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ABSTRACT:
Background

Knee osteoarthritis (OA) is a common musculoskeletal condition characterized by pain,
joint stiffness, restricted range of motion (ROM), and functional limitations. Manual
therapy techniques, including Maitland mobilization and myofascial release (MFR), are
commonly used in physiotherapy to address these impairments. This study evaluated the
effects of combined Maitland mobilization and MFR on pain, knee ROM, functional
disability, and kinesiophobia in patients with knee OA.

Materials & Methods

A comparative interventional study was conducted among 36 patients with knee OA,
with 18 participants allocated to each group. Group A received combined Maitland
mobilization and MFR, whereas Group B received the comparator intervention
according to the study protocol. Pain intensity was assessed using the Visual Analogue
Scale (VAS), knee mobility was evaluated by measuring flexion and extension ROM,
functional disability was assessed using the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC), and kinesiophobia was evaluated using the Tampa
Scale for Kinesiophobia (TSK). Assessments were performed before and after the
intervention, with the final assessment conducted on Day 14. Within-group changes
were analyzed using paired t-tests.

Results

The mean VAS score decreased from 7.11 at baseline to 2.83 after treatment in Group A
and from 7.11 to 5.11 in Group B. In Group A, the reduction in VAS score was
statistically significant (t = —16.821, df = 17, p < 0.001). At Day 14, the mean knee
flexion was 117.7 + 2.94° in Group A and 107.9 = 2.49° in Group B, while the mean
knee extension values were 3.27 £ 1.22° and 6.33 + 1.18°, respectively. The reported
paired t-test analyses for knee flexion and extension in Group A demonstrated
statistically significant changes (p < 0.001). Mean WOMAC scores decreased from 64.30
to 37.50 in Group A and from 65.30 to 52.90 in Group B. Mean TSK scores decreased
from 45.50 to 31.50 in Group A and from 46.90 to 41.90 in Group B. The reported
paired analysis demonstrated a statistically significant reduction in TSK scores (t =
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—21.678, p <0.001).
Conclusion

Combined Maitland mobilization and MFR was associated with improvements in pain,
knee ROM, functional disability, and kinesiophobia over the 14-day intervention period.
Greater numerical reductions in VAS, WOMAC, and TSK scores were observed in
Group A than in Group B. However, as the reported statistical analyses primarily
assessed within-group changes, these findings do not establish whether the magnitude of
improvement differed significantly between the two groups. Appropriate between-group
analyses are required to determine the statistical significance of differences in treatment
effects. Further studies involving larger samples and longer follow-up periods are
recommended.

Introduction

Osteoarthritis (OA) is a chronic, progressive musculoskeletal disorder characterized by structural and functional alterations
involving the entire joint, including the articular cartilage, subchondral bone, synovium, menisci, ligaments, and periarticular
tissues. Knee OA is an important cause of pain, mobility limitation, and disability, particularly among middle-aged and older
adults. The global burden of knee OA has increased substantially over recent decades. According to estimates from the
Global Burden of Disease Study 2019, approximately 364.6 million people were living with knee OA worldwide in 2019, with
the prevalence increasing with advancing age and being higher among women than men [1]. In India, the burden of knee OA
also varies considerably across populations because of differences in age distribution, sex, occupational exposure, body mass
index, diagnostic criteria, and geographical characteristics. A recent systematic review and meta-analysis of population-based
studies estimated a pooled prevalence of approximately 20.24% for knee OA in India, although substantial heterogeneity was
observed among the included studies [2].

The development of knee OA is multifactorial and involves an interaction between mechanical, metabolic, biological, and
patient-related factors. Advancing age, female sex, obesity, previous knee injury, occupational loading, muscle weakness, and
structural abnormalities have been associated with an increased risk of disease development or progression [3]. Pathological
changes may include progressive cartilage degradation, subchondral bone remodeling, osteophyte formation, synovial
alterations, and changes in periarticular soft tissues. These abnormalities may manifest clinically as pain, joint stiffness,
tenderness, crepitus, swelling, and restricted movement. Quadriceps weakness is also frequently observed in individuals with
knee OA and may contribute to impaired joint stability and functional performance [4]. Limitations in activities such as
walking, stair climbing, squatting, and transitional movements can subsequently affect independence and quality of life.

Radiographic severity of knee OA is commonly assessed using the Kellgren—Lawrence (K-L) grading system. The system
categorizes radiographic findings from grade 0, indicating the absence of radiographic abnormalities, to grade 4, representing
severe OA with marked joint-space narrowing, large osteophytes, substantial subchondral sclerosis, and definite bony
deformity. The K-L classification provides a standardized method for describing the structural severity of radiographic OA
and is frequently used in clinical and research settings [5]. However, radiographic severity does not always correspond directly
with the intensity of pain or functional limitation, emphasizing the importance of evaluating both structural and patient-
reported outcomes.

Pain is one of the principal symptoms associated with knee OA and is a major reason for seeking medical and rehabilitative
care. In addition to pain, stiffness, reduced knee range of motion (ROM), muscle weakness, and impaired physical function
may contribute substantially to disability. Consequently, contemporary management of knee OA emphasizes symptom
control, maintenance or improvement of physical function, and promotion of long-term physical activity. Conservative
management may include patient education, therapeutic exercise, weight management when appropriate, physical activity, and
individualized rehabilitation interventions [6]. Physiotherapy therefore plays an important role in the non-surgical
management of knee OA, with treatment directed toward reducing symptoms, improving mobility, enhancing muscular
function, and facilitating participation in daily activities [7].
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Manual therapy is frequently incorporated into physiotherapy programs as an adjunct to exercise and other rehabilitation
strategies. Maitland mobilization is a manual therapy approach involving graded passive oscillatory movements applied to a
joint according to the patient's symptoms, irritability, and movement restriction. It is used clinically to reduce pain, improve
accessory joint movement, decrease stiffness, and facilitate functional mobility. Proposed effects include both mechanical and
neurophysiological responses, although the magnitude and duration of these effects may vary according to the mobilization
technique, treatment dosage, and characteristics of the individual patient [8].

Maitland mobilization may be applied to the tibiofemoral and patellofemoral joints using different grades and directions
according to the clinical objective. Techniques directed toward restricted accessory movement may be used to facilitate knee
flexion or extension and improve patellar mobility. Clinical studies have reported short-term improvements in pain and
selected measures of physical function following Maitland mobilization in individuals with knee OA [8, 9]. However, manual
mobilization should generally be considered as part of a broader rehabilitation program rather than as an isolated treatment
strategy.

Myofascial release (MFR) is a manual soft-tissue technique intended to address restrictions or altered mobility within the
myofascial system through sustained or controlled pressure and tissue loading. Fascia forms a continuous connective-tissue
network associated with muscles and other anatomical structures. Changes in soft-tissue mobility, muscle tension, or local
tissue sensitivity may influence movement and contribute to musculoskeletal symptoms. MFR is therefore used clinically with
the objective of improving soft-tissue mobility, reducing pain, and facilitating movement [10]. The proposed mechanisms of
MEFR include alterations in tissue mechanical properties and modulation of sensory input; however, the precise physiological
mechanisms underlying its clinical effects remain incompletely established.

Evidence concerning the use of MFR in individuals with knee OA has increased, with studies reporting potential
improvements in pain, ROM, and functional performance. However, treatment protocols, application techniques, duration,
and outcome measures vary considerably between studies, making it difficult to establish the independent contribution of
MER to clinical improvement [11]. Similarly, although Maitland mobilization has demonstrated beneficial short-term effects
on pain and functional outcomes in patients with knee OA, evidence regarding its combination with MFR remains
comparatively limited [8,9]. This creates a clinically relevant need to investigate whether combining joint mobilization with
soft-tissue techniques can provide meaningful improvements across multiple domains of knee OA.

In addition to pain and physical function, functional disability and fear of movement are important considerations in patients
with knee OA. The Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) is a validated disease-
specific instrument widely used to assess pain, stiffness, and physical function in individuals with knee and hip OA [12].
Kinesiophobia, defined as an excessive or persistent fear of movement or reinjury, may further influence activity levels and
functional performance in individuals with musculoskeletal pain. The Tampa Scale for Kinesiophobia (TSK) is a validated
questionnaire commonly used to assess fear of movement and reinjury in patients with musculoskeletal disorders [13].

Assessment of this psychological component may provide additional information regarding functional status and response to
rehabilitation. Although Maitland mobilization and MFR have each been investigated as therapeutic approaches for
musculoskeletal disorders, evidence regarding their combined application in patients with knee OA remains limited,
particularly when multiple clinical outcomes are evaluated simultaneously. Therefore, the present study was undertaken to
evaluate the effects of combined Maitland mobilization and MFR in patients with knee OA. The study specifically assessed
changes in pain intensity, knee flexion and extension ROM, WOMAC scores, and kinesiophobia measured using the TSK
following the intervention.

MATERIALS & METHODS
Study Design and Ethical Considerations

A comparative, repeated-measures clinical study was conducted at Banarsidas Chandiwala Institute of Physiotherapy, New
Delhi, to compare the effects of Maitland mobilization combined with MFR with those of conventional physiotherapy in
patients with knee OA.

The study protocol was reviewed and approved by the Banarsidas Chandiwala Institutional Ethics Committee (Approval No.
BPT/MPT MS/EC/2024/003). The study was registered with the Clinical Trials Registry—India (CTRI) under registration
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number CTRI/2025/05/0106058. The study procedures were explained to all eligible participants, and written informed
consent was obtained from each participant before enrollment.

Sample Size

The sample size was calculated using G*Power software, version 3.1.9.7. The calculation was based on an effect size of 0.25, a
significance level of a = 0.05, and a statistical power of 95%. The calculated total sample size was 36 participants.
Accordingly, 36 participants were included and allocated equally into two groups, with 18 participants in each group.

Sampling and Random Allocation

Participants fulfilling the predefined eligibility criteria were recruited for the study. Eligible participants were randomly
allocated into two intervention groups:

. Group A (n = 18): Maitland mobilization combined with MFR

o Group B (n = 18): Conventional physiotherapy

The same assessment and treatment schedule was followed for both groups throughout the study period.
Inclusion Criteria

Participants were included if they fulfilled the following criteria:

o Male and female patients aged 4070 years

o Patients with knee OA diagnosed by a physician or orthopaedician

o Patients diagnosed with Grade I or Grade Il knee OA according to the Kellgren—Lawrence grading system

o Patients presenting with clinical features of knee OA, including pain on patellofemoral compression, crepitus,

periarticular or joint-line tenderness, swelling, and restricted knee ROM at baseline

o Patients able to walk a short distance independently or with the assistance of a walking aid
o Patients with unilateral or bilateral knee OA

Exclusion Criteria

Participants were excluded if they had:

o A history of previous knee surgery or significant knee injury

o A co-existing neurological condition that could affect lower-limb function or study outcomes

. Osteoporosis, systemic illness, or metabolic disorders that could interfere with treatment or assessment

o Dermatological disease or skin lesions over the treatment area that could contraindicate the planned intervention

Intervention Protocol

The intervention was administered over a 14-day treatment period. Participants underwent baseline assessment before
commencement of treatment (T0) and a final assessment on Day 14 (T1). The same assessment procedures were followed at
both time points.

Group A: Maitland Mobilization and MFR
Participants in Group A received a combination of Maitland joint mobilization and MFR techniques.
Maitland Mobilization

Techniques were selected according to the participant's clinical presentation and treatment objective. Grades I and II
mobilizations were primarily used for pain relief, whereas Grades III and IV mobilizations were used to improve restricted
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joint ROM. Each manual technique was administered for 2—6 bouts of 30 seconds, according to participant tolerance and
clinical requirement.

Tibiofemoral Joint Mobilization

The following tibiofemoral mobilization techniques were performed:

1. Tibiofemoral distraction to facilitate pain reduction and improve joint mobility
2. Tibiofemoral posterior glide to facilitate improvement in knee flexion
3. Tibiofemoral anterior glide to facilitate improvement in knee extension

The participant was positioned supine with the knee comfortably supported in a few degrees of flexion using a soft pillow.
The therapist stabilized the joint appropriately and applied the mobilization in the desired direction.

Patellofemoral Joint Mobilization

Patellofemoral mobilization consisted of:

o Medial glide

o Lateral glide

o Superior (cephalic) glide
. Inferior (caudal) glide

The participant was positioned supine with the knee slightly flexed to facilitate optimal access to the patella. The
mobilizations were performed within the participant's tolerable range to maintain or improve patellar mobility and facilitate
knee movement.

MFR Technique

It was performed over the iliotibial band, hamstrings, and quadriceps muscles. Areas of increased muscle tension or palpable
myofascial restriction were identified by manual palpation before treatment. Each MFR stroke was maintained for
approximately 30 seconds and repeated five times per treatment session. Pressure was gradually applied and adjusted
according to participant tolerance.

Iliotibial Band

The participant was positioned in side-lying with the affected limb uppermost. Longitudinal strokes were applied along the
iliotibial band using the therapist's thumb or elbow. Moderate, tolerable pressure was applied over the taut tissue without
producing excessive discomfort.

Hamstrings

The participant was positioned prone with the affected limb relaxed. MFR was performed using the ulnar border of the
therapist's hand, with strokes directed from proximal to distal along the hamstring musculature. Light-to-moderate pressure
was applied until the perceived soft-tissue restriction was reduced.

Quadriceps

The participant was positioned supine with the quadriceps relaxed. The therapist used the elbow to apply sliding compression,
beginning at the distal quadriceps and progressing toward the proximal portion of the muscle. Pressure was adjusted
according to tissue resistance and participant tolerance.

Group B: Conventional Physiotherapy

Participants in Group B received conventional physiotherapy consisting of thermotherapy, transcutaneous electrical nerve
stimulation (TENS), strengthening exercises, stretching exercises, and ergonomic advice.
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1. Thermotherapy

Moist heat therapy was applied to the affected knee for 10 minutes to assist in pain reduction and prepare the tissues for
therapeutic exercise.

2. TENS

TENS was administered around the affected knee using four self-adhesive electrodes positioned in a crossed configuration.
The stimulation frequency was set at 50 Hz, and treatment was administered for 10 minutes.

3. Strengthening Exercises

The strengthening exercise program consisted of:

o Static quadriceps contractions

o Dynamic quadriceps exercises

o Static hamstring contractions

o Vastus medialis obliquus (VMO) strengthening

Each contraction was maintained for 6 seconds, followed by a 10-second rest interval, and 10 repetitions were performed for
each exercise. The strengthening exercises were performed daily during the intervention period.

4. Stretching Exercises

Stretching exercises were performed for the:

o Quadriceps
o Hamstrings
o Calf muscles

Each stretch was maintained for 30 seconds and repeated three times. The stretching exercises were performed daily during
the intervention period.

5. Ergonomic Advice

Participants received standardized ergonomic advice regarding knee protection and activities of daily living. They were
advised to avoid activities or positions that aggravated knee pain, minimize excessive loading of the knee joint, use
appropriate body mechanics, and follow safe strategies during functional activities and ambulation.

Outcome Measures

Outcome assessment was performed at two predefined time points:

TO (Baseline): Assessment performed before initiation of the intervention

T1 (Day 14): Final assessment performed after completion of the 14-day intervention period
The following outcome measures were assessed:

Primary Outcome

Pain intensity: Pain was assessed using the Visual Analogue Scale (VAS). Participants were asked to indicate their perceived
level of knee pain on the standardized scale.

Secondary Outcomes
The secondary outcomes included:

o Knee ROM: Knee flexion and extension were assessed using a standardized clinical measurement procedure.
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o WOMAC: Used to assess pain, stiffness, and physical functional limitation associated with knee OA.

o TSK: Used to assess fear of movement or reinjury associated with musculoskeletal pain.

For participants with bilateral knee OA, the more symptomatic knee at baseline was designated as the index knee for clinical
outcome assessment and was assessed consistently at subsequent time points. The same assessor and standardized assessment
procedures were used at TO and T1 to minimize measurement variability.

Statistical Analysis

Data were analyzed using appropriate statistical procedures for continuous and categorical variables. Continuous variables
were expressed as mean =+ standard deviation (SD), while categorical variables were summarized as frequencies and
percentages. The changes in outcome measures between baseline (T0) and Day 14 (T1) were assessed using paired-samples t-
tests for within-group comparisons. Between-group differences in changes from baseline to Day 14 were assessed using an
independent-samples t-test, where the assumptions for parametric analysis were satisfied. The level of statistical significance
was set at p < 0.05. All statistical tests were two-tailed.

RESULTS
Demographic Characteristics

The demographic profile of the study participants was assessed according to gender distribution in Groups A and B. Each
group comprised 18 patients, resulting in a total sample of 36 patients. In Group A, 5 patients (28%) were male and 13
patients (72%) were female, indicating a higher proportion of female participants. In Group B, 10 patients (56%) were male
and 8 patients (44%) were female. Thus, Group B had a relatively greater proportion of male participants compared with
Group A. Overall, females constituted the larger proportion of participants in Group A, whereas males were more frequently
represented in Group B. The gender distribution of the study population is presented in Table 1.

Table 1: Patients Distribution at Gender & Group Level

Patient Group A Group B

Gender Frequency Percent | Frequency Percent
Male 5 28% 10 56%
Female 13 72% 8 44%
Total 18 100% 18 100%

2. VAS

Table 2 presents the group-wise mean VAS scores recorded before and after the intervention. Both Group A and Group B
had an identical mean baseline VAS score of 7.11. Following the intervention, the mean VAS score decreased to 2.83 in
Group A and 5.11 in Group B. Thus, the reduction in mean VAS score was greater in Group A (4.28 points) than in Group B
(2.00 points), indicating a greater reduction in pain intensity in Group A based on the observed mean values.

Table 2: Group wise Mean values of VAS Score

Mean Values
VAS Post
Pre Post
Group A 7.11 2.83
Group B 7.11 5.11
Natural Resources for Human Health (NRFHH) 162
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Table 3 presents the paired comparison of VAS scores in Group A between Day 1 and Day 14. The analysis demonstrated a
statistically significant change in pain intensity following the intervention, with a paired 7-value of —16.821 at 17 degrees of
freedom and p < 0.05. The findings indicate a significant reduction in knee pain from baseline to Day 14 among patients who
received the combined Maitland Mobilization and MFR intervention. Therefore, the results support a significant within-group
improvement in pain intensity in Group A over the 14-day treatment period.

Table 3: Paired t-Test for knee pain in patients on Day 1

VAS Descriptive Analytics | Paired t-test

Pre Mean + SD N |t df Sig.
imup 7.11+0.75 18

0000 | 17 | 1.000
](3}r0up 7.11+0.75 18

3. ROM

Table 4 presents the post-intervention knee ROM findings for Groups A and B. In Group A, the mean knee flexion at Day
14 was 117.7 + 2.94°. The paired #-test revealed a #-value of 16.075 with 17 degrees of freedom (df) and p < 0.001, indicating
a statistically significant change in knee flexion from baseline to Day 14. The mean knee extension in Group A at Day 14 was
3.27 + 1.22°. The paired #-test demonstrated a #-value of —12.280 with 17 degrees of freedom and p < 0.001, indicating a
statistically significant change in knee extension from baseline to Day 14. In Group B, the mean knee flexion at Day 14 was
107.9 = 2.49°. However, the corresponding paired #-test statistic and p-value for Group B were not reported in the provided
table. Consequently, the statistical significance of the within-group change in Group B cannot be established from the
available results. Overall, Group A showed statistically significant changes in both knee flexion and extension by Day 14. The
mean post-intervention knee flexion was higher in Group A (117.7°) than in Group B (107.9°). However, this numerical
difference should not be interpreted as a statistically significant between-group difference unless supported by an appropriate
independent between-group analysis.

Table 4: Paired t-Test for knee ROM on Day 14

Descnptwe Paired t-test
Analytics
ROM
Mean =+ .
N |t df | Sig.
SD 8
Group 117.7 + 18
A 2.94
Flexion Post 16.075 17 | 0.000
Group 107.9 =+ 18
B 2.49
Group 327 £ 18
A 1.22
Extension Post -12.280 17 | 0.000
Group 633 =+ 18
B 1.18

4. WOMAC

Table 5 presents the group-wise mean WOMAC scores recorded before and after the intervention. In Group A, the mean
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WOMAC score decreased from 64.30 at baseline to 37.50 post-intervention, representing a reduction of 26.80 points. In
Group B, the mean score decreased from 65.30 to 52.90, corresponding to a reduction of 12.40 points.

Table 5: Group wise Mean values of WOMAC Score

Mean Values
Disability In Patients
Pre Post
Group A 64.30 37.50
WOMAC
Group B 65.30 52.90

5. TAMPA

Table 6 presents the group-wise mean scores on the TSK before and after the intervention. The TSK was used to assess fear
of movement associated with knee OA. In Group A, the mean Tampa Scale score decreased from 45.50 at baseline to 31.50
after the intervention, representing a reduction of 14.00 points. In Group B, the mean score decreased from 46.90 to 41.90,
representing a reduction of 5.00 points. Thus, both groups demonstrated a reduction in kinesiophobia following treatment,
with a greater numerical reduction observed in Group A. The paired #-test demonstrated a ¢-value of —21.678, indicating a
statistically significant change in Tampa Scale scores, with p < 0.001. Therefore, the reduction in kinesiophobia was
statistically significant. Overall, the findings indicate that the intervention was associated with a significant reduction in fear of
movement among patients with knee OA. The greater reduction in the mean Tampa Scale score observed in Group A
suggests a substantial improvement in kinesiophobia following the intervention. These findings indicate that, in addition to
improvements in pain and physical function, the intervention may contribute to reducing psychological barriers related to
movement in patients with knee OA.

Table 6: Group wise Mean values of Tampa Score

Mean Values
Disability In Patients
Pre Post
Group A 45.50 31.50
Tampa
Group B 46.90 41.90

DISCUSSION

The present study evaluated the effectiveness of Maitland mobilization combined with MFR technique in patients with knee
OA, using VAS, knee ROM, WOMAC, and the Tampa Scale for Kinesiophobia. Overall, the combined intervention
produced greater improvements in pain, mobility, functional status, and kinesiophobia than the comparison intervention.

Baseline Characteristics

Both groups included 18 participants and were generally comparable at baseline. Mean age was 55.4 years in Group A and
51.8 years in Group B. Although sex distribution differed between groups, baseline VAS, knee flexion, extension, and
WOMAC scores showed no significant differences, supporting overall comparability. However, Tampa Scale scores differed
significantly at baseline (p = 0.011), with greater kinesiophobia in Group B. This baseline imbalance should therefore be
considered when interpreting changes in kinesiophobia.

Effect on Pain

Pain decreased significantly following treatment, with a greater improvement in Group A receiving Maitland mobilization
combined with MFR. Deyle et al. (2005) [14] reported beneficial effects of manual therapy combined with supervised exercise
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in patients with knee OA. Similarly, Abbott et al. (2013) [15] demonstrated clinical benefits of manual therapy and exercise in
individuals with hip or knee OA. The greater pain reduction in Group A may reflect the complementary effects of joint
mobilization and soft-tissue treatment. Maitland mobilization may improve joint mobility and modulate nociceptive input,
while MFR may reduce myofascial restriction and soft-tissue tension. These combined effects may contribute to improved
pain and movement tolerance. Alkhawajah and Alshami (2019) [16] also reported significant improvements in pain and
function following mobilization-based treatment, while Nigam et al. (2021) [17] demonstrated sustained benefits of
mobilization with movement in knee OA.

Effect on Knee ROM

Significant improvements in knee mobility were observed, particularly in Group A. Flexion increased from 100.4° to 117.7° in
Group A compared with 99.6° to 107.9° in Group B. Extension lag decreased from 9.11° to 3.27° in Group A and from
9.27° t0 6.33° in Group B. These findings suggest that combining joint mobilization with MFR may improve both joint and
soft-tissue mobility. Maitland mobilization may facilitate accessory joint movement, whereas MFR may improve the
extensibility of surrounding muscles and fascial tissues. The findings are consistent with Deyle et al. (2005) [14], who
demonstrated improved physical function following a manual therapy-based physical therapy program.

Functional Outcome

WOMAC scores improved substantially, decreasing from 64.3 to 37.5 in Group A and from 65.3 to 52.9 in Group B. The
greater reduction in Group A indicates improved pain, stiffness, and functional ability following the combined intervention.
Abbott et al. (2013) [15] similarly reported clinical benefits from manual therapy and exercise in patients with hip or knee OA.
Improvement in pain and ROM may have facilitated daily activities and functional participation. Furthermore, increased
movement confidence following symptom reduction may have contributed to improved functional performance. Heisig et al.
(2025) [18] emphasized the importance of adherence-support strategies in physical activity interventions for individuals with
chronic musculoskeletal pain, highlighting the relevance of maintaining activity as part of long-term management.

Effect on Kinesiophobia

Tampa Scale scores decreased from 45.5 to 31.5 in Group A and from 46.9 to 41.9 in Group B, indicating reduced fear of
movement following treatment. The larger reduction in Group A may be related to concurrent improvements in pain and
mobility. However, because Tampa scores differed significantly at baseline (p = 0.011), this finding should be interpreted
cautiously. Reduced pain and improved movement may increase patients' confidence in using the affected limb and
participating in physical activity. This is clinically relevant because persistent fear of movement can contribute to activity
avoidance and functional limitation. The findings are therefore consistent with the broader emphasis on facilitating physical
activity in chronic musculoskeletal conditions reported by Heisig et al. (2025) [16]. Overall, Maitland mobilization combined
with MFR was associated with greater improvements in pain, knee ROM, WOMAC scores, and kinesiophobia than the
comparison intervention. These findings are broadly consistent with previous evidence supporting manual therapy as part of
conservative management for knee OA. The observed improvements may reflect the combined effects of enhanced joint
mobility and reduced periarticular soft-tissue restriction. However, the small sample size and baseline difference in
kinesiophobia should be considered when interpreting the results. Future studies with larger samples, standardized treatment
protocols, and longer follow-up are warranted to determine the durability and generalizability of these findings.

LIMITATIONS

The present study has several limitations that should be considered when interpreting its findings. First, the sample size was
relatively small, with only 36 participants, which may limit the statistical power and generalizability of the findings to the
broader population with KO. Second, the intervention period was limited to 14 days, and therefore the study could not
determine whether the observed improvements were sustained over the longer term. Third, the study included only patients
with Grade I and Grade II KO, limiting the applicability of the findings to patients with more advanced disease. Fourth,
although both unilateral and bilateral knee OA were permitted, the assessment was based on a designated index knee, which
may not fully represent the functional status of patients with bilateral involvement. Fifth, the study did not include a long-
term follow-up assessment; consequently, the persistence of treatment effects after completion of the intervention remains
uncertain. Finally, some of the outcome measures, particularly pain and kinesiophobia, were based on patient-reported
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responses and may therefore be influenced by individual perception and response variability.
Future recommendations

Future studies should include larger sample sizes and participants from multiple physiotherapy or healthcare centers to
improve the generalizability of the findings. Longer intervention periods and extended follow-up assessments should be
incorporated to determine whether the benefits of Maitland mobilization combined with MFR are maintained over time.
Future research should also evaluate patients with different radiographic grades of knee OA to determine whether treatment
response varies according to disease severity. Further randomized controlled trials with clearly described allocation procedures
and assessor blinding should be conducted to strengthen the evidence regarding the comparative effectiveness of these
interventions. Future studies may also investigate different treatment frequencies, session durations, and combinations of
manual therapy and exercise. In addition, objective functional measures, patient-reported quality-of-life measures, and
biomechanical or physical-performance outcomes may be incorporated to provide a more comprehensive evaluation of
treatment effects. Comparative studies with longer follow-up periods may further clarify the role of Maitland mobilization
and MFR in the long-term conservative management of knee OA.

CONCLUSION

Maitland mobilization combined with MFR was associated with improvements in pain, knee ROM, and kinesiophobia in
patients with Grade I and II KO. The findings suggest that this combined manual therapy approach may be a beneficial
component of conservative physiotherapy management for knee OA.
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