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Abstract 

Introduction  Low back and neck pain are common musculoskeletal disorders with multiple treatment options. 
India’s traditional medical systems, known as Ayush (Ayurveda, Yoga and Naturopathy, Unani, Siddha, Sowa-Rigpa 
and Homoeopathy) offer range of interventions and are widely used. In view of limited documentation of adverse 
events following Ayush interventions for lumbar and cervical spondylosis, we synthesized evidence and estimated 
proportion of studies reporting adverse events.

Methods  We systematically searched all published documents from biomedical and multidisciplinary abstract 
and citation databases and Ayush-specific repositories from their inception to April 2021. We selected studies 
as per inclusion criteria and extracted information, adhering to PRISMA guidelines. We systematically reviewed 
the qualitative evidence form the selected studies.

Results  Majority (94%) of the selected 113 studies were interventional studies and included 77 (68.1%) journal 
articles and 35 (31%) academic dissertations. Among the Ayush systems, considerable proportion was from Ayur-
veda (32.7%), followed by Siddha (24.8%), Yoga (22.1%), Unani (15.9%) and Homoeopathy (4.4%). Almost three-
fourths of the studies were on lumbar spondylosis (65%; n = 74), followed by cervical spondylosis (31%; n = 35), 
and the remaining four included both. Thirteen percent of the 113 studies described adverse events [Yoga = 9.7%; 
Unani = 1.8% and Homoeopathy = 1.8%]. More adverse events were reported among the studies on lumbar (9.7%) 
than cervical spondylosis (2.7%). The nature of interventions were non-pharmacological (10.6%; n = 12), pharmaco-
logical (n = 2; 1.8%) or combined (n = 1; 0.9%).

Conclusions  Only one in eight studies reported any adverse event following Ayush interventions for cervical 
and lumbar spondylosis. There could be certain degree of underreporting of adverse events and requires further 
exploration.
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Introduction
In India, other than the conventional system or biomedi-
cine, traditional medicines are widely used [1]. These 
are defined as “Traditional and Non-conventional sys-
tems of health care and healing, which include Ayur-
veda, Yoga and Naturopathy, Unani, Siddha, Sowa-Rigpa 
and Homoeopathy (referred by the term: Ayush), etc.” As 
reported by India’s Ministry of Health and Family Wel-
fare, of the registered doctors, 1.2 million are from the 
conventional system, and 0.78 million are from the Ayush 
systems [1]. The utilization of Ayush system is higher 
among patients with chronic diseases such as skin-related 
and musculoskeletal ailments [2]. Low back and neck pain 
are prominent among all musculoskeletal disorders as per 
the disability burden of India. At the national level, the 
mean percentage change increase in Disability Adjusted 
Life Years from 1990 to 2016 for low back and neck pain is 
66% [3]. Low back and neck pain has moved from 18th to 
ninth position in the leading causes of death and disabil-
ity from 1990 to 2016 [3]. These two conditions are com-
mon, and many treatment options are available other than 
the conventional system, including Ayush, [4, 5]. The use 
of Ayush treatment modalities for neck and back pain is 
common due to its easy availability and accessibility [6].

Ayush formulations largely use plants as raw materials. 
Apart from the plants, resources from metals, minerals, 
marine and animal origin are also used for the prepara-
tion of Ayush system formulations. However, the quality 
issues and safety concerns of Ayurveda, Siddha, Unani, 
and Homoeopathy drugs have been raised from vari-
ous sources [1, 7, 8]. The Ayush medications are consid-
ered to be natural molecules and are claimed to produce 
effects without any adverse events (AE) [9]. In addition 
to such pharmacological interventions, Ayush systems 
provide non-pharmacological interventions as an add-on 
or standalone modality. However, it is indispensable to 
document adverse events and adverse drug events (ADE) 
of the Ayush system’s pharmacological and non-pharma-
cological interventions.

ADE is defined as “Any untoward medical occurrence 
that may present during treatment with a pharmaceutical 
product, but that does not necessarily have a causal rela-
tionship with this treatment” [10]. On the other hand, AE 
is defined as a “Medical occurrence temporally associated 
with the use of a medicinal product, but not necessar-
ily causally related” [11]. AE is a relatively broader term 
covering the problems from both pharmacological and 
non-pharmacological interventions. Detection, documen-
tation, and reporting of AE and ADE are fundamental to 
pharmacovigilance activities. It is the science of assessing 
and monitoring the risk/benefit profiles of medications 
[12, 13]. In the published literature, systematic reviews 
of such events are available for surgical procedures, drug 

interventional, and manipulative therapy in the conven-
tional systems of medicine for lumbar and cervical spon-
dylosis [14]. However, there is no systematic review on AE 
of Ayush interventions for spondylosis. In this context, we 
aimed to synthesize evidence from the AE attributable to 
Ayush-based pharmacological and non-pharmacological 
interventions for lumbar and cervical spondylosis and 
compare AEs within the Ayush systems of medicine and 
among those two conditions.

Methods
Screening and study selection
We conducted this systematic review in compliance with 
the Preferred Reporting Items for Systematic Reviews and 
Meta-Analysis (PRISMA) guidelines. The protocol was 
registered with the international prospective register of 
systematic reviews (PROSPERO ID: CRD42020167433) 
[15] and is published elsewhere [16].

We identified the key terms based on the population, 
intervention, outcome and Ayush-specific terms for cer-
vical and lumbar spondylosis (Supp Table 4). We system-
atically searched using key terms in PubMed, Embase 
and Scopus. We searched Ayush-specific platforms such 
as Ayush research portal, Digital Helpline for Ayurveda 
Research Articles (DHARA), and Shodhganga, a post-
graduate thesis repository. We also checked for the reports 
and published documents of India’s National Pharma-
covigilance Co-ordination Centres (NPvCC), Intermedi-
ary Pharmacovigilance Co-ordination Centres (IPvCCs) 
and Peripheral Pharmacovigilance Co-ordination Cen-
tres (PPvCC) of Ayush. Search terms used for different 
databases and the number of results are given in Supple-
mentary Table  5. We included the articles only in Eng-
lish language and published upto April 2021. According 
to the inclusion criteria (Supp Table  3), search results 
were screened for eligibility based on the PICOS strategy. 
Population (cervical or lumbar spondylosis), Interven-
tions (Ayush-Ayurveda/Yoga and Naturopathy/Unani/
Siddha/Homoeopathy), no comparator was considered, 
outcome (AE), Study design (all types of study designs). 
We have not considered the different duration of treat-
ments required under each Ayush system of medicines in 
the present review. Selected studies from the biomedical 
databases multidisciplinary abstract and citation databases 
(Pubmed, Embase, Scopus and Google Scholar) were com-
piled in Zotero reference management software [17] and 
imported into the Rayyan web application [18] for the title 
and abstract screening.

Inclusion criteria:

•	 Cervical and lumbar spondylosis patients of any age, 
irrespective of gender and geographical region.
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•	 Ayush interventions (Ayurveda, Yoga and Naturopa-
thy, Unani, Siddha, Sowa-Rigpa, and Homoeopathy) 
including both pharmacological and non-pharmaco-
logical interventions.

•	 Any  type of adverse events (AE) attributable to 
Ayush medications and procedures.

•	 Randomized and non-randomized controlled trials, 
open clinical trials, case–control studies, cross-sec-
tional studies, quasi-experimental studies, prospective 
and retrospective cohort studies, case series, and case 
studies, qualitative studies, dissertation and thesis.

Exclusion criteria:

•	 Musculoskeletal disorders other than cervical and 
lumbar spondylosis.

•	 Other than the Ayush system of medicine such as 
Chinese, conventional, massage, physiotherapy, etc.

•	 Ayush studies those don’t have AE information.
•	 Systematic review and meta-analysis, animal studies, 

books, protocols, and studies with incomplete infor-
mation.

Studies from other Ayush-specific repositories and 
websites were compiled in Microsoft Excel® before 
uploading to Rayyan. The authors (ER, JS) reviewed 
independently and screened all the titles and abstracts 

for their eligibility to include for the full-text review. 
Two independent reviewers reviewed the full text of 
selected articles (ER, JS). During the full-text screening, 
the reasons for exclusion were recorded and reported 
(Fig. 1).

Data extraction and management
We used a data extraction form in Microsoft Excel 2016® 
to collect the necessary information as per the objectives. 
The form included characteristics on participant (cervical, 
lumbar spondylosis, age, gender, etc.), study (study design, 
presence of comparison group, etc.), interventions (type 
of Ayush system, type of intervention—pharmacological/
non-pharmacological, duration of treatment, dose, route 
of administration, etc.) and outcomes (adverse events, 
adverse effect, serious adverse events, adverse drug reac-
tions, side effects, etc.). We also recorded the year of 
publication, publication type, author details, status of 
the registration of the clinical trials, obtaining informed 
consent from the participants, and type of blinding for 
randomized controlled trials. One of the reviewers (JS) 
extracted the reported AE, and the second reviewer (ER) 
cross-verified the records. Any disagreement between the 
reviewers is resolved with the involvement of the third 
reviewer (BSB) through discussion. The information was 
then utilized for analysis.

Fig. 1  Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow chart of selection of studies
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Risk‑of‑bias assessment
The risk of bias in the selected articles was assessed 
using a revised Cochrane risk of bias tool (RoB-2 tool) 
for randomized trials, ROBINS-I tool for non-rand-
omized studies and JBI’s (formerly known as Joanna 
Briggs Institute) critical appraisal tool for case stud-
ies and case series. Judgement on the risk of bias was 
determined by the signalling questions with responses 
as ‘yes’, ‘probably yes’, ‘probably no’, ‘no’ and ‘no infor-
mation’. Two reviewers independently assessed the risk 
of bias; a consensus was reached through discussion for 
any disagreement. However, a third reviewer’s opinion 
was obtained wherever necessary. The overall risk of 
bias was ascertained as high, some concerns or low for 
RCT; serious, moderate, low for non-RCT; low, moder-
ate or high risk for case study and case series.

Data synthesis
A qualitative synthesis of the included articles was done 
based on the population, intervention and outcome. 
The proportion of AE was summarized based on the 
study condition (cervical, lumbar), type of Ayush sys-
tem, study group (treatment, comparison group) and 
the nature of intervention (pharmacological, non-phar-
macological). Ayush interventions used for cervical 
and lumbar spondylosis were categorized based on the 
presence of a comparison group. The articles which had 
reported AE are presented with the number of partici-
pants who had experienced AE, description of AE, the 
total sample size of the study and the type of Ayush sys-
tem as intervention. Proportion of AE is reported based 
on the studies that reported AE among all the studies. 
They were characterized based on the information of 
research mandates such as registration with Clinical 
Trials Registry, Approval from Human ethics commit-
tee and the information on informed consent process.

Ethics approval
Ethics committee review is exempted for conduct-
ing systematic reviews as per India’s National ethical 
guidelines for biomedical and health research involving 
human participants [19].

Results
We retrieved 27819 articles through an initial search 
from databases and other portals. We excluded dupli-
cate articles during the screening. In the course of title 
and abstract screening, we excluded the articles based 
on the selection criteria. After the full article screen-
ing, we included 113 studies for the final analysis and 

qualitative synthesis, as per the PRISMA flowchart 
(Fig. 1).

General characteristics of included studies
General characteristics of the included articles such as 
the year of publication, study population, study design, 
type of intervention, size of the study sample and basic 
information on AE type are presented (Table 1). Publi-
cation of Ayush studies on cervical and lumbar spondy-
losis (CS and LS) was from 1976 to 2021. The number 
of publication is very less from 1976 to 2005. It gradu-
ally increased from 2006 and reached a peak in 2012. 
With a sudden dip in 2014 and an increase in 2015, fol-
lowed by a reduction after 2019 (Supp Fig.  2). Major-
ity (95%) of the selected 113 studies were interventional 
studies and included 77 (68.1%) journal articles and 
35 (31%) academic dissertations. Among the interven-
tional studies, 52% (n = 59) were RCT, and remaining 
(43%) were non-RCT studies. Observational studies 
included, single case series (0.9%) and five (4.4%) case 
reports. Majority (82%) of the studies were conducted 
in India. Among the Ayush systems, 32.7% was from 
Ayurveda, followed by Yoga (22.1%), Siddha (24.8%), 
Unani (15.9%) and Homoeopathy (4.4%). Almost three-
fourths of the studies were on lumbar spondylosis 
[65%; n = 74], followed by cervical spondylosis (31%; 
n = 35), and the remaining four included both. Inter-
ventional studies included higher number of study par-
ticipants (range 10–313) than the observational studies 
(range = 1 and 10). Most of the studies (84.1%) include 
both gender. About 45 (39.8%) studies used one inter-
vention, 27 (23.9%) two, 11(9.7%) three, 12 (10.6%) four 
and 18 (15.9%) used more than four interventions for 
either cervical or lumbar spondylosis (Table 2).

In terms of blinding in the intervention studies, 21 
(18.6%) were single blinded and four with double and one 
study with triple blinding. Other 87 (77%) studies did not 
involve masking (Supp Table 6).

Of the studies included, 30 (26.5%) had a comparison 
group (Supp Table 7) and 104 (92%) were hospital-based 
and couple of studies were community-based. Most of 
the studies (n = 103; 91.2%) were single-centre based and 
five were multi-centric studies. Informed consent-related 
details were available for 82 (72.6%) studies. Three-fifths 
(n = 71) of the studies did not provide any facility/pro-
vision/plan to report AE (Supp Table  6). Of the total 
studies, 29 (25.6%) were registered with Clinical Trials 
Registry, 68 (60.2%) were mentioned about the ethics 
committee approval and 44 (38.9%) studies had declared 
for no conflict interest, 69 (61.1%) studies did not men-
tion the conflict of interest (Supp Table 9).
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Studies with a comparison group
Of the 30 studies with a comparison group, six were 
conducted for cervical spondylosis (CS) and the 
remaining for lumbar spondylosis (LS). Of the six CS 
studies, four used Yoga and one study each with Unani 
and Homoeopathy interventions. In 16 studies, the LS 
participants were given Yoga as intervention followed 
by Ayurveda (4 studies) and Unani (3 studies) and a sin-
gle study with Homoeopathy (Supp Table 7).

Studies without a comparison group
Of the 83 studies without any comparison group, 29 
(34.9%) were conducted for cervical spondylosis, 50 
(60.2%) for lumbar spondylosis and the remaining for 
both the conditions. For CS, Siddha intervention was 
used in 17 studies (58.6%), followed by Ayurveda (n = 6, 
20.7%), Unani (n = 4, 13.8%) and Yoga (n = 2, 6.9%). For 
LS, the Ayurveda system of medicine was used in 23 
studies (46%), followed by Siddha (n = 11, 22%), Unani 
(n = 9, 18%), Yoga (n = 4, 8%) and Homoeopathy (n = 3, 
6%). Only four studies involved both cervical and lum-
bar spondylosis. Of them, three had Ayurveda medi-
cine and single study with Unani intervention (Supp 
Table 8).

Risk‑of‑bias assessment among the included studies
We used RoB2 for RCT [High risk = 28 (47.5%), some 
concerns = 29 (49.2%) Low risk = 2 (3.4%)], ROBINS-
I for non-RCT [serious = 4 (8.3%), moderate risk = 27 
(56.3%), low risk = 17 (35.4%)] and JBI for case series 
(low risk = 5 (100%) and case studies (low risk = 1 (100%) 
to assess the risk of bias and they are reported (Supp 
Table 10-Table 14)

Adverse events
Of the 113 studies, 15 (13.3%) reported and described 
AE and these included report from Yoga (n = 11) and two 
each from Unani and Homoeopathy systems. Eleven of 
these reports were from lumbar spondylosis and three 
from cervical spondylosis. A single report was about both 
cervical and lumbar spondylosis. Of the AE reports, 12 
were from non-pharmacological interventions and two 
were based on pharmacological intervention and a single 
study report was from combined intervention (Table 3). 
The number of study participants who experienced any 
kind of adverse event from the 15 studies ranges from 
a minimum of 1 to a maximum of 49. Description of 
intervention such as type and duration of intervention, 
method of providing the intervention, presence of self-
practice for yoga intervention, description of adverse 
events including, number of participants reported AE, 

type and description of AE for the 15 studies are pro-
vided (Table 4).

Low back pain, muscle soreness, transient worsen-
ing of neck pain or muscle soreness, transient limb 
pain, migraine and vertigo were reported by the CS 

Table 2  Basic description of selected articles (n = 113)

Characteristics n (%)

Type of publication

 Journal article 77 (68.1)

 Academic dissertation 35 (31.0)

 Institutional annual report 1 (0.9)

Country

 India 93 (82.3)

 USA 12 (10.6)

 Germany 4 (3.5)

 England 1 (0.9)

 Romania 1 (0.9)

 Saudi Arabia 1 (0.9)

 United Kingdom 1 (0.9)

Ayush system

 Ayurveda 37 (32.7)

 Yoga 25 (22.1)

 Unani 18 (15.9)

 Siddha 28 (24.8)

 Homoeopathy 5 (4.4)

Study population

 Cervical spondylosis 35 (31.0)

 Lumbar spondylosis 74 (65.5)

 Both 4 (3.5)

Type of intervention

 Pharmacological 48 (42.5%)

 Non-Pharmacological 30 (26.5%)

 Combined 35 (31.0%)

Study design

 Interventional study 107 (94.7)

 Observational study 6 (5.3)

Sample size (range)

 Interventional study 10–313

 Observational study 1–10

Gender

 Male 4 (3.5)

 Female 3 (2.7)

 Both 95 (84.1)

 Not reported 11 (9.7)

Number of interventions

 One 45 (39.8)

 Two 27 (23.9)

 Three 11 (9.7)

 Four 12 (10.6)

 More than four 18 (15.9)
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participants with yoga intervention [20, 21]. Exacerbated/
increased level of back pain, transient worsening of low 
back pain, herniated disc, increased back pain possibly or 
probably related to yoga, increased back pain unrelated 
to yoga, other pain probably related to yoga, accident/
injury, increase of an already existing tinnitus, slightly 
increased dizziness and headache, increased back pain, 
herniated disk, increased back pain, increased pain, mild 
self-limited joint and back pain and slight increased pain 
reported by the LS participants with yoga interventions 
[22–29]. One death due to accident was reported during 
the intervention in the study by Tilbrook [46]. Headache, 
aggravation of neck pain and lethargy was reported by 
CS participants who were taking homoeo intervention 
[61]. Another homoeo study for LS mentioned that it had 
adverse events, adverse drug reactions, adverse events, 
adverse drug reactions, however they were not described 
in detail [30]. Fainting (vaso-vagal shock) was reported 
in an Unani intervention for LS [31] and ecchymosis 
was mentioned in an Unani for both cervical and lumbar 
spondylosis [32].

Withdrawal of study participants
Of the 113 studies, 32 (28.3%) had reported withdrawal 
of participants (n = 400). Studies reporting withdrawal 
included nine of 37 from Ayurveda, 15 of 25 from Yoga, 
seven of 18 studies from Unani, one from 5 homoeopathy 
studies and none from 28 Siddha based studies. Among 
the total, 80 studies had no information on withdrawal 
of study participants, but one reported that there was no 
withdrawal during the study. Nine of 48 studies which 
had pharmacological interventions (n = 122; 30.5%) and 
18 of 30 non-pharmacological (n = 238; 59.5), five of 35 

studies combined interventions (n = 40; 10%) had with-
drawals. The 15 studies reported AE had withdrawals 
and drop outs due to various reasons. Description of 
intervention such as the number of participants in study 
groups, detailed description of intervention with name of 
pharmacological and non-pharmacological intervention, 
number of follow-ups and the timeline, number of with-
drawal and dropouts and reasons for the same for the 15 
studies are provided (Table 5).

Discussion
In the current review, we synthesized the adverse events 
following Ayush interventions (pharmacological and/or 
non-pharmacological) for cervical and lumbar spondylo-
sis. In this review of predominantly interventional studies 
from published literature mostly conducted in India, one 
in eight of the studies had reported adverse events.

Studies reporting AEs mainly used Yoga as an inter-
vention, and a couple of studies used Homoeopathy or 
Unani interventions. Among the Ayush systems, none 
of the Siddha or Ayurveda studies reported any adverse 
events for cervical and lumbar spondylosis treatment. 
When compared to cervical spondylosis, more AEs were 
reported by lumbar spondylosis participants. Although 
all the reviewed studies mentioned in the objective state-
ment or in the methods section that they would observe 
and record the AEs, only one-sixth of them described the 
adverse events. This could lead to considerable underre-
porting of AE among the Ayush studies for cervical and 
lumbar spondylosis.

Besides, our review of abstract reports and published 
documents from the Country’s pharmacovigilance centres 
at different levels (National; Intermediary and Peripheral) 
for Ayush systems did not yield any AE documentation for 
Ayush interventions [33]. The practitioners, researchers 
did not use these centres for reporting. Another reason 
for underreporting may be that more academic disserta-
tions were included in this study. There may be a lack of 
vigilant reporting of AE by scholars.

The strength of our systematic review is that, accord-
ing to the best of our knowledge, this may be a maiden 
attempt to document and synthesize evidence for adverse 
events of Ayush interventions for lumbar and cervical 
spondylosis. There are some limitations in this system-
atic review. There was a difficulty to search the articles 
for Ayush systems of medicine as majority of the articles 
are published in non-indexed journals, and moreover 
the Ayush databases (Ayush research portal, DHARA, 
and Shodhganga) are not compatible to use structured 
search strategy. This estimation of AE may result from 
the bias and limitations of the original studies included 
in the qualitative synthesis. For instance, majority of the 
included RCTs suffered from high or moderate risk of 

Table 3  Proportion of studies reported any kind of adverse 
events (n = 113)

Characteristics n (%)

Ayush system

 Ayurveda 0 (0)

 Yoga 11 (9.7)

 Unani 2 (1.8)

 Siddha 0

 Homoeopathy 2 (1.8)

Study population

 Cervical spondylosis 3 (2.7)

 Lumbar spondylosis 11 (9.7)

 Both 1 (0.9)

Intervention type

 Pharmacological 2 (1.8)

 Non-pharmacological 12 (10.6)

 Combined 1 (0.9)
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bias. Case reports and case series had a low risk of bias. 
Hence, there is a need for more high-quality original 
studies. In conclusion, the current systematic review doc-
umented considerably low frequency of adverse events 
following Ayush interventions for cervical or lumbar 
spondylosis. There is an urgent need to address, capture 
and reporting of adverse events in the Ayush studies for 
cervical and lumbar spondylosis through practitioners, 
researchers and health care system professionals.
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