticulous preoperative planning and thorough clinical evaluation. The
procedure should be performed precisely at the apex of the deformity to achieve optimal correction.
Performing osteotomy away from this point risks creating secondary deformities instead of restoring normal
alignment.*! The metaphyseal region of long bones is preferred for osteotomy due to its superior regenerative
capacity compared to the diaphysis, where bone healing is slower.

Among osteotomy types, open-wedge procedures are technically simpler and more accurate than
closed-wedge techniques. The open-wedge method allows intraoperative fine-tuning using a spreader and
when stable fixation devices are applied, bone grafting is often unnecessary. To ensure a favorable outcome,

restoration of a horizontal joint line is essential.*?
Calculation of Wedge Size (Correction Angle):

The femoro-tibial angle determines the extent of varus or valgus deformity. A line is drawn from the
center of the femoral head to the Fujisawa point approximately 62.5% across the width of the tibial plateau.
A second line is drawn from the center of the talar dome to the same coordinate. The angle formed between
these lines represents the required correction angle, ensuring that the postoperative mechanical axis passes

through the Fujisawa point, redistributing load evenly across the knee.>
HIGH TIBIAL OPENING WEDGE OSTEOTOMY:
Surgical Principles:

High tibial osteotomy (HTO) aims to unload the degenerated medial compartment in patients with
varus deformity by shifting the mechanical axis laterally toward the Mikulicz line, thereby transferring weight-
bearing forces to the healthier lateral compartment. This approach is especially suitable for younger, active

patients as it preserves the native joint and can delay the need for knee replacement.*>44
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Advantages of the Medial Open-Wedge Technique:

Compared to the lateral closed-wedge method, the medial open-wedge osteotomy offers several key

benefits:

. Requires only a single osteotomy.

Avoids fibular osteotomy, peroneal nerve dissection and detachment of extensor muscles.

. Prevents limb shortening, preserving leg length symmetry.

Simplifies future total knee arthroplasty if required.
IMPLANTS USED FOR FIXATION
TomoFix Plate:

The TomoFix system, a rigid, T-shaped titanium internal fixator with a uniaxial locking mechanism,
is considered the gold standard for stabilizing osteotomy sites. It offers biomechanical advantages that

facilitate rapid bone healing through:

1. High primary fixation stability.
2. A compliant bone-implant interface allowing micro-movement within the osteotomy gap to promote

callus formation.>*

TomoFix plates come in two versions - standard and small stature (sm) to accommodate different
patient builds. The proximal design supports biplanar osteotomy, increasing surface contact for faster bone
healing. Fixation is achieved with three 5 mm bicortical locking screws and one 4.5 mm cortical screw

proximally and two 5 mm unicortical locking screws distally.>®

Figure 18: Tomofix plate

Source: https://media.aofoundation.org/approved/-/media/project/aocd/migrated-
images/aoas/_img/inn/aps/2009/slides/tomofixmedialhightibia_2.jpg?h=384&iar=0&w=512
&rev=a842a2fb0c6d464db708cc2e18bc9770
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Puddu Plate:

Developed by Giancarlo Puddu in the 1990s, the Puddu plate popularized the medial open-wedge
osteotomy technique and remains a recognized implant in knee realignment surgery.*® The plate includes a
built-in spacer and is available in two main designs: one with a longer stem (approximately 3 inches long and
1.25 inches wide) and spacers of 10 mm or 12 mm in height, each 5 mm thick. While effective for moderate

deformity correction, the Puddu plate has limited utility in cases requiring large angular corrections.>®>’

Figure 19: Puddu plate

ASSESSMENT OF KNEE OSTEOARTHRITIS

Knee osteoarthritis is a chronic degenerative joint disease characterized by progressive cartilage loss,
subchondral bone changes and osteophyte formation, representing one of the leading causes of pain and
functional disability worldwide. Comprehensive assessment of knee osteoarthritis is essential for accurate
diagnosis, severity grading, treatment planning and monitoring disease progression and therapeutic outcomes.
Assessment strategies encompass clinical evaluation, patient-reported outcome measures, radiological
imaging and functional performance testing to provide a holistic understanding of disease impact.>®°® The
following sections summarize the key assessment tools and scoring systems used in clinical practice and
research.

Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC)

The WOMAC is the most widely used disease-specific patient-reported outcome measure for assessing
pain, stiffness and physical function in knee osteoarthritis. It consists of 24 items divided into three subscales:
pain (5 items), stiffness (2 items) and physical function (17 items). Each item is scored on either a five-point
Likert scale (O=none to 4=extreme) or a 100mm visual analog scale with higher scores indicating worse
symptoms. The maximum total score is 96 points with individual subscale ranges being 0-20 for pain, 0-8 for

stiffness and 0-68 for physical function. WOMAC demonstrates excellent test-retest reliability (ICC>0.9) and
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good concurrent validity with other outcome measures. The minimal clinically important change ranges from
8-10 points for pain, 6-10 points for function and 0.84-1.3 points for stiffness on a 0-100 scale. WOMAC is
recommended as the gold standard instrument for evaluating physical function in knee osteoarthritis in both

clinical practice and research settings.®%6!
Knee Injury and Osteoarthritis Outcome Score (KOOS)

The KOOS is a comprehensive, self-administered questionnaire that extends the WOMAC to assess
both short-term and long-term outcomes in patients with knee injuries and osteoarthritis.®? It consists of 42
items across five subscales: pain (9 items), symptoms including stiffness (7 items), activities of daily living
(17 items), sport and recreation function (5 items) and knee-related quality of life (4 items). Each subscale is
scored separately on a 0-100 scale, where 0 represents extreme knee problems and 100 represents no problems.
KOOS takes approximately 10 minutes to complete and has acceptable test-retest reliability (ICC = 0.75-0.93)
across subscales, except for sport and recreation which shows ICCs between 0.45-0.65. The minimal clinically
important difference ranges from 12-13.5 points for pain, 10-11 points for ADL and 12-16 points for quality
of life. KOOS is particularly valuable for younger, more active patients with varying physical activity

expectations and is widely validated across multiple populations and languages.®3%*
Oxford Knee Score (OKS)

The Oxford Knee Score is a 12-item patient-reported questionnaire specifically designed to assess pain
and function in patients with knee osteoarthritis. Each item is scored on a five-point scale (0-4) with the total
score ranging from 0 to 48 points, where higher scores indicate better outcomes. The OKS demonstrates
excellent test-retest reliability (ICC>0.9) and good concurrent validity, correlating strongly with other knee
assessment tools including WOMAC and KOQOS. The questionnaire is brief, easy to complete and has been
extensively validated for use in assessing outcomes following total knee arthroplasty and conservative

management of knee osteoarthritis.®>%
Kellgren-Lawrence (KL) Grading System

The Kellgren-Lawrence classification is the most widely used radiographic grading system for
assessing knee osteoarthritis severity based on plain radiographs. It categorizes disease into five grades: Grade
0 (normal, no radiographic features), Grade 1 (doubtful, possible osteophytic lipping and questionable joint
space narrowing), Grade 2 (minimal, definite osteophytes with possible joint space narrowing), Grade 3
(moderate, multiple osteophytes, definite joint space narrowing, some sclerosis and possible deformity) and
Grade 4 (severe, large osteophytes, marked joint space narrowing, severe sclerosis and definite bony
deformity). The KL grading system demonstrates interobserver reliability ranging from 0.51-0.89. KL grading
shows moderate positive correlation with WOMAC pain and function scores, particularly at higher grades and

remains the standard for radiographic assessment in clinical trials and epidemiological studies.®’
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MRI Osteoarthritis Knee Score (MOAKYS)

The MRI Osteoarthritis Knee Score is a comprehensive semi-quantitative scoring system for assessing
multiple joint structures using magnetic resonance imaging. MOAKS evaluates bone marrow lesions, cartilage
morphology (partial and full-thickness loss), osteophytes, synovitis-effusion, meniscal damage and extrusion,
ligaments, periarticular features and subchondral cysts across 14 articular subregions of the knee. Cartilage
loss is scored on a 0-3 scale based on the percentage of surface area affected (O=none, 1=<10%, 2=10-75%,
3=>75%) with separate assessment for any thickness loss and full-thickness loss. MOAKS demonstrates
moderate correlation with clinical symptoms, particularly for full-thickness cartilage loss at the medial
femorotibial joint which correlates with  WOMAC pain scores. MOAKS is considered a reliable,
comprehensive tool for detecting early structural changes before they become visible on plain radiographs and

for monitoring disease progression in research studies.%®
Knee Society Scoring System (KSSS)

The Knee Society Scoring System is an objective assessment tool developed to evaluate knee and
patient functional abilities before and after total knee arthroplasty in osteoarthritis patients. It consists of two
portions, each scored from 0-100 points: (1) the clinician-rated Knee Score evaluating pain, range of motion,
flexion deformities, contractures, alignment and stability in anteroposterior and mediolateral planes and (2)
the patient-reported Function Score assessing mobility (walking distance and stair climbing) and use of
walking aids. Higher scores indicate better outcomes and the dual-component structure allows separate
assessment of the surgical procedure's technical success (Knee Score) and the patient's functional capabilities
(Function Score). The KSSS is widely used in orthopedic practice for standardized documentation and

comparison of knee arthroplasty outcomes.%®
Insall-Salvati Ratio

The Insall-Salvati Ratio (ISR) is the most widely used radiological index for assessing patellar height,
calculated by dividing the patellar tendon length by the maximum patellar length.”®"

Patellar Tendon Length (TL)
Patellar Length (PL)

ISR =

e TL = length of the posterior surface of the patellar tendon from the inferior pole of the patella to its

insertion on the tibial tuberosity

e PL =maximum diagonal distance between the superior and inferior poles of the patella
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Ratio 1/2: 0.87

Source: https://radsource.us/wp-content/uploads/2010/08/3a.jpg

Measurement Technique

The ISR is measured on a lateral knee X-ray or sagittal MRI with the knee flexed at 30°, as this
provides the appropriate patellar tendon tension for an accurate reading. It is the most reliable patellar height
method on both conventional radiographs and CT with good intra- and inter-observer reliability across all

imaging modalities.

Vi, \ , ‘
Source: https://www.researchgate.net/publication/331941198/figure/figl/AS:960296487243809@1605
963932384/Lateral-X-ray-in-30-degrees-flexion-on-the-left-knee-and-right-knee-showing-subpatellar.jpg

Interpretation

Finding ISR Value Interpretation

Patella Baja <0.8 Low-riding patella
Normal 08-12 Normal patellar height
Patella Alta >1.2 High-riding patella
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Clinical Significance

e Patella alta is associated with patellar instability, chondromalacia and increased ACL tear risk - one study
found the ISR was significantly higher (1.16 + 0.16) in children with ACL tears versus controls (0.99 +
0.14)

e Patella baja is commonly seen post-total knee arthroplasty or following patellar tendon shortening and can

cause anterior knee pain and restricted flexion

e Patella alta and baja together affect an estimated 1-2% of the world population, but are often

underreported.’

Insall-Salvati Ratio

Tendon Length

Patella Baja
Normal

Patella Alta

Source: https://radshare.net/storage/1942/image.png

Modified ISR

The Modified Insall-Salvati Ratio (MISR) was proposed to reduce errors arising from unusual patellar
shapes - it uses the articular surface length of the patella (rather than total patellar length) in the denominator.
However, studies confirm the original ISR has better intra- and inter-observer reliability than the modified
version.”
RELATED LITERATURE

Kalichman et al. (2007) investigated the relationship between patellofemoral (PF) alignment and knee
pain and function using standard magnetic resonance imaging (MRI) scans of extended knees from
participants in the Boston Osteoarthritis of the Knee Study (BOKS), a longitudinal study on symptomatic knee
osteoarthritis. Patellar alignment parameters in both sagittal and transverse planes were analyzed in relation
to pain and function scores from the Western Ontario and McMaster Universities Osteoarthritis Index
(WOMAQC). Linear regression models were applied, adjusting for potential confounders including age, sex,
body mass index (BMI), depression scores from the Center for Epidemiologic Studies Depression Scale (CES-
D) and Kellgren-Lawrence radiographic grading. The results indicated that an increased trochlear angle (TA)
was associated with higher WOMAC pain scores (P = 0.06) and greater functional impairment (WOMAC
function subscale, P = 0.04). Furthermore, higher lateral patellar tilt angle (LPTA) and reduced bisect offset
indicating greater lateral patellar subluxation showed trends toward associations with increased pain, though

these did not reach strong statistical significance. No significant associations were identified between other
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alignment parameters and either pain or function. The study concluded that greater trochlear angle correlates
with functional decline in patients with knee osteoarthritis, while other measures of PF malalignment were

not strongly linked to pain or disability.”

Becker R et al. (2008) evaluated the outcomes of combined partial lateral facetectomy, lateral release
and tibial tubercle medialization in 51 knees from 50 patients diagnosed with isolated patellofemoral
osteoarthritis. The patients, aged between 46 and 81 years with a mean age of 60.1 years, were followed for a
minimum of 7 months (mean 20.2 months). Preoperative radiographs indicated Ahlback Grade Il or 1V lateral
patellofemoral joint space narrowing. Clinical assessment was conducted using the WOMAC and McCarroll
scores, while radiographic evaluation included posteroanterior flexion weightbearing, lateral and 45° axial
views. The WOMAC results demonstrated significant improvement with pain scores increasing by 2.34 points
and functional scores by 1.63 points postoperatively. Additionally, the Insall-Salvati index showed a notable
decrease, although it remained within the normal range. Most patients reported symptomatic relief in the
patellofemoral joint; however, overall clinical outcomes were not superior to other surgical options. Given the
limited follow-up duration, the authors concluded that this combined surgical approach should be used

cautiously and not routinely recommended until long-term results confirm its efficacy.’

Tanamas et al. (2010) conducted a cross-sectional study to explore how patellofemoral geometry
specifically patella inclination, sulcus angle and patella height relates to knee pain and patellar cartilage
volume. The study involved 240 community-based adults aged 25-60 years who were part of a larger
investigation into obesity and musculoskeletal health. Magnetic resonance imaging (MRI) of each
participant’s dominant knee was used to measure the lateral condyle-patella angle, sulcus angle and Insall-
Salvati ratio, along with patellar cartilage and bone volumes. Pain levels were evaluated using the WOMAC
Visual Analogue (VA) pain subscale. Findings indicated that a greater lateral condyle-patella angle, reflecting
increased medial patellar inclination, was linked to reduced WOMAC pain scores (regression coefficient
—1.57, 95% CI —3.05 to —0.09) and increased medial patellar cartilage volume (regression coefficient 51.38
mms3, 95% CI 1.68 to 101.08 mmg3). Conversely, a higher-riding patella, shown by a higher Insall-Salvati ratio,
corresponded with decreased medial patellar cartilage volume (regression coefficient —3187 mm?, 95% CI
—5510 to —864 mm?). There was also a trend suggesting that a shallower sulcus angle might be associated with
increased lateral cartilage volume (regression coefficient 43.27 mm?, 95% CI —2.43 to 88.98 mm?). Overall,
the study concluded that a more medially inclined patella is associated with both structural and symptomatic
benefits, whereas a high-riding patella may contribute to cartilage deterioration, reinforcing the rationale for

corrective interventions promoting medial patella alignment.”

Tsavalas et al. (2012) conducted a retrospective study involving 650 knee MRI scans from 622
patients to assess patellofemoral congruency measurements and their relationship with the severity of
ipsilateral osteoarthritis (OA). Participants were categorized into two age groups: 50 years or younger and
over 50 years. The study revealed significant differences in several MRI-based parameters-sulcus angle (SA),
sulcus depth (SD), lateral patellar displacement (LPD) and lateral patellofemoral angle (LPFA) between
normal knees and those affected by patellofemoral OA in both age categories (p-values ranging from 0.0002
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to <0.0001). Furthermore, the severity of cartilage defects showed significant correlations with these same
measures: SA (rho =0.21, p = 0.0001; rho = 0.443, p <0.0001), SD (rho =—0.198, p = 0.0003; rtho = —0.418,
p<0.0001), LPD (tho =0.176, p=0.0013; rho = 0.251, p = 0.0002) and LPFA (rho =—0.204, p = 0.0002; rho
=—0.239, p = 0.0005) across both age groups. The findings demonstrated that anterior malalignment of the
knee joint, reflected in abnormal patellofemoral congruence parameters, is significantly associated with the
presence and severity of patellofemoral osteoarthritis.”

Kiswati et al. (2016) conducted an observational analytic study using a cross-sectional and
consecutive sampling design to explore the relationship between osteoarthritis (OA) grading in the
femoropatellar joint, patellar malalignment and their association with pain and disability assessed through the
WOMAC score. The analysis involved correlating the WOMAC score with Kellgren-Lawrence OA grading
and joint space narrowing using Spearman’s rank correlation, while differences in WOMAC scores related to
patellar malalignment were examined using a t-test. The results indicated significant positive correlations
between OA grading and WOMAC scores in various radiographic views: AP/LAT/Skyline (r = 0.488, p =
0.003), AP/LAT (r = 0.452, p = 0.006) and AP/Skyline (r = 0.362, p = 0.033). A significant correlation was
also found between WOMAC scores and femoropatellar joint space narrowing (r = 0.370, p = 0.026).
However, the t-test showed no significant difference in WOMAC scores between individuals with and without
patellar malalignment (p = 0.711 and p = 0.751, respectively). The study concluded that OA severity in
different radiographic positions and femoropatellar joint space narrowing were significantly associated with

pain and disability, while patellar malalignment did not significantly affect WOMAC outcomes.””

Haj-Mirzaian et al. (2019) investigated the relationship between the Insall-Salvati ratio (ISR), an
indicator of patella alta and the progression of MRI-detected osteoarthritis (OA)-related structural damage in
the patellofemoral joint over a 24-month period using data from the Osteoarthritis Initiative (OAI). Through
weighted random sampling, 500 knees were selected from an initial pool of 1,677. The longitudinal analysis
revealed that a higher baseline ISR was significantly associated with worsening of bone marrow lesions
(BML) (odds ratio [OR] 11.18, 95% CI 3.35-39.6, adjusted p < 0.001) and cartilage damage (OR 7.39, 95%
Cl11.62-34.71, adjusted p = 0.042) in the lateral patella over 24 months. However, no significant associations
were found between ISR and the progression of BML or cartilage damage in the medial patella or the medial
and lateral trochlea. The study identified an optimal ISR cutoff value of >1.14 (95% CI 1.083-1.284) for
predicting worsening lateral patellofemoral structural damage with a sensitivity of 73.73% and specificity of
66.67%. Despite some uncertainty in the findings, the results suggest that ISR may serve as a useful predictive
marker for progressive lateral patellofemoral OA-related structural deterioration based on sagittal knee MRI

assessments.’®

Yuan et al. (2019) conducted a double-blind, prospective study to compare patellofemoral function,
clinical outcomes and radiographic parameters between freehand and cutting guide patellar resection
techniques in patients undergoing total knee arthroplasty (TKA). The study included 100 patients, each
receiving a single TKA and they were randomly assigned to either technique group. The participants were

followed for an average of 28 months (range 18-38 months) with 14% lost to follow-up. The findings revealed
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no significant differences between the two groups in the incidence of anterior knee pain, need for revision
surgery, or key functional and clinical outcomes measured by the Knee Society clinical rating system, the
Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC), patient satisfaction, physical
examination results, or performance on the 30-second stair-climbing test. Radiographic assessments also
showed no differences in the hip-knee-ankle angle, lateral patellar displacement, or Insall-Salvati ratio.
However, a significantly greater number of outliers with lateral patellar tilt exceeding 10° was observed in the
freehand group compared to the cutting guide group (p = 0.036), though mean tilt values were not significantly
different. Additionally, demographic and preoperative factors such as age, sex, body mass index, preoperative
Knee Society scores and range of motion were not linked to postoperative anterior knee pain. Overall, the
study concluded that both resection techniques produced equivalent outcomes in terms of patellofemoral
function, clinical performance and radiographic measures, although the cutting guide technique demonstrated

fewer cases of excessive lateral patellar tilt.”

Verhulst et al. (2020) conducted a study to assess the intra- and interrater reliability of various patellar
height measurement techniques across conventional radiography (CR), computed tomography (CT) and
magnetic resonance imaging (MRI) and to evaluate whether methods originally developed for CR could be
effectively applied to CT and MRI. The research included 48 patients treated for patellar instability. Among
the evaluated methods, the Insall-Salvati (IS) ratio demonstrated consistently good intra- and inter-observer
reliability across all imaging modalities-CR, CT and MRI. The patellotrochlear index (PTI) also showed good
to excellent reliability on MRI for all observers. When comparing results across modalities, the IS ratio
displayed moderate to good reliability with the strongest agreement between radiography and MRI. In
contrast, other methods, such as the Blackburne-Peel ratio, Caton-Deschamps ratio and modified Insall-Salvati
ratio showed only poor to moderate inter-method consistency. The study concluded that the IS ratio is the
most reliable approach for determining patellar height across imaging techniques, particularly on CR and CT,
while the PTI is the most dependable measurement on MRI. Importantly, the findings indicated that normal

IS ratio reference values established for radiography can also be appropriately applied to MRI evaluations.®°

Aguirre-Pastor et al. (2020) conducted a prospective study to examine the incidence and clinical
impact of postoperative patella baja (PPB) following primary total knee arthroplasty (TKA) in a large patient
cohort with at least two years of follow-up. The study included 354 patients with a mean age of 71.7 years
(range 52-87), assessed using the Knee Society Scores (KSS), Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC), the 12-item Short Form Health Survey (SF-12) and range of motion (ROM)
evaluations. Patellar height was measured using the Insall-Salvati and Blackburne-Peel ratios. After an
average follow-up of 3.6 years (range 2.0-6.6), 286 patients (80.7%) exhibited normal patellar height, 51
(14.4%) had PPB and 17 (4.8%) had true patella baja (TPB). Comparative analysis showed no significant
differences among the three groups in KSS-function (P = .107), ROM (P = .408), WOMAC-pain (P =.095),
WOMAC-stiffness (P =.279), or SF12-mental (P = .363). Similarly, no significant differences were observed
between the normal and PPB groups for KSS-knee (P =.903), WOMAC-function (P =.294), or SF12-physical
(P = .940). However, patients with TPB had significantly lower KSS-knee (P = .031), WOMAC-function (P
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=.018) and SF12-physical (P = .005) scores compared to the other groups. The study concluded that while
PPB commonly occurs after TKA, it does not significantly affect clinical outcomes, whereas true patella baja,

though rare is associated with notably poorer postoperative function and physical health scores.®!

Analan et al. (2021) investigated how the Insall-Salvati Index (ISI) relates to pain, physical
performance, muscle strength, fall risk and postural stability in patients with primary knee osteoarthritis (OA).
The retrospective study included 62 symptomatic knees from 45 patients aged 40-75 years who met the
American College of Rheumatology criteria for primary knee OA with radiographic stages Il and 111 according
to the Kellgren-Lawrence classification. ISI was measured on lateral knee radiographs taken in 30° flexion.
Pain and function were assessed using the Visual Analogue Scale (VAS), WOMAC and Lequesne indices,
while fall risk and postural stability were evaluated through the Tetrax Interactive Balance System. Quadriceps
and hamstring strength were measured isokinetically at angular velocities of 60°/s and 180°/s. The participants
had a mean age of 58.52 + 8.01 years with patellar positions distributed as 24.2% patella alta, 3.2% patella
baja and 72.6% normal height. The average ISl was 1.19 + 0.17 on the right and 1.18 + 0.16 on the left. No
significant correlations were found between I1SI and VAS, WOMAC, Lequesne scores, postural stability, or
muscle strength (r < 0.3, p > 0.05). The study concluded that ISI does not appear to influence pain levels,
physical functioning, fall risk, postural balance, or muscle strength in individuals with primary knee OA.%?

Yoon et al. (2022) investigated whether the quadriceps muscle area influenced patellofemoral (PF)
cartilage condition and clinical outcomes in patients undergoing total knee arthroplasty (TKA). The study
included 204 patients whose PF cartilage status was assessed intraoperatively, while quadriceps muscle
thickness and area were measured preoperatively using knee computed tomography (CT). Additional
radiographic evaluations included the Q-angle, hip-knee-ankle (HKA) angle, limb alignment and Insall-
Salvati ratio. Logistic regression analysis identified factors related to PF cartilage lesions with the overall
model reaching statistical significance (Hosmer-Lemeshow y> = 0.493). Results revealed that a smaller HKA
angle was significantly associated with a higher incidence of PF cartilage damage (p = 0.033), while alignment
was the only factor influencing these lesions. However, PF cartilage condition showed no correlation with
clinical outcome scores. Notably, a thicker medial quadriceps muscle was significantly associated with higher
Knee Society Knee Scores (KSKS) (p = 0.028), suggesting better knee function. The study concluded that
while quadriceps thickness, Q-angle and patellar height were not linked to PF cartilage lesions, reduced HKA
angles were associated with their occurrence. Moreover, PF cartilage damage did not affect clinical symptoms,

but greater medial quadriceps muscle thickness corresponded with improved functional outcomes.®

Zhou et al. (2023) conducted a retrospective study to evaluate how varying degrees of valgus
deformity correction influence patellar position and postoperative outcomes in patients with valgus knees
undergoing total knee arthroplasty (TKA). The study followed 118 patients who were categorized into three
groups based on postoperative hip-knee-ankle (HKA) alignment: neutral (x3°), mild (3-6°) and severe (>6°)
valgus. Postoperative clinical efficacy was assessed using the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC), range of motion (ROM) and Knee Society Score (KSS), while patellar
positioning was evaluated through the patellar tilt angle (e-angle), congruence angle (6-angle) and Insall-
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Salvati index (ISI). Results showed significant postoperative improvements in HKA, ROM, WOMAC and
KSS across all groups (P<0.001). The ISI values decreased modestly after surgery (P<0.05), indicating slight
changes in patellar height. However, the patellar tilt angle was notably higher in the severe valgus group than
in the mild and neutral groups (P < 0.001), suggesting impaired patellar alignment. Univariate analysis further
revealed that residual valgus deformity significantly influenced WOMAC, KSS and patellar alignment
parameters (o-, - and 0-angles). The study concluded that mild undercorrection of valgus deformity does not
adversely affect short-term functional outcomes after TKA, but excessive residual valgus (>6°) is associated
with reduced clinical scores and increased risk of abnormal patellar tracking, even though patellar height

remains largely unaffected.

Lingaraju K et al. (2024) conducted a prospective observational study to assess the functional
outcomes of posterior stabilised total knee arthroplasty using the WOMAC index in patients aged 30-70 years
with severe osteoarthritis or rheumatoid arthritis. The study included 14 patients (5 males and 9 females)
treated over a period of two years (2022-2024) with follow-up evaluations at 1, 3, 6 and 12 months. Functional
outcomes were measured using the WOMAC index, which showed a marked improvement after surgery with
the mean score increasing from 54.00+7.67 preoperatively to 89.65+0.95 at 6 weeks, 91.56+1.03 at 3 months,
94.36+1.03 at 6 months and 95.70+0.95 at later follow-up and this improvement was statistically significant
compared to baseline values. All patients demonstrated excellent outcomes based on WOMAC scoring,
indicating substantial improvement in pain relief, joint function and activities of daily living. The study
concluded that posterior stabilised total knee arthroplasty is highly effective in improving functional status
and overall quality of life, making it a valuable treatment option for patients suffering from knee pain and
disability.®

Barahona M et al. (2024) aimed to determine specific cutoff values for clinical scoring systems
including the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC), Kujala score and
Knee Injury and Osteoarthritis Outcome Score-Quality of Life (KOOS-QL) that could predict the likelihood
of treatment success or failure in improving patient-reported quality of life following cruciate-retaining total
knee arthroplasty without patellar replacement. The study analyzed 161 successful evaluations and identified
threshold values indicating improvement success as <4 for WOMAC-Pain, <1 for WOMAC-Stiffness, <15
for WOMAC-Function, >70 for Kujala score and >62 for KOOS-QL, whereas higher chances of failure were
associated with values >7 for WOMAC-Pain, >3 for WOMAC-Stiffness, >26 for WOMAC-Function, <55 for
Kujala score and <41 for KOOS-QL. The findings demonstrated that these cutoff points have good to excellent
discriminatory ability in distinguishing successful from unsuccessful outcomes. Overall, the study concluded
that these validated thresholds can be effectively used for estimating sample sizes in research and for

comparing postoperative quality of life outcomes in patients undergoing total knee arthroplast.®

Yang Z et al. (2025) conducted a study to evaluate the relationship between the severity of knee
osteoarthritis and patellofemoral alignment along with patellar height using radiographic parameters in 534
adult outpatients, including 339 (63%) females with a total of 586 knees analyzed. The findings demonstrated

that increasing age had a significant positive correlation with the severity of knee osteoarthritis (r = 0.516, P
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<0.01), while lateral patellar tilt angle (LPTA) showed a strong negative correlation (r = -0.662, P <0.01). In
contrast, sulcus angle (SA) (r = 0.616, P <0.05) and tibial tuberosity-trochlear groove (TT-TG) distance (r =
0.770, P <0.01) were positively correlated with the severity of tibiofemoral osteoarthritis. Further multiple
linear regression analysis revealed that osteoarthritis severity (B =-2.946, P <0.001) and side (B =-0.839, P =
0.001) were significantly associated with LPTA; osteoarthritis severity (f = 5.032, P <0.001) and age ( = -
0.095, P <0.001) were associated with SA; and osteoarthritis severity ( = 2.445, P <0.001), sex ( = -0.326,
P =0.041), body mass index (f =-0.061, P =0.017) and age ( = -0.025, P <0.001) were associated with TT-
TG. Overall, the study concluded that the radiological severity of knee osteoarthritis increases with age, sulcus
angle and TT-TG distance, while it decreases with increasing LPTA, indicating a significant association
between patellofemoral alignment parameters and disease severity.®’

Halmandge AM et al. (2025) conducted a hospital-based cross-sectional study to evaluate MRI
findings using MOAKS scoring in knee osteoarthritis and to correlate these findings with WOMAC scores
and Kellgren-Lawrence grading system. A total of 40 patients with knee osteoarthritis underwent MRI
evaluation and MOAKS scoring was compared with radiographic grading and clinical assessment. The results
showed that the mean total WOMAC score was 9 with K-L grade 2 being the most commonly observed
radiographic grade. Bone marrow lesions and cartilage loss were more prominent in the medial femorotibial
compartment. There was a moderate positive correlation between WOMAC score and K-L grade, as well as
between WOMAC score and full-thickness cartilage loss at the medial femorotibial joint and between
WOMAC pain score and partial-thickness cartilage loss at the lateral femorotibial joint. However, no
significant correlation was found between bone marrow lesions and pain severity. Overall, the study concluded
that higher WOMAC scores were associated with higher K-L grades and greater cartilage loss on MOAKS
scoring, whereas other MOAKS parameters such as bone marrow lesions, osteophytes and synovitis did not

show a significant association with pain severity or radiographic grading.8®

MATERIALS AND METHODS
STUDY DESIGN: It is a cross-sectional study.
STUDY AREA: The study was conducted in the Department of Orthopaedics, National Institute of Medical

Science and Research, Jaipur.
STUDY PERIOD: 18 months
SAMPLE SIZE: Sample size was calculated using following formula -
_Z2qp*p*(1—p)
= T
_ 1.96%%(0.2) *(1-0.2)
- (0.1)2

=61.5 = 62 Samples.

Where,
Zq;, - inverse probability of normal distance at 95% confidence interval

p : prevalence rate 22% to 39%.

d :Margin of error (10% considered)
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SAMPLING TECHNIQUE: Purposive sampling technique

SELECTION CRITERIA:

INCLUSION CRITERIA:

1. Patients aged 40 years and above of either sex.

2. Established diagnosis of patellofemoral pain based on physical examination and history.
3. Patient willing to participate in study.
EXCLUSION CRITERIA:
1. Previous knee injury or surgery.
2. History of rheumatoid arthritis or any other autoimmune disorder.
3. Participants with other types of arthritis (e.g., gout, psoriatic arthritis).
4

Neurological conditions that affect the lower extremities.

METHODOLOGY AND TECHNIQUE

The present study was conducted among patients diagnosed with knee osteoarthritis who were
recruited from orthopaedic outpatient clinics and associated hospitals. The diagnosis of knee osteoarthritis
was established based on clinical findings and relevant radiological evidence. All participants were included
according to predefined inclusion and exclusion criteria after obtaining informed consent. A detailed clinical
evaluation was performed for each patient, which included comprehensive history taking regarding pain
duration, severity, functional limitation and associated comorbidities, followed by a thorough physical
examination of the knee joint. The study was designed to systematically evaluate the relationship between
patellar tendon length and the clinical severity of knee osteoarthritis.

Radiological assessment was carried out using standard lateral radiographs of the knee joint taken at
30° of flexion for all participants. This standardized positioning was maintained to ensure consistency and
reproducibility of measurements across all subjects. The imaging focused on identifying specific anatomical
landmarks, including the lower pole of the patella and the tibial tuberosity. The patellar tendon length was
measured as the linear distance between these two landmarks. All measurements were obtained using
calibrated radiographic tools and standardized techniques to minimize inter-observer and intra-observer
variability. Care was taken to ensure proper patient positioning and image clarity to enhance the accuracy of
measurements and reliability of results.

WOMAC SCORE ASSESSMENT

Functional assessment of disease severity was performed using the Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC) questionnaire, a validated and widely accepted tool for
evaluating knee osteoarthritis. The questionnaire was administered to all participants in a structured manner.
It assessed three major domains: pain, stiffness and physical function. The pain component evaluated the
intensity of discomfort during various activities, stiffness assessed joint rigidity particularly after periods of
inactivity and functional assessment focused on the ability to perform daily activities such as walking,

climbing stairs and sitting. Each response was scored according to the standardized WOMAC scale and the
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total score as well as individual subscale scores were calculated. Higher scores indicated greater severity of

symptoms and functional impairment.

STATISTICAL ANALYSIS

Statistical analysis was performed to determine the relationship between patellar tendon length
variation and the severity of knee osteoarthritis. The collected data were compiled, coded and analyzed using
appropriate statistical software. Continuous variables were expressed as mean * standard deviation, while
categorical variables were presented as frequency and percentage. Pearson’s correlation coefficient was
applied to assess the strength and direction of the relationship between patellar tendon length and overall
WOMAC scores. Additionally, subgroup analysis was carried out to evaluate the association between patellar
tendon length variation and individual WOMAC subscales, including pain, stiffness and functional limitation.
These analyses provided a detailed understanding of whether structural variations in the patellar tendon were
significantly associated with specific clinical features and overall disease severity in patients with knee

osteoarthritis.

RESULTS
Table 1: Age-wise distribution
Age Group No. Percentage
40-50 16 25.81%
51-60 20 32.26%
61-70 15 24.19%
>70 11 17.74%
Total 62 100.00%
Mean+SD 58.23+11.218

The age-wise distribution of study participants showed that the majority of patients belonged to the
51-60 years age group, accounting for 32.26% (n=20), followed by the 40-50 years group at 25.81% (n=16)
and 6170 years at 24.19% (n=15). Patients aged more than 70 years constituted 17.74% (n=11) of the study
population. The mean age of participants was 58.23+£11.218 years, indicating that osteoarthritis of the knee
was more prevalent among middle-aged and elderly individuals with a peak incidence in the sixth decade of
life.
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Graph 1: Age-wise distribution
Table 2: Gender-wise distribution
Gender No. Percentage
Male 28 41.9%
Female 36 58.1%
Total 62 100.0%

The gender distribution revealed a higher proportion of females compared to males in the study

population. Females constituted 58.1% (n=36), while males accounted for 41.9% (n=28). This indicates a

female predominance in osteoarthritis knee cases, suggesting that women are more commonly affected than

men in this study cohort.

Graph 2: Gender-wise distribution
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Table 3: Kellgren-Lawrence Grading

KL Grading No. Percentage
Grade 2 11 17.7%
Grade 3 28 45.2%
Grade 4 23 37.1%

Total 62 100.0%

The distribution of Kellgren-Lawrence (KL) grading showed that the majority of patients had Grade 3
osteoarthritis, comprising 45.2% (n=28), followed by Grade 4 at 37.1% (n=23) and Grade 2 at 17.7% (n=11).
This indicates that most patients presented with moderate to severe osteoarthritis with a significant proportion

already in advanced stages of disease at the time of evaluation.

M Grade 2
A #Grade 3
1 W Grade 4
|
i
Graph 3: Kellgren-Lawrence Grading
Table 4: Duration of Symptoms
Durati(zrr:]gztshysr;ptoms No. Percentage
<20 7 11.29%
21-40 11 17.74%
41-60 17 27.42%
61-80 8 12.90%
81-100 7 11.29%
101-120 12 19.35%
Total 62 100.00%
Mean+SD 62.00+£32.044
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The distribution of duration of symptoms showed that the largest proportion of patients had symptoms
for 41-60 months, accounting for 27.42% (n=17), followed by 101-120 months at 19.35% (n=12) and 21-40
months at 17.74% (n=11). A smaller proportion of patients had shorter duration <20 months and §1-100

months, each comprising 11.29% (n=7), while 61-80 months accounted for 12.90% (n=8). The mean duration
of symptoms was 62.00£32.044 months, indicating that most patients had long-standing disease before
presentation, reflecting the chronic and progressive nature of osteoarthritis.
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11.29% - 11.29%
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Graph 4: Duration of Symptoms
Table 5: Side of Affected Knee

Side of Affected Knee No. Percentage
Left side 21 33.9%
Right side 26 41.9%
Both side 15 24.2%
Total 62 100.0%

The distribution of the side of the affected knee revealed that the right knee was more commonly
involved, seen in 41.9% (n=26) of patients, followed by left knee involvement in 33.9% (n=21). Bilateral
involvement was observed in 24.2% (n=15) of cases. This suggests that unilateral involvement, particularly
of the right knee, was more frequent, although a considerable proportion of patients had disease affecting both

knees.
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Graph 5: Side of Affected Knee
Table 6: Knee ROM degree
Knee ROM degree No. Percentage
<80° 1 1.61%
80-100° 11 17.74%
100-120° 18 29.03%
120-140° 32 51.61%
Total 62 100.00%
Mean+SD 118.345+19.534

The assessment of knee range of motion demonstrated that more than half of the patients (51.61%,
n=32) had a ROM between 120-140°, followed by 29.03% (n=18) with ROM between 100-120°. A smaller
proportion had reduced ROM of 80-100° (17.74%, n=11), while only 1.61% (n=1) had severely restricted
ROM <80°. The mean ROM was 118.345+19.534 degrees, indicating that although many patients retained
relatively good joint mobility, a subset exhibited moderate to severe restriction, consistent with varying

severity of osteoarthritis.
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Graph 6: Knee ROM degree
Table 7: Mean WOMAC Score
WOMAC Score Mean Std. Deviation p-value
Pain Score (0-20) 5.145 2.4148
Stiffness Score (0-8) 1.823 9671
: : <0.001
Physical Function Score (0-68) 16.726 7.1131
Total WOMAC Score 23.710 10.1665

The mean WOMAC scores indicated that the average pain score was 5.145+2.4148 (out of 20),
suggesting mild to moderate pain among the study participants and this was statistically highly significant
(p<0.001). The mean stiffness score was 1.823+£0.9671 (out of 8), indicating relatively low levels of stiffness.
The mean physical function score was 16.726+7.1131 (out of 68), reflecting a moderate degree of functional
limitation in daily activities. The overall mean total WOMAC score was 23.710+10.1665, demonstrating a

moderate burden of symptoms and disability among patients with osteoarthritis knee.
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Table 8: Correlation between Patella Tendon Length with WOMAC Scores

Pearson Correlation (r) p-value
WOMAC Pain score -0.206 0.107
WOMAN Stiffness -0.145 0.261
WOMAC Physical function score -0.227 0.076
Total WOMAC Score -0.266 0.036*

* Significant (p<0.05)

The correlation analysis between patella tendon length and WOMAC scores showed a weak negative
correlation with all components of the WOMAC index. The correlation with pain score was r = -0.206
(p=0.107), stiffness score was r = -0.145 (p=0.261) and physical function score was r = -0.227 (p=0.076), all
of which were not statistically significant. However, the total WOMAC score showed a weak negative but
statistically significant correlation (r = -0.266, p=0.036), indicating that as patella tendon length increased, the

overall WOMAC score tended to decrease slightly, suggesting a modest association between longer tendon

length and better clinical outcomes.
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Table 9: Correlation between Patella Tendon Length with KL Grading

Patella Tendon Knee OA Grade
Length (mm) (KL Grading)
Pearson Correlation 1 .202
Patella Tendon . .
Length (mm) Sig. (2-tailed) 115
N 62 62
Pearson Correlation .202 1
Knee OA Grade . .
(KL Grading) Sig. (2-tailed) 115
N 62 62

The correlation analysis between patella tendon length and Kellgren-Lawrence (KL) grading
demonstrated a weak positive correlation (r = 0.202), indicating a slight tendency for patella tendon length to
increase with higher grades of osteoarthritis. However, this association was not statistically significant (p =
0.115), suggesting that patella tendon length did not have a meaningful relationship with radiological severity
of knee osteoarthritis in this study population. The findings imply that tendon length may not be a reliable

indicator of disease severity as assessed by KL grading.

Table 10: WOMAC by Patella Tendon Length Groups

PTL group n Mean SD Median | Min | Max
WOMAC

Short 21 27.333 11.53 29.00 5.00 | 47.00

Medium 21 23.048 10.09 27.00 3.00 | 36.00

Long 20 20.600 7.72 20.50 6.00 | 35.00

The comparison of WOMAC scores across patella tendon length groups showed that patients with
short tendon length had the highest mean WOMAC score (27.33+11.53), indicating greater pain, stiffness and
functional limitation. This was followed by the medium tendon length group with a mean score of
23.05+10.09, while the long tendon length group had the lowest mean WOMAC score (20.60£7.72). The
median values also followed a similar trend. These findings suggest that shorter patella tendon length is
associated with worse clinical outcomes, whereas longer tendon length is linked to relatively better functional

status and lower symptom severity among patients with osteoarthritis knee.
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Graph 8: WOMAC by Patella Tendon Length Groups

DISCUSSION

Osteoarthritis of the knee is a chronic, progressive degenerative disorder that predominantly affects
the middle-aged and elderly population, leading to pain, stiffness and functional limitation. The patellofemoral
joint plays a crucial role in knee biomechanics and variations in patellar alignment, tendon length and joint
morphology have been suggested to influence both structural severity and clinical outcomes. The present study
was conducted to evaluate the clinico-radiological profile of knee osteoarthritis with special emphasis on
patella tendon length and its correlation with functional status and disease severity. The findings of this study
are discussed in light of existing literature to understand the relationship between anatomical factors and
patient-reported outcomes such as WOMAC score, as well as radiological grading using the Kellgren—

Lawrence system.

In the present study, most patients were in the 51-60 years age group 32.26% (n=20), followed by 40—
50 years 25.81% (n=16), 61-70 years 24.19% (n=15) and >70 years 17.74% (n=11) with a mean age of
58.23£11.218 years. This shows that osteoarthritis knee was mainly seen in middle-aged and elderly patients,
particularly around the sixth decade of life. This finding was closely comparable with Becker et al. (2008)*,
who studied 50 patients/51 knees with isolated patellofemoral osteoarthritis and reported a mean age of 60.1
years with an age range of 46-81 years, which is very near to the mean age of the present study. Similarly,
Kalichman et al. (2007)"® included 213 patients with symptomatic knee osteoarthritis and reported a higher
mean age of 66.7 years with a range of 47-93 years, suggesting that symptomatic knee OA is more frequent
in an older population compared with the present study. Tsavalas et al. (2012)® divided patients into age
groups of <50 years and >50 years and found patellofemoral OA prevalence was much higher in the older
group, 41.3% in >50 years compared with 8.6% in <50 years, supporting the present study where most cases

were above 50 years. The present mean age was slightly higher than Tanamas et al. (2010)”°, who studied
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240 adults aged 25-60 years and reported a mean age of 45.7+9.4 years; this difference may be due to their
community-based adult population, whereas the present study focused on osteoarthritis knee patients. In
contrast, studies involving total knee arthroplasty patients showed older age groups: Zhou et al. (2023)%
reported mean ages of 64.24+8.33 years, 63.26+8.17 years and 63.63+8.72 years across neutral, mild and
severe valgus groups, respectively. Yang et al. (2025)%7 also supported the age-related nature of knee OA,
showing that age had a strong positive correlation with KOA severity (r=0.516, p<0.01).

In the present study, females constituted a higher proportion of cases 58.1% (n=36) compared to males
41.9% (n=28), indicating a clear female predominance in osteoarthritis knee. This finding is consistent with
Yang et al. (2025)% reported that out of 534 patients, 63% were females, showing a similar female
predominance and supporting the present study results. Likewise, Tsavalas et al. (2012)"® observed that
36.1% of women older than 60 years had cartilage lesions and patellofemoral osteoarthritis, which was higher
compared to men, further reinforcing that females are more commonly affected. Similarly, Becker et al.
(2008)™ and other patellofemoral osteoarthritis studies also reported a higher prevalence among females,
particularly in middle-aged and elderly populations, which aligns with the current study trend. In contrast,
some studies such as Yuan et al. (2019)”° found that gender was not significantly associated with anterior
knee pain or outcomes, indicating that while prevalence may be higher in females, gender may not always

influence clinical outcomes.

In the present study, the majority of patients had Grade 3 osteoarthritis (45.2%, n=28), followed by
Grade 4 (37.1%, n=23) and Grade 2 (17.7%, n=11), indicating that most patients presented with moderate to
severe radiological osteoarthritis at the time of evaluation. These findings are comparable with Halmandge
et al. (2025)% reported that Kellgren—Lawrence Grade 2 was the most prevalent grade in their study
population, although they also demonstrated that higher KL grades were associated with higher WOMAC
scores and cartilage loss, suggesting progression toward more severe disease stages, which aligns with the
higher proportion of Grade 3 and 4 cases in the present study. Similarly, Becker et al. (2008)"* studied patients
with patellofemoral osteoarthritis and reported that most cases had advanced radiological disease (equivalent
to Grade Il and 1V changes), which is in close agreement with the present study where over 80% of patients
were in Grade 3 and 4. In addition, Yang et al. (2025)” demonstrated that increasing severity of osteoarthritis
(higher KL grade) was significantly associated with worsening structural parameters, supporting the concept
that patients presenting to tertiary care centers often have more advanced disease, as observed in the current
study. Furthermore, MRI-based studies such as Tsavalas et al. (2012)® also showed that structural cartilage
damage and osteoarthritic changes increase with disease severity, indirectly supporting the higher proportion

of advanced grades in symptomatic patients.

In the present study, most patients had long-standing symptoms with the highest proportion having
symptoms for 41-60 months (27.42%, n=17), followed by 101-120 months (19.35%, n=12) and 21-40
months (17.74%, n=11). The mean duration of symptoms was 62.00+32.044 months, showing that knee
osteoarthritis patients commonly presented after a prolonged symptomatic period of nearly 5 years.

Halmandge et al. (2025)% described knee osteoarthritis as a long-standing chronic joint disease and found
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that higher WOMAC scores were associated with higher K-L grades and cartilage loss. Haj-Mirzaian et al.
(2019)78 followed structural worsening of patellofemoral OA over 24 months and reported that higher baseline
Insall-Salvati ratio was associated with worsening lateral patellar BMLs OR 11.18, p<0.001 and cartilage
scores OR 7.39, p=0.042. Becker et al. (2008)' included patients with isolated patellofemoral osteoarthritis
showing advanced radiographic changes with Ahlb&ck Grade Il and 1V lateral patellofemoral joint space
narrowing, indicating established long-term disease.

In the present study, the right knee was most commonly affected (41.9%, n=26), followed by the left
knee (33.9%, n=21), while bilateral involvement was seen in 24.2% (n=15) of patients. This indicates that
unilateral involvement was more frequent with a slight predominance of the right side, although a considerable
proportion had bilateral disease. Yang et al. (2025)% evaluated 586 knees in 534 patients, clearly indicating
that multiple patients had involvement of both knees, supporting the presence of bilateral disease in
osteoarthritis, as also observed in 24.2% of cases in the present study. Similarly, Tsavalas et al. (2012)®
studied 650 knee MRI examinations from 622 patients, implying that several patients had involvement of
more than one knee, again supporting the concept that osteoarthritis can be bilateral or affect both joints over
time. Becker et al. (2008)"* reported analysis of 51 knees in 50 patients, also indicating occasional bilateral
involvement, although the study primarily focused on patellofemoral osteoarthritis rather than side distribution

The majority of patients had relatively preserved knee motion with 51.61% (n=32) having ROM 120—
140°, followed by 29.03% (n=18) with 100-120°, 17.74% (n=11) with 80-100° and only 1.61% (n=1) having
severely restricted ROM <80°. The mean ROM was 118.34+19.53°, indicating that most patients retained
near-functional mobility despite osteoarthritis. These findings are comparable with Aguirre-Pastor et al.
(2020)%! evaluated patients after total knee arthroplasty and found no significant difference in range of motion
between groups (p=0.408), suggesting that functional ROM is often maintained or restored around acceptable
levels. Similarly, Zhou et al. (2023)8* reported that patients undergoing treatment for valgus knee deformity
showed significant improvement in ROM postoperatively (p<0.001), indicating that knee osteoarthritis
patients can achieve or maintain functional ROM values close to normal ranges (~110-130°), which aligns
with the present study mean of 118.34°. Yuan et al. (2019)"° observed that pre-operative and post-operative
ROM did not significantly differ between groups, indicating that ROM remains within a functional range even

in patients with patellofemoral pathology.

In the present study, the mean WOMAC pain score was 5.145+2.4148 (out of 20), stiffness score
1.823+0.9671 (out of 8) and physical function score 16.726+7.1131 (out of 68). The total WOMAC score was
23.710£10.1665, indicating an overall moderate level of pain, stiffness and functional limitation and the pain
score was statistically significant (p<0.001). These findings are comparable with Halmandge et al. (2025)%
reported a mean total WOMAC score of 9, which was lower than the present study; however, they also
demonstrated that higher WOMAC scores were associated with higher Kellgren—Lawrence grades and
cartilage loss, supporting the moderate WOMAC values observed in the present study where most patients
had Grade 3 and 4 osteoarthritis. Similarly, Becker et al. (2008)"* reported improvement in WOMAC scores
after surgical intervention with pain improving by 2.34 points and function by 1.63 points, indicating that
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WOMAC scores are sensitive indicators of clinical severity and functional limitation, consistent with the
moderate baseline WOMAC scores observed in the present study. Tanamas et al. (2010)” found that
patellofemoral geometric changes were associated with reduction in WOMAC pain scores (regression
coefficient -1.57), indicating that WOMAC pain reflects underlying structural and biomechanical factors,
which supports the moderate pain score (5.145) observed in the present study. Furthermore, Kalichman et al.
(2007)" reported that certain patellofemoral alignment parameters were associated with increased WOMAC
pain and functional impairment, reinforcing that WOMAC scores are closely linked to clinical severity in knee

osteoarthritis.

In the present study, patella tendon length showed a weak negative correlation with all WOMAC
components: pain (r = -0.206, p = 0.107), stiffness (r = -0.145, p = 0.261) and physical function (r = -0.227, p
= 0.076), none of which were statistically significant. However, the total WOMAC score showed a weak but
statistically significant negative correlation (r = -0.266, p = 0.036), indicating that increasing patella tendon
length was associated with a slight reduction in overall symptom severity. These findings are supported by
Tanamas et al. (2010)™ reported that patellofemoral geometry parameters were associated with WOMAC
pain scores, where increased medial patella inclination was linked with a reduction in WOMAC pain
(regression coefficient -1.57). Similarly, Kalichman et al. (2007)” found that patellofemoral alignment
parameters such as trochlear angle and lateral patellar tilt were associated with WOMAC pain and functional
impairment. In contrast, Yoon et al. (2022)% reported that patellar height and alignment parameters were not
significantly associated with clinical scores. Additionally, Haj-Mirzaian et al. (2019)’® demonstrated that
increased Insall-Salvati ratio (indicative of patellar height) was associated with worsening structural changes

such as cartilage damage and bone marrow lesions.

In the present study, patella tendon length showed a weak positive correlation with Kellgren—Lawrence
(KL) grading (r = 0.202, p = 0.115), which was not statistically significant, indicating that patella tendon
length did not have a meaningful association with radiological severity of osteoarthritis. Yoon et al. (2022)23
reported that patellar height (Insall-Salvati ratio), Q-angle and quadriceps parameters were not associated with
patellofemoral cartilage lesions. Similarly, Kalichman et al. (2007)"® found that although some alignment
parameters were associated with symptoms, many patellofemoral alignment measures were not significantly
associated with disease severity or functional impairment. In contrast, Yang et al. (2025)%” demonstrated that
certain patellofemoral parameters such as sulcus angle (r = 0.616, p<0.05) and TT-TG distance (r = 0.770,
p<0.01) showed a strong positive correlation with osteoarthritis severity, indicating that while some
anatomical factors significantly influence KL grading, patellar length-related parameters may not be among
the strong predictors. Furthermore, Haj-Mirzaian et al. (2019)"® found that increased Insall-Salvati ratio
(patella alta) was associated with worsening structural changes over time (OR 11.18 for BML, p<0.001; OR
7.39 for cartilage damage, p=0.042).
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In the present study, patients with short patella tendon length had the highest mean WOMAC score
(27.33£11.53), followed by the medium group (23.05+£10.09), while the long tendon length group had the
lowest WOMAC score (20.60+7.72). This indicates that shorter patella tendon length is associated with greater
pain, stiffness and functional limitation, whereas longer tendon length is linked with relatively better clinical
outcomes. Tanamas et al. (2010)" demonstrated that favorable patellofemoral geometry, such as increased
medial patella inclination, was associated with a reduction in WOMAC pain score (f = -1.57), suggesting that
better anatomical alignment leads to improved clinical outcomes. Similarly, Aguirre-Pastor et al. (2020)%!
observed no significant difference in WOMAC pain, stiffness, or function scores across different patellar

height groups (p>0.05).

SUMMARY

e Majority of patients were in 51-60 years age group (32.26%, n=20) with mean age 58.23+11.21 years,
followed by 40-50 years (25.81%) and 6170 years (24.19%), indicating peak incidence in sixth decade.

e Female predominance was observed with 58.1% (n=36) females compared to 41.9% (n=28) males.

e Most patients had moderate to severe osteoarthritis with Grade 3 (45.2%) being most common followed
by Grade 4 (37.1%) and Grade 2 (17.7%).

e Majority had long-standing symptoms, most commonly 41-60 months (27.42%) with mean duration

62.00+32.04 months, indicating chronic disease presentation.

e Right knee involvement (41.9%) was more common than left (33.9%) with bilateral involvement in 24.2%

cases.

e Most patients had good knee mobility with 51.61% having ROM 120-140° and mean ROM
118.34+19.53°, while only 1.61% had severe restriction <80°.

e Mean WOMAC scores indicated moderate symptom severity with pain 5.14+2.41, stiffness 1.82+0.96,
function 16.72+7.11 and total score 23.71+10.16.

e Patella tendon length showed weak negative correlation with WOMAC components (pain r=-0.206,
stiffness r=-0.145, function r=-0.227) with only total WOMAC showing significant correlation (r=-0.266,
p=0.036).

e There was weak positive, non-significant correlation between patella tendon length and KL grading

(r=0.202, p=0.115), indicating no strong association with radiological severity.

IJRARTHO00384 International Journal of Research and Analytical Reviews (IJRAR) www.ijrar.org ] 691



© 2026 IJRAR May 2026, Volume 13, Issue 2 www.ijrar.org (E-ISSN 2348-1269, P- ISSN 2349-5138)

e Patients with short tendon length had highest WOMAC score (27.33+£11.53), followed by medium
(23.05£10.09) and lowest in long tendon group (20.60+7.72), showing worse outcomes with shorter

tendon length.

CONCLUSION

The present study demonstrated that knee osteoarthritis predominantly affects middle-aged and elderly
individuals with a higher prevalence among females. Most patients presented with moderate to severe disease
(Kellgren—Lawrence Grade 3 and 4) and long-standing symptoms, highlighting the chronic and progressive
nature of the condition. Despite the advanced disease stage, a majority of patients retained relatively good
knee range of motion, although they experienced moderate levels of pain, stiffness and functional limitation
as reflected by WOMAC scores.

The study further revealed that patella tendon length has a limited but notable association with clinical
outcomes. While no significant correlation was found between patella tendon length and radiological severity,
a weak negative correlation was observed with overall WOMAC score, suggesting that longer tendon length
may be associated with slightly better functional status. Additionally, patients with shorter patella tendon
length exhibited higher WOMAC scores, indicating greater symptom severity and functional impairment.
Overall, the findings suggest that although patella tendon length may not be a strong predictor of radiological
severity, it has a clinically relevant relationship with functional outcomes. These results emphasize the
multifactorial nature of knee osteoarthritis, where anatomical, biomechanical and clinical factors collectively

influence disease severity and patient quality of life.

LIMITATIONS OF THE STUDY

e The study had a relatively small sample size (n=62), which may limit the generalizability of the findings.

e Being a single-center study, the results may not represent the broader population.

e The cross-sectional design limits the ability to establish causal relationships or assess disease progression

over time.

e Patella tendon length was measured using radiographs only, which may be subject to measurement bias
and less accurate compared to advanced imaging like MRI.

e The study relied on WOMAC score as a subjective assessment tool, which may be influenced by patient

perception and reporting bias.

e Potential confounding factors such as BMI, physical activity level, occupation and comorbidities were not
fully controlled.
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e The study did not include a control group (non-OA patients) for comparison.

e Inter-observer and intra-observer variability in radiographic measurements were not assessed.

e The distribution of patients across tendon length groups may not be equal, which could affect statistical

comparisons.

e The study did not evaluate long-term outcomes or follow-up data, limiting understanding of progression

and prognosis.

RECOMMENDATIONS

e Larger multi-center studies with bigger sample size should be conducted to improve generalizability of

findings.

e Longitudinal (follow-up) studies are recommended to assess progression of osteoarthritis and causal
relationship with patella tendon length.

e Use of advanced imaging modalities (MRI/CT) is suggested for more accurate assessment of patellar

tendon length and joint structures.

e Future studies should include control groups (normal individuals) for better comparison and validation of

results.

e Adjustment of confounding factors such as BMI, physical activity, occupation and comorbidities should

be incorporated in analysis.

e Detailed evaluation of patellofemoral alignment parameters (ISR, Q-angle, TT-TG distance) should be

included for comprehensive assessment.

e Incorporation of objective functional assessment tools (e.g., gait analysis, muscle strength testing) along

with WOMAC score is recommended.

e Early screening and identification of high-risk patients based on anatomical variations should be
encouraged.

e Physiotherapy and biomechanical correction strategies targeting patellofemoral alignment should be

emphasized in management.

e Further research should explore the role of surgical correction of patellar alignment in improving

functional outcomes in osteoarthritis knee.

IJRARTHO00384 ] International Journal of Research and Analytical Reviews (IJRAR) www.ijrar.org ] 693



© 2026 IJRAR May 2026, Volume 13, Issue 2 www.ijrar.org (E-ISSN 2348-1269, P- ISSN 2349-5138)

10.

11.

12.

13.

REFERENCES
Luyten FP, Denti M, Filardo G, Kon E, Engebretsen L. Definition and classification of early

osteoarthritis of the knee. Knee Surgery, Sports Traumatology, Arthroscopy. 2012 Mar;20(3):401-6.
Heidari B. Knee osteoarthritis prevalence, risk factors, pathogenesis and features: Part I. Caspian journal
of internal medicine. 2011;2(2):205.

Vincent KR, Conrad BP, Fregly BJ, Vincent HK. The pathophysiology of osteoarthritis: a mechanical
perspective on the knee joint. PM&R. 2012 May 1;4(5):S3-9.

Heijink A, Gomoll AH, Madry H, Drobni¢ M, Filardo G, Espregueira-Mendes J, Van Dijk CN.
Biomechanical considerations in the pathogenesis of osteoarthritis of the knee. Knee Surgery, Sports
Traumatology, Arthroscopy. 2012 Mar;20(3):423-35.

Arslan FZ, Oguzdogan GY. Correlating quadriceps patellar tendon angle and lateral patellar tilt angle in
patients with irregular alignment: a cross-sectional study with retrospective data. Quantitative Imaging
in Medicine and Surgery. 2024 Apr 26;14(5):3695.

Aithal Padur A, Kumar N, Lewis MG, Sekaran VC. Morphometric analysis of patella and patellar
ligament: a cadaveric study to aid patellar tendon grafts. Surgical and Radiologic Anatomy. 2021
Dec;43(12):2039-46.

Khoroushi F, Davoodi Y, Fathabadi A, Salehi M, Sharifan Y, Bakaiyan M, Aminzade B. The association
between patellofemoral alignment and osteoarthritis in  magnetic resonance imaging.
Reumatologia/Rheumatology. 2022 Apr 30;60(2):101-9.

Garza-Borjon A, Gonzalez-Gonzalez M, de la Garza-Salazar JF, Simental-Mendia M, Acosta-Olivo C.
Understanding the patho-anatomy of patellofemoral pain: A crucial foundation for comprehensive
management. Orthopedic Reviews. 2024 Nov 23;16:125840.

Roos, M Kléassbo, LS Lohmander EM. WOMAC Osteoarthritis Index: Reliability, validity and
responsiveness in patients with arthroscopically assessed osteoarthritis. Scandinavian journal of
rheumatology. 1999 Jan 1;28(4):210-5.

Salaffi F, Leardini G, Canesi B, Mannoni A, Fioravanti A, Caporali RO, Lapadula G, Punzi L. Reliability
and validity of the Western Ontario and McMaster Universities (WOMAC) Osteoarthritis Index in
Italian patients with osteoarthritis of the knee. Osteoarthritis and cartilage. 2003 Aug 1;11(8):551-60.
Physiopedia. WOMAC Osteoarthritis Index. Accessed by: https://www.physio-
pedia.com/WOMAC_Osteoarthritis_Index

Sathiyanarayanan S, Shankar S, Padmini SK. Usefulness of WOMAC index as a screening tool for knee
osteoarthritis among patients attending a rural health care center in Tamil Nadu. Int J Community Med
Public Health. 2017 Nov;4(11):4290-5.

Handralmath S, Dudhanale A, Dadhaniya R & Wasekar M. Knee injury and osteoarthritis outcome score
comparing functional outcome in 30 anterior cruciate ligament reconstruction patients with quadriceps,
hamstrings and peroneus longus grafts. International Journal of Research in Orthopaedics.
2024;11(1):99-104.

IJRARTHO00384 International Journal of Research and Analytical Reviews (IJRAR) www.ijrar.org ] 694



© 2026 IJRAR May 2026, Volume 13, Issue 2 www.ijrar.org (E-ISSN 2348-1269, P- ISSN 2349-5138)

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27,

28.

Tekeoglu I, Takci S, Harman H, Sag S. Concordance of Patellar Tendinopathy in Patients with Primary
Knee Osteoarthritis: A Clinical and Ultrasonographic Study. Rheumatology (Sunnyvale).
2019;9(252):2161-1149.

Farrokhi S, Voycheck CA, Tashman S, Fitzgerald GK. A biomechanical perspective on physical therapy
management of knee osteoarthritis. journal of orthopaedic & sports physical therapy. 2013
Sep;43(9):600-19.

Yang Z, Shen M, Xie D, Zhang J, Wei Q. Correlation between severity of knee joint osteoarthritis and
alignment of patellofemoral and patellar height on radiographs. Chinese Medical Journal. 2025 Apr
20;138(08):947-52.

Hirschmann MT, Muller W. Complex function of the knee joint: the current understanding of the knee.
Knee Surgery, Sports Traumatology, Arthroscopy. 2015 Oct;23(10):2780-8.

Abulhasan JF, Grey MJ. Anatomy and physiology of knee stability. Journal of Functional Morphology
and kinesiology. 2017 Sep 24;2(4):34.

McLean SG, Lucey SM, Rohrer S, Brandon C. Knee joint anatomy predicts high-risk in vivo dynamic
landing knee biomechanics. Clinical biomechanics. 2010 Oct 1;25(8):781-8.

Insall JN, Joseph DM, Msika C. High tibial osteotomy for varus gonarthrosis. A long-term follow-up
study. J Bone Joint Surg Am. 1984 Sep;66(7):1040-8.

Burr DB, Radin EL. Microfractures and microcracks in subchondral bone: are they relevant to
osteoarthrosis? Rheum Dis Clin North Am. 2003 Nov;29(4):675-85.

Woo SL, Debski RE withrow JD, Janaushek MA. Biomechanics of knee ligaments. The American
journal of sports medicine. 1999 Jul;27(4):533-43.

Mérida-Velasco JA, Sanchez-Montesinos I, Espin-Ferra J, Mérida-Velasco JR, Rodriguez-Véazquez JF,
Jiménez-Collado J. Development of the human knee joint ligaments. The Anatomical Record: An
Official Publication of the American Association of Anatomists. 1997 Jun;248(2):259-68.

Palmer I. The classic: on the injuries to the ligaments of the knee joint: a clinical study. Clinical
Orthopaedics and Related Research®. 2007 Jan 1;454:17-22.

Messner K, Gao J. The menisci of the knee joint. Anatomical and functional characteristics and a
rationale for clinical treatment. The Journal of Anatomy. 1998 Aug;193(2):161-78.

Fox AJ, Bedi A, Rodeo SA. The basic science of human knee menisci: structure, composition and
function. Sports health. 2012 Jul;4(4):340-51.

Flaxman TE, Alkjaer T, Simonsen EB, Krogsgaard MR, Benoit DL. Predicting the functional roles of
knee joint muscles from internal joint moments. Medicine & Science in Sports & Exercise. 2017 Mar
1;49(3):527-37.

Shim SS, LEUNG G. Blood supply of the knee joint: a microangiographic study in children and adults.
Clinical Orthopaedics and Related Research®. 1986 Jul 1;208:119-25.

IJRARTHO00384 ] International Journal of Research and Analytical Reviews (IJRAR) www.ijrar.org ] 695



© 2026 IJRAR May 2026, Volume 13, Issue 2 www.ijrar.org (E-ISSN 2348-1269, P- ISSN 2349-5138)

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Tran J, Peng PW, Chan VW, Agur AM. Overview of innervation of knee joint. Physical Medicine and
Rehabilitation Clinics. 2021 Nov 1;32(4):767-78.

Madeti BK, Chalamalasetti SR, Bolla Pragada SS. Biomechanics of knee joint—A review. Frontiers of
mechanical engineering. 2015 Jun;10(2):176-86.

Iwanska DA, Urbanik C. The sense of position and movement in the knee joint during voluntary

movements. Acta of Bioengineering and Biomechanics. 2013;15(3):11-7.

Cui A, Li H, Wang D, Zhong J, Chen Y, Lu H. Global, regional prevalence, incidence and risk factors
of knee osteoarthritis in population-based studies. EClinicalMedicine. 2020;29-30:100587.

Li E, Zhao Q, Cao L, Wang X, Huang Z. Global burden and socioeconomic impact of knee osteoarthritis:

a comprehensive analysis. Front Med (Lausanne). 2024;11:1381113.

Li E, Zhao Q, Cao L, Wang X, Huang Z. Global burden and socioeconomic impact of knee osteoarthritis:

a comprehensive analysis. Front Med (Lausanne). 2024;11:1381113.

Steinmetz JD, Culbreth GT, Haile LM, et al. Global, regional and national burden of osteoarthritis, 1990-
2020 and projections to 2050: a systematic analysis for the Global Burden of Disease Study 2021. Lancet
Rheumatol. 2023;5(9):e508-e522.

Pal CP, Singh P, Chaturvedi S, Pruthi KK, Vij A. Epidemiology of knee osteoarthritis in India and related
factors. Indian J Orthop. 2016;50(5):518-522.

Daniel RA, Kalaivani M, Aggarwal P, Gupta SK. Prevalence of knee osteoarthritis among elderly
persons in India: A systematic review and meta-analysis. Journal of Family Medicine and Primary Care.
2025 May 1;14(5):1675-84.

Singh A, Das S, Chopra A, Danda D, Paul BJ, March L, Mathew AJ, Shenoy P, Gotay C, Palmer AJ,
Antony B. Burden of osteoarthritis in India and its states, 1990-2019: findings from the Global Burden
of disease study 2019. Osteoarthritis and Cartilage. 2022 Aug 1;30(8):1070-8.

Kandasamy S, Vadivelu R, Shanmugam SK, Mahendran BS. Exploring the burden of knee osteoarthritis
in rural South India: Community prevalence, risk factors and functional assessment among adults aged
40 and above. Cureus. 2024 Nov 11;16(11).

Bala K, Bavoria S, Sahni B, Bhagat P, Langeh S, Sobti S. Prevalence, risk factors and health seeking
behavior for knee osteoarthritis among adult population in rural Jammu-A Community based Cross
Sectional Study. Journal of Family Medicine and Primary Care. 2020 Oct 30;9(10):5282-7.

Kellgren JH, Lawrence JS. Radiological assessment of osteo-arthrosis. Ann Rheum Dis. 1957
Dec;16(4):494-502.

IJRARTHO00384 International Journal of Research and Analytical Reviews (IJRAR) www.ijrar.org ] 696



© 2026 IJRAR May 2026, Volume 13, Issue 2 www.ijrar.org (E-ISSN 2348-1269, P- ISSN 2349-5138)

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

55.

Asik M, Sen C, Kilic B, Goksan SB, Ciftci F, Taser OF. High tibial osteotomy with Puddu plate for the
treatment of varus gonarthrosis. Knee Surgery, Sport Traumatol Arthrosc. 2006;14(10):948-54.

Birmingham TB, Giffin JR, Chesworth BM, Bryant DM, Litchfield RB, Willits K, et al. Medial opening
wedge high tibial osteotomy: a prospective cohort study of gait, radiographic and patient-reported
outcomes. Arthritis Rheum. 2009 May;61(5):648-57.

DeMeo PJ, Johnson EM, Chiang PP, Flamm AM, Miller MC. Midterm follow-up of opening-wedge
high tibial osteotomy. Am J Sports Med. 2010 Oct;38(10):2077-84.

Hernigou P, Medevielle D, Debeyre J, Goutallier D. Proximal tibial osteotomy for osteoarthritis with

varus deformity. A ten to thirteen-year follow-up study. J Bone Joint Surg Am. 1987 Mar;69(3):332-54.

Hui C, Salmon LJ, Kok A, Williams HA, Hockers N, Van Der Tempel WM, et al. Long-term survival
of high tibial osteotomy for medial compartment osteoarthritis of the knee. Am J Sports Med.
2011;39(1):64-70.

Flecher X, Parratte S, Aubaniac J-M, Argenson J-NA. A 12-28-year followup study of closing wedge
high tibial osteotomy. Clin Orthop Relat Res. 2006 Nov;452:91-6.

Weidow J, Cederlund C-G, Ranstam J, Kérrholm J. Ahlbéack grading of osteoarthritis of the knee: Poor
reproducibility and validity based on visual inspection of the joint. Acta Orthop [Internet]. 2006 Jan
1,77(2):262-6.

Brouwer RW, Huizinga MR, Duivenvoorden T, van Raaij TM, Verhagen AP, Bierma-Zeinstra SMA, et
al. Osteotomy for treating knee osteoarthritis. Cochrane Database Syst Rev. 2014;2014(12).

Bennell KL, Hunter DJ, Hinman RS. Management of osteoarthritis of the knee. Bmj. 2012 Jul 30;345.

Vaishya R, Pariyo GB, Agarwal AK, Vijay V. Non-operative management of osteoarthritis of the knee
joint. Journal of clinical orthopaedics and trauma. 2016 Jul 1;7(3):170-6.

Hussain SM, Neilly DW, Baliga S, Patil S, Meek RM. Knee osteoarthritis: a review of management
options. Scottish medical journal. 2016 Feb;61(1):7-16.

Dugdale TW, Noyes FR, Styer D. Preoperative planning for high tibial osteotomy. The effect of lateral
tibiofemoral separation and tibiofemoral length. Clin Orthop Relat Res. 1992 Jan;(274):248-64.

Valkering KP, van den Bekerom MPJ, Kappelhoff FM, Albers GHR. Complications after tomofix
medial opening wedge high tibial osteotomy. J Knee Surg. 2009 Jul;22(3):218-25.

Goshima K, Sawaguchi T, Sakagoshi D, Shigemoto K, Hatsuchi Y, Akahane M. Age does not affect the
clinical and radiological outcomes after open-wedge high tibial osteotomy. Knee Surg Sports Traumatol
Arthrosc. 2017 Mar;25(3):918-23.

IJRARTHO00384 International Journal of Research and Analytical Reviews (IJRAR) www.ijrar.org ] 697



© 2026 IJRAR May 2026, Volume 13, Issue 2 www.ijrar.org (E-ISSN 2348-1269, P- ISSN 2349-5138)

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Stoffel K, Stachowiak G, Kuster M. Open wedge high tibial osteotomy: biomechanical investigation of
the modified Arthrex Osteotomy Plate (Puddu Plate) and the TomoFix Plate. Clin Biomech [Internet].
2004;19(9):944-50.

Esenkaya I, Unay K, Akan K. Proximal tibial osteotomies for the medial compartment arthrosis of the

knee: a historical journey. Strateg trauma limb Reconstr. 2012;7(1):13-21.
Knee Osteoarthritis. Physiopedia. 2024.

Hsu H, Siwiec RM. Knee Osteoarthritis. In: StatPearls. Treasure Island (FL): StatPearls Publishing;
2023.

Bellamy N, Buchanan WW, Goldsmith CH, Campbell J, Stitt LW. Validation study of WOMAC: a
health status instrument for measuring clinically important patient relevant outcomes to antirheumatic
drug therapy in patients with osteoarthritis of the hip or knee. J Rheumatol. 1988;15(12):1833-1840.

McConnell S, Kolopack P, Davis AM. The Western Ontario and McMaster Universities Osteoarthritis
Index (WOMAC): a review of its utility and measurement properties. Arthritis Rheum. 2001;45(5):453-
461.

Roos EM, Lohmander LS. The Knee injury and Osteoarthritis Outcome Score (KOOS): from joint injury
to osteoarthritis. Health Qual Life Outcomes. 2003;1:64.

Knee Injury and Osteoarthritis Outcome Score (KOOS). Physiopedia. 2024.

Roos EM, Toksvig-Larsen S. Knee injury and Osteoarthritis Outcome Score (KOOS) - validation and
comparison to the WOMAC in total knee replacement. Health Qual Life Outcomes. 2003;1:17.

Reynaud V, Verdilos A, Pereira B, Boisgard S, Costes F, Coudeyre E. Core outcome measurement
instruments for clinical trials of total knee arthroplasty: a systematic review. Journal of clinical medicine.
2020 Jul 30;9(8):2439.

Giesinger K, Hamilton DF, Jost B, Holzner B, Giesinger JM. Comparative responsiveness of outcome
measures for total knee arthroplasty. Osteoarthritis and cartilage. 2014 Feb 1;22(2):184-9.

Kellgren JH, Lawrence JS. Radiological assessment of osteo-arthrosis. Ann Rheum Dis.
1957;16(4):494-502.

Hunter DJ, Guermazi A, Lo GH, et al. Evolution of semi-quantitative whole joint assessment of knee
OA: MOAKS (MRI Osteoarthritis Knee Score). Osteoarthritis Cartilage. 2011;19(9):990-1002.

Insall JN, Dorr LD, Scott RD, Scott WN. Rationale of the Knee Society clinical rating system. Clin
Orthop Relat Res. 1989;(248):13-14.

Radiopedia. Insall-Salvati ratio 2025. Available at: https://radiopaedia.org/articles/insall-salvati-ratio

71. Physiopedia. Insall-Salvati Ratio 2025. Available at: https://www.physio-pedia.com/Insall-Salvati_Ratio

IJRARTHO00384 ] International Journal of Research and Analytical Reviews (IJRAR) www.ijrar.org ] 698



© 2026 IJRAR May 2026, Volume 13, Issue 2 www.ijrar.org (E-ISSN 2348-1269, P- ISSN 2349-5138)

72,

73.

74,

75.

76.

77.

78.

79.

80.

81.

82.

Adleberg J, Benitez CL, Primiano N, Patel A, Mogel D, Kalra R, Adhia A, Berns M, Chin C, Tanghe S,
Yi P. Fully automated measurement of the Insall-Salvati ratio with artificial intelligence. Journal of
Imaging Informatics in Medicine. 2024 Apr;37(2):601-10.

Kalichman L, Zhu Y, Zhang Y, Niu J, Gale D, Felson DT, Hunter D. The association between patella
alignment and knee pain and function: an MRI study in persons with symptomatic knee osteoarthritis.
Osteoarthritis and Cartilage. 2007 Nov 1;15(11):1235-40.

Becker R, Ropke M, Krull A, Musahl V, Nebelung W. Surgical treatment of isolated patellofemoral
osteoarthritis. Clinical Orthopaedics and Related Research®. 2008 Feb 1;466(2):443-9.

Tanamas SK, Teichtahl AJ, Wluka AE, Wang Y, Davies-Tuck M, Urquhart DM, Jones G, Cicuttini FM.
The associations between indices of patellofemoral geometry and knee pain and patella cartilage volume:
a cross-sectional study. BMC Musculoskeletal Disorders. 2010, 11:87

Tsavalas N, Katonis P, Karantanas AH. Knee joint anterior malalignment and patellofemoral
osteoarthritis: an MRI study. European radiology. 2012 Feb;22(2):418-28.

Kiswati S, Suntoko B, Sukmaningtyas H. Correlation between osteoarthritis grading in femoropatella
joint and patella malalignment with pain and disability using WOMAC score. Indonesian Journal of
Rheumatology. 2016;8(1).

Haj-Mirzaian A, Guermazi A, Pishgar F, Pourvaziri A, Roemer FW, Sereni C, Hakky M, Zikria B,
Stefanik JJ, Demehri S. Association of patella alta with worsening of patellofemoral osteoarthritis-
related structural damage: data from the Osteoarthritis Initiative. Osteoarthritis and Cartilage. 2019 Feb
1;27(2):278-85.

Yuan F, Sun Z, Wang H, Chen Y, Yu J. Clinical and radiologic outcomes of two patellar resection
techniques during total knee arthroplasty: a prospective randomized controlled study. International
Orthopaedics. 2019 Oct;43(10): 2293-301.

Verhulst FV, van Sambeeck JD, Olthuis GS, van der Ree J, Koéter S. Patellar height measurements:
Insall-Salvati ratio is most reliable method. Knee Surgery, Sports Traumatology, Arthroscopy. 2020
Mar;28(3):869-75.

Aguirre-Pastor A, Ortola DJ, Lizaur-Utrilla A, Rosa MA, Lopez-Prats FA. Is pseudo-patella baja really
a serious complication of total knee arthroplasty?. The Journal of arthroplasty. 2020 Feb 1;35(2):557-
62.

Analan PD, Ozdemir H. The effect of patellar height by using Insall Salvati index on pain, function,

muscle strength and postural stability in patients with primary knee osteoarthritis.

83. Yoon JR, Joo HJ, Lee SH. Quadriceps muscle volume has no effect on patellofemoral cartilage lesions in

patients with end-stage knee osteoarthritis. Knee Surgery & Related Research. 2022 Feb 19;34(1):6.

IJRARTHO00384 International Journal of Research and Analytical Reviews (IJRAR) www.ijrar.org ] 699



© 2026 IJRAR May 2026, Volume 13, Issue 2 www.ijrar.org (E-ISSN 2348-1269, P- ISSN 2349-5138)
84. Zhou L, Dai X, Zhou Z, Kong Q, Duan G, Zhang Y. Effect of total knee arthroplasty for valgus knee

correction on clinical outcome and patellar position. International Orthopaedics. 2023 Mar;47(3):735-
43.

85. Lingaraju K, Hag E, Chand KD, Rao A, Pawar N, Kumar NP, et al. A prospective study of functional
outcomes of posterior stabilised total knee arthroplasty. Res J Med Sci. 2024;18:42-48.

86. Barahona M, Barahona MA, Amstein C. WOMAC, Kujala score and Knee Injury and Osteoarthritis
Outcome score for quality of life thresholds for predicting increased and decreased likelihood of failure
to improve quality of life after total knee replacement. Cureus. 2024 Sep 21;16(9).

87. Yang Z, Shen M, Xie D, Zhang J, Wei Q. Correlation between severity of knee joint osteoarthritis and
alignment of patellofemoral and patellar height on radiographs. Chinese Medical Journal. 2025 Apr
20;138(08):947-52.

88. Halmandge AM, Malik R, Sarawagi R, Sharma J. Comparison of MRI Osteoarthritis Knee Score with
Clinico-Radiological Grading. Indian Journal of Radiology and Imaging. 2025 Jan;35(01):073-80.

APPENDICES

Appendix 1: Patient Information Sheet

Study Title: Correlation between patella tendon length and WOMAC score in osteoarthritis knee.

Dear Patient,

You are invited to participate in a research study. Before you decide whether to participate, please read this
information sheet carefully and feel free to ask any questions you may have.

Purpose of the Study: the purpose of the study is to evaluate the relation between patellar tendon length and

functional severity of knee osteoarthritis, as measured by the WOMEC score.

What Will Happen If You Take Part: If you agree to participate, you will be asked some questions about
your knee pain, stiffness, and daily activities using the WOMAC Score questionnaire.

e A clinical examination of your knee will be performed.
e Your knee X-ray will be taken or reviewed (if already available) to measure patellar tendon length.
e No additional invasive procedures will be done.
e The total time required will be approximately 15-20 minutes.
Risks and Discomforts: This study involves minimal risk.
e You may feel mild discomfort while answering questions related to pain and daily activities.

e Ifan X-ray is required, there is minimal radiation exposure, which is routinely used in standard clinical

care.

e No injections, medications, or surgical procedures are involved in this study
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Benefits: There may be no direct medical benefit to you from participating in this study.

e However, your condition will be carefully evaluated, which may help in better understanding your

knee problem

Confidentiality: All information collected during this study will be kept strictly confidential. Your identity
will not be disclosed in any publication or presentation of the study results. Data will be stored securely and
will be accessible only to the research team.

Voluntary Participation: Your participation in this study is entirely voluntary. You are free to withdraw at any
time without giving a reason, and your decision will not affect the quality of care you receive in any way.
Contact Information: If you have any questions or concerns about this study, please contact: Dr. Avadh
Amarshibhai Ranipa, ph-no.7878266299; Department of Orthopaedics, NIMS University, Jaipur, Rajasthan,

India.

Appendix 2: Case Record Form / Proforma

CASE RECORD FORM

SCREENING & ELIGIBILITY

Inclusion Criteria Yes | No Exclusion Criteria Yes | No

1. Age between 40-75 years O | O | 1. Secondary OA (Rheumatoid, | 0 | O
Post-traumatic)

2. Radiological evidence of OA | O | O 2. Previous knee surgery O | O
(TKR/HTO)

3. Willing to give informed O | O 3. History of patellar tendon O | O

consent rupture

4. Active knee infection O | O

Is the patient eligible? (0 Yes [0 No

Date of Consent: [/

Patient Initials:
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DEMOGRAPHICS & ANTHROPOMETRY

Name: OPD/IPD No:
Age: years Date of 1
Assessment:
Sex: 0 Male [ Female Occupation: | O Sedentary [ Moderate
L] Heavy
Contact No: Dominant O Right O Left
Limb:
Height: cm Weight: kg
BMI: kg/m? Side Involved: O Right O Left O
Bilateral
CLINICAL HISTORY & EXAMINATION
Duration of months Onset: O Insidious O
Symptoms: Sudden
Previous [0 NSAIDs [ Physiotherapy [ Injections [ None
Treatments:
Deformity: O Nil O Varus O Crepitus: O Nil O Mild O
Valgus Moderate [J Severe
Tenderness: O JointlineOPT O | Range of Motion: Ext: °
None (Deficit: °) Flex:
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RADIOLOGICAL ASSESSMENT

Date of X-Ray: I View: Standard Lateral View (30° flexion)

1. Osteoarthritis Grading (Kellgren-Lawrence)

[0 Grade O (Normal) [ Grade | (Doubtful) [ Grade Il (Minimal) [0 Grade I11
(Moderate) [ Grade IV (Severe)

2. Patellar Tendon Length Measurements

Patellar Length (PL): mm

Patellar Tendon Length (PTL): mm

Insall-Salvati Ratio (PTL/PL):

Other X-ray Findings: [0 Osteophytes [ Subchondral sclerosis O Joint

space narrowing [J None

WOMAC OSTEOARTHRITIS INDEX

(0=None, 1=Slight, 2=Moderate, 3=Severe, 4=Extreme)

Domain / Question 0 1 2 3 4
A. PAIN
Al. Walking O O O O O
A2. Climbing stairs O O O O O
A3. Night pain O O O O O
A4. Resting O O O O O
A5. Weight bearing O O O O O
B. STIFFNESS
B1. Morning stiffness O O O O O
B2. Stiffness later in day O O O O O
C. PHYSICAL FUNCTION
C1. Descending stairs [ [ O O O
C2. Ascending stairs [ [ O O O
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Domain / Question

0 1 2 3 4

C3. Rising from sitting

O O O (| O

C4. Standing

C5. Bending to floor

C6. Walking on flat surface

C7. Getting in/out of car

C8. Going shopping

C9. Putting on socks

C10. Rising from bed

C11. Taking off socks

C12. Lying in bed

C13. Getting in/out of bath

C14. Sitting

C15. Getting on/off toilet

C16. Light domestic duties

C17. Heavy domestic duties

SECTION 6: SCORE CALCULATION

SECTION 7: DECLARATION

Examiner Name:

Examiner Signature:

Date: [

Patient Signature / Thumb Impression:

Witness Name:
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Appendix 3: Informed Consent Form (English)

Study Title: Correlation between patella tendon length and WOMAC score in osteoarthritis knee

The contents of the information sheet dated that was provided have been read carefully by me/explained in
detail to me, in a language that 1 comprehend and | have fully understood the contents. I confirm that | have
had the opportunity to ask questions. The nature and purpose of the study and its potential risks/ benefits and
expected duration of the study and other relevant details of the study have been explained to me in detail. |
understand that my participation is voluntary and that |1 am free to withdraw at any time, without giving any

reason, without my medical care or legal right being affected.

I understand that the information collected about me from my participation in this research and sections
of any of my medical notes may be looked at by responsible individuals from NIMS Ethics Committee

Members/ Regulatory Authorities. | give permission for these individuals to have access to my records.

I agree to allow the research team to collect and use my medical data for the purposes of this study, with

the understanding that my identity will remain confidential. | consent to participate in this study of my

own free will.
Patient Name: Witness Name: Investigator Name:
Signature: Signature: Signature:
Date: Date: Date:
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Appendix 4: Informed Consent Form (Hindi)

e e ged & siiearemiRigfed & uear 89 &t dals 3R WOMAC R & o9 d&y

TS UEH &1 T3 a1 U &1 Il HI B Wd A-gds U6 o 8 / G -1 9 &1 1T § fawR 9
U T ], 3R H 3! it a1l &1 1 ave qud forar g1 H g e/l § [ 02 Uy IS &1
SR féam T |

T 3 3{gg9 & UPHfd 3R 3£, GHIfdd SRAA TG AT, 37eaa o1 SrUferd S@afd qur oFg Faifed
THER! IR | Tres 73 8| & U8 Jagianaqeial § i 39 sregae # 98 e ) ave @fse @
3R 7 fodll 1t o7 foT1 18 BRI ST ST S1ER B Fhal/Aebcll 5, Forad T IUAR AT B SHBRI
TR &Ig YHTE o US|

o g THIIIHS § 1 39 Y T TR HIGR! I Haiftrd SRt auT iR fafedn sl & $o yil
DI NIMS TR HHE & G / e mifiie ol gRT e o1 9adl 8| & T ufaqal & 3R Sifieral
e Ugd B1 AR At gl

A Teafa Tard § i My oo 39 SiwH & 3539 ¥ W R Se1 &l uehd 3R IUANT R IahdT 8,
=9 U & I1Y T A ugam Moy &t et & oot Tdd 30T ¥ 39 3T | U 94 & forg
TeId |

3 T T g &1 H: SR e 1 A
[ASULGR: eXdIa: eXdI&:
IR GIRCE GIRCE
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Appendix 5: Institutional Ethics Committee Approval

NIMS UNIVERSITY RAJASTHAN,VJAlPUR

Fully empowered & incorporated as a re
gular & full-fledged Universi
NIMS UNIVERSITY ACT, 2008 duly recognized by Governmfrs\‘ttzfulr:\zei:

under the provisions of the Sections 2(f) and 22 of the UGC Act, 1956

OFFICE OF THE INSTITUTIONAL E
NECRBHR, DHR File No.-EC/NEW/INST/2022/RJ/0118 THICS COMMITTEE

" No.: NIMSUR/IEC/2024/10
Ref. No.: NIMSUR/IEC/2024/1018 et 0704

From
Office of the Institutional Ethics Committee

Nims University Rajasthan, Jaipur
NH- 11 C, Jaipur-Delhi Highway, Jaipur
To.

The Principal Investigator
Dr. Avadh Ranipa
Department of Orthopedics
Proposal No. IEC/P-636/2024

Dear Dr. Avadh Ranipa
Institutional Ethics Committee Nims University Rajasthan, Jaipur had received & reviewed your application
to conduct the research study titled “Correlation between patella tendon length and WOMAC score in

osteoarthritis knee” on 11/05/2024.

The following documents were reviewed:

a. Protocol
b. Patient Information Sheet and Informed Consent Form in English and vernacular language

c. Proposed methods for subject accrual to be used for the purpose

d. Principal Investigator’s current CV

2
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Appendix 6: Institutional Ethics Committee Approval

o | )‘v NIMS UNIVERSITY RAJASTHAN, JAIPUR

y Fully empowered & incorporated as a regular & full-fledged University under
‘! NIMS UNIVERSITY ACT, 2008 duly recognized by Government of India
i L under the provisions of the Sections 2(f) and 22 of the UGC Act, 1956.

'OFFICE OF THE INSTITUTIONAL ETHICS COMMITTEE

The following members of the ethics committee were present at the meeting held on 11/05/2024 at 11:00 AM
in Board room, Hotam administration block, Nims University Rajasthan, Jaipur.

S. No Name Designation |
1. Dr. Kunal Kothari Chairman
2; Dr. Mahaveer Singh Member Secretary j ]
35 Dr. Seema Chouhan Clinician

4. | Dr. Vineet Choudharyﬁ- Clinician |
5. Dr. Anumeha Jain 0 Clinician i
6. Dr. Sushma BJ N Clinician
il Dr. Hemant Garg Basic Medical Scientist |
8. Mrs. Mridula Chandra Social Scientist
93 Mr. Sunil Kumar Sharma Legal Expert

| 10. Mrs. Kusum Sharma Lay Person

We approve the study to be conducted in its presented form in your Department, at Nims University Rajasthan,
Jaipur. This approval is valid till the completion of the study.

Please note that the committee is constituted as per ICH-GCP, Schedule-Y and ICMR guidelines and
follows them.

It is confirmed that neither you nor any of the study team members have participated in the decision-making
procedures of the Committee.

You are required to submit the following reports to the EC.
¢ 6 monthly/annual study reports about the progress of the study.
® A copy of the final study report at the completion of the study.
* You need to inform & resubmit your protocol in case of any addition or deletion in your objectives or
methods of approved protocol.

The Ethics Committee expects to be informed immediately about:
® All serious adverse events (SAE) occurring at the site within 24 hours to IEC.
¢ Any change to or deviation to the protocol approved by this Ethics Committee that you implement to
eliminate hazards to the study subjects.

* New information that may affect adversely the safety of the subjects or the conduct of the study.

Yours truly

o B,

Ingtitutional Ethics Committee

Nims University Rajasthan, Jaipur
MEMMBEf SLCRETARY

Institutional Ethics Committee,

NIMS Unlverslty Rajasthan, Jalpur
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10 MLMAEndn Ku rmrGu pm 61 (T Gmde & 1225 ar Right L1 H 1 7 11
11 hrKe s Bt Singh Wale &5 L G mde 3 242 18 Right 52.1 3 i 1= 17
12 A= elu nni Deui 54 Fermie Gmde 2 1511 52 LeTt 52 1 o 3 3
1= MrSe Mam 50 1] Gmde 3 =2 20 Both 54 5 2 1= 25
1 L Hark Shamm 20 MaE Gmade 4 1141 50 Aath 627 ? Fl 7 az
15 r. Ha riciesh &5 ke Gmde 3 1072 111 R'gnt A6 5 2 22 29
16 Wi Fadhe Devi 52 Fermake Gmde & 1az2 a2 lett a1 EH i 8 13
1w Pr.RejEndm Singh Choudhan 65 13 Gmde 3 126.1 57 Right 7.3 2 2 26 36
12 Mrlenak BE Ll Gmde 3 1501 L3 LeTt 54.2 0 2 11 12
19 M Do Bei 59 Fermale Gade 3 115,34 a2 Left 0.4 2 E 23 34
ao Wirsoya tu Ram - Mk Gmde & pla-N3 a3 R'ght 7.4 7 2 1= a7
ai hrs Batul &3 Fermie Gmde 3 1293 61 Right EE) 7 2 a2 21
22 [ T — &7 maE Gmde & 1162 20 Right 5L1 Fl 1 -3 12
23 WM nih Pandey L 1] Gmde 3 1247 33 Lett 39.4 T 3 25 35
24 Mls.mmsingn A5 Ll Gmde 2 1427 50 Right 55.5 4 2 15 21
25 M5 ushme hian 4 Fermake Gmde & 1398 a6 Both az 7 2 23 a2
26 M58 b m 52 Fermie Gmde 3 1283 55 Right 50 E H 2o as
27 M E_Chauth meli Deu i a5 Fermak Gmde 2 =12 54 Lett Lo SY 4 2 12 18
28 75 1] Gmde 3 1208 19 Right 537 ] 2 19 27
EL] LT ag FemEE Gmde 2 =34 59 Both a7 a 1 1 16
20 hr.Rarmc mnd e Bali &6 e Gmde & EL4 116 Both 502 7 2 23 33
31 TWrs. K nte Deui [13 FermaE Gmde 2 1266 17 Right 57-1 5 2 13 21
32 Mr_Ka e e rm Gu u‘., 77 hak Gmde 3 185 81 Right a3 H i i1 15
33 Mreheerm Devi 52 Fermk Gmde 3 1101 53 Lett 0.9 B8 2 25 35
TS e as FemEE Gmde & FEEE] 115 Both a5.7 B 2 ao EE]
5 Wi Sovits Devi 53 Fermk Gmde 2 fEL 108 Both 55.4 1 1 L] 11
26 M Santosh 54 Fermi Gmde 3 129.3 11 et azy 5 2 22 as
37 I ¢ Prita m5 i‘g" a2 L G mde 213 30 Both 55.9 4 2 13 20
38 MWr=hNa==em Bana L Fermk Gmde 2 1265 30 Lett L XY 4 1 16 21
EL MrGay atri Soni 54 Fermake Gmde s 1207 L1 Left 26 4 2 i 232
40 NIERU ke ti Devi a8 Fermk Gmde 2 =4 a5 Right 52 ] 2 L] 28
a1 MrUmar Ko 71 hakE Gmde 3 1434 20 Right 514 7 H a2 22
42 s hamp O jhe 52 Fermmk G mde 3 175 56 Both 56.3 L3 1 13 19
43 hAr. R timm a0 513 Gmde 2 112,34 Ll LeTt 5.6 2 1 £ 12
a3 Mr=Suderm Ceui 75 Fermke Gmde s 1223 117 Right a3 T 2 20 28
45 MmSantosh 54 Fermke Gmde 2 8938 140 Left az3 4 2 14 2o
2 WL5U b Singh 72 ik Gmde 4 1128 52 12,3 azs 2 i E ]
a7 Falr.He nif khen 58 ik Gmde 3 1124 113 Right aa7 8 H ELY £
a8 ME Bmi 52 FemmE Gmde 3 981 114 Right az2 1 o 2 E
48 WIS 5urma n Kamwer 50 Ferm ke Gmde 3 114 16 Right 52 H 1 11 15
50 Ml E.Kame sh Dew i aa Fermke Gmde 2 1065 17 Left LY 4 i 11 16
51 (&1 KII'!IISH&" &5 nak Gmde & 1338 a0 lett a1 10 EH 21 as
52 Tl= M = hC e nd Meene 52 ik Gmde 3 1073 26 Both 527 a i i5 20
53 relre ira n Cew i 61 e Gmde 3 =28 &9 Right 52.1 a 1 1= EF]
54 MArs. | i Deui [ Fermk Gmde 3 1227 [ LeTt 566 2 1 7 10
55 M e Fa hiza Bano a2 Fermke Gmde 2 1513 72 Both 324 2 2 a1 EES
56 MesJuvece &0 Fermak Gmde 3 ple- a R'gnt 4z 7 EH 23 24
57 MIrkau RamODho B i nake Gmde 2 67.2 8 lett 432 5 2 15 23
58 P BhE nweti &7 Farm e Gmde 8.6 [ Both 566 7 2 21 L
59 Mz, Hakiman 51 rhE Gmde & 1269 114 Right 5.3 12 5 a0 a7
&0 hirsSe o 52 Fermk Gmde 2 85 = Right GOLE ? 2 18 2z
61 Mr.ache hhu Ram kLS ok Gmde & 1048 = 3.3 azz 6 H 20 28
62 Mri"ﬂﬂlﬂluil:!ui 56 Fermk Gmde & 1335 = R'Ent 547 6 2 19 27
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