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ABSTRACT 

Chronic musculoskeletal and inflammatory disorders, including osteoarthritis, rheumatoid arthritis, ankylosing 

spondylitis, and chronic pain syndromes, are major contributors to disability and reduced quality of life worldwide. 

Increasing interest in complementary and integrative medicine has led to growing utilization of Ayurvedic 

pharmacological interventions for managing these conditions. However, objective evaluation of their therapeutic efficacy 

remains a significant challenge. This review aimed to examine the role of multimodal radiological imaging in evaluating 

the effectiveness of Ayurvedic pharmacological interventions in chronic musculoskeletal and inflammatory disorders. A 

comprehensive review of peer-reviewed literature was conducted using major academic databases. Studies investigating 

Ayurvedic formulations, herbal medicines, integrative therapeutic approaches, and radiological assessment methods in 

musculoskeletal and inflammatory disorders were identified, screened, and synthesized thematically. The results showed 

that Ayurvedic preparations, such as Yograj Guggulu, Maharasnadi Kashaya, Ashwagandha, Boswellia serrata and 

Curcumin-based preparations, have the potential to reduce pain, inflammation, and functional impairment. Multimodal 

imaging like traditional radiography, ultrasonography, computed tomography and magnetic resonance imaging are useful 

objective measures of structural and inflammatory changes associated with treatment. The assessment of the therapeutic 

outcomes and disease progression is further improved with the aid of emerging technologies such as quantitative MRI, 

imaging biomarkers, radiomics, and artificial intelligence-based analysis of images. Multimodal radiological assessment 

provides a solid framework to objectively determine Ayurvedic pharmacological interventions. Clinical outcomes 

combined with the high-tech imaging procedures will contribute to the scientific corroboration of Ayurveda and the 

inclusion of Ayurveda into the evidence-based musculoskeletal care. 
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INTRODUCTION 

One of the significant causes of disability in the world today is musculoskeletal and inflammatory diseases that plague 

millions of individuals and create significant economic burdens to health systems around the world. They are characterized 

by unremitting pain, immobility, reduced physical functionality, and reduced quality of life, which require prolonged 

medication. The field of Ayurveda has always been known to advocate patient-oriented practices for the treatment of 

chronic pain and self-management, stressing the need for personalized treatment regimes in enhancing patient care [1]. 

Together with the common conditions such as osteoarthritis and rheumatoid arthritis, musculoskeletal diseases are 

manifested by the temporomandibular joint disorders and other chronic pains that are devastating in terms of quality of 

life [2]. 

The increased focus on traditional medicine in science has led to research on the use of herbs and formulations from 

Ayurvedic medicine for the treatment of chronic diseases. Several medicinal herbs and classic formulations have shown 

anti-inflammatory, analgesic, antioxidant, and immune system modulating activities, hence making them viable options 

for integrated health care methods [3]. There is also recent evidence indicating the possible use of complementary 

medicine to help deal with central sensitization and chronic pain mechanisms caused by osteoarthritis and other similar 

conditions [4]. Additionally, complementary and alternative medicine techniques are becoming an important part of the 

management of musculoskeletal diseases owing to their efficacy in improving symptoms [5]. 
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In addition to typical musculoskeletal conditions, chronic inflammation states like systemic sclerosis often include pain, 

fatigue, and disabilities, which cannot be managed with standard methods but require interdisciplinary approaches [6]. 

Therefore, integrative medicine has become important for the treatment of complicated aspects of chronic pain. Today’s 

trends imply the use of traditional medical methods along with complementary therapies to achieve a more complete 

therapy of the patients [7]. The same situation can be seen in the field of oncology, when integrative medicine is used for 

the management of symptoms and improvement of quality of life [8]. 

Osteoarthritis is one of the most common musculoskeletal diseases around the world and continues to be a key area of 

concern in both traditional and contemporary treatment research. In population studies, the application of medicinal 

treatment and traditional methods has been reported in people who suffer from osteoarthritis, indicating the increasing 

need for alternative treatment methods [9]. The possible health benefits of Ayurveda-inspired treatment strategies have 

also been noted in recent times, emphasizing the use of Ayurveda-based treatment in the management of various diseases 

[10]. Qualitative studies on Ayurveda practitioners have emphasized the importance of traditional diagnostic and treatment 

methods in managing chronic neck pain and musculoskeletal diseases [11]. 

There have been a number of developments with regard to clinical evidence for Ayurveda practices. Pilot research into 

herbs and topical treatment applications has indicated positive impacts on pain relief and functional measures for patients 

diagnosed with osteoarthritis [12]. The same is true of studies of phytotherapeutic ingredients used to treat degenerative 

joint disorders, in which case anti-inflammatory and chondroprotective properties might play an important role in 

achieving better musculoskeletal function [13]. In addition, the use of integrative therapy in treating chronic and post-

inflammatory disorders is becoming increasingly more popular [14]. While there is an ongoing increase in the use of 

Ayurvedic medicinal treatments, objective assessment of the effectiveness of treatment is still a major issue. The clinical 

outcome is normally evaluated based on subjective parameters like pain levels, stiffness, and quality of life of the 

individual. While these parameters play a key role, they might not reflect the actual structural changes that take place in 

the damaged tissues. Hence radiology plays a crucial role in assessing this objective aspect of the condition. 

The recent advancements in diagnostic imaging technology have made it possible to develop multimodal radiology 

methods which will be based on information obtained from several diagnostic imaging tools, such as conventional 

radiography, ultrasonography, computed tomography, and magnetic resonance imaging. Each of the mentioned diagnostic 

methods provides complementary data concerning the bone structure, cartilage condition, soft tissue pathology, and 

inflammation, thus improving diagnostics and treatment. Taking into account the growing popularity of integrative 

medicine and the widespread use of Ayurvedic pharmacology, it is necessary to make a complete literature review 

regarding the current state of knowledge in the field of radiology. The purpose of this literature review will be to 

investigate the use of multimodal radiology in assessment of pharmacological effects of Ayurveda on chronic diseases of 

musculoskeletal system and inflammation. 

 

2. METHODOLOGY 

The study employs a comprehensive literature review methodology in order to conduct a systematic synthesis of the 

scientific evidence on the application of multimodal radiological imaging techniques in the evaluation of Ayurvedic 

pharmacological treatment for chronic musculoskeletal and inflammatory diseases. Literature was systematically selected 

from peer-reviewed articles, reviews, case reports, and scholarly sources from academic databases like Google Scholar, 

PubMed, Scopus, and others. The review was conducted on the literature that evaluated the Ayurvedic treatment, herbal 

medicine, integrated therapy, and radiological examination of osteoarthritis, rheumatoid arthritis, ankylosing spondylitis, 

chronic low back pain, fibromyalgia, and similar musculoskeletal ailments, excluding those not related to musculoskeletal 

diseases and non-peer-reviewed literature. A structured approach to the keyword search was performed using a 

combination of keywords such as Ayurveda, Ayurvedic pharmacological treatments, musculoskeletal disorders, 

inflammatory diseases, osteoarthritis, rheumatoid arthritis, Boswellia serrata, Ashwagandha, Yograj Guggulu, 

radiographic assessment, X-ray, ultrasonography, computed tomography, magnetic resonance imaging, multimodal 

imaging, and integrative medicine. Literature that was obtained through the search process was first screened for titles 

and abstracts to see whether they fit in as eligible and relevant sources. These selected articles were then sorted into 

different themes, which included radiographic imaging techniques, Ayurvedic pharmacological treatment approaches, 

radiographic outcomes, disease-specific evidences, multimodal imaging relationships, and new imaging techniques. 

During the process of synthesis, the comparative analysis of the literature on different themes has made it possible to 

highlight trends, clinical results, radiographic findings, research gaps, and future research directions concerning the 

radiographic evaluation of Ayurvedic therapy. Figure 1 demonstrates the entire process of literature review. 
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Figure 1. Overview of the Comprehensive Review Process 

 

3. RESULTS 

3.1 Radiological Modalities Used in Musculoskeletal and Inflammatory Disorders 

Imaging is a very important modality in the diagnosis and management of chronic musculoskeletal and inflammatory 

disorders. The application of multimodality imaging enables one to learn both the structure and the function of the 

diseases. Imaging by x-ray is often used in the evaluation of joint degeneration, while ultrasound assists in the 

identification of inflammation and soft-tissue problems. On the other hand, CT is important for learning the bone structure, 

while MRI is helpful in the assessment of cartilage, synovium, and soft tissues. These major features of different imaging 

techniques and their clinical utility, strengths, and weaknesses are described in Table 1. 

 

Table 1. Characteristics and Clinical Applications of Radiological Modalities in Musculoskeletal and 

Inflammatory Disorders 

Imaging Modality Clinical Applications Advantages Limitations Key Reference 

Conventional 

Radiography (X-

ray) 

Assessment of joint-space 

narrowing, osteophytes, and 

bone erosion 

Widely available 

and cost-effective 

Limited soft 

tissue 

visualization 

[15] 

Ultrasonography 

Evaluation of synovitis, 

tendon pathology, and 

effusions 

Real-time 

imaging without 

radiation 

Operator-

dependent 
[16] 

Computed 

Tomography (CT) 

Assessment of cortical bone 

and structural abnormalities 

Excellent bone 

resolution 

Radiation 

exposure 
[15] 

Magnetic 

Resonance Imaging 

(MRI) 

Detection of cartilage 

damage and inflammatory 

changes 

Superior soft 

tissue 

visualization 

High cost [17] 

Advanced Imaging 

Techniques 

Functional and quantitative 

assessment of disease 

activity 

Early detection 

and monitoring 

Limited 

accessibility 
[18] 

 

3.2 Ayurvedic Pharmacological Interventions in Musculoskeletal Disorders 

Ayurvedic pharmacological treatment modalities are very common for treating various chronic musculoskeletal and 

inflammatory conditions because of their anti-inflammatory, analgesic, antioxidant, and immunomodulating properties. 

Various classical medicines and herbal medicines like Yograj Guggulu, Maharasnadi Kashaya, Ashwagandha, Boswellia 

serrata, and Curcumin have shown some potential in treating pain, inflammation, and physical functions improvement. 

These treatment methods are being considered increasingly as complementary therapies for diseases like osteoarthritis, 

rheumatoid arthritis, and spondylitis. Major Ayurvedic pharmacological agents, their mechanisms of action, and their 

clinical uses are shown in Table 2. 

 

Table 2. Major Ayurvedic Pharmacological Agents and Their Therapeutic Actions 

Ayurvedic Agent Major Constituents Therapeutic Action Clinical Application Key Reference 

Yograj Guggulu 

Guggulu-based 

polyherbal 

formulation 

Anti-inflammatory 

and analgesic 
Osteoarthritis [19] 

Maharasnadi Rasna and allied Pain reduction and Knee osteoarthritis [20] 
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Kashaya herbs mobility 

improvement 

Ashwagandha 

Formulations 
Withanolides 

Immunomodulatory 

and antioxidant 

effects 

Rheumatoid arthritis 

and OA 
[21] 

Boswellia serrata 

Preparations 
Boswellic acids 

Anti-inflammatory 

activity 
Spondylitis and OA [22] 

Curcumin-Based 

Formulations 
Curcuminoids 

Chondroprotective 

and anti-

inflammatory effects 

Osteoarthritis [23] 

Narayana Taila 
Polyherbal 

medicated oil 

Pain relief and 

functional 

improvement 

Musculoskeletal 

disorders 
[19] 

 

3.3 Radiological Outcomes Following Ayurvedic Interventions 

Incorporation of radiographic analysis in Ayurvedic studies has allowed gaining significant knowledge about the structural 

and functional influence of these approaches. According to existing information, Ayurveda can potentially be helpful in 

joint architecture preservation, inflammatory symptoms reduction, and cartilage protection in chronic musculoskeletal 

diseases. Radiographic results have indicated the tendency towards degenerative changes stabilization, periarticular 

inflammation decrease, and joint status improvement after treatment. While available radiographic information is rather 

scarce compared with clinical trial results, at the moment there is enough data to suggest that radiography can become an 

objective method of assessing the effect of pharmacological intervention in Ayurveda on patients' health state. Main 

radiographic results achieved after Ayurvedic treatment are presented in Table 3 below. 

 

Table 3. Summary of Radiological Findings Reported After Ayurvedic Treatment 

Intervention Disease Imaging Modality Major Radiological Observation 
Key 

Reference 

Yograj Guggulu + 

Ashwagandha + 

Narayana Taila 

Osteoarthritis 

Knee 
X-ray 

Stabilization of degenerative 

changes 
[19] 

Maharasnadi 

Kashaya 

Knee 

Osteoarthritis 
Radiography Preservation of joint structure [20] 

Boswellia serrata 

Extract 
Spondylitis MRI 

Reduced inflammatory 

manifestations 
[22] 

Multimodal 

Ayurveda Regimen 
Osteoarthritis X-ray 

Slower progression of joint 

deterioration 
[24] 

Vachadi Churna 

Upanaha 
Osteoarthritis Clinical imaging 

Reduced periarticular 

inflammation 
[25] 

 

3.4 Disease-Specific Evidence 

The reviewed studies indicate that Ayurvedic therapies have been employed for various chronic musculoskeletal and 

inflammatory diseases. Studies on osteoarthritis are most prevalent, showing effectiveness in pain, stiffness, and 

improvement in physical performance. In studies related to rheumatoid arthritis, the focus has been on anti-inflammatory 

and immune-modulating effects of herbal preparations, whereas positive results were obtained in ankylosing spondylitis 

as well through the use of Ayurvedic remedies for pain relief and increased mobility. Chronic low back pain, fibromyalgia, 

plantar fasciitis, and various other musculoskeletal diseases have shown promising results using Ayurvedic treatments. 

Altogether, this information implies that Ayurvedic therapies can be an effective adjunct to disease management, 

especially when combined with clinical and radiological evaluations (Table 4). 

 

Table 4. Disease-Specific Radiological and Clinical Outcomes 

 

Disease 
Typical Imaging 

Findings 

Ayurvedic 

Intervention 
Clinical Outcome 

Key 

Reference 

Osteoarthritis 
Joint-space narrowing and 

osteophytes 

Yograj Guggulu-

based therapy 

Reduced pain and 

stiffness 
[19] 

Rheumatoid 

Arthritis 
Synovitis and erosions 

Herbal medicine 

interventions 

Reduced inflammatory 

symptoms 
[16] 

Ankylosing 

Spondylitis 

Sacroiliitis and spinal 

changes 

Boswellia-based 

treatment 
Improved mobility [26] 

Chronic Low 

Back Pain 

Degenerative spinal 

changes 

Integrative pain 

management 

Functional 

improvement 
[26] 

Fibromyalgia 
Usually no major 

structural changes 

Multimodal 

integrative therapy 

Reduced fatigue and 

pain 
[27] 
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Plantar Fasciitis Fascial thickening Agnikarma Improved pain scores [28] 

 

3.5 Multimodal Imaging and Clinical Correlation 

Combining imaging information with the clinical outcome measures represents a comprehensive approach to assess 

efficacy of therapy in chronic musculoskeletal conditions. Any changes in imaging due to structural and inflammatory 

processes observed through imaging techniques are normally associated with the clinical response, such as pain reduction 

and mobility improvement. This enhances the utility of multi-modal approaches to treatment assessment by allowing 

objective monitoring of the disease state along with patient-related outcomes at the same time. Incorporation of imaging 

markers with clinical scoring systems can increase the accuracy of treatment assessment even more. Selected correlations 

between radiological and clinical variables are shown in Table 5. 

 

Table 5. Correlation Between Radiological and Clinical Outcomes 

Radiological 

Parameter 
Clinical Parameter Observed Correlation Significance Key Reference 

Joint-space width Pain severity (VAS) 

Better preservation 

associated with lower 

pain 

Disease 

monitoring 
[24] 

Synovial 

inflammation 

Clinical 

inflammation scores 

Reduced inflammation 

linked with symptom 

improvement 

Treatment 

evaluation 
[15] 

Cartilage integrity Functional status 

Better cartilage status 

associated with improved 

mobility 

Functional 

assessment 
[22] 

Soft tissue 

pathology 
Quality of life 

Reduced pathology 

associated with improved 

QoL 

Patient-

centered 

outcomes 

[27] 

Bone structural 

changes 
WOMAC score 

Less degeneration 

associated with better 

function 

Osteoarthritis 

management 
[28] 

 

\3.6 Emerging Trends in Imaging-Based Evaluation of Ayurveda 

Progresses in musculoskeletal imaging are offering possibilities for the objective evaluation of Ayurvedic therapies. 

Methods like quantitative MRI, intelligent algorithms for image processing, radiomics, and imaging biomarkers can offer 

more accurate assessment of disease progress and treatment effects. Moreover, patient-specific imaging modalities 

incorporating both clinical and imaging information may help design individualized treatment methods and improve 

evidence-based studies on Ayurvedic medicine. New technologies and their applications are described in Table 6. 

 

Table 6. Emerging Technologies in Radiological Assessment 

Technology Application Relevance to Ayurveda Research Key Reference 

Quantitative MRI Cartilage composition analysis 
Objective evaluation of treatment 

response 
[15] 

AI-Assisted Image 

Analysis 

Automated interpretation of 

imaging data 
Standardized outcome assessment [29] 

Imaging Biomarkers Monitoring disease progression Objective efficacy measurement [15] 

PET/CT Imaging 
Evaluation of inflammatory 

activity 

Assessment of systemic treatment 

effects 
[18] 

Personalized 

Imaging Monitoring 
Longitudinal patient evaluation Precision-based Ayurveda research [15] 

 

4. DISCUSSION 

The results of this study indicate the increasing use of multimodal radiological imaging for the assessment of Ayurvedic 

pharmacological interventions for chronic musculoskeletal and inflammatory disease conditions. The incorporation of 

imaging techniques including conventional radiography, ultrasonography, computed tomography and magnetic resonance 

imaging offers important clues to structural and functional alterations related to disease evolution and treatment response 

as suggested by the reviewed evidence. Although the main parameters for the success of treatment are clinical outcomes, 

including alleviation of pain, increased mobility and improved quality of life, objective radiologic findings can also serve 

as a parameter to support subjective patient-reported outcomes. Findings indicate that ayurvedic therapies could be useful 

in maintaining the structure of the joints, preventing the inflammatory responses, and stopping the degeneration, hence 

contributing to their possible application in the management of musculoskeletal problems. 

The findings revealed in this review corroborate earlier research on the medicinal value of herbs and integrative therapy 

of musculoskeletal conditions. The use of plant-based therapies in combination with standard treatments showed 

promising results in reducing inflammatory markers and enhancing clinical outcomes in musculoskeletal diseases, 

emphasizing the importance of combining traditional and modern therapeutic approaches [30]. Likewise, Sharma et al. 
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emphasized that the Ayurvedic management strategies are effective in the treatment of osteoarthritis, especially in 

relieving pain and enhancing joint function, which is consistent with the disease-specific evidence found in this review 

[31]. This is especially relevant to the findings of Ravichand, who illustrated a beneficial effect on symptom resolution 

with multimodal therapeutic strategies in chronic neurological diseases, suggesting the general possibility of multimodal 

approaches in healthcare [32]. Similar results were seen in the pilot study by Shere-Wolfe et al., in which chronic 

symptoms were shown to improve after a multimodal Ayurveda and mind-body intervention, implying that holistic 

approaches to therapy can offer valuable clinical benefits in addition to conventional treatment [33]. This is backed up by 

Vats, who noted beneficial results from treating chronic joint pain with Ayurvedic and Siddha formulations [34]. 

Moreover, studies using mind-body interventions and other complementary rehabilitation strategies have shown 

improvement in functional outcomes and quality of life in several chronic musculoskeletal disorders, further highlighting 

the importance of integrative approaches to treatment paradigms [35,36]. The same holds true for multimodal treatments 

in chronic post-inflammatory diseases: Combining different treatments helped with the symptomatic improvement and 

the overall well-being of the patients [37]. 

The same is true about multimodal treatment used in the case of chronic post-inflammatory diseases, since the use of such 

an approach proved helpful in relation to the symptomatic relief and general improvement of the patients' condition [37]. 

Such results have great importance in both clinical and scientific terms. The inclusion of radiological studies in the 

investigation of Ayurvedic medicine will complement the scientific validation of the traditional methods of treatment with 

tangible evidence of the changes brought about by the treatment. This will help to validate the use of Ayurveda within 

integrative healthcare systems as well as assist clinicians in decision making based on evidence. In addition, the 

multimodal imaging techniques can help to identify particular patient groups that will benefit the most from Ayurvedic 

interventions. 

Nevertheless, there are some limitations associated with these promising results. There is a lack of research articles, 

particularly the ones which use standard measures of radiological outcomes. The majority of researches would be focused 

on the clinical outcome and the imaging data would be secondary to this analysis. Different designs of study, treatments 

protocols, imaging methods and sample sizes make comparison of different studies complicated. In addition, Ayurvedic 

preparations used in therapy are heterogeneous, so it is hard to reach any conclusion regarding the influence on radiology. 

It is necessary to conduct future research to carry out well-planned RCTs with standard imaging and objective radiological 

endpoints. The latest imaging technology such as quantitative MRI, imaging biomarker, and application of AI technology 

in image analysis can be used in a longitudinal study to understand the changes that take place due to the administration 

of ayurvedic treatments. Collaboration of radiologists, clinicians, and Ayurveda scientists would be essential to develop 

solid evidence about the inclusion of radiology in traditional medicine. Such efforts will help in promoting personalized 

medicine and also make the use of evidence-based ayurveda possible. 

 

5. CONCLUSION 

The current study highlights the importance of multimodal radiological evaluation of therapeutic effectiveness of 

Ayurvedic pharmacological intervention in chronic musculoskeletal and inflammatory diseases. According to the 

synthesis of existing evidence, the application of available therapies, such as classical formulations and herbal medicines 

such as Yograj Guggulu, Maharasnadi Kashaya, Ashwagandha, Boswellia serrata and Curcumin have significant potential 

to be used to reduce pain, improve mobility, alleviate inflammation and improve overall functional status. One of the key 

findings of this research is that radiological imaging provides objective solution to the problem of treatment response 

evaluation which can be utilized as supplement to traditional clinical evaluation and patient-reported outcomes. The 

review also points out the great importance of imaging modalities such as conventional radiography, ultrasonography, 

computed tomography (CT) and magnetic resonance imaging (MRI) in the monitoring of structural and inflammatory 

changes in musculoskeletal diseases. The analysis of Ayurvedic interventions using the emerging technologies like 

quantitative MRI, imaging biomarkers, radiomics, and artificial intelligence (AI) to analyze the images could offer a 

chance to assess the intervention in a more evidence-based and accurate way. Specific literature on diseases has shown 

that Ayurvedic medicine has potential to contribute to the preservation of joint health, reduction of inflammatory 

symptoms, and postponement of the degenerative process of diseases such as osteoarthritis, rheumatoid arthritis, 

ankylosing spondylitis, and chronic pain syndromes. Although there are promising results, however, the available research 

is still limited due to its heterogeneity in methodology and the absence of imaging endpoints. The scientific validation of 

such a combination of radiological and clinical trial design in future research is essential. In short, radiological study is an 

effective way of evolving Ayurvedic medicine based on evidence. 
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