Journal of

Research Paper L)

Check for
updates

Comparison of the Effects of Exercise Therapy and Orthokine Therapy on
Pain Intensity, Joint Stiffness, and Quadriceps Muscle Strength in Middle-
Aged Women with Knee Osteoarthritis

*Saeed llbegi'l®, Haniyeh Motedayyen=', Mohammad Yousefill=', Seyyed Naser Hosseini?\2, Effat
Hoseinzadeh?

1. Department of Sport Sciences, Faculty of Sport Sciences, University of Birjand, Birjand, Iran.
2. Physical Medicine and Rehabilitation Specialist, Mashhad, Iran.

Use your dviceto san and llbegi S, Motedayyen H, Yousefi M, Hosseini SN, Hoseinzadeh E. Comparison of the Effects of

-z Exercise Therapy and Orthokine Therapy on Pain Intensity, Joint Stiffness, and Quadriceps Muscle Strength in
Middle-Aged Women with Knee Osteoarthritis. Journal of Sport Biomechanics.2026;12(3):546-568.
https://doi.org/10.66224/JSportBiomech.12.3.546

d https://doi.org/10.66224/JSportBiomech.12.3.546

ABSTRACT

O)J[Iqi\Y% Orthokine therapy and exercise therapy are two important approaches for

Article Info: the management of knee osteoarthritis. While the effectiveness of exercise therapy in

managing osteoarthritis has been well established, orthokine therapy has recently
Received: 27 August 2025 attracted increasing attention. Therefore, the present study aimed to compare the
Accepted: 27 July 2026 effects of exercise therapy and orthokine therapy on improving symptoms in patients
Available Online: 30 July 2026 with knee osteoarthritis.

Twenty women with knee osteoarthritis were allocated to exercise therapy
and orthokine therapy groups. The exercise therapy group performed exercise training
for 4 weeks (three sessions per week), whereas the orthokine therapy group received
orthokine injections for 4 weeks (twice per week). Joint stiffness, pain intensity, and
quadriceps muscle strength were assessed before and after the interventions using the
WOMAC questionnaire, the Visual Analog Scale (VAS), and a dynamometer,
respectively. Data were analyzed using repeated-measures analysis of variance with
SPSS version 23 at a significance level of p < 0.05.

Both exercise therapy and orthokine therapy significantly reduced pain
intensity and improved quadriceps muscle strength compared with baseline.

Keywords: However, neither intervention produced a significant change in joint stiffness.
. . Furthermore, no significant between-group differences were observed for pain
Osteoarthritis, Intra-articular intensity, joint stiffness, or quadriceps muscle strength after the intervention.
injection, Exercise therapy, Given the comparable effects of the two therapeutic approaches on
Muscle strength, Pain symptom improvement, the present study supports the use of exercise therapy as an

effective option for managing knee osteoarthritis. Further studies with larger sample
sizes and longer follow-up periods are needed to confirm and generalize these results.
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1. Introduction

Osteoarthritis (OA) is one of the most common joint disorders, with a considerably higher prevalence in
the knee than in any other joint of the human body (1). Compared with osteoarthritis affecting other joints,
knee osteoarthritis (KOA) is associated with greater disability and more pronounced clinical
manifestations, making it a major global health challenge (2). KOA is a leading cause of pain and functional
limitation across all segments of the population, particularly among individuals over 50 years of age. Its
prevalence has doubled since the mid-twentieth century and is expected to rise at an even faster rate in the
future (3). The mechanisms underlying OA development are complex. One hypothesis suggests that
cartilage degradation and the subsequent release of cartilage debris into the synovial fluid trigger
inflammatory responses. Another hypothesis proposes that microscopic fractures in the subchondral bone
lead to sclerosis and hypertrophy, thereby contributing to cartilage wear (4). In both pathways, the
surrounding muscles, tendons, and ligaments weaken and undergo physiological changes, which can result
in pain, reduced range of motion, and joint swelling (1, 3). Consequently, patients tend to adopt a more
sedentary lifestyle, leading to a substantial decline in their quality of life (3).

To date, no definitive cure for KOA has been established (5), and most currently available interventions
have been developed to manage the disease by reducing pain, slowing cartilage degeneration, and
improving joint function (1, 3, 6). Current management strategies for knee osteoarthritis include
pharmacological and non-pharmacological treatments, stem cell therapy, and joint surgery. Based on the
available evidence, pharmacological and non-pharmacological approaches, such as exercise therapy,
weight reduction, and the use of orthotic devices, are generally recommended as first-line treatments for
patients with knee osteoarthritis (6). Among these, exercise therapy is recognized as one of the cornerstones
of conservative management and plays an important role in reducing pain, improving joint function, and
controlling disease progression by enhancing muscle strength, improving proprioception, and optimizing
neuromuscular responses (7). The National Institute for Health and Care Excellence (NICE) identifies
exercise therapy as the primary non-pharmacological intervention for the management of knee
osteoarthritis. Evidence indicates that physical activity can alleviate symptoms and improve functional
outcomes in patients with knee osteoarthritis by modulating inflammatory and metabolic processes within
the joint (8). The findings of several systematic reviews and meta-analyses have demonstrated that exercise
therapy can significantly improve muscle function, increase joint range of motion, and reduce pain, thereby
enhancing physical function and quality of life in patients with knee osteoarthritis (9). Nevertheless, the
implementation of exercise therapy in the management of knee osteoarthritis remains limited or is often
delivered with suboptimal quality due to factors such as the prolonged duration required for treatment and
therapeutic effectiveness, the absence of a standardized and universally accepted treatment protocol for
knee osteoarthritis, physicians’ limited adherence to completing the full course of treatment, and patients’
poor compliance with performing progressive exercise because of pain and fear of physical activity (6, 10).
Conversely, some researchers have reported that pharmacological treatments may be effective in
alleviating symptoms, controlling inflammation, and delaying joint replacement surgery in patients with
knee osteoarthritis. Pharmacological treatment is generally recommended when patients’ symptoms fail to
improve after approximately 3 to 6 months of non-pharmacological management (11). Given the pivotal
role of inflammation in osteoarthritis-related joint damage, many pharmacological approaches have been
developed to inhibit inflammatory processes (12). Although anti-inflammatory medications can be
effective in controlling pain and inflammation, concerns regarding their adverse effects, particularly in
middle-aged and older adults, have led to increasing interest in local and intra-articular treatment
approaches (13). In this context, intra-articular injections have emerged as a less invasive therapeutic
option, among which Orthokine therapy (Autologous Conditioned Serum; ACS) is considered one of the
available treatment modalities (10).

Orthokine therapy (Autologous Conditioned Serum; ACS) is a conservative, autologous blood-based
treatment designed to suppress inflammatory processes associated with osteoarthritis. In this procedure,
serum obtained from incubated autologous blood is centrifuged and subsequently administered via intra-
articular injection (14). The development of this technique has provided a novel approach to controlling
joint inflammation and managing osteoarthritis and has been proposed as a potential alternative to the long-
term use of anti-inflammatory medications (12). Currently, many orthopedic surgeons have shown
considerable interest in this treatment approach, to the extent that it may even be considered among the
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primary therapeutic options for patients with osteoarthritis. Several studies have investigated the effects of
Orthokine therapy on knee osteoarthritis. Baltzer et al. (2009) reported significant reductions in pain and
improvements in physical function following Orthokine therapy (14). Gudack et al. also reported that
Orthokine therapy is a safe treatment for knee osteoarthritis, is not associated with age-related limitations,
and provides more sustained therapeutic effects than other non-surgical treatment modalities (12).
However, Zaringam et al., who followed patients with knee osteoarthritis for up to 10 years after Orthokine
therapy, reported that, in addition to being associated with a high incidence of adverse effects, this
treatment neither prevented nor delayed joint replacement surgery (15). These findings indicate
inconsistent results and uncertainty regarding the clinical effectiveness of this treatment approach. Despite
the increasing use of Orthokine therapy in clinical and rehabilitation settings, conclusive evidence
regarding its superiority or precise role compared with other conservative treatment approaches remains
lacking (1). Furthermore, given the absence of a definitive cure for knee osteoarthritis, there is an increasing
need for studies that simultaneously investigate and compare different management approaches (1, 3).
Nevertheless, to the best of the authors’ knowledge, no previous study has compared the effects of
Orthokine therapy and exercise therapy on symptom improvement and the management of osteoarthritis.
Therefore, the present study aimed to compare the effects of exercise therapy and Orthokine therapy on
pain intensity, joint stiffness, and quadriceps muscle strength in middle-aged women with knee
osteoarthritis.

2. Methods

The present study was an applied quasi-experimental study with a two-group pretest—posttest design.
Twenty middle-aged women with knee osteoarthritis were recruited using a purposive, non-random
sampling method. The participants were then randomly allocated to either the exercise therapy group or
the Orthokine therapy group using a simple randomization procedure based on a random number table.
This approach helped minimize allocation bias between the study groups. The sample size was determined
based on previous studies conducted in this field (16, 17). The study protocol was reviewed and approved
by the relevant ethics committee and was conducted in accordance with ethical principles for research
involving human participants. The inclusion criteria were as follows: age between 40 and 60 years;
diagnosis of knee osteoarthritis based on clinical and radiographic findings with Kellgren—Lawrence grades
1-3; absence of cardiovascular disease, immune system disorders, neurological disorders, inflammatory or
infectious arthropathies; no history of surgery or intra-articular treatment within the previous 6 months;
absence of severe obesity (12, 14, 18); ability to perform exercise independently; and absence of other knee
disorders (14, 18).

Eligibility was determined by specialist physicians in the fields of orthopedic surgery, rheumatology, and
physical medicine and rehabilitation. The occurrence of any injury, inflammation, or swelling during the
study, exacerbation of participants' pain attributable to the therapeutic interventions, or unwillingness to
continue participation in the study were considered the exclusion criteria. Following participant
recruitment, a briefing session was held during which the study procedures were explained to all
participants. All participants provided written informed consent by signing a consent form before the study
commenced. All participants were fully informed about the study procedures, and their personal
information was kept confidential.

The participants were randomly assigned to either the exercise therapy group (n = 10) or the Orthokine
therapy group (n = 10). Before the therapeutic interventions began, all participants completed the WOMAC
questionnaire and the Visual Analog Scale (VAS). Participants' medication and analgesic use were
monitored and recorded by an orthopedic surgeon (one of the study authors), and body mass index (BMI)
was measured before the intervention and reported in the participants' characteristics table. In addition,
participants in both groups were instructed not to participate in any other exercise programs or physical
activities so that the effects of the primary study interventions could be evaluated independently. The
WOMAC questionnaire is an internationally recognized and standardized instrument for evaluating
treatment outcomes in patients with knee osteoarthritis and consists of 24 items assessing three domains:
pain (5 items), morning joint stiffness (2 items), and physical function (17 items). Each item is scored on
a five-point scale ranging from 0 to 4, yielding a total score ranging from 0 to 100, with higher scores
indicating greater pain, more severe morning joint stiffness, and poorer physical function (19). In the
present study, the WOMAC questionnaire was used solely to quantify morning knee joint stiffness.
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Previous studies have demonstrated that the pain and joint stiffness subscales of the WOMAC
questionnaire have acceptable validity and reliability in patients with knee osteoarthritis (20).

Pain intensity was assessed using the Visual Analog Scale (VAS), which has been reported to have high
sensitivity and validity for quantifying pain intensity in individuals with knee osteoarthritis (19). The VAS
consists of a 100-mm horizontal line, with the left end labeled "no pain” and the right end labeled "worst
pain imaginable." Participants were asked the general question, "How severe was your pain during the
previous week?" They then indicated their pain intensity by marking a point on the line corresponding to
a value between 0 and 100, where 0 represented no pain, and 100 represented the worst pain imaginable
(19). Quadriceps muscle strength was measured using a handheld dynamometer by the same trained
examiner during both the pretest and posttest assessments. In this procedure, one end of the dynamometer
was secured to the participant's ankle, approximately 5 cm above the lateral malleolus, while the other end
was fixed to a wall. The participant was seated on a chair and performed a knee extension, and the value
displayed on the dynamometer was recorded as quadriceps muscle strength. The test was repeated three
times for each participant, and the mean of the three measurements was used for the statistical analysis
(21).

Participants in the exercise therapy group completed a 4-week resistance training program consisting of
three sessions per week. In the present study, the resistance training program was designed in accordance
with the fundamental principles of resistance training program design and based on the available literature
in this field (22). The program was implemented after review and approval by experts. A detailed
description of the exercise program and its implementation is presented in Table 1. The exercise program
was performed for 4 weeks, with three sessions per week, each lasting 30 minutes. It is worth noting that
all components of each training session, including warm-up and cool-down, were performed appropriately
throughout the intervention period. Participants in the Orthokine therapy group received intra-articular
Orthokine injections twice weekly for 4 weeks.

Table 1. Summary of the Exercise Protocol Used in the Exercise Therapy Group
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Phase (Duration) Exercise Performed

Weeks 1-2

Weeks 3-4

Warm-up (8 min) Walking and stretching exercises

Main exercise
session (17 min)

Isometric quadriceps strengthening
exercise

Resistance exercises:1. Cycling on
a stationary bicycle without
resistance, followed by cycling with
an elastic resistance band to provide
additional resistance.2. Knee
extension and flexion to 90° of knee
flexion using an elastic resistance
band.

Functional exercises:1. Sit-to-
stand2. Step-up and step-down

Balance exercises:1. Single-leg
stance2. Standing on a balance
board

Cool-down (5
min)

Walking and stretching exercises

Walking in the forward,
backward, and lateral
directions, followed by
static and dynamic
stretching exercises
Hold each contraction for 4
s; 10 repetitions, 2 sets; 2-
min rest between sets
2 min of cycling without
resistance.2 sets x 10
repetitions; 2-min rest
between sets.

3 min; each exercise
performed for 1 min with a
1-min rest interval between

eXercises.

Hold for 20 s; 3 repetitions;
10-s rest between
repetitions and 1-min rest
between exercises.

Forward walking followed
by static stretching
exercises with a limited
stretch duration.

Walking in the forward,
backward, and lateral
directions, followed by
static and dynamic
stretching exercises
Hold each contraction for
4 s; 10 repetitions, 2 sets;
2-min rest between sets
2 min of cycling with
additional resistance
provided by an elastic
resistance band.3 sets x
10 repetitions; 2-min rest
between sets.

3 min; each exercise
performed for 1 min with
a 1-min rest interval
between exercises.
Hold for 20 s; 3
repetitions; 10-s rest
between repetitions and 1-
min rest between
EXErcises.
Forward walking
followed by static
stretching exercises with a
limited stretch duration.
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Orthokine was prepared as follows. First, 50-60 mL of venous blood was collected from each participant
under sterile conditions using specialized syringes containing spherical glass beads. These glass beads
stimulate the production of interleukin-1 receptor antagonist (IL-1Ra) by white blood cells during
incubation (14, 23). The syringe containing the participant's blood was incubated for 24 h at 37°C in an
atmosphere containing 5% carbon dioxide. After 24 h, the blood sample was centrifuged for 10 min.
Subsequently, 10 mL of the serum-containing supernatant was filtered, aliquoted into sterile 2-mL
microtubes, and stored at —20°C. In addition, before administration to the respective participant, the serum
was tested for human immunodeficiency virus (HIV), syphilis, hepatitis B, and hepatitis C (23). For intra-
articular Orthokine injection, the injection site was first prepared under sterile conditions. A 21-gauge
needle was then inserted into the joint through the anterolateral approach, and a small amount of synovial
fluid was aspirated to minimize dilution of the injected preparation. While the needle remained in place, 2
mL of Orthokine was injected into the joint. The injections were administered twice weekly for 4 weeks.
Post-injection care instructions were provided to all participants (14).

Following completion of the therapeutic interventions, pain intensity, morning joint stiffness, and
quadriceps muscle strength were reassessed. Data normality was evaluated using the Shapiro—Wilk test,
and the results indicated that all study variables were normally distributed. In addition, the homogeneity of
variances was confirmed using Levene's test. As all underlying assumptions were satisfied, parametric
statistical tests were used for data analysis. An independent-samples t-test was used to compare the
participants' demographic characteristics. To evaluate changes in the dependent variables over time and
compare the patterns of these changes between the two groups in the pretest—posttest design, repeated-
measures analysis of variance (ANOVA) was performed using SPSS software (version 23; SPSS Inc.,
Chicago, IL), with the level of statistical significance set at p < 0.05.

3. Results

The demographic characteristics of the participants are presented in Table 2. As shown, there were no
significant differences in demographic characteristics between the exercise therapy and orthokine therapy
groups.

The findings obtained from repeated-measures analysis of variance were used to examine the effects of
time (pretest to posttest), group, and the time x group interaction on pain intensity, joint stiffness, and
quadriceps muscle strength, and are presented in Table 3. The results regarding pain intensity showed that
the time effect was significant (F = 14.55, p = 0.001), indicating a significant reduction in pain intensity
from pretest to posttest in both the exercise therapy and orthokine therapy groups. The reported effect size
for pain intensity was large (ES = 0.447), demonstrating that this reduction was also clinically meaningful.
On average, pain intensity in the exercise therapy group decreased from 73 + 14.23 at pretest to 66.31 £
12.65 at posttest, representing a 9.16% reduction. In the orthokine therapy group, pain intensity decreased
from 69.7 + 13.78 at pretest to 59 + 10.81 at posttest, indicating a 15.3% reduction from pretest to posttest
(Fig. 1).

In contrast, the group effect on pain intensity was not significant (F = 1.004, p = 0.33) and had a small
effect size (ES = 0.053). Moreover, the time x group interaction effect was not significant (F = 0.769, p =
0.39) and was associated with a small effect size (ES = 0.041), indicating that the pattern of reduction in
pain intensity from pretest to posttest was similar between the two groups.

Table 2. Demographic characteristics of the study participants (mean + standard deviation) and comparison between the
treatment groups

Variables Groups Number  Mean + Standard deviation  p-value

Age (years) Exercise therapy 10 53.76 £4.14 0.29
Orthokine therapy 10 51.72 +3.73

Height (m) Exercise therapy 10 1.68 £0.08 0.54
Orthokine therapy 10 1.69 £0.09

Weight (kg) Exercise therapy 10 67.69 +2.80 0.32
Orthokine therapy 10 65.90 +4.76

Body mass index (kg/m?) Exercise therapy 10 23.71+1.15 0.11
Orthokine therapy 10 22.88+1.28

Note: Values are presented as mean + standard deviation. Statistical significance was set at p < 0.05.
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Table 3. Results of repeated-measures analysis of variance

Variables Assessment Exercise Orthokine Time effect Group effect Time x
time point therapy therapy group effect
Pain Pretest 73 +14.23 69.7 +13.78 F=1455 F=1.004 F=0.769
p =0.001 p=0.33 p=0.39
Posttest 66.31 £ 12.65 59 +10.81 ES = 0.447 ES =0.053 ES =0.041
Quadriceps Pretest 66.73 £ 10.02 68.60 + 11.59 F=4.490 F=1.442 F =0.056
muscle strength p = 0.048 p=0.24 p=0.81
Posttest 68.90 £ 8.81 69.20 + 10.93 ES =0.200 ES =0.074 ES =0.003
Joint stiffness Pretest 416 £1.39 45+1.36 F=2031 F =0.009 F=0.432
p=0.17 p=0.92 p=0.51
Posttest 3.56+1.16 3.71+1.51 ES =0.101 ES =0.001 ES =0.023

Note: Values are presented as mean + standard deviation. ES: effect size. Statistical significance was set at p < 0.05.

Regarding knee joint stiffness, the results showed that the time effect was not significant (F = 2.031, p =
0.17), indicating no significant change in joint stiffness intensity from pretest to posttest in either group.
The effect size was small (ES = 0.101). The group effect on joint stiffness intensity was also not significant
(F=0.009, p=0.92), with a very small effect size (ES = 0.001). Furthermore, the time x group interaction
did not reach statistical significance (F = 0.432, p = 0.51) and had a small effect size (ES = 0.023),
indicating that the pattern of changes in joint stiffness from pretest to posttest was similar between the
exercise therapy and orthokine therapy groups. These findings indicate that neither intervention had a
significant or clinically meaningful effect on knee joint stiffness intensity. Regarding quadriceps muscle
strength, the results of repeated-measures analysis of variance showed that the time effect was significant
(F = 4.490, p = 0.048), indicating a significant increase in quadriceps muscle strength from pretest to
posttest in both groups. The effect size was moderate (ES = 0.200). The mean quadriceps muscle strength
in the exercise therapy group increased from 66.73 + 10.02 at pretest to 68.90 = 8.81 at posttest,
representing an approximately 3.2% increase. In the orthokine therapy group, this value increased from
68.60 + 11.59 at pretest to 69.20 + 10.93 at posttest, representing a 0.8% increase compared with pretest
values (Fig. 1). However, the group effect on quadriceps muscle strength was not significant (F = 1.442, p
= 0.24), and the effect size was small (ES = 0.074). Moreover, the time x group interaction was not
significant (F = 0.056, p = 0.81) and was associated with a very small effect size (ES = 0.003), indicating
that the pattern of increase in quadriceps muscle strength from pretest to posttest was similar between the
two groups. Overall, both interventions resulted in a significant improvement in quadriceps muscle
strength; however, no significant difference was observed in the magnitude of changes between the two
groups. Changes in the mean pain intensity and quadriceps muscle strength in the exercise therapy and
Orthokine therapy groups from pretest to posttest are presented in Fig. 1.

B A g
- 69.5
é’ 69 70
S 685 _ 60
S 68 G 50
3 675 2 40
> oy
S 67 = 30
£ 66.5 s
= 66 Exercise Therapy 20 -
2 655 Orthokine Therapy 10 Exerms_e Therapy
o 65 : . 0 Orthokine Therapy
Pre-test Post-test Pre-test Post-test
Assessment Assessment

Fig. 1. Changes in pain intensity (A) and quadriceps muscle strength (B) before and after the intervention in the
Exercise Therapy and Orthokine Therapy groups.
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4. Discussion

The main objective of the present study was to compare the effects of two approaches, exercise therapy
and Orthokine therapy, on pain intensity, quadriceps muscle strength, and knee joint stiffness intensity in
middle-aged women with knee osteoarthritis. The results showed that both interventions led to significant
reductions in pain intensity and significant increases in quadriceps muscle strength from pretest to posttest,
whereas neither intervention had a significant effect on knee joint stiffness intensity. Furthermore, no
significant differences were observed between the two groups across the variables examined, indicating
that exercise therapy and Orthokine therapy are similarly effective for these outcomes. In addition to
statistical significance, the findings related to effect sizes and percentage changes indicated that both
interventions produced clinically meaningful improvements in reducing pain and increasing muscle
strength. Since achieving effective therapeutic approaches with minimal adverse effects is one of the
primary goals of medicine and rehabilitation in conditions such as osteoarthritis, the findings of this study
may provide valuable information for clinical decision-making regarding the selection of non-invasive
interventions.

Regarding exercise therapy, the findings of the present study are consistent with previous studies reporting
improvements in pain, muscle strength, and quality of life in patients with knee osteoarthritis (3, 24-27).
From a mechanical perspective, exercise therapy improves knee joint stability and reduces the load
imposed on joint structures by strengthening the muscles surrounding the joint, particularly the quadriceps
muscles, which may ultimately lead to pain reduction (28, 29). Quadriceps muscle weakness is not only a
risk factor for the development of knee osteoarthritis but also an important factor contributing to the
progression of this condition (30, 31). The mechanism underlying quadriceps muscle weakness in knee
osteoarthritis has been attributed to impairments in the neuromuscular function of these muscles, including
arthrogenic muscle inhibition and a reduced ability to achieve complete voluntary muscle activation (21).
Quadriceps muscle weakness reduces the capacity to absorb and distribute forces applied to the knee joint
during daily activities. Consequently, greater mechanical loads are transferred to the passive structures of
the joint, which may lead to microdamage in the subchondral bone and increased bone remodeling and
sclerosis. These changes are accompanied by reduced shock-absorbing capacity of the subchondral region
and ultimately increase the stresses applied to the articular cartilage, accelerating the process of cartilage
thinning and degradation. The accumulation of these alterations results in reduced effective knee joint
function and exacerbation of osteoarthritis progression (25). Therefore, resistance exercises, by reducing
mechanical joint loading and improving muscle function, may contribute to pain reduction and improved
functional status in patients (25, 26).

A significant reduction in pain intensity was also observed in the Orthokine therapy group, which is
consistent with the findings of Baltzer et al. (2009), Fox et al. (2010), and Barto et al. (2017) (14, 32, 33).
Osteoarthritis is associated with increased levels of inflammatory cytokines, particularly interleukin-1,
which plays a key role in cartilage degradation and pain development (34, 35). Previous studies have
demonstrated that interleukin-1 levels are significantly elevated in patients with osteoarthritis and, through
inhibition of type Il collagen synthesis and reduction of aggrecan production, are considered one of the
major contributors to articular cartilage degradation (35). Research evidence also indicates an association
between interleukin-1 and pain severity in knee osteoarthritis. Therefore, interventions that reduce the
levels of this cytokine may be effective in managing disease symptoms (13, 14). Orthokine therapy is one
of the novel therapeutic approaches based on reducing inflammatory cytokines, particularly interleukin-1,
and may play a role in improving symptoms and modulating the progression of knee osteoarthritis by
reducing inflammation and enhancing reparative processes (34, 36). One of the advantages of this method
is that the serum is prepared from the individual's own blood and injected directly into the affected joint,
thereby increasing its biological safety. Accordingly, some researchers have considered Orthokine therapy
a more effective option than pharmacological treatment and surgery for the management of knee
osteoarthritis (36). However, the findings of the present study are inconsistent with those of Rutgers et al.,
who reported that Orthokine therapy did not have a significant effect on improving symptoms, particularly
pain intensity, and introduced pharmacological treatment as a more appropriate option (37). The
inconsistency between the findings of the present study and those of Rutgers et al. may be attributed to
differences in the injected Orthokine dosage and the method used to prepare the injected serum.

The findings of the present study demonstrated that Orthokine therapy, in addition to reducing pain
intensity, improved quadriceps muscle strength in patients with knee osteoarthritis, which is consistent
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with previous research findings, including those of Vitali et al. (2020) (36). One possible explanation for
this finding is the bidirectional relationship between knee joint pain and the strength of the surrounding
muscles. Accordingly, quadriceps muscle weakness is not only recognized as a risk factor for the
development and progression of osteoarthritis, but evidence also indicates that the presence of pain can
lead to reduced quadriceps and hamstring muscle strength (38). Joint pain is often accompanied by
inflammation, swelling, and reduced range of motion, which can impair knee function (38). On the other
hand, studies have reported that increased inflammatory cytokines are associated with reduced knee
function and range of motion (39), and elevated levels of interleukin-1 may contribute to muscle atrophy
and reduced muscle strength (40). Therefore, Orthokine therapy, through reducing inflammatory cytokines,
particularly interleukin-1, may not only reduce pain but also potentially improve quadriceps muscle
strength by decreasing joint inflammation and inhibiting muscle catabolic processes. Based on a review of
the previous literature, no study was identified that had simultaneously and directly compared these two
approaches, exercise therapy and Orthokine therapy, in patients with knee osteoarthritis. Therefore, the
results of each intervention were compared separately with those of previous studies.

Most studies in the field of exercise therapy have focused on comparing different exercise protocols, and
few studies have investigated the effects of exercise therapy compared with other therapeutic approaches,
such as pharmacological treatment or intra-articular injections. In this regard, Thomas et al. (2023) reported
that exercise therapy had a greater effect than collagen supplementation on improving range of motion and
increasing thigh muscle strength in patients with knee osteoarthritis, whereas no significant difference was
observed between the two approaches regarding pain intensity. However, the combination of exercise
therapy and collagen supplementation resulted in greater improvement in symptoms (41). Kawasaki et al.
(2009), by comparing home-based exercise therapy with intra-articular hyaluronic acid injection,
demonstrated that both approaches had approximately similar effects on improving symptoms, including
pain (42). Furthermore, Bandak et al. reported that eight weeks of exercise therapy combined with
education had similar effectiveness to saline injection (placebo) in reducing pain and improving function
in patients with knee osteoarthritis (43). The results of these studies are consistent with the findings of the
present study.

In comparison, the role of Orthokine therapy in the management of osteoarthritis has been less extensively
investigated. Baselga Garcia-Escudero et al., in a prospective study, demonstrated that the combination of
Orthokine therapy and physiotherapy resulted in sustained improvements in pain, joint stiffness, and patient
function for up to two years after treatment (44). Furthermore, Shirokova et al. reported that Orthokine
therapy resulted in greater improvement in patients' symptoms compared with platelet-rich plasma (PRP)
injection and was associated with fewer adverse effects (45). The differences between the findings of these
studies and those of the present study may be attributed to the nature of the compared interventions, as
Orthokine therapy was compared with other injection-based approaches in the aforementioned studies,
whereas in the present study, this approach was compared with exercise therapy as a completely non-
invasive intervention. Overall, considering the similar effectiveness of the two approaches in improving
symptoms in patients with knee osteoarthritis, and taking into account the non-invasive nature, safety, easy
accessibility, and cost-effectiveness of exercise therapy, the findings of the present study support the role
of exercise therapy as a first-line therapeutic option in the management of knee osteoarthritis. However,
achieving optimal outcomes requires the design of an appropriate exercise protocol and the adherence of
both patients and therapists to the correct and complete implementation of the therapeutic program.

5. Conclusion

Based on the findings of the present study, exercise therapy and Orthokine therapy demonstrated
approximately similar effects on reducing pain intensity and increasing quadriceps muscle strength in
middle-aged individuals with knee osteoarthritis. Considering the similar effectiveness of the two
approaches and the non-invasive, safe, and cost-effective nature of exercise therapy, the findings of the
present study support the use of exercise therapy as an effective option for the management of knee
osteoarthritis. However, further studies with larger sample sizes and longer follow-up periods are needed
to confirm and generalize these findings.
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