                                                           Manuscript 
Evaluation of Clinical and Anti-Inflammatory Effects of Medicated Steam in the Management of Non-Specific Low Back Pain: A randomized Controlled Trial. 

Background
Nonspecific low back pain, a prevalent health concern with unpredictable outcomes and complex treatment, has a prevalence of 60-70%. Treatment aims to alleviate pain and its effects, involving education, reassurance, analgesics, non-drug therapies, and timely follow-ups.
Methods
An open-label, randomized, and parallel-group clinical trial was conducted in which two groups of participants were selected on a random basis to receive either Medicated steam (Bukhoor) in the test group or Diclofenac gel 1 % in the control group on the lumbosacral region for 10 minutes for three weeks. Primary outcome measures, such as the Visual Analog Scale (VAS), Oswestry disability index (ODI), and SF-12, were employed for the assessment. Secondary outcome measures included the evaluation of antioxidant status and oxidative stress index (OSI), both at baseline and after completion of the treatment period.
Results
After the intervention, statistically significant improvements in pain (p<0.001) were observed in VAS, ODI, and SF-12 scores in intergroup comparison in the test group compared to the control group. At the same time, OSI shows a significant difference in intragroup comparison in the test group (p<0.001) compared to the control group.
Conclusions
The effect of medicated steam (Bukhoor) showed significantly better efficacy in comparison to the diclofenac gel 1%, probably due to the anti-inflammatory and muscle relaxing effects of steam and heat of the steam itself; the drugs used for steam application are reported to reduce inflammation on local application. "Tukhme soya" (Anethum sowa) has anti-inflammatory and sedative properties, contributing to its treatment effect. Therefore, medicated steam is an effective, safe, feasible, and cost-effective regimen for nonspecific low back pain patients.
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1. Introduction
Low back pain (LBP) encompasses discomfort, muscle tension, or stiffness below the ribcage and above the buttocks, potentially accompanied by leg pain. Low back pain is a significant cause of disability. Very few cases of low back pain have any specific etiology, viz. Most cases of PIVD, Disc compression, and tumors are nonspecific(Balagué et al., 2012; Freitas et al;2020; Maher, 2017; Wieland & Santesso,2017.) (Balagu'e et al., 2012; Maher et al., 2017; Wieland & Santesso, 2017; Ali et al., 2019; Freitas et al., 2020). Most people experience at least one episode of lower back pain throughout their lifetime. Low back pain impacts a large population segment, with a lifetime prevalence estimated between 49% and 70%(Koes et al., 2006) The estimated point prevalence of nonspecific LBP is 18% (Oliveira et al., 2018; n.d.)(Oliveira et al., 2018; Verhelpen, 2020). Despite widespread prevalence, the efficacy of traditional treatments such as Bukhoor in the management of NSLBP remains underexplored in contemporary clinical research." "Given the complexity and variability in treating non-specific LBP, this study aims to evaluate the efficacy of traditional medicated steam (Bukhoor) therapy compared to conventional diclofenac gel application in Unani Medicine, low back pain is referred to as Wajaʻuẓ Ẓahr, which is dealt with under arthritis (Waja ul-Mafasil) (Razi, 2004). Wajaʻuẓ Ẓahr is an Arabic word where Waja means 'pain' and Ẓahr means 'back' (Tashani & Johnson, 2010). The nonspecific low back condition arises from internal and external muscles and ligaments encircling the lumbar and lumbosacral area resulting in a collection of raw phlegm (kham balgham) and Coldness (buroodat), can cause discomfort in the lumbar and lumbosacral areas resulting in abnormal temperament (Su-i-Mizaj) as well as the discomfort and tenderness in these joints (Razi, 2004).  Nonspecific low back pain (LBP) can severely affect daily activities and may lead to temporary or permanent work inability, making it a significant cause of absenteeism in Western countries. ( infanta, Steenstra )The characteristics of nonspecific LPB are heavy pain, worsening with exertion, especially in the afternoon, relieved with rest, absence of neurological and muscle contraction, and antalgic posture, associated with inactivity and poor posture (Meleger  & Krivickas 2007)
Since lower back pain does not have a known pathoanatomical cause, the objective of treatment is to alleviate pain and effectively reduce any consequences. Management includes counseling the patients and reassurance, use of analgesics, non-pharmacological therapies, and regular review. The pharmacological approach in conventional medicine for the management of Low back pain includes some topical and systemic analgesics like NSAIDS and corticosteroids, but these drugs affect GIT, respiratory, nervous, and hemopoietic systems adversely (Bindra et al., 2015; Oriyes Perez et al., 2007; Bano et al., 2018). Given the growing interest in traditional medicine for managing chronic conditions, Unani medicine is an alternative approach for holistic healing, promotion of health, prevention of diseases, and cures through different diets, medicines, and regimens (Tadbir) (Lone et al., 2012). Several regimenal procedures, including Bukhoor, were described by Unani physicians as being used to manage low back pain. Bukhoor (medicated steam application) is also recommended to alleviate pain in most types of waja-ul-mafasil. It is non-invasive and requires minimal physical contact; therefore, we chose these regimens for our study because of their non-invasive nature and better patient compliance. To establish the anti-inflammatory potentials and analgesic effect of Bukhoor in different painful conditions, many clinical studies have been carried out (Ahmed et al 2022; Kumfu S et al 2018; Ansari et al, 2018; Bano et al, 2018; Anjum et al, 2016; Tarique et al, 2014). Medicated steam therapy is a method of delivering medicated steam over the affected muscular area to provide local relief and enhance therapeutic effects. Chitale et al. described medicated steam therapy as a method of administering medicated steam over the affected muscular area to provide local relief (Chitale, 2021). The moist heat from steam helps to relax muscles, improve circulation, and reduce stiffness, while the herbal components contribute to anti-inflammatory and analgesic properties. Given the side effects associated with NSAIDs and the increasing interest in non-pharmacological treatments, this study's findings could offer valuable insights into effective, alternative therapies for NSLBP." We hypothesize that Bukhoor therapy will be more effective in reducing pain and improving quality of life in patients with NSLBP compared to diclofenac gel, with minimal adverse effects."
2. Methods
2.1 Study design
In a three-week parallel-arm, controlled, randomized clinical trial, the effectiveness of Bukhoor (medicated steam) was evaluated in treating nonspecific low back pain. The ethical clearance approved the research protocol obtained from the institutional ethical committee Aligarh Muslim University, Aligarh, India, vide D. No.321/FUM. The study followed the principles of the Helsinki Declaration. A registration number was assigned to the CTRI/2022/10/0465 trial in the Clinical Trial Registry of India. Informed consent was obtained from all patients, and their clinical histories and assessment results were recorded in the case report Form.
2.2 Participants
The study was conducted at Aligarh Muslim University, India, between November 2022 and February 2023. After taking written informed consent, patient enrollment was followed according to inclusion and exclusion criteria. Inclusion criteria: Patients aged between 18 and 65 years. Either gender, diagnosed patients of nonspecific low back pain without radiating pain, Patients willing to cease NSAIDS or other drugs, and Patients who had a pain scale of a minimum of 4/10. Exclusion criteria: Pregnancy and lactation. Patients with systemic disorders like Cardiac, renal, pulmonary, and cardiac diseases, any skin disease or wound in the localized area, other types of Arthritis (Tubercular, infective, Ankylosing, Rheumatoid arthritis), Patients who have low back pain due to specific and recognized aetiologic causes (infection, tumor, osteoporosis, ankylosing spondylitis, fracture), Patient suffering from concomitant somatic or psychiatric disorder.
2.3 Sample size
The sample size was calculated using a confidence level of 95% and a standard deviation of 0.5, which is considered a safe choice when the figure is unknown.
The confidence level was converted into a Z-score, which is 1.96 with a confidence interval of 0.13, using the following formula: 
Sample size = (Z − score) 2 * SD * (1 − SD) / (confidence interval) 2 (1.96) 2 * 0.5 * 0.5 / (0.13) 2 = 0.9604/ 0.0169 = 57 
This was rounded off to 60, N = 60.
 Number of patients in Group A: n = 30. 
Number of patients in Group B: n = 30
2.4 Randomization and Allocation
Randomization to the control or test groups was executed using a computer-generated random sequence from www.randomization.com.Fig. 1 shows the enrolment and progression of participants through the course of study.
2.4.1 Follow-up and adverse effects
The duration of protocol therapy was 3 weeks. The follow-up of the patients of both groups was similar: 1st day (baseline) for the first session of the procedure, 7th day, 14th day, and 21st day for the assessment. Any patient reported no adverse effect or reaction; therefore, the intervention is assumed to be free from any obnoxious or unusual side effects. Withdrawal criteria were Failure to follow the protocol, noncompliance with therapy, and any adverse effects.
2.5 Treatment procedure
2.5.1. Medicated Steam (Bukhoor)
Patients enrolled in the test group received medicated steam (Bukhoor). Bukhoor was done for three weeks: Daily in the first weeks, alternate in the second, and twice a week for the third weeks. Steam is produced by boiling approximately 30g of Anethum sowa seed in 5 liters of water for about an hour. The generated steam was then applied locally to the lumbosacral area for 5–5-minute sessions, with a 1-minute gap, and precautions were taken to avoid burning or scalding. (Naleem et al 2024; Bano et al 2018)
2.5.2. Topical application of Diclofenac gel
Patients in the control group were advised to apply diclofenac gel at home for the same duration as the test group. The topical usage of diclofenac in musculoskeletal pain is well-established and associated with an improved safety profile due to low systemic plasma concentrations. (Zacher et al; 2008)
2.6 Outcome measures
The following parameters were used to assess the outcome: The primary endpoint was the mean change in pain score obtained from the Visual Analogue Scale (VAS) (Mannion et al., 2007). Functional disability is assessed by the Oswestry Disability Index (ODI) (Mehra et al., 2008; Alcantar' a-Bumbiedro et al., 2006; Longo et al., 2010). Quality of life assessed by short form survey-12(SF-12). The secondary endpoint was the Oxidative stress index (OSI).
2.6.1. Primary outcome
The VAS Score is measured on scales in which extremes are marked as 0 and 100, respectively. The numbers 0 represent no pain and 100 extreme pain. (Mannion et al., 2007). Patients were instructed to mark a point between the two endpoints representing their pain intensity perception. The scale measures Oswestry disability index assigns scores from 0 to 5 for each question; it lists ten items concerning restrictions in everyday activities, each rated on a scale from 0 to 5. The scores are then summed and transformed into a percentage. The initial statement scored 0 (no disability), and the final statement scored 5 (maximum disability). (Mehra et al., 2008; Alcantar' a-Bumbiedro et al., 2006; Longo et al., 2010).  The SF-12 Health Survey is a 12-item questionnaire that assesses general well-being and health-related attributes from the patient's standpoint. Past studies have validated and utilized this questionnaire for assessing patient-reported outcomes. (Ware J; 1996)  
2.6.2. Secondary outcome
Antioxidant status and oxidative stress index have been assessed in participants after an eight-hour fast. Blood samples were collected, processed, and stored until analysis. To analyze the objective parameters of the oxidative stress index (OSI), the total antioxidant capacity (TAC) and total oxidative status (TOS) were employed. Following that, OSI was calculated by OSI = [(TOS, mol H2O2 Eqv. /L)/ (TAS, mol H2O2 Eqv. /L) x100] Graph of Trolox concentration (Mm) vs absorbance (OD) is shown in (Fig 2a and Fig 2b) Erel developed a technique for assessing total antioxidant status, which indicates the body's resistance to free radicals. (Erel O; 2004) (Ozgocmen S;2006)
2.6.3 Safety assessment
Safety assessment was conducted through clinical assessment and hematological analysis. (TLC, DLC, ESR, and Hb%).
2.7. Statistical analysis
Demographic categorical data was described in number and percentage, i.e., n (%), whereas continuous data was described as mean ± standard deviation. The students' paired t-test was applied to calculate the mean score and the standard deviation and to find any significant difference before and after treatment for pain intensity, Oswestry LBP, SF-12, and OSI. The Chi-square Test and Fisher Exact Test were used for demographic characteristics. The statistical software namely), Graph pad prism, 8, was used to analyze the data, while graphs, tables, and other graphics were created using Microsoft Word and Excel (Rao & Richard, 2006). The statistician was blind to the group identification of the patients.
3. Results
3.1 Demographic characteristics
The demographic observations presented in this study are detailed in Table 1. No statistically significant differences were identified in the demographic characteristics between the two groups.
3.2 Outcomes
3.2.1 Primary outcomes
The study assessed efficacy using the Visual Analog Scale (VAS), the Oswestry Low Back Pain Disability Scale, and the SF-12 Quality of Life Questionnaires. A substantial difference (p=0.02) in visual Analog Scale (VAS) scores between the test group and control group was documented from baseline to the conclusion of treatment. The outcome was extremely significant on the final days of treatment associated with baseline in the test group, as opposed to the control group for the Oswestry Low Back Pain Disability Scale. In the intergroup comparison, the two groups showed a substantial difference (p=0.001). The SF-12 exhibited a significant variation in the Physical Component Summary (PCS) with p=0.023 and Mental Component Summary (MCS) with p=0.03. (Table 2)
3.2.2 Secondary outcomes
There was a significant difference in total antioxidant capacity (TAC) or total oxidative status (TOS) among the two groups in intragroup comparison compared to the control group; the test group exhibited a considerable difference. (p =0.01), showing statistical significance. The Oxidative Stress Index (OSI) revealed no statistically significant difference between group analyses. Nevertheless, both groups observed reduced OSI values from the study's baseline to its conclusion. Subsequent assessment revealed that the reduction in the test group was significant (p< 0.01), decreasing from 0.785 ± 0.425 at baseline to 0.569 ± 0.278 in the test group. (Table 3)
3.2.3 Safety parameters
Hb%, TLC, DLC, and ESR were assessed in the test and control groups at baseline and following treatment as part of the safety assessment process. No significant changes were made in the safety measures, and all differences were statistically insignificant. This is because both groups underwent only local applications
4. Discussion
There are many treatment options for nonspecific low back pain. Given the high prevalnon-specificpact of non-specific low back pain, exploring alternativnonspecificmethods such as medicated steam is crucial having minimal side effects and non-invasive. Some studies recommend topical pharmacological treatments and superficial heat application for pain relief (Sultan, 2017; Balagu'e et al., 2012; Ledingham & Warrell, 2000). The result from this clinical trial revealed that medicated steam is significantly effective in the improvement of VAS (p < 0.0001), ODI (p = 0.001), and SF-12. The observed improvements in VAS, ODI, SF-12  and OSI scores in the Bukhoor group not only signify its potential efficacy but also underscore the need to explore alternative treatments in the management of nonspecific LBP." The observed improvement in pain intensity and functional disability may be partly attributed to the significant alterations in antioxidant capacity and oxidative stress markers, suggesting a reduction in inflammation as a key mechanism of action." The pathophysiology of NSLBP may involve the release of pro-inflammatory cytokines, which contribute to the sensitization of pain pathways and perpetuation of chronic pain (Keswani, 2002). Cytokines such as TNF-α and IL-6 can amplify pain signals and contribute to the development of chronic pain conditions. Targeting of these inflammatory mediators offers a potential strategy for alleviating NSLBP. In our study, total antioxidant capacity (TAC) increased in both groups after treatment, and total oxidative stress (TOS) reduced. However, the difference was better seen in the test group, indicating that oxidative stress plays a role in the etiopathogenesis of nonspecific low back pain (NSLBP). Studies conducted by (Inanır & Sogut, E., 2013) showed that oxidative stress plays a role in the etiopathogenesis of non-inflammatory acute and chronic back pain and inflammatory back pain. Inhibition of pro-inflammatory cytokine production by herbal components is a key mechanism by which Bukhoor exerts its anti-inflammatory effects (Keswani, 2002). Certain herbal compounds can influence the activity of immune cells such as macrophages and T cells, thereby reducing their contribution to the inflammatory response. This modulation of the immune system can help to restore balance and reduce chronic inflammation. The activation of specific receptors that mediate anti-inflammatory responses is another pathway through which herbal remedies may exert their effects (Khan, 2015)
[bookmark: _GoBack][bookmark: bbib427][bookmark: bbib58][bookmark: bbib325][bookmark: bbib97][bookmark: bbib69][bookmark: bbib172][bookmark: bbib328][bookmark: bbib126][bookmark: bbib322]Examining the extent to which recent discoveries align with or differ from established practices, and provide a rationale for their importance. “Understanding the historical perspective on LBP treatments, such as those proposed by Unani physicians It was Buqrat (Hippocrates, 460 BC) who mentioned first lower back pain; he quoted that if a person with Balghami Mizaj feels numbness and coldness in his back and calf muscles, it indicates a condition of chronic lower back pain (Tabari Abu al-Hasan Ali ibn Sahl Rabban, 2002). According to Avicenna and Razes (Zakariya Razi), abnormal cold temperament is the most common cause of low back pain caused by raw phlegm and pneuma. Abnormal cold temperament occurs when abnormal phlegm accumulates in the joint structures of the lumbar region (Razi, 2004; Sina, 2010). Hence, low back pain is considered a cold phlegmatic disease (Barid Balghami Marḍ). The management's principle is to remove the maddi abab (causative matter) and correct the sue mizaj (ill temperament), which usually manifests in two ways, i.e., sue mizaj maddi and sue mizaj sada. Restoration of these is called tadeel (normalization), which can be achieved by two main procedures tanqiya mawad and tadeel mizaj. The medicated steam (Bukhoor) is hot and moist, which change the temperament of disease (tadeel mizaj) making it effective for treating low back pain this underscores the significance of our findings that the reduction in pain intensity in patients receiving bukhoor (medicated steam application) may be due to a reduction in inflammation and spasm induced by the heat of the steam itself, other than the effects of the drugs used in the preparation of bukhoor. "These effects collectively address the underlying mechanisms of nonspecific LBP, potentially offering a more holistic without any side effect effect  option compared to traditional pharmacological treatments." Furthermore, heat helps increase tissue oxygenation, enhance blood flow to areas, and decrease prostaglandin, histamine, and bradykinin levels. The analgesic effects achieved through methods like heat application, pressure, massage, cold therapy, and electrical stimulation can also be explained by Mel Zacks's gate control hypothesis, which involves pain control via the neurological system. (Nawabi R) According to Ibn Sina, Tukhm-e-soya exhibits maturative properties for cold humor and is a sedative in alleviating painful conditions (Sina, 1998). Unani physician Hakeem Kabeeruddin mentioned that dill is used externally as a poultice in rheumatism and as a fomentation in painful areas (Kabeeruddin, 2007; Tariq, 2010). Ibn-i-Hubl Baghdadi stated that the desiccant property of dill increases on heating and relieves pain (Baghdadi, 2005). The alkaloids present in seeds of Tukhm-e-soya have har yabis mizaj (hot and dry temperament). They are effective in the management of low back pain due to properties such as talteef (attenuation), tahleel (dissolution), and taskeen (analgesic). Notably Analgesic. (Piccinelli et al., 2015 , Bukhari et al., 2013, Goncalves et al., 2008). Anti-inflammatory (Zhou et al., 2017; Choi et al., 2013; Sepúlveda-Arias et al., 2013; Gerhäuser et al., 2009; Dej-Adisai et al., 2018; Lee et al., 2017a; Shahinozzaman et al., 2018; Huang et al., 2013; Schwager et al., 2018 Antioxidant (Kannaiyan et al., 2015; Patel & Jasrai, 2015; Kumar et al., 2011) Anti-arthritic (Aa et al., 2019., Joy et al., 2016; Zhang et al., 2007) effects were exerted by various phytoconstituents as demonstrated in several studies.
Conclusion
The findings of this study suggest that medicated steam (Bukhoor) may offer a comparable alternative to diclofenac gel in managing non-specific low back pain, as evidenced by improvements in pain and disability scores. Several patients reported that the flexibility of their back was increased. It can be concluded that the analgesic, anti-inflammatory, antioxidant, and anti-arthritic properties of Anethum soya in combination with Bukhoor are effective in low back pain due to the properties of  taltateef (attenuation), tahleele (dissolution), and tasken (analgesic). Based on the results obtained from this study, it can be concluded that medicated steam (Bukhoor) with Anethum soya is monotherapy. However, at the current point, the results of the present study are only preliminary, speculative, and inconclusive. Future research should explore the long-term effects of medicated steam with a larger sample size are necessary to reinforce the current study's findings.
Strength
The strength of this clinical trial is the non-invasive nature of hot medicated fomentation, which may have the potential to avoid the risks of conventional medication and surgery and can help to minimize or perhaps prevent the need for more invasive procedures and be safely used in patients having chronic diseases (chronic renal Failure, cardiac patients, and hepatic failure patients) and need not take NSAIDs for painful conditions. Topical treatment like medicated steam is a convenient, simple, and economical option that can be used to manage nonspecific low back pain.
Limitations
This study was conducted with a sample size sufficient enough to detect statistical significance; a clinical study with a larger sample size is required for a better and more authentic interpretation of the result and to propose the therapies as the best choice for the management of low back pain. As this clinical study was part and parcel of the MD Unani Medicine curriculum, there were time and money constraints; therefore, we conducted this clinical study with a calculated sample size.
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