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ABSTRACT
Objective: The aim of this systematic review was to update the current level of evidence 
for spinal manipulation in influencing various biochemical markers in healthy and/or 
symptomatic population.
Methods: This is a systematic review update. Various databases were searched (inception 
till May 2023) and fifteen trials (737 participants) that met the inclusion criteria were 
included in the review. Two authors independently screened, extracted and assessed the 
risk of bias in included studies. Outcome measure data were synthesized using standard 
mean differences and meta-analysis for the primary outcome (biochemical markers). The 
Grading of Recommendations, Assessment, Development and Evaluation (GRADE) was 
used for assessing the quality of the body of evidence for each outcome of interest.
Results: There was low-quality evidence that spinal manipulation influenced various 
biochemical markers (not pooled). There was low-quality evidence of significant difference 
that spinal manipulation is better (SMD −0.42, 95% CI − 0.74 to −0.1) than control in 
eliciting changes in cortisol levels immediately after intervention. Low-quality evidence 
further indicated (not pooled) that spinal manipulation can influence inflammatory mar
kers such as interleukins levels post-intervention. There was also very low-quality evidence 
that spinal manipulation does not influence substance-P, neurotensin, oxytocin, orexin-A, 
testosterone and epinephrine/nor-epinephrine.
Conclusion: Spinal manipulation may influence inflammatory and cortisol post-intervention. 
However, the wider prediction intervals in most outcome measures point to the need for future 
research to clarify and establish the clinical relevance of these changes.
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Introduction

Spinal manipulation (SM) is a specific hands-on 
approach used by several different healthcare disci
plines commonly for the intended purposes of reducing 
spinal pain and reducing disability [1–5]. Early theories 
on the mechanisms of therapeutic effects following SM 
centered within a biomechanical paradigm. According 
to the biomechanical model, an SM can cause changes 
in the biomechanics of the spine which allows it to 
function in a more optimal state [6,7]. However, accu
mulating evidence clearly demonstrates a shift toward 
a neurophysiological paradigm [8–25]. According to the 
neurophysiological paradigm, a mechanical input such 
as an SM may trigger a cascade of neurophysiological 
response at both spinal and supraspinal levels 
[7,10,14,24].

Pain modulation following SM is a net result of com
plex neural interactions between various physiological 

systems involving different biochemical mediators [26]. 
Several neuropeptides such as substance-P (SP), neuro
tensin, oxytocin and orexin-A influence pain modulation 
through widespread effects in the nervous system 
[27,28]. As these chemicals are primarily released at 
the injury site, they also influence the initiation of 
inflammatory process. This in turn results in the produc
tion of numerous pro-inflammatory and immuno- 
regulatory cytokines and neurotransmitters (e.g., tumor 
necrosis factor α (TNF-α); interleukins (IL)) [29,30]. 
Furthermore, endogenous opioids (ex: -endorphins); 
hormones (e.g. cortisol) and catecholamine’s (epinephr
ine and nor-epinephrine) modulate several immune 
parameters associated with the inflammatory process 
[31–33].

It has been hypothesized that SM activates the 
liberation of various biochemical markers such as SP, 
TNF-α from neural tissues resulting in its hypoalgesia 
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and/or anti-inflammatory effects [34]. This is based on 
evidence that have demonstrated that SM can influ
ence biochemical markers such as SP [35] neurotensin 
and oxytocin; -endorphins [10] and hormones such as 
cortisol [15,36]. A systematic review undertaken by our 
team previously established a ‘moderate’ level evi
dence that SM may influence various biochemical mar
kers following SM [37]. Specifically, SM can increase 
substance-p, neurotensin, oxytocin and interleukin 
levels and may influence cortisol levels post- 
intervention [37].

Our previous systematic review [37] employed 
valid methods and has been widely cited suggest
ing that our review is current and topical. Further, 
since the publication of our review, there has been 
significant interest in this topic area with several 
new studies published. Taking into consideration 
these factors and a possibility that the level of 
evidence may change with the findings from new 
studies, we considered that it was timely to pro
vide an update of our systematic review as recom
mended previously [38,39].

The aim of this systematic review update was to 
provide an update on:

● The effects of SM on biochemical markers in 
humans.

● Establish the level of evidence for changes in 
biochemical biomarkers following an SM.

Operational definitions

Systematic review update: The update of 
a systematic review is defined as ‘a new edition 
of a published systematic review with changes 
that can include new data, new methods, or new 
analysis to the previous version’ [38]. This may 
include the following: updating the search; updat
ing risk of bias tools; synthesis of new papers; 
adjusting the conclusions of a review [39].

Biochemical Markers: For the purpose of this 
systematic review update, biochemical markers 
were classified into the following three categories: 
(1) neuropeptides (2) inflammatory and (3) endo
crine biomarkers.

Methods

This review has been reported based on Preferred 
Reporting Items for Systematic Reviews and Meta- 
Analysis (PRISMA) guidelines [40]. The review protocol 
was prospectively registered on the International 
Prospective Register of Systematic Reviews 
(PROSPERO: CRD42016049473).

Types of studies

Randomized controlled trials (RCT) or controlled clin
ical trials that involved humans (healthy or painful), 
measured biochemical markers were eligible for this 
review. Only articles published in English language 
were included. Further, published conference 
abstracts, pilot studies and dissertations were 
excluded.

Types of participants

Studies involving humans were eligible. There were no 
restrictions based on age, gender and severity of pain.

Types of intervention

The intervention of interest was SM provided either by 
a physiotherapist, osteopath, or chiropractor. SM is 
defined as a high-velocity, low-amplitude thrust tech
nique that is often associated with a cavitation [41]. 
The comparator (control) group could be any of the 
following: no intervention, usual care group, GP care, 
sham therapy or any other therapy.

Types of outcome(s)

The outcome measures of interest included the follow
ing biochemical markers: (1) neuropeptides (e.g. neu
rotensin, oxytocin, SP) (2) inflammatory (e.g. TNF, IL) 
and (3) endocrine (e.g. cortisol, epinephrine, nor- 
epinephrine) biomarkers from any body fluids.

Search strategy

In consultation with a librarian, it was decided that 
the previous search strategy was relevant and no 
changes were required. A replacement approach as 
recommended by Cochrane was utilized where the 
previous review was used as one source of studies. 
A bibliographic search (Table 1) was performed 
through the following databases: Medline, AMED, 
EMBASE, CINAHL, SPORTSDiscus, PubMed, Cochrane 
Library, Web of Science, Physiotherapy Evidence 
Database, and SCOPUS (from inception till 
May 2023).

Data management

Articles obtained by the systematic search in the 
above-mentioned databases were exported to 
Covidence (Covidence systematic review software, 
Veritas Health Innovation, Melbourne, Australia; www. 
covidence.org) and managed in Covidence throughout 
the review process.
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Study selection

Duplicates were automatically detected and 
removed by Covidence. However, one reviewer 
(KSK) went through the titles to ensure all dupli
cates were removed. Full texts of the remaining 
articles were then screened by two independent 
reviewers (KSK and LT). Any disagreements between 
reviewers at any stage of the selection process were 
resolved through consensus and discussion. A third 
reviewer was available if required.

Data extraction and management

Three reviewers (KSK, JDR and LT) collected data 
independently from included studies using 
a standardized data collection form in Covidence. 
The following were extracted: (1) study characteris
tics: funding, settings, design and country (2) 
patient characteristics: age, gender, severity of con
dition (if applicable) (3) intervention characteristics: 
number of intervention groups, content of each 
intervention (4) Outcome/data results: outcome 
measures (biomarkers) used, time points used and 
duration of follow-up (Table 2). Any disagreements 
were resolved by reaching a consensus.

Risk of bias

The Cochrane Collaboration’s tool for assessing risk 
of bias [42] available as part of Covidence was used 
by two reviewers (KSK, LT, JDR and OT) indepen
dently to assess the risk of bias in the included 
studies. Any disagreements were resolved through 
consensus. If consensus could not be obtained 
a third reviewer was available to enable a final 
decision. A study was considered to have low risk 

of bias if the random sequence generation, alloca
tion concealment and incomplete outcome data 
domains were adequately met. While the use of 
the recent Cochrane’s risk of bias (RoB 2) tool [43] 
has been encouraged, it was not mandatory to use 
RoB-2 for a review update.

Summary measures

Meta-analyses were performed where it was appro
priate to pool data from multiple studies at two 
time points (1) immediate and (2) short-term. For 
the purpose of this review, immediate was defined 
as the measurement point immediately (up to 30  
minutes) after intervention and short-term was 
defined as the measurement point up to 24 hours 
after intervention. Mean and standard deviations for 
outcome measures were extracted into Cochrane’s 
online Review Manager (RevMan Web, version 
1.22.0) [44] software to analyze the comparative 
data between each intervention effect.

Measures of treatment effects

All outcomes of interest were examined as 
a standardized mean difference (SMD) and a random 
effects model was used whereby the overall effects are 
adjusted to include an estimate of the degree of varia
tion or heterogeneity across studies. An effect size 
(Cohen’s d; small − 0.2; medium − 0.5 and large − 0.8) 
[45] and a 95% confidence interval were calculated for 
each treatment comparison.

Dealing with missing data

The authors were contacted in cases of missing data. 
For data that were graphically displayed, a software 

Table 1. Search strategy.
Phase 1 Phase 2 Phase 3

(1) Exp. (manual N5 thrap*)
(2) Exp. “physical therap*”
(3) Exp. physical therapy modalities
(4) Exp. chiropractic
(5) Exp. osteopathy
(6) Manipulation N5 treatment
(7) therap* N5 manipulat*
(8) traction manip*
(9) thoracic manip*

(10) mobilization
(11) Or/ 1-10

(1) Exp. Biological marker
(2) Biochemical markers
(3) Exp. Pain
(4) Exp. stress
(5) Stress biomarker
(6) Endocrine*
(7) Sympathetic nervous system
(8) Hormone
(9) cortisol

(10) oxytocin
(11) ß-endorphins
(12) catecholamine
(13) neuropeptide
(14) ACTH
(15) OR/12-25
(16) 11AND 26

(1) Exp. Randomized clinical trial/
(2) Controlled clinical trial/
(3) Clinical study/
(4) Clinical article/
(5) Multicenter study/
(6) random allocation/
(7) single-blind procedure/
(8) placebos/
(9) or/ 28-35

(10) assign*
(11) allocate*
(12) blind*
(13) control
(14) random*
(15) or/ 37-41
(16) 36 OR 42
(17) Not animal
(18) 43 AND 44
(19) 27 AND 45
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tool (https://automeris.io/WebPlotDigitizer/) was used, 
which is consistent with the original review.

Assessment of heterogeneity

Clinical heterogeneity was evaluated by determining if 
different clinical factors (characteristics of participants, 
interventions, outcome measure) varied between trials 
and could potentially influence the treatment effect. 
Statistical heterogeneity was determined using Chi- 
square and I [2] statistics (25%, 50% and 75% repre
senting low, moderate and high heterogeneity 

respectively). If the heterogeneity was more than 50% 
(representing moderate heterogeneity), a sensitivity 
analysis was conducted to identify the cause of statis
tical heterogeneity.

Prediction interval

We calculated prediction interval (PI) as I2 statistics 
may not point to the clinical implications of the 
observed heterogeneity. The PI represents interval 
within which the effect size of a new study would fall 
if the new study was randomly selected from the same 

729 records
identified through
database searching

5 records
identified through
other sources

523 records after
duplicates removed

78 records
screened

445 records
excluded

23 full-text articles
assessed for
eligibility

9 full-text articles
excluded, with
reasons

Not RCTs

Systematic reviews

Systematic review
protocol

SM was not the
only intervention

14 studies included
in qualitative
synthesis

10 studies included
in quantitative
synthesis
(meta-analysis)

Figure 1. PRISMA diagram of included studies.

36 K. KOVANUR SAMPATH ET AL.

https://automeris.io/WebPlotDigitizer/


population of studies that are included in the meta- 
analysis [46]. Reporting a prediction interval in addition 
to the summary estimate, CI and I2 statistics have been 
recommended to capture the range of true effects that 
can be expected in future settings [47,48]. The formula 
to calculate PI is available [49] however, a pre-set 
template that is available from www.meta-analysis. 
com was used for calculating PIs in this review.

Assessment of reporting biases

Funnel plot has been recommended to assess pub
lication bias in included studies. However, the fun
nel plot was not performed as the required 
statistical conditions were not met (10 or more 
studies).

Data synthesis

The Grading of Recommendations, Assessment, 
Development and Evaluation (GRADE) system [50] 
was used to determine the overall quality of the 
evidence (high, moderate, low and very low).

Results

An updated search retrieved a total of 1466 records. 
After removal of duplicates, 1043 records were 
screened. Of the 12 full-text records that were 
assessed for eligibility, a total of seven studies that 
met the inclusion criteria were included in review. 
Together with the eight studies from the original 
review, a total of 15 studies were part of this sys
tematic review update (refer Figure 1)

Summary of included studies

A full description of included studies has been pro
vided in the ‘characteristics of included studies’ (refer 
Table 1).

Methods

Out of 15 studies [15,18–21,35,36,51–58], nine stu
dies were RCTs with three groups 
[21,35,36,51,52,54,56–58] five studies were RCTs 
with two groups [15,18–20,55] and one study had 
four groups [53].

Sample size

A total of 737 participants were examined in the stu
dies. The sample size in the included studies ranged 
from 30 to 99 with only five studies recruiting more 
than 50 participants. All studies recruited participants 
in a single center.

Participants

The mean age of participants across all studies was 
29.7 years. While 11 studies [15,20,21,35,51,53–58] 
included both male and female participants; three 
studies [19,36,52] included only male participants; 
and one study [18] included only female partici
pants. Of the 15 studies, ten included healthy 
volunteers [15,19,21,35,36,51,52,54,56,57], four 

Figure 2. Risk of bias in included studies. Note: Molina-Ortega 
2014 and 2014a are one study; Plaza-Manzano 2014 and 
2014a are one study.
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[18,20,53,58] included participants with pain (3 with 
neck pain and 1 with Achilles tendinopathy) and 
one study incuded participants with renal lithiasis.

Interventions

Two interventions were used by the researchers (1) 
cervical spine manipulation (either directed to 
atlanto-axial joint or cervical spine) (2) thoracic 
spine manipulation (either directed to T1 to T6, 
T12 or at the therapist’s discretion). In eight out of 
15 studies (53%), thoracic spinal manipulation was 
the intervention used [15,19–21,52,54,55,57]. Four 
out of 15 studies (27%) used cervical manipulation 
[18,36,53,58] as the intervention and three out of 15 
studies (20%) made use of both cervical and thor
acic spinal manipulation interventions. While low 
velocity low amplitude thrust (mobilization) or 
setup for a thrust without manipulation was the 
commonly used sham procedure (n = 8), touch 
with no pressure was used as control (n = 7).

Outcome measures

A diverse range of outcome measures were reported in 
the studies including SP, neurotensin, cortisol, epi
nephrine/nor-epinephrine, interleukins, TNF, oxytocin 
and orexin-A. Most studies provided follow-up assess
ments at two time points: immediately (up to 30 min
utes) and short-term (hours) after intervention.

Safety

Only one study [15] reported about withdrawal/ 
adverse events. Another study [51]investigated 

changes in tissue damage markers after a spinal 
manipulation, which can be considered as an inves
tigation about safety of spinal manipulation. Other 
studies did not report the presence/absence of 
adverse events and/or safety of spinal manipulation.

Risk of bias in included studies

The risk of bias was analyzed for all individual stu
dies. Figure 2 provides a summary of the judgments 
of each methodological quality item for each study 
except for one study [53], random sequence gen
eration was adequate in all other studies. Allocation 
concealment was considered ‘unclear’ in four stu
dies [21,36,51,52] ‘inadequate’ in two studies [18,53] 
and ‘adequate’ in nine studies [15,19,20,35,54–58]. 
In manual therapy studies, blinding of participants 
and practitioners may not be possible. Hence all 
studies were rated as either ‘high’ risk or ‘unclear’ 
risk for this domain. Blinding of outcome assessors 
was explicit and considered ‘low’ risk in four studies 
[19,20,55,58], ‘unclear’ risk in eight studies 
[15,21,35,36,52,53,56,57] and ‘high’ risk in three stu
dies [18,51,54]. Except for one study [15] in which 
participants withdrew post randomization, attrition 
bias was not detected in other studies. One study 
[58] was rated ‘high risk’ for other bias as there was 
considerable deviation from the study protocol. Of 
the 15 studies, 10 studies [15,18–21,36,52–54,57] 
received either full or partial funding. Five studies 
[35,51,55,56,58] did not report source of funding. 
One study [53] was rated ‘high risk’ overall as it 
did not meet random sequence generation and 
allocation concealment criteria.

Figure 3. Forest plot of comparison: SM vs control/sham, outcome: Substance-P (immediate).
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Effects of interventions

A summary of findings table was created to summarize 
the overall quality of evidence using GRADE (Tables 3–5).

Spinal manipulation (vs) control/sham in 
influencing biochemical markers

Data from 15 studies (total of 737 participants) [15,18– 
21,35,36,51–58] (not pooled) demonstrated a ‘low’ 
quality evidence that SM was better than control in 
eliciting changes in biochemical markers (Table 3).

Spinal manipulation (vs.) control/sham in 
influencing neuropeptides

Data from three studies (125 participants) [15,35,52] 
showed (Figure 3) that there was a ‘very low’ quality 

evidence of no difference that SM is better than control/ 
sham (SMD −0.71, 95% CI − 1.22 to − 0.22; PI: −2.33 to 
0.91) in increasing SP levels immediately after interven
tion. Although, the effect size and associated CIs indicate 
statistical significance, the prediction intervals are wide 
and point to lack of clear benefit from SM. Further, there 
was ‘very low’ quality evidence from two studies (104 
participants) of no significant difference that SM is better 
than control (SMD −01.16, 95% CI − 2.53 to 0.21) (Table 4) 
in eliciting changes in SP levels at short-term after inter
vention. Between-study heterogeneity was high (86%).

There was ‘very low’ quality evidence from two stu
dies (68 participants) [18,56] of no significant difference 
that SM is better than control/sham (SMD −0.52, 95% CI  
− 1.01 to − 0.03; PI − 3.69 to 2.65) in increasing neuro
tensin after intervention. Although, the effect size and 
associated CIs indicate statistical significance, the 

Figure 4. 

Figure 4. Forest plot of comparison: SM vs control/sham, outcome: Cortisol (immediate). Forest plot of comparison (sensitivity 
analysis): SM vs control/sham, outcome: Cortisol (immediate).
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prediction intervals are wide and point to lack of clear 
benefit from SM. However, ‘very low’ quality evidence 
from two studies (68 participants) [18,56] demonstrated 
no significant difference between SM and control/sham 
(SMD −0.47, 95%CI − 1 to 0.06) in influencing oxytocin 
and orexin-A (SMD −0.59, 95% CI − 1.48 to 0.29).

Spinal manipulation (vs.) control in influencing 
inflammatory biomarkers

Data were extracted from four studies (192 partici
pants; not pooled) that compared the effectiveness of 
SM with control on inflammatory biomarkers such as 
interleukins. There was ‘low’ quality evidence that SM 

Figure 5. Subgroup analysis (thoracic vs cervical manipulation). Outcome: cortisol (immediate).

Figure 6. Subgroup analysis (direction of effect – increase or decrease). Outcome: cortisol (immediate).
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is better than control in influencing inflammatory mar
kers such as interleukins (Table 4).

Spinal manipulation (vs.) control in influencing 
endocrine biomarkers

Cortisol
Data was pooled from seven studies (239 participants) to 
determine the effects of SM on cortisol levels (Figure 4a). 
Between-study heterogeneity was moderate (I [2] = 63%). 
Hence a sensitivity analysis was done, and two studies 
were removed from the meta-analysis, which reduced 
the heterogeneity (I [2] = 0%) (Figure 4b) There was 
a ‘low’ quality evidence (Table 5) of statistically significant 
difference that SM is better than control/sham in eliciting 
changes in cortisol levels (SMD −0.42, 95% CI − 0.74 to −  
0.10; PI − 0.83 to 0.0) immediately after intervention.

Segmental response
A subgroup analysis was undertaken to determine if 
the response in cortisol was different based on the 
region of spine manipulated (thoracic vs cervical in 
this instance). The results demonstrated that cervical 
spine manipulation cortisol levels compared to 
a thoracic spine manipulation (SMD- −0.65, 95% CI −  
1.10 to − 0.2; PI − 2.01 to 0.7) (refer Figure 5).

Direction of effect Another subgroup analysis was 
undertaken to determine the direction of effect 
(increase or decrease) of cortisol following a spinal 
manipulation. The subgroup analysis indicates that 
cortisol levels increase immediately following a spinal 
manipulation despite the segment being manipulated 
(SMD −0.65, 95% CI − 1.10 to − 0.2; PI − 2.08 to 0.79) 
(Figure 6).

Healthy vs painful population
Subgroup analysis demonstrated that changes in cor
tisol following an SM are statistically significant in 
people with pain (especially neck pain) compared to 
healthy volunteers (SMD −0.09, 95% CI − 0.12 to − 0.07; 
PI − 1.4 to 1.2) (Figure 7).

Cortisol (short-term)
Low-quality evidence from four studies (136 partici
pants) demonstrated no significant difference that SM 
is better than control (SMD −0.45, 95% CI − 0.79 to −  
0.1; PI: −1.21 to 0.31) in eliciting changes in cortisol 
levels at short-term after intervention (Table 5). 
Although, the effect size and associated CIs indicate 
statistical significance, the prediction intervals are wide 
and point to lack of clear benefit from SM in short-term 
changes in cortisol.

Figure 7. Sub-group analysis (healthy vs pain). Outcome: cortisol (immediate).
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Testosterone
‘Very Low’ quality evidence from two studies (66 parti
cipants) demonstrated no significant difference that 
SM is better than control in eliciting changes in testos
terone levels immediately (SMD −0.01, 95% CI − 0.14 to 
0.12] and at short-term after intervention (SMD −0.04, 
95% CI − 0.06 to 0.14] (Table 5). Findings from single 
studies indicate no change in epinephrine or nor- 
epinephrine and urinary pH level following spinal 
manipulation.

Discussion

Summary of main results

This review updates the previous review published in 
2017 [59], comparing spinal manipulation against con
trol in influencing biochemical markers. The updated 
review now includes 15 studies (737 participants) com
pared to eight studies (325 participants in the 2017 
review). It also includes different types of participants 
(healthy volunteers, people in pain or disease); various 
types of spinal manipulation (cervical, thoracic and 
lumbar); a wide range of outcome measures (inflam
matory markers, pain markers, urinary pH and T/C 
ratio), thus providing a comprehensive analysis of 
spinal manipulation in influencing biochemical mar
kers. The findings from this review update established 
‘low’ level evidence in support of SM in influencing 
biochemical markers such as cortisol (immediate 
changes) and inflammatory markers but not for sub
stance-p, neurotensin, testosterone, oxytocin and 
orexin-A. Further, subgroup analyses established that: 
(1) cervical SM influences cortisol compared to thoracic 
SM; (2) cortisol levels increase immediately after inter
vention despite the segment being manipulated; and 
(3) response differs in people with pain (especially neck 
pain) compared to healthy volunteers. The key differ
ences between the original review and this review 
update have been provided in appendix 1.

Overall completeness and applicability of 
evidence

The data from this review can be considered relevant to 
current clinical practice as we found evidence that SM 
may influence various biochemical markers such as cor
tisol and inflammatory markers. It is important that 
these findings are interpreted with caution and in con
sideration of prediction intervals (discussed later). 
Further, 10 out of 15 studies 
[15,19,21,35,36,51,52,54,56,57] have been done on 
healthy volunteers, which makes it difficult to ascertain 
the applicability of the evidence in clinical practice. 
Although four studies [18,20,53,58] included participants 
with pain, the effect of SM on the magnitude and dura
tion of biochemical responses in symptomatic patients 

(e.g. pain population or inflammatory disorders) needs 
further scrutiny and is an ongoing area of investigation 
[20,35,58]. Cervical or thoracic spinal manipulation are 
the common techniques utilized in the studies, with 
a subgroup analysis demonstrating that cervical SM 
may have more influence on cortisol levels. However, 
this is based on five studies [18,36,53,56,58] and should 
be verified by future studies that may have direct com
parison between the two techniques. There was no 
adverse events/harm associated with SM. One study 
51measured tissue damage markers and demonstrated 
that there was no tissue damage associated with SM.

Quality of the evidence

As reflected by the GRADE ratings, the overall quality 
of the evidence in this review update was ‘low’ to ‘very 
low’ for all outcomes. This is because included trials 
studied a wide range of interventions, outcome mea
sure, data collection techniques and post-intervention 
time points. Therefore, we were unable to pool data 
due to heterogeneity, especially for inflammatory mar
kers. In addition, the sample size (being low in most 
studies), wide confidence intervals and prediction 
intervals led to issues of imprecision and inconsistency. 
It is important to note that we have downgraded the 
level of evidence compared to the original review. 
Although, eight more studies were part of this review 
update and points to growth in the evidence base, it 
also has resulted in further heterogeneity. Except for 
immediate changes in cortisol, the broad prediction 
intervals for other outcomes may indicate the exis
tence of setting where SM may have suboptimal 
effects. Ten out of fifteen studies were small-scale 
RCTs (less than 50 participants) done on healthy volun
teers where there is a chance for overly positive trends 
for interventions due to inflated effect sizes. A review 
[60] has shown that trials with fewer than 50 partici
pants had effect estimates larger than trials with more 
participants (48% more on average). Hence, it has been 
recommended that trials with fewer than 19 partici
pants in each trial arm be excluded from systematic 
reviews due to risk of bias associated with small RCTs 
[61]. We did not downgrade the risk of bias for blinding 
therapists as this is very difficult to achieve in manual 
therapy setting. While blinding of participants was 
done in some studies, it was unclear in other studies. 
Keeping in line with recent recommendations [62], 
future studies should concentrate on better blinding 
of participants and also therapists in maintaining 
blinding including adding a measure of blinding effec
tiveness. Only one study [58] had reported using the 
Template for Intervention Description and Replication 
(TIDieR) guidelines [63]. Therefore, it has to be re- 
emphasized that the overall quality of reporting of 
manual therapy studies still requires considerable 
improvement.
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Potential biases in the review process

We consider the review process to be robust and 
expect minimal biases in extracting and reporting of 
data. A minimum of two reviewers acted indepen
dently through the various phases of the review and 
a third reviewer was available to resolve any disagree
ments if required. We undertook extensive search to 
identify new studies that may be included in this 
review update. We did not downgrade the risk of bias 
based on ‘publication’ bias as we had only 15 studies 
included in the review. It is well noted that existing 
ways to publication bias are unsatisfactory and funnel 
plot was not considered appropriate in this instance. 
Further, only publications done in English language 
were included in the review, thereby, raising the pos
sibility of language bias [64]. In turn, this may limit the 
usefulness of the review’s findings as we may miss out 
important cultural contexts [65]. Hence, recommenda
tions have been made to include studies published in 
languages other than English (LOTE) [66]. However, 
due to lack of resources both in terms of funding 
and/or access to members who can fluently speak/ 
read LOTE, we had to limit our review to studies pub
lished only in English, as identified previously [64].

Agreements and disagreements with other 
studies or reviews

The findings from this review update remain partly 
consistent with our original systematic review findings. 
However, we decided to downgrade the quality of 
evidence from ‘low’ to ‘very low’ compared to the 
original review, largely due to inconsistency, indirect
ness and imprecision introduced by the inclusion of 
these studies.

Our review update established very low evidence 
that SM does not influence neuropeptides such as SP, 
neurotensin, oxytocin and orexin-A immediately after 
intervention. This is in contrast with the previous 
findings [35,37,52]. These neuropeptides are found 
in many regions of the CNS and are known to induce 
analgesia directly or indirectly. Molina-Ortega et al. 
(2014) further reported a positive correlation 
between SP levels and pressure pain threshold sug
gesting that high levels of serum SP before SM are 
associated with increased pressure pain threshold 
after SM. Hence, the review findings may be of 
importance. It has to be noted however that only 
on a few studies [18,56] have investigated these 
neuropeptides. Hence, the lack of beneficial effects 
of SM may be due to low number of studies in this 
area highlighting the need for further research inves
tigating these biomarkers.

Our review findings indicate the SM may influence 
cortisol levels immediately (<30 minutes) but not at 
short-term (many hours) after intervention. This is in 

agreement with our original review that demonstrated 
changes in cortisol levels immediately but not at short- 
term after intervention. The number of studies investi
gating the effects of SM on cortisol have increased in 
the last 5 years that may explain the difference. 
Emerging pattern from the current review update indi
cates that cortisol level may increase immediately after 
intervention despite the segment manipulated. 
However, this is based on only two studies [56,58] 
that had used a cervical spine manipulation involving 
rotational thrust. Further, a cervical spine manipulation 
may influence cortisol levels immediately in people 
with neck pain. The changes in cortisol were shown 
to be positively correlated with reduced neck pain and 
reduced disability in one study [58]. It was noted that 
recent studies have considered various methodologi
cal factors that may influence cortisol levels and have 
outlined strategies to mitigate these variables, which is 
consistent with previous recommendations [37,67].

Our review update demonstrated no significant dif
ference that SM is better than control in eliciting 
changes in testosterone levels immediately and at 
short-term after intervention. Testosterone was mea
sured in the studies as interactions between the end 
products of the gonadal (e.g. testosterone) and the 
adrenal axis (cortisol) have been well documented 
[68]. Hence, the balance between testosterone and 
cortisol represented as T/C ratio may therefore provide 
a better estimation of the HPA axis activity [69]. 
Although not often used in manual therapy research, 
T/C ratio has been widely used in sports and exercise 
science research as valid outcome measure for stress 
response [69]. Hence, T/C ratio is an area of future 
research interest.

Findings from our review of four studies indicate 
that SM is better than control in influencing various 
inflammatory/immune markers such as interleukins 
(especially, IL-1, IL-2, IL-6), TNF-α, IgG and IgM. The 
regulation of inflammation and immunity involve com
plex interactions between the nervous system and the 
immune system mediated by the action of numerous 
neurotransmitters and cytokines [29,30,70]. This is con
sistent with previous findings and suggest that 
a central anti-inflammatory mechanism might be acti
vated following a SM. However, it must be noted that 
some of the studies were done more than 10 years 
previously indicating a dearth of recent investigation 
in this area. Hence, our findings must be interpreted 
with caution.

Implications for clinical practice and research

Two common themes are consistent with our previous 
systematic review (1) clinical utility: while the changes 
in endocrine markers (especially cortisol) and inflam
matory markers shed light into mechanisms through 
which SM may work, the clinical utility of such changes 
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(especially short-term) is still largely unknown. Hence, 
it will be helpful to investigate long-term changes in 
these biochemical markers and their association with 
symptom improvement. (2) The mean age of partici
pants explored across studies was 29.2 year (up from 
26 years in the original review). Therefore, the general
izability and clinical application of our findings could 
be questioned. Hence, future studies may target parti
cipants across different age groups. The methodology 
used for collecting hormone samples and the report
ing of protocol have improved since our previous 
review.

The wider prediction interval found in our meta- 
analysis may have important implication for clinical 
practice and research. Despite statistically significant 
findings as demonstrated by effect size and confidence 
intervals, the wide prediction intervals reduce the con
fidence in findings. That is, the effects of intervention 
may vary substantially depending on the setting or 
population used. This clearly emphasizes the need for 
more well controlled studies to clarify our findings. The 
rationale for calculating prediction intervals could be 
criticized as there are less than ten studies as part of 
our meta-analysis [47]. However, we decided to calcu
late prediction intervals for a few reasons (1) there is 
still no consensus on what a sufficient number of 
studies would be to generate reliable prediction inter
vals. Some evidence [46] indicate that a minimum of 
three studies is enough to calculate prediction inter
vals (which we meet); (2) it is important to demonstrate 
the variability/heterogeneity to enable meaningful 
interpretation of our findings by clinicians and 
researchers; and (3) it is better to highlight the hetero
geneity and therefore the need for further research 
than to erroneously conclude that the intervention is 
beneficial (as demonstrated by effect size and CIs 
alone). Finally, we did not propose GRADE-based 
recommendations due to the heterogeneity, which 
can be considered another important limitation.

Author’s Conclusion

This review established low-level evidence that SM 
influences various inflammatory markers and cortisol. 
Specifically, we found that SM can increase cortisol 
levels immediately post-intervention. Hence the bene
ficial effects of SM such as pain relief and reduced 
inflammation could potentially be modulated through 
these mechanistic pathways. However, well-powered 
trials targeting symptomatic populations are required 
to validate our review findings.
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