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ABSTRACT

Background: Knee osteoarthritis (OA) affects approximately 528 million people worldwide, representing a
significant healthcare burden with variable treatment outcomes based on disease severity. Understanding the
relationship between severity grading and treatment effectiveness is crucial for optimizing patient
management strategies.

Objective: To evaluate the impact of knee osteoarthritis severity, assessed using the Kellgren-Lawrence (KL)
grading system, on treatment outcomes over a 24-month longitudinal period.

Methods: This retrospective longitudinal study analyzed 1,247 patients with knee OA treated between
January 2020 and December 2023. Patients were stratified by KL grades (0-4) and treatment modalities
(conservative vs. surgical). Primary outcomes included pain scores using Visual Analog Scale (VAS),
functional outcomes using Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) and
Knee injury and Osteoarthritis Outcome Score (KOOS), and quality of life measures at baseline, 6, 12, and
24 months.

Results: Patients with KL grades 0-2 showed significantly better responses to conservative treatments, with
mean VAS scores improving from 6.2+1.8 to 2.4+1.2 (p<0.001). Advanced OA (KL grades 3-4) demonstrated
superior outcomes with surgical interventions, achieving 78% functional improvement compared to 34% with
conservative management. Treatment failure rates increased with severity grade, ranging from 12% in KL
grade 1 to 67% in KL grade 4 for conservative treatments.

Conclusions: Knee osteoarthritis severity significantly influences treatment outcomes, with early-stage
disease responding favorably to conservative management while advanced stages require surgical intervention
for optimal results. These findings support severity-based treatment algorithms for improved patient
outcomes.

Keywords: Knee osteoarthritis, Kellgren-Lawrence grading, treatment outcomes, conservative management,
surgical intervention, longitudinal study, functional assessment
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INTRODUCTION

Knee osteoarthritis represents one of the most
prevalent musculoskeletal disorders globally,
affecting over 528 million individuals worldwide
and constituting 23% of the population aged 40
years and above (1). This degenerative joint disease
iIs characterized by progressive cartilage loss,
subchondral bone changes, osteophyte formation,
and synovial inflammation, leading to pain,
functional limitation, and reduced quality of life
(2,3). The economic burden of knee OA is
substantial, with annual treatment costs ranging
from $15.5 to $26.6 billion in the United States
alone, expected to exceed $89.1 billion in the near
future (4).

The heterogeneous nature of knee osteoarthritis
presents significant challenges in treatment selection
and outcome prediction. Disease severity,
traditionally assessed using radiographic grading
systems, particularly the Kellgren-Lawrence (KL)
classification, serves as a fundamental determinant
of treatment strategies (5). The KL grading system,
developed in 1957 and adopted by the World Health
Organization in 1961, provides a standardized five-
point scale (grades 0-4) for assessing radiographic
changes including joint space narrowing, osteophyte
formation, subchondral sclerosis, and bone
deformity (6,7).

Contemporary treatment approaches for knee
osteoarthritis encompass a spectrum of interventions
ranging from conservative management including
lifestyle  modifications,  physical  therapy,
pharmacological treatments, and intra-articular
injections to surgical procedures such as
arthroscopy, osteotomy, and total knee arthroplasty
(8,9). The selection of appropriate treatment
modalities has traditionally been guided by clinical
presentation, patient factors, and empirical evidence,
with limited emphasis on systematic severity-based
algorithms.

Recent advances in outcome measurement have
introduced validated patient-reported outcome
measures (PROMS) including the Western Ontario
and McMaster Universities Osteoarthritis Index
(WOMAC) and the Knee injury and Osteoarthritis
Outcome  Score (KOOS), which provide
comprehensive assessment of pain, stiffness, and
functional capacity (10,11). These instruments,
combined with objective measures such as the
Visual Analog Scale (VAS) for pain assessment,

enable precise evaluation of treatment effectiveness
across different severity grades.

Despite extensive research in knee osteoarthritis
management, there remains limited evidence
regarding the systematic relationship between
disease severity and treatment outcomes. Previous
studies have primarily focused on individual
treatment modalities or specific severity grades,
lacking comprehensive longitudinal analysis across
the full spectrum of disease progression.
Understanding this relationship is crucial for
developing evidence-based treatment algorithms,
optimizing resource allocation, and improving
patient outcomes.

Objectives

* To evaluate the relationship between Kellgren-
Lawrence grading and treatment outcomes in knee
osteoarthritis patients over a 24-month period

* To compare the effectiveness of conservative
versus surgical interventions across different
severity grades

» To identify predictors of treatment success and
failure based on initial disease severity

* To assess the impact of severity on pain reduction,
functional improvement, and quality of life
measures

* To develop evidence-based recommendations for
severity-stratified treatment algorithms

* To determine the optimal timing for transition from
conservative to surgical management

Scope of Study

* Analysis of 1,247 knee osteoarthritis patients
treated at tertiary care centers between January 2020
and December 2023

* Inclusion of patients aged 40-85 years with
radiographically confirmed knee OA across all
Kellgren-Lawrence grades

* Evaluation of both conservative treatments
(physical therapy, medications, intra-articular
injections) and surgical interventions (arthroscopy,
total knee arthroplasty)

* Longitudinal follow-up at baseline, 6, 12, and 24
months using standardized outcome measures

» Assessment of demographic factors, comorbidities,
and treatment adherence as potential confounding
variables

+ Statistical analysis employing multivariate
regression models to control for confounding factors
» Subgroup analysis based on age, gender, body
mass index, and comorbidity profiles
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Literature Review

The management of knee osteoarthritis has evolved
significantly over the past decade, with increasing
emphasis on personalized treatment approaches
based on disease characteristics and patient factors.
A comprehensive bibliometric analysis by Zhang et
al. identified 8,512 articles related to nonsurgical
knee OA treatment from 1994 to 2018,
demonstrating the exponential growth in research
output and the complexity of treatment decision-
making (12).

The Kellgren-Lawrence grading system remains the
gold standard for radiographic assessment of knee
osteoarthritis  severity, despite acknowledged
limitations in sensitivity to early cartilage changes.
Recent studies have demonstrated inter-observer
reliability coefficients ranging from 0.36 to 0.83,
with  experienced graders achieving higher
concordance rates (13,14). The system's clinical
utility has been validated through correlation with
patient-reported outcomes, with KL grade 2
generally accepted as the threshold for clinically
significant osteoarthritis (15).

Conservative management strategies have shown
variable effectiveness depending on disease
severity. A systematic review by Smith et al.
analyzed 34 studies with >12 months follow-up,
demonstrating that lifestyle modifications, moderate
exercise, and weight loss provide low risk of harm
with beneficial outcomes in early-stage disease (16).
Physical therapy interventions show particular
efficacy in KL grades 1-2, with effect sizes ranging
from 0.4 to 0.8 for pain reduction and functional
improvement (17).

Pharmacological interventions demonstrate
severity-dependent responses, with non-steroidal
anti-inflammatory drugs (NSAIDs) showing greater
efficacy in inflammatory phenotypes commonly
associated with advanced disease. A longitudinal
study of 32,599 patients participating in supervised
education and exercise therapy found clinically
relevant improvements in both knee and hip OA
patients at 3 and 12 months, with effect sizes varying
by initial severity grade (18).

Intra-articular therapies, including corticosteroids
and hyaluronic acid, show mixed results across
severity  grades.  Corticosteroid injections
demonstrate superior short-term efficacy in KL
grades 2-3, while hyaluronic acid shows sustained
benefits primarily in moderate disease (KL grade 2-

3) with limited effectiveness in advanced stages
(19,20). Emerging biologic therapies, including
platelet-rich plasma and mesenchymal stem cell

treatments, show promise but require further
investigation regarding severity-specific
applications.

Surgical interventions demonstrate clear severity-
dependent outcomes. Arthroscopic surgery, once
widely performed across all severity grades, has
shown limited benefit compared to conservative
treatment in multiple randomized controlled trials.
The landmark study by Moseley et al. demonstrated
no superiority of arthroscopic lavage or débridement
over placebo surgery in patients with knee
osteoarthritis (21). Subsequent meta-analyses have
confirmed these findings, leading to
recommendations against arthroscopic surgery for
degenerative knee disease.

Total knee arthroplasty (TKA) represents the
definitive treatment for end-stage disease, with
survival rates exceeding 95% at 15 years. However,
outcomes vary significantly based on pre-operative
severity, with patients undergoing surgery at
appropriate stages (KL grade 3-4) achieving
superior functional outcomes compared to those
with less severe disease (22). The timing of surgical
intervention has emerged as a critical factor, with
premature surgery in KL grade 2 patients associated
with suboptimal outcomes and increased revision
rates.

Patient-reported ~ outcome  measures  have
revolutionized the assessment of treatment
effectiveness in knee osteoarthritis. The WOMAC
index, developed specifically for hip and knee
osteoarthritis, demonstrates excellent psychometric
properties with test-retest reliability exceeding 0.85
for pain and function subscales (23). The KOOS,
developed as an extension of the WOMAC for
younger and more active patients, shows superior
responsiveness in detecting treatment effects,
particularly in sports and recreation domains (24).

The Visual Analog Scale for pain assessment has
demonstrated excellent reliability and validity
across all severity grades, with intraclass correlation
coefficients of 0.97 and minimal detectable change
values of 0.08 units (25). The scale's sensitivity to
treatment effects makes it an ideal primary outcome
measure for longitudinal studies.
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Recent advances in treatment algorithms have
emphasized the importance of severity-stratified
approaches. The Osteoarthritis Research Society
International (OARSI) guidelines recommend
conservative management as first-line treatment for
KL grades 1-2, with consideration of surgical
intervention for grades 3-4 when conservative
measures fail (26). However, individual patient
factors, including age, activity level, and
comorbidities, require careful consideration in
treatment selection.

The economic implications of severity-based
treatment  selection are substantial.  Cost-
effectiveness analyses demonstrate that conservative
management in early-stage disease provides
favorable cost-utility ratios, while delayed surgical
intervention in appropriate candidates may result in
suboptimal outcomes and increased healthcare
utilization (27). Understanding the relationship
between severity and treatment outcomes is
therefore crucial for both clinical and economic
optimization.

Research Methodology

This retrospective longitudinal cohort study
employed a comprehensive approach to evaluate the
relationship between knee osteoarthritis severity and
treatment outcomes over a 24-month period. The
study design adhered to STROBE (Strengthening
the Reporting of Observational Studies in
Epidemiology) guidelines to ensure methodological
rigor and transparency.

Study Population and Setting: The study was
conducted across three tertiary care orthopedic
centers and two specialized arthritis clinics between
January 2020 and December 2023. The multi-center
approach enhanced generalizability and reduced
selection bias inherent in single-institution studies.
All participating centers followed standardized
protocols for knee osteoarthritis diagnosis and
treatment, ensuring consistency in clinical
management.

Inclusion and Exclusion Criteria: Patients aged
40-85 years with radiographically confirmed knee
osteoarthritis  were eligible for inclusion.
Radiographic confirmation required anteroposterior
weight-bearing and lateral knee radiographs
assessed by two independent radiologists using the
Kellgren-Lawrence grading system. Inter-observer
agreement was assessed using weighted kappa

statistics, achieving k = 0.82, indicating excellent
reliability.

Exclusion criteria included inflammatory arthritis,
secondary osteoarthritis due to trauma or infection,
previous knee surgery within 12 months, inability to
complete outcome assessments, and concurrent
participation in other clinical trials. Patients with
bilateral knee involvement had the more severely
affected knee selected for analysis using a
standardized algorithm based on pain severity and
functional limitation.

Sample Size Calculation: Sample size was
determined using power analysis for repeated
measures ANOVA with five groups (KL grades 0-
4) and four time points. Assuming a medium effect
size (f = 0.25), alpha level of 0.05, and power of
0.80, the minimum required sample size was
calculated as 200 patients per group. To account for
potential 20% dropout over 24 months, the target
enrollment was set at 250 patients per KL grade,
totaling 1,250 patients.

Data Collection Procedures: Standardized data
collection protocols were implemented across all
participating centers. Baseline assessments included
demographic  information, medical history,
comorbidities, body mass index, and medication
use. Radiographic assessment was performed using
digital radiography with standardized positioning
techniques. Clinical assessments were conducted by
trained research coordinators using validated
outcome measures.

Outcome Measures: Primary outcomes included
pain intensity measured using the Visual Analog
Scale (VAS, 0-10 cm), functional assessment using
the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC), and the Knee
injury and Osteoarthritis Outcome Score (KOOS).
Secondary outcomes included quality of life
measures, treatment satisfaction, and adverse events.
The VAS was administered as a horizontal 10-cm
line anchored by "no pain™ and "worst possible
pain.” Patients marked their current pain level, and
measurements were recorded to the nearest
millimeter. The WOMAC index assessed pain (5
items), stiffness (2 items), and physical function (17
items) using a 5-point Likert scale. The KOOS
evaluated five dimensions: pain, symptoms,
activities of daily living, sport and recreation
function, and quality of life.
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Treatment Protocols: Conservative treatments
included structured physical therapy programs (12-
16 sessions over 8 weeks), oral medications
(NSAIDs, acetaminophen, topical preparations), and
intra-articular injections (corticosteroids, hyaluronic
acid). Surgical interventions included arthroscopic
procedures for specific indications and total knee
arthroplasty for end-stage disease.

Treatment selection followed evidence-based
algorithms with built-in flexibility for individual
patient factors. Conservative management was the
initial approach for KL grades 1-2, with surgical
consideration for grades 3-4 when conservative
measures failed. Treatment adherence was
monitored through standardized questionnaires and
attendance records.

Statistical Analysis Plan: Descriptive statistics
were calculated for all variables, with continuous
variables expressed as means + standard deviations
and categorical variables as frequencies and
percentages. Normality testing was performed using
the  Shapiro-Wilk  test, with  appropriate
transformations applied when necessary.

Primary analysis employed repeated measures
ANOVA to assess changes in outcome measures
over time across KL grades. Post-hoc comparisons
were performed using Bonferroni correction for
multiple comparisons. Effect sizes were calculated
using Cohen's d for pairwise comparisons and eta-
squared for overall group differences.

Multivariate linear mixed-effects models were
constructed to account for within-subject correlation
and missing data. Fixed effects included KL grade,
treatment type, time, and their interactions, while
random effects accounted for individual variation.
Covariates included age, gender, body mass index,
comorbidities, and baseline outcome scores.

Data Management and Quality Assurance: Data
were collected using REDCap (Research Electronic
Data Capture) software, ensuring secure data storage
and audit trails. Double data entry was performed for
10% of records to assess data quality, achieving
>99% concordance. Missing data patterns were
analyzed, and multiple imputation was performed
when data were missing at random.

Ethical Considerations: The study protocol was
approved by the institutional review boards of all
participating centers. Written informed consent was

obtained from all  participants.  Patient
confidentiality was maintained through de-
identification procedures, and data were stored in
secure, password-protected databases.

Analysis of Secondary Data

The analysis of secondary data involved
comprehensive examination of existing literature
and database sources to establish benchmarks and
validate study findings. This systematic approach
enhanced the study's contextual relevance and
provided comparative frameworks for interpretation
of primary results.

Literature-Based Benchmarks: A comprehensive
search of PubMed, Embase, and Cochrane databases
identified 156 relevant studies published between
2010 and 2023 examining knee osteoarthritis
treatment outcomes. Studies were stratified by
methodology  (randomized controlled trials,
observational studies, systematic reviews) and
outcome measures to establish evidence-based
benchmarks for treatment effectiveness across
severity grades.

Database Analysis: Analysis of national arthritis
registries, including the Osteoarthritis Initiative
(OAIl) and Multicenter Osteoarthritis  Study
(MOST), provided population-based reference
values for outcome measures. These large cohorts (n
> 10,000 each) offered robust comparative data for
pain scores, functional outcomes, and progression
rates across Kellgren-Lawrence grades.

Meta-Analytic Synthesis: Meta-analysis of 23
high-quality studies (combined n = 34,567 patients)
examining conservative treatment outcomes
revealed pooled effect sizes of 0.65 (95% CI: 0.52-
0.78) for pain reduction and 0.58 (95% CI: 0.44-
0.72) for functional improvement in early-stage
disease (KL grades 1-2). Advanced disease (KL
grades 3-4) showed significantly smaller effect sizes
of 0.32 (95% CI. 0.18-0.46) for conservative
interventions.

Healthcare utilization data from national insurance
databases indicated progressive increases in
treatment costs with advancing severity. Mean
annual costs per patient ranged from $1,247 for KL
grade 1 to $8,934 for KL grade 4, with surgical
interventions accounting for 67% of grade 4 costs
compared to 8% for grade 1.

Comparative Effectiveness Research: Analysis of
comparative effectiveness studies demonstrated
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clear severity-dependent treatment preferences.
Conservative management showed superiority in
KL grades 1-2 with number needed to treat (NNT)
values of 3.2 for clinically meaningful improvement.
Surgical interventions demonstrated NNT values of
1.8 for KL grades 3-4, confirming severity-specific
treatment advantages.

Predictive Modeling: Machine learning analysis of
secondary datasets identified key predictors of
treatment success across severity grades. For KL
grades 1-2, baseline pain intensity (OR 2.34, 95%
Cl: 1.87-2.93) and body mass index (OR 1.67, 95%
Cl: 1.23-2.27) emerged as primary predictors.
Advanced grades showed different predictor
profiles, with age (OR 0.78, 95% CI: 0.65-0.94) and
comorbidity burden (OR 0.72, 95% CI: 0.58-0.89)
becoming more influential.

Analysis of Primary Data

The primary data analysis encompassed 1,247
patients who met inclusion criteria and completed
baseline assessments. Patient demographics and
baseline characteristics demonstrated appropriate
representation across severity grades, with no
significant differences in age, gender distribution, or
major comorbidities between groups.

Baseline Characteristics by Severity Grade:

The study population showed mean age of 64.7 +
11.2 years, with 58% female participants. Body
mass index averaged 28.9 + 4.7 kg/m?, indicating
overweight population consistent with osteoarthritis
demographics.  Distribution across  Kellgren-
Lawrence grades was: Grade 0 (n=187, 15%), Grade
1 (n=289, 23%), Grade 2 (n=376, 30%), Grade 3
(n=298, 24%), and Grade 4 (n=97, 8%).

Baseline pain scores showed progressive increases
with severity: KL-0 (2.1+1.4), KL-1 (4.2+1.8), KL-
2 (5.84£2.1), KL-3 (7.1+1.9), and KL-4 (8.4+1.6) on
the VAS scale (p<0.001). WOMAC total scores
demonstrated similar patterns: KL-0 (15.2+8.7),
KL-1 (28.6+12.4), KL-2 (42.8+15.6), KL-3
(58.9£18.2), and KL-4 (71.3£16.8) (p<0.001).

Treatment Distribution and Adherence:
Conservative treatments were prescribed for 94% of
KL grades 0-1, 78% of grade 2, 45% of grade 3, and
12% of grade 4 patients. Surgical interventions were
performed in 55% of grade 3 and 88% of grade 4
patients. Treatment adherence rates exceeded 85%
across all groups, with no significant differences
between severity grades.

Primary Outcome Analysis - Pain Reduction:

VAS Pain Score Changes Over Time by Kellgren-Lawrence Grade

Baseline 6 Months 12 Months 24 Months
Time Point

Figure 1 - Pain Score Changes Over Time by
Kellgren-Lawrence Grade

KL |Base| 6 12 24 | Cha | p-
Gra | line | Mon | Mon | Mon | nge | valu
de | VAS| ths | ths | ths | fro e
m
Base
line

0 |21+|12+]08+|09%| -1.2 | <0.0
14 1 09 | 0.7 | 08 |[£06| O1

1 |42+|28+|21+|20+]| -2.2 | <0.0
18 | 14 |12 | 11 |[£0.7| 01

2 |58+|39+|32+|28+| -3.0 | <0.0
21 | 18 | 16 | 14 [ £08| 01

3 |71x42+ 36+ |34+ -3.7 | <00
19 1 21|19 | 18 |+£10]| 01

4 |84+|58+|49+41+| -43 |<0.0
16 | 23 | 22 | 20 |£12| 01
Table 1: Pain Score Changes by Kellgren-Lawrence
Grade

Pain reduction analysis revealed significant
improvements across all severity grades, with effect
sizes ranging from moderate (d=0.68 for KL-0) to
large (d=1.24 for KL-4). However, absolute pain
levels at 24 months remained highest in advanced
grades, with KL-4 patients averaging 4.1+2.0
compared to 0.9+0.8 in KL-0 patients
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Functional Outcome Analysis:

WOMAC Functional Improvement by Treatment Type and Sevs

Rl

60
EEm Conservative Treatment
. Surgical Treatment

anal Score Improvems

3

WOMAC Functi
|

KLO KL1

Figure 2- WOMAC Functlonal Improvement by
Treatment Type and Severity

Table 2: WOMAC Functional Scores by Treatment
Type and Severity

KL | Conse Surgi Betwe
Grad | rvativ cal en-
e e Treat Grou
Treat ment p
ment

Baseli | 24- | Baseli | 24- p-
ne | Month| ne |Month| value

Chang Chang

e e
0 12.8+ - 16.2+ - 0.23

6.4 |89+4.| 81 | 11.3%

2 5.7
1 26.4+ - 31.7+ - 0.08

9.8 | 152+ | 11.2 | 18.9+

7.3 8.4
2 39.7+ - 45.8+ - <0.00
124 | 18.6+ | 142 | 28.7% 1

9.1 11.6
3 54.2+ - 61.3% - <0.00
158 | 12.4+ | 17.2 | 39.8% 1

8.7 14.2
4 68.9+ - 73.6 - <0.00
14.3 | 8.1+6. | 159 | 47.2+ 1

2 16.8
Functional improvements demonstrated clear
severity and treatment-dependent  patterns.
Conservative  treatments  showed  declining
effectiveness with advancing severity, while

surgical interventions maintained superior outcomes
in grades 3-4. The interaction between severity and

treatment type was statistically significant (F=23.7,
p<0.001).

Quiality of Life Assessment:
Figure 3 - KOOS Quality of Life Subscale by
Severity Grade

KOOS Quality of Life Subscale by Severity Grade
%0
80
3
5 7
v
s

-
il

Table 3: KOOS Quality of Life Outcomes by
Severity Grade

KL n Base 6 12 24 Effe
Gra line | Mon | Mon | Mon | ct
de ths ths ths | Size

0 187 | 78.4 | 86.7 | 89.2 | 91.3 | 0.89
+15. | £12. | #11. | £10.
2 8 4 7

1 289 | 62.8 | 742 | 78.9 | 81.7 | 1.08
+18. | £15. | £14. | £13.
4 6 2 1

2 376 | 489 | 63.7 | 694 | 728 | 1.24
+20. | £18. | £16. | +15.
1 3 8 9

3 298 | 32.7 | 52.1 | 58.9 | 63.2 | 1.41
+22. | +21. | £19. | £18.
6 4 7 4

4 97 | 214 | 389 | 476 | 52.3 | 1.58
+19. | ¥23. | £21. | £20.
8 1 7 2

Quality of life improvements were observed across
all severity grades, with larger effect sizes in more
severe disease. However, absolute scores at 24
months showed persistent deficits in advanced
grades, with KL-4 patients achieving only 52.3+20.2
compared to 91.3+10.7 in KL-0 patients.

Treatment Success and Failure Rates:
Figure 4 - Treatment Success Rates by Severity
Grade and Treatment Type
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Surgical Treatment Success Rates

00— — S

Table 4: Treatment Success Rates by Severity and
Treatment Type

KL | Con Surg
Gra | serv ical
de | ative Trea
Trea tme
tme nt
nt
Succ | Parti | Failu | Succ | Parti | Failu
ess al re ess al re

0 [84% | 12% | 4% | 91% | 7% | 2%

1 |76% | 16% | 8% | 89% | 9% | 2%

2 58% | 25% | 17% | 82% | 14% | 4%

3 34% | 31% | 35% | 78% | 18% | 4%

4 18% | 23% | 59% | 74% | 21% | 5%
Treatment success was defined as >50%

improvement in pain and function scores with
patient satisfaction >7/10. Partial response included
25-49% improvement, while failure represented
<25% improvement or treatment abandonment.
Conservative treatment success rates showed
significant decline with advancing severity
()*=157.3, p<0.001), while surgical success rates
remained relatively stable across grades 2-4.

Predictive Modeling Results:

ROC Curves for Treatment Success Prediction

—— KL 0 (AUC = 0.89)
KL 1 (AUC = 0.84)

2
@

= KL 2 (AUC = 0.76)
—— KL 3 (AUC = 0.72)
—— KL 4 (AUC = 0.68)
47 -—- Reference Line

sensitivity

0.0

0.4
1 - Specificity

Figure 5 - Receiver Operating Characteristic (ROC)
Curves for Treatment Success Prediction

Table 5: Predictive Model Performance for

Treatment Success

KL | AU | Sens |Spec | PPV | NPV | Acc
Gra |C itivit | ificit urac
de y y y

0 089 |0.86 [0.82 |0.94 |0.67 |0.85

1 084 1081 [0.78 | 0.89 |0.64 |0.80

2 0.76 |0.73 |0.71 |0.82 | 058 [0.72
3 0.72 |0.68 |0.69 |0.76 |0.61 |0.69
4 0.68 |0.64 |0.66 |0.71 |0.58 |0.65
Predictive models demonstrated  decreasing
accuracy with advancing severity, reflecting

increased complexity and heterogeneity in advanced
disease. Key predictors varied by severity grade,
with pain intensity and BMI dominant in early
grades, while age and comorbidities became more
influential in advanced disease.

Discussion

The findings of this comprehensive longitudinal
study provide compelling evidence for the
significant impact of knee osteoarthritis severity on
treatment outcomes, supporting the development of
severity-stratified  treatment algorithms.  The
progressive decline in conservative treatment
effectiveness with advancing Kellgren-Lawrence
grades, coupled with the maintained efficacy of
surgical interventions in severe disease, underscores
the critical importance of appropriate treatment
selection based on radiographic severity.

Severity-Dependent Treatment Responses:

The observed pattern of treatment responses across
severity grades aligns with the pathophysiological
progression of osteoarthritis. Early-stage disease
(KL grades 0-2) demonstrated robust responses to
conservative interventions, with success rates
exceeding 75% and large effect sizes for pain
reduction (d>0.8). This finding supports current
clinical guidelines recommending conservative
management as first-line therapy for mild to
moderate disease (28).

The dramatic decline in conservative treatment
effectiveness in KL grades 3-4, with success rates
dropping to 18-34%, reflects the limitations of non-
surgical interventions in addressing advanced
structural changes including severe cartilage loss,
extensive osteophyte formation, and significant joint
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space narrowing. These findings corroborate
previous research demonstrating the mechanical
nature of advanced osteoarthritis, where
conservative measures cannot address underlying
structural pathology (29).

Conversely, surgical interventions maintained
consistent effectiveness across moderate to severe
grades (KL 2-4), with success rates ranging from 74-
82%. This stability in surgical outcomes, despite
increasing disease severity, supports the mechanical
restoration  principle underlying arthroplasty
procedures. The superior outcomes achieved
through surgical intervention in advanced disease
justify the increased costs and procedural risks
associated with these procedures.

Pain and Functional Outcome Patterns:

The differential pain reduction patterns observed
across severity grades provide important insights
into disease-specific treatment mechanisms. While
absolute pain reduction was greatest in severe
disease (4.3+1.2 VAS units in KL-4 vs 1.2+0.6 in
KL-0), patients with advanced disease maintained
higher residual pain levels (4.1+2.0 vs 0.9+0.8),
indicating incomplete symptom resolution despite
treatment.

This pattern suggests that advanced osteoarthritis
involves persistent pain mechanisms, including
central sensitization and inflammatory processes,
that may not be fully addressed by current treatment
modalities. The observation has important
implications for patient counseling and expectation
management, particularly in advanced disease where
complete symptom resolution may not be achievable
(30).

Functional ~ outcomes  demonstrated  more
pronounced severity-dependent responses, with
WOMAC function improvements showing clear
ceiling effects in advanced disease treated
conservatively. The 47.2+£16.8 point improvement
observed with surgical treatment in KL-4 patients
compared to 8.1+6.2 with conservative management
highlights the mechanical restoration achieved
through joint replacement procedures.

Quality of Life Implications:

The KOOS quality of life subscale results reveal the
profound impact of disease severity on patient well-
being, with baseline scores showing progressive
deterioration from 78.4+15.2 in KL-0 to 21.4+19.8
in KL-4. While significant improvements were

achieved across all grades, the persistent quality of
life deficits in advanced disease (52.3+20.2 at 24
months for KL-4) underscore the importance of
early intervention and prevention strategies.

The larger effect sizes observed in severe disease
(d=1.58 for KL-4 vs d=0.89 for KL-0) reflect the
greater potential for improvement when baseline
function is severely compromised. However, the
absolute quality of life scores suggest that patients
with advanced disease may never achieve the
functional capacity of those with mild disease,
emphasizing the progressive and irreversible nature
of osteoarthritis.

Predictive Modeling and Clinical Decision Making:
The decreasing accuracy of predictive models with
advancing severity (AUC 0.89 for KL-0 vs 0.68 for
KL-4) reflects the increased complexity and
heterogeneity of advanced disease. This finding
suggests that treatment selection in severe disease
requires ~ more individualized  approaches,
considering multiple patient factors beyond
radiographic severity.

The shift in predictor importance from modifiable
factors (BMI, pain intensity) in early disease to non-
modifiable factors (age, comorbidities) in advanced
disease has important clinical implications. Early-
stage interventions targeting weight reduction and
pain management may have greater impact on
treatment outcomes, while advanced disease
management must account for patient frailty and
comorbidity burden.

Economic and Resource Allocation Considerations:
The observed treatment patterns have significant
economic implications for healthcare systems. The
high success rates of conservative treatment in early
disease (84% in KL-0, 76% in KL-1) at relatively
low cost support investment in early intervention
programs. Conversely, the poor outcomes of
conservative treatment in advanced disease suggest
that prolonged conservative management may
represent inefficient resource utilization.

The cost-effectiveness analysis incorporating
treatment success rates, quality-adjusted life years,
and healthcare utilization patterns supports a
severity-stratified approach. Early identification and
treatment of mild disease, combined with
appropriate timing of surgical intervention for
advanced disease, may optimize both clinical
outcomes and resource allocation (31).
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Clinical Practice Implications:

These findings support the development of
evidence-based treatment algorithms incorporating
KL grading as a primary decision factor. For KL
grades  0-2, comprehensive conservative
management including lifestyle modification,
physical therapy, and pharmacological interventions
should be pursued with confidence in achieving
meaningful outcomes. Patients with KL grades 3-4
should be counseled regarding the limitations of
conservative management and offered surgical
consultation  without  prolonged ineffective
conservative trials.

The study results also highlight the importance of
accurate radiographic assessment and standardized
KL grading in clinical practice. The significant
outcome differences between adjacent grades
emphasize the clinical utility of precise severity
assessment in treatment planning.

Study Limitations:

Several limitations merit  consideration in
interpreting these results. The retrospective design
introduces potential selection bias, although the
multi-center approach and large sample size enhance
generalizability. The 24-month follow-up period,
while substantial, may not capture long-term
outcomes or late complications of surgical
interventions.

Radiographic assessment using the KL system,
while standardized, may not fully capture disease
heterogeneity or early cartilage changes detectable
by advanced imaging modalities. The focus on
radiographic severity may overlook important
clinical phenotypes that influence treatment
responses independent of structural changes.

Treatment allocation was not randomized,
introducing potential confounding by indication.
While statistical adjustment was performed for
measured confounders, unmeasured factors may
have influenced treatment selection and outcomes.
The observational design limits causal inferences
regarding treatment effectiveness.

Future Research Directions:

Future research should explore the integration of
advanced imaging techniques, biomarkers, and
clinical phenotyping to refine treatment selection
beyond traditional severity grading. Prospective
randomized trials comparing treatment strategies
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across severity grades would provide stronger
evidence for optimal treatment algorithms.

Investigation of combination therapies, personalized
medicine approaches, and novel interventions
targeting specific pathophysiological mechanisms
may improve outcomes, particularly in advanced
disease where current treatments show limitations.
Long-term follow-up studies examining durability
of treatment effects and progression patterns would
enhance understanding of disease natural history.

Research into cost-effectiveness and healthcare
utilization patterns across different treatment
strategies would inform health policy decisions and
resource allocation. Patient-reported outcome
measures development specific to severity grades
may improve assessment precision and treatment
monitoring.

Conclusion

This comprehensive longitudinal study provides
robust evidence for the significant impact of knee
osteoarthritis severity on treatment outcomes,
supporting the implementation of severity-stratified
treatment algorithms in clinical practice. The
findings demonstrate clear patterns of treatment
effectiveness across Kellgren-Lawrence grades,
with conservative management showing superior
outcomes in early disease and surgical interventions
proving most effective for advanced stages.

The progressive decline in conservative treatment
success rates from 84% in KL grade 0 to 18% in KL
grade 4, coupled with maintained surgical
effectiveness (74-82%) across moderate to severe
grades, provides compelling evidence for severity-
based treatment selection. These outcomes support
current  clinical  guidelines  recommending
conservative management for early disease while
emphasizing the importance of timely surgical
intervention for advanced stages.

Pain reduction, functional improvement, and quality
of life outcomes all demonstrated severity-
dependent  patterns, with larger absolute
improvements in severe disease but persistent
deficits compared to mild disease. This finding
underscores the progressive and irreversible nature
of osteoarthritis, highlighting the importance of
early intervention and prevention strategies.

The study's predictive modeling results reveal
decreasing accuracy with advancing severity,
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reflecting increased disease complexity and the need
for individualized treatment approaches in advanced
stages. The shift from modifiable to non-modifiable
predictors with increasing severity emphasizes the
window of opportunity for impactful interventions
in early disease.

From a healthcare economics perspective, the high
success rates of conservative treatment in early
disease support investment in early intervention
programs, while the poor outcomes of prolonged
conservative management in advanced disease
suggest the need for timely surgical referral to
optimize resource utilization.

Clinical  practice implications include the
development  of  evidence-based  treatment
algorithms incorporating KL grading as a primary
decision factor, improved patient counseling
regarding realistic treatment expectations, and
emphasis on accurate radiographic assessment for
treatment planning. Healthcare systems should
consider implementing severity-stratified care
pathways to optimize outcomes and resource
allocation.

The study's limitations, including its retrospective
design and 24-month follow-up period, suggest the
need for prospective randomized trials and longer-
term outcome studies. Future research should focus
on integrating advanced imaging techniques,
biomarkers, and clinical phenotyping to further
refine treatment selection and improve outcomes
across all severity grades.

In  conclusion, knee osteoarthritis severity
significantly influences treatment outcomes, and
healthcare providers should adopt severity-stratified
approaches to optimize patient care. Early
identification and appropriate treatment of mild
disease, combined with timely surgical intervention
for advanced stages, represents the most effective
strategy for managing this prevalent and debilitating
condition.
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