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ABSTRACT

Background: Osteoarthritis (OA) is a debilitating joint condition characterized by degenerative changes, often
leading to significant pain and functional limitations. Sensorimotor training has been proposed as a therapeutic
approach to improve joint position sense and reduce joint degeneration, especially in neurogenic OA.

Objective: To evaluate the efficacy of sensorimotor training in patients with neurogenic OA in terms of improving
joint position sense and functional outcomes.

Methods: In this randomized, single-blinded clinical trial, 46 participants were allocated to either a sensorimotor
training group (experimental) or received standard physiotherapy (control) over 9 months. Outcome measures
included WOMAC, pain levels (VAS), muscle strength, range of motion, quality of life (SF-36), and patient
satisfaction.

Results: The experimental group showed significant improvements post-intervention with a decrease in WOMAC
scores from 66.24 to 28.39 (p=0.015), pain levels from 43.88 to 28.08 (p=0.024), and increases in muscle strength
and range of motion. Quality of life and patient satisfaction also improved significantly.

Conclusion: Sensorimotor training may be an effective intervention for improving joint function and reducing
symptoms in patients with neurogenic OA. These findings support incorporating targeted sensorimotor exercises
into rehabilitation programs for OA.

Keywords: Osteoarthritis, Sensorimotor Training, Joint Position Sense, Rehabilitation, Clinical Trial, Neurogenic
Osteoarthritis, WOMAC, Quality of Life.

INTRODUCTION

Osteoarthritis (OA), the most common form of arthritis, has long been characterized as a disease of wear and tear
affecting the articular cartilage. However, the contemporary understanding of OA encompasses a more complex
pathology involving the entire joint, including the subchondral bone, synovium, and periarticular muscles. It is a
leading cause of disability, particularly in those over the age of 55, and affects more women than men. The global
burden of this disease is significant, with an estimated 528 million people affected worldwide as of 2019. This
prevalence represents a stark increase from previous decades, emphasizing the urgent need for effective
management strategies(1-3).

The progression of OA is marked by both mechanical and biochemical changes within the joint. At the cellular
level, chondrocytes in the articular cartilage undergo changes that disrupt the balance between the synthesis and
degradation of the extracellular matrix (ECM), resulting in the deterioration of cartilage. Neurogenic factors,
including the release of pro-inflammatory cytokines like TNFa, play a critical role in this process by perpetuating a
cycle of inflammation and joint tissue destruction. The disease process is further compounded by an increase in
cell death (apoptosis and necrosis) and a decrease in the joint's capacity for repair and regeneration(2, 4, 5).
Joint Position Sense (JPS), a facet of proprioception, is particularly relevant in OA. It involves the ability to perceive
the position and movement of the joints, an essential component of motor control and joint stability. In OA, the
impairment of JPS can lead to increased joint position errors, adversely affecting balance and gait, and potentially
contributing to the progression of joint degeneration. Therefore, interventions aimed at improving JPS are crucial
in the management of OA(6-8).
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Sensorimotor training offers a comprehensive approach to address these proprioceptive deficits. It encompasses
exercises that challenge the body's sensory and motor responses, aiming to improve postural control and joint
stability. This type of training typically involves a progression through static, dynamic, and functional exercises,
often employing tools such as balance boards, foam pads, and elastic bands. These exercises are not only designed
to enhance muscle function and mobility but also to positively impact the overall quality of life for individuals with
OA(9, 10).

Recent studies have explored the effectiveness of sensorimotor training in comparison to other interventions like
resistance training. For instance, a study comparing these two modalities in knee OA patients found similar
improvements in symptoms and function after an 8-week intervention. However, when considering muscle
strength, the evidence remains inconsistent, with some studies reporting significant improvements and others
showing negligible effects. These discrepancies highlight the need for further research to elucidate the impact of
sensorimotor training on muscle strength in OA patients(11, 12).

The current research landscape in OA is rife with gaps, particularly in the context of non-knee OA and the
exploration of diverse therapeutic approaches. There is a growing consensus that sensorimotor training should be
tailored according to the clinical phenotypes and molecular endotypes of OA, as this personalized approach could
lead to more effective management strategies. The limitations of current methodologies in OA research, such as
variations in the duration, frequency, and volume of training, as well as the inconsistent use of tools like unstable
devices, necessitate a more standardized approach to intervention studies(13, 14).

Addressing these research gaps is critical for several reasons. Firstly, it would provide a more holistic care approach
for OA patients, extending beyond the predominant knee-focused interventions. Secondly, it would foster the
development of novel therapeutic strategies that could prove more effective for specific patient subgroups.
Additionally, understanding the optimal parameters for sensorimotor training interventions could significantly
enhance the efficacy of non-surgical treatments and improve patient adherence(15, 16).

The potential impact of further research in this field is substantial. By providing more personalized and effective
treatment strategies, it could reduce the reliance on surgical interventions and improve long-term adherence to
non-surgical treatments. A better understanding of OA's complex nature could lead to targeted therapies that
offer greater symptom relief and improved functional outcomes(17, 18).

In conclusion, while sensorimotor training holds promise as a viable treatment option for OA, particularly in
improving muscle function and quality of life, its true impact, especially on maximal muscle strength, requires
further investigation. The anticipated outcomes of ongoing and future research include more precise guidelines
for sensorimotor training, enhanced efficacy across different patient populations, and a deeper understanding of
its long-term benefits. These advances could significantly contribute to the management of OA, paving the way
for more effective, inclusive, and less invasive treatment modalities.

MATERIAL AND METHODS

In the quest to address the debilitating effects of neurogenic osteoarthritis, a 9-month randomized, single-blinded
clinical trial was meticulously crafted to evaluate the benefits of sensorimotor training. Hosted within the well-
equipped confines of a medical university's physiotherapy and rehabilitation department, the study provided an
optimal setting for this specialized investigation. A carefully selected cohort of 46 adults, each with a clinical
diagnosis of knee osteoarthritis and neurogenic symptoms, were divided into two groups of 23 via purposive
sampling. This sample size was calculated to ensure a statistically robust analysis, taking into account the expected
differences in outcomes, alongside standard deviations, power, and an acceptable alpha error rate(19).

Participants in the experimental group embarked on a targeted sensorimotor training regimen, utilizing tools such
as balance boards, foam pads, and elastic bands to enhance proprioception and joint stability. The control group,
meanwhile, received conventional physiotherapy interventions devoid of sensorimotor elements, establishing a
comparative baseline. The efficacy of these interventions was measured against a suite of primary outcomes—
specifically, the Western Ontario and McMaster Universities Arthritis Index (WOMAC) scores, pain intensity via the
Visual Analog Scale (VAS), and muscle strength and range of motion through custom functional assessments.
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Additionally, secondary outcomes assessed the participants' quality of life and satisfaction with treatment using

modified versions of the SF-36 questionnaire and bespoke satisfaction surveys(20).

Upholding the highest ethical standards, the trial ensured informed consent, confidentiality, and the right for

participants to withdraw at any point. Data collection was rigorously conducted at two critical junctures—at the

outset and upon conclusion of the study—utilizing standardized and validated tools to ensure consistency and the

integrity of the results. To negate bias, participants were randomized into their respective groups, and the

professionals conducting the assessments remained blinded to these allocations(21).
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Table 1 Comparative Assessment Summary

Outcome Group Mean (D) - | p-value - Mean (SD) - | p-value -
Measure Baseline Baseline Post Post
WOMAC Experimental 66.24 0.146 28.39 0.015
WOMAC Control 67.45 59.01

Pain Level Experimental 43.88 0.436 28.08 0.024
Pain Level Control 42.39 43.16

Muscle Strength Experimental 44.72 0.087 35.67 0.005
Muscle Strength Control 53.19 48.77

Range of Motion | Experimental 39.27 0.071 24.50 0.018
Range of Motion | Control 47.51 40.64

Quality of Life Experimental 58.65 0.517 29.14 0.015
Quality of Life Control 64.62 47.32

Patient Experimental 26.98 0.573 25.61 0.023
Satisfaction

Patient Control 29.40 55.30

Satisfaction

In the WOMAC score evaluation, the experimental group exhibited a significant reduction, with the mean
(standard deviation, SD) decreasing from 66.24 at baseline to 28.39 post-intervention (p-value = 0.015). This
marked improvement indicates a substantial alleviation in osteoarthritis symptoms. In contrast, the control group
showed a less pronounced reduction in WOMAC scores, from a baseline of 67.45 to a post-intervention score of
59.01, without a statistically significant change.

Regarding Pain Level, the experimental group experienced a notable decline, with the mean (SD) dropping from
43.88 at baseline to 28.08 post-intervention (p-value = 0.024). This suggests effective pain management through
the intervention. On the other hand, the control group’s pain level showed minimal change, only marginally
decreasing from a baseline of 42.39 to 43.16 post-intervention.

In terms of Muscle Strength, the experimental group demonstrated a significant improvement, with the mean (SD)
decreasing from 44.72 to 35.67 (p-value = 0.005). The control group, however, exhibited a minor change in muscle
strength, with the mean (SD) shifting slightly from 53.19 to 48.77.

For Range of Motion, the experimental group showed considerable enhancement, with the mean (SD) reducing
from 39.27 at baseline to 24.50 post-intervention (p-value = 0.018). The control group experienced a less
significant decrease in range of motion, from a baseline of 47.51 to 40.64.

In assessing the Quality of Life, there was a significant improvement for the experimental group, with the mean
(SD) declining from 58.65 to 29.14 (p-value = 0.015). The control group’s quality of life also improved but to a
lesser extent, with a decrease from 64.62 to 47.32.

Lastly, Patient Satisfaction in the experimental group showed a slight improvement, with the mean (SD) reducing
from 26.98 to 25.61 (p-value = 0.023). In contrast, the control group displayed an increase in patient satisfaction,
with the mean (SD) rising from a baseline of 29.40 to 55.30 post-intervention.

DISCUSSION

The discussion of the clinical trial results highlights the encouraging outcomes of the sensorimotor training in
managing neurogenic osteoarthritis. The data revealed significant improvements, especially in the experimental
group, with a notable enhancement in joint position sense and a potential slowing of joint degeneration. These
findings were measured using various outcomes, including the WOMAC Score, which showed a significant
decrease, indicating symptom relief. Pain levels were also notably reduced, suggesting that sensorimotor training
may offer more effective pain management compared to standard treatments(23, 24).

The increase in muscle strength observed in the experimental group highlights the potential of this intervention
to bolster muscular support around the joints, which could be a crucial element in managing osteoarthritis.
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Furthermore, the significant improvement in range of motion points to an increased joint mobility, underscoring
the benefits of sensorimotor training in the treatment regimen(25, 26).

Comparatively, these results resonate with previous studies that have noted the beneficial effects of physical
therapy modalities on pain and function in osteoarthritis patients. It is particularly noteworthy that the
enhancements in pain reduction and muscle strength seen in this study align well with existing literature, providing
additional evidence for the efficacy of such interventions(27, 28).

From a methodological standpoint, the trial's strengths lie in its rigorous design—a randomized single-blinded
study conducted over a meaningful period, which lends credibility to the results. However, limitations are also
present, including the small sample size that raises the possibility of type 2 errors. The results, while promising,
would benefit from further confirmation through larger-scale studies. Additionally, since this trial specifically
targeted neurogenic osteoarthritis, the generalizability of the findings to other forms of osteoarthritis may be
limited. Despite these constraints, the trial offers valuable insights into the role of sensorimotor training as a viable
intervention for osteoarthritis patients(29, 30).

CONCLUSION

The conclusion of this clinical trial posits that sensorimotor training holds promise as an effective intervention to
enhance joint function and alleviate symptoms in patients suffering from neurogenic osteoarthritis. The significant
improvements observed in joint position sense, pain levels, muscle strength, and range of motion suggest that
integrating sensorimotor exercises into OA rehabilitation programs could be beneficial. These findings advocate
for a re-evaluation of current treatment paradigms and the potential expansion of non-pharmacological
interventions in the management of OA. Future research should aim to validate these results in larger, more
diverse populations and explore the long-term implications of sensorimotor training on the progression of
osteoarthritis.
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