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Abstract

Background This systematic review and meta-analysis seeks to investigate the effectiveness and safety of manual
therapy (MT) interventions compared to oral pain medication in the management of neck pain.

Methods We searched from inception to March 2023, in Cochrane Central Register of Controller Trials (CENTRAL),
MEDLINE, EMBASE, Allied and Complementary Medicine (AMED) and Cumulative Index to Nursing and Allied Health
Literature (CINAHL; EBSCO) for randomized controlled trials that examined the effect of manual therapy interventions
for neck pain when compared to medication in adults with self-reported neck pain, irrespective of radicular findings,
specific cause, and associated cervicogenic headaches. We used the Cochrane Risk of Bias 2 tool to assess the
potential risk of bias in the included studies, and the Grading of Recommendations, Assessment, Development, and
Evaluations (GRADE) approach to grade the quality of the evidence.

Results Nine trials (779 participants) were included in the meta-analysis. We found low certainty of evidence that

MT interventions may be more effective than oral pain medication in pain reduction in the short-term (Standardized
Mean Difference: -0.39; 95% Cl -0.66 to -0.11; 8 trials, 676 participants), and moderate certainty of evidence that MT
interventions may be more effective than oral pain medication in pain reduction in the long-term (Standardized Mean
Difference: —0.36; 95% Cl —0.55 to —0.17; 6 trials, 567 participants). We found low certainty evidence that the risk of
adverse events may be lower for patients that received MT compared to the ones that received oral pain medication
(Risk Ratio: 0.59;95% Cl 0.43 to 0.79; 5 trials, 426 participants).

Conclusions MT may be more effective for people with neck pain in both short and long-term with a better safety
profile regarding adverse events when compared to patients receiving oral pain medications. However, we advise
caution when interpreting our safety results due to the different level of reporting strategies in place for MT and
medication-induced adverse events. Future MT trials should create and adhere to strict reporting strategies with
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regards to adverse events to help gain a better understanding on the nature of potential MT-induced adverse events

and to ensure patient safety.

Trial registration PROSPERO registration number: CRD42023421147.
Keywords Manual therapy, Neck pain, Effectiveness, Safety, Systematic review, Meta-analysis

Background

Neck pain is a highly prevalent musculoskeletal disorder
that is a major cause of morbidity and disability world-
wide. Globally in 2017 the age standardized rates for
point prevalence of neck pain was 3551.1 per 100,000
population, the age standardized rates for incidence of
neck pain was 806.6 per 100,000 population, and the age
standardized rates for years lived with disability from
neck pain was 352.0 per 100,00 population [1].

Most episodes of acute neck pain will resolve within
2 months, but nearly 50% of individuals will continue to
experience some degree of pain or frequent re-occur-
rences [2]. Amongst the most commonly used conserva-
tive treatments are oral pain medications, and manual
therapy (MT) [3, 4]. Oral pain medications include oral
analgesics, nonsteroidal anti-inflammatory  drugs
(NSAIDs) and opioids, and they are frequently used
to mitigate neck pain [3, 5, 6]. Current clinical practice
guidelines suggests a weak positive recommendation for
oral analgesics (including medication for neuropathic
pain) and specifically paracetamol, NSAIDS (short-term
only), and opioids including tramadol (short term only)
[7]. However, recent systematic reviews have reported
limited or inconclusive evidence on NSAIDs short
and long-term effect [8, 9]. In addition, a recent ran-
domised trial of 347 patients that compared the efficacy
of guideline-recommended care plus an opioid (oxyco-
done-naloxone, up to 20 mg oxycodone per day orally)
to guideline-recommended care and an identical pla-
cebo in patients with non-specific low back or neck pain
found no difference in the mean pain score on the short-
term follow-up (6 weeks) between the two groups [10].
Research also suggests that oral medications are not well-
tolerated by everyone and carry a risk of various adverse
events such as gastrointestinal issues, respiratory depres-
sion, fractures, myocardial infraction and opioid depen-
dence [11, 12].

MT is a non-pharmacological intervention utilizing
hands-on techniques like joint mobilization, manipu-
lation, and soft tissue massage. These techniques aim
to enhance joint and muscle function, reduce pain, and
improve overall well-being [6, 13, 14]. Proposed mecha-
nisms for MT’s beneficial effects include enhancing joint
and muscle function, boosting local blood flow, and
reducing inflammation [15]. Furthermore, MT may exert
neurophysiological effects, thereby reducing pain and
enhancing physical function, offering an alternative for

treating musculoskeletal pain without medications [15,
16].

Despite the widespread use of oral medication, the
evidence on their effectiveness in managing neck pain
remains controversial. Combined with potential adverse
associated with oral medications such as NSAIDs and
opioids, MT may present a safer, more favorable treat-
ment option for neck pain. Thus, this systematic review
and meta-analysis seeks to investigate the effectiveness
and safety of MT compared to oral pain medication in
the management of neck pain.

Methods

We adhered to the Preferred Reporting Items for System-
atic Reviews and Meta-Analysis (PRISMA) guidelines in
search strategy and reporting [17]. The study was regis-
tered in PROSPERO database with registration number:
CRD42023421147.

Search strategy

We searched from inception to March, 2023, in Cochrane
Central Register of Controller Trials (CENTRAL), MED-
LINE, EMBASE, Allied and Complementary Medicine
(AMED) and Cumulative Index to Nursing and Allied
Health Literature (CINAHL; EBSCO). Example of search
terms that were utilized were “Mulligan’, “Maitland’,
“Kaltenborn’, “manipulation’, “mobilization’, “Manual
therapy’, and “neck pain” The full search strategy is
included in Additional File 1. To identify additional eligi-
ble studies, we reviewed the reference list of all included
trials, searched clinical trial registries (ClinicalTrials.gov
and WHO International Clinical Trials Registry Plat-
form) for trials in progress, and examined the reference
lists of previously published systematic reviews. No lan-
guage restrictions were imposed.

Eligibility criteria

We included only randomized trials with participants
aged 18 and older experiencing neck pain with or with-
out radicular findings, either non-specific, due to a
whiplash-associated disorder (WAD categories I and II)
or associated with cervicogenic headaches. Acute symp-
toms were defined as lasting less than 30 days, subacute
as 30-90 days, and chronic as longer than 90 days. Tri-
als were grouped by the symptom duration of the major-
ity (>80%) of participants. The included interventions
were manual therapies (MT) such as mobilization and/or
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manipulation of the cervical spine. Comparator groups
consisted of those receiving oral or topical medications
(NSAIDs, acetaminophen, opioids, topical anti-inflam-
matory creams). Trials with usual care arms were also
included if they prescribed medication as part of the
usual care and they did not include a manual therapy
component. We excluded non-randomized studies, or
studies with participants displaying potential long tract
signs, neck pain due to pathologies such as cancer, or
studies with any use of intra-articular treatments or other
injections. The primary outcomes of interest were neck
pain at short term (directly post intervention) and long
term (6—12 months follow-up); and adverse events (AEs)
and serious adverse events (SAEs) resulting from manual
therapy and medication treatments. AE’s are defined as
the ramification of MT with moderate symptoms such as
increased pain, tiredness, stiffness, spasm, headaches and
dizziness which resolve over time [18]. SAEs are defined
as death and stroke, occurring secondarily to a cervical
vascular dissection [19, 20]. The secondary outcome was
all-cause dropouts. We used dropout ratios to further
explore the safety of the included interventions by assess-
ing tolerability and to account for potential treatment
discontinuation rates attributed to non-reported adverse
events.

Study selection

Two pairs of reviewers (LW/JM, TL/BG) indepen-
dently assessed each article in a two-stage process, title/
abstracts and full texts. Potential articles were identified
using a pre-defined search strategy and imported into
Covidence for initial title and abstract screening (AG/
JP). Any disagreements in the title and abstract screening
underwent full review. Any disagreements in the full text
stage were resolved by a separate third reviewer from the
initial group.

Data extraction

The same set of reviewers extracted the following infor-
mation: authors’ names, publication year, sample size,
demographic details, gender distribution, neck pain type,
intervention, comparator, outcomes of interest (includ-
ing pain intensity and adverse events), follow-up duration
(extracted in weeks), funding source, potential conflicts
of interest. The extracted data were entered in duplicate
into Covidence and cross-verified by a third reviewer
(DVP).

The primary outcomes of interest were neck pain and
AEs (including SAEs). The secondary outcome was all-
cause drop-out rates. For pain outcomes, we extracted
data at baseline, short-term follow-up (directly post
in-intervention) and long term follow up (6-12months
post intervention). If a trial reported more than one pain
outcome measure, we prioritized the Visual Analogue
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Scale (VAS), or the Numeric Pain Rating Scale. If a trial
reported both of these scales, or none of these scales, we
prioritized the scale that was reported as the primary
outcome of interest. Data on adverse events (AEs) and
serious adverse events (SAEs) and data on all-cause drop-
outs were gathered at the latest available timepoint.

We also used the TiDier checklist to assess the quality
of reporting of each trial’s individual components.

Risk of bias

To assess the potential risk of bias in the included studies,
we used the Cochrane Risk of Bias 2 tool [21]. This tool
considers multiple domains including the randomiza-
tion process, deviations from the intended interventions,
missing outcome data, and the selection of the reported
results. Two independent reviewers (RS, LW) carried out
the risk of bias assessment for each trial, with any dis-
crepancies being resolved by a third reviewer (PB). We
used the Cohen’s kappa to calculate the level of agree-
ment among reviewers.

Data analysis

We employed a random-effects Sidik-Jonkman model for
the analysis of pain outcomes across trials, and a fixed-
effects Mantel-Haenszel model was used for the analy-
sis of all cause dropouts, adverse and serious adverse
events. Given our assumption of potential variability
amongst the treatment effects of different trials, a ran-
dom-effects model was chosen. We expressed the pain
outcomes as standardized mean differences (SMDs) of
change scores, complemented by 95% confidence inter-
vals (CI). To further aid in the clinical interpretation of
our results, we used the benchmarks suggested by Cohen
[22] to interpret our effect sizes to small (SMD=0.2),
moderate (SMD=0.5), and large (SMD=0.8) and we have
indicated dashed lines in our forest plots representing
a between-group minimal important difference (MID)
threshold of 0.4 SD [23].We calculated risk ratios (RRs)
with 95% CI for the analysis of adverse events, treating
them as dichotomous outcomes. Risk Ratios were con-
sidered large if RR>2 or <0.5 and very large if RR>5
or <0.2. We used dash lines in our forest plots to mark
the 20% between group difference for adverse events to
indicate a clinically meaningful threshold [24]. We exam-
ined statistical heterogeneity using the 1> (between trial
variance) [25] and I? statistic. An I estimate of at least
50%, was used to interpret for evidence of a substantial
heterogeneity [26]. We applied the Grading of Recom-
mendations, Assessment, Development, and Evaluations
(GRADE) approach to grade the quality of the evidence
and strength of recommendations identified in the
included trials and we assigned a certainty rating (high,
moderate, low, or very low) to each outcome across trials,
representing our confidence level in the effect estimates
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[27]. Based on the GRADE guidelines, we evaluated the
quality of evidence based on four criteria:1) study limita-
tions or risk of bias), 2) publication bias, 3) imprecision,
4) indirectness, and 5) inconsistency [27].

Risk of bias: If an individual trial (per outcome) was
rated as “low risk” of bias or “unclear risk” of risk of bias
(with low risk of bias for randomization, allocation con-
cealment, and blinding domains), we considered there
was no serious study limitations and did not downgrade
the quality of evidence. If an individual trial (per out-
come) was rated as “high risk” of bias (with high risk of
bias only for incomplete outcome data, selective report-
ing or other bias), we considered this as a serious limi-
tation and downgraded the quality of evidence by one
level. Lastly, if an individual trial (per outcome) was rated
as “high risk” of bias (with high risk of bias for random-
ization, allocation concealment or blinding domains), we
considered this as a very serious limitations and down-
graded the quality of evidence by two levels [28].

Publication bias: In the presence of publication bias,
we planned to assess by utilizing funnel plots and impute
the missing studies to account for publication bias in the
meta-analysis [29].

Imprecision: The judgement of the quality of evidence
regarding imprecision was based on the Optimal Infor-
mation Size (OIS) calculation [30]. An OIS of approxi-
mately 400 (200 per group) was calculated based on the
usual standards of a (0.05) and 3 (0.20) and an effect size
of 0.2 standard deviations, indicating a small effect. If
the OIS criterion was not met, we downgraded the level
of evidence by one level for imprecision (ie., serious
imprecision).

Indirectness: The GRADE assessment of indirectness
was based on differences in outcome measures (patient-
important outcomes vs. surrogate outcomes). In this
review, we only included patient-important outcomes.
Therefore, we did not downgrade the quality of evidence
if RCTs reported patient-important outcomes (pain and
adverse events) [31].

Inconsistency (statistical): To assess inconsistency we
considered a 12=0.10 or greater or I*’=40% or greater as
evidence of a moderate heterogeneity, and therefore, we
downgraded by one level [32].

To enhance the clarity and completeness of reporting
on the interventions studied given the potentially mul-
timodal nature of manual therapy we used the TiDier
Checklist [33], and we conducted a sensitivity analysis
based on the individual components of the interventions
of the included trials.

Publication bias

The potential of publication bias relating to small study
sample size was assessed by applying the Regression
based Egger test [34], and we imputed the missing studies
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to compensate for this bias within the meta-analysis.
The non-parametric “trim and fill” method allowed us
to compare the observed and imputed studies. To deter-
mine if imputed studies fell within the region of statistical
significance, we used contour-enhanced funnel plots [35].
All analyses were performed using STATA (Stata Statisti-
cal Software: Release 17, StataCorp LLC).

Results

The PRISMA flow diagram detailing the selection process
is shown in Fig. 1. We identified a total of 5,857 records.
After duplicates were removed, we screened 4,197 stud-
ies in title/abstract level. A total of 233 were assessed at
full text level and a total of 7 records were eligible. From
reviewing the eligible papers references, we were able to
add 3 more records. This brought the total to 9 trials (10
records) which met all the pre-determined inclusion cri-
teria. A list of the studies that were excluded at full-text
level with the reasons for exclusion are provided in Addi-
tional File 2.

Study characteristics

Table 1 presents the individual study descriptive char-
acteristics, intervention and comparator details and
primary outcomes. Nine trials with a total of 779 par-
ticipants were included in the meta-analysis. The sample
size in the included studies ranged from 37 to 191. The
median total sample size was 84.5 participants (IQR 51 to
124). All trials were conducted on adults over the age of
18 years. The median average age of participants was 45
(IQR 40.5 to 46.5). The median percentage of females was
59.5% (IQR 56-68%).

There was a mix of different MT interventions in the
included studies. Five trials used manipulation and mobi-
lization of hypomobile segments and muscular/articular
mobilizations [36—40]. One trial used non-invasive neu-
ral mobilization techniques [41]. One trial used manipu-
lation and mobilization techniques using distraction and
adjustment methods (Chuna manual therapy) [42]. One
trial used a combination of articular mobilization with
low load exercise [37]. One study used a combination
of MT plus a standardized exercise program [43]. One
study used a combination of MT with coordination and
stabilization techniques [39, 44]. Details about the inter-
ventions are found in Additional File 3. The comparator
groups were oral medication, usual care or continued
care. The medications were NSAIDS, acetaminophen,
opioids, muscle relaxants, paracetamol [36-39, 41, 42,
44]. One usual care group included physiotherapy plus
oral medication [42]. One included medication with
home exercise and advice on staying active [36].

Eight trials (676 participants) contributed to the short-
term analysis for pain. The short-term follow-up ranged
from 3 to 12 weeks (median 6.5; IQR 4.75 to 9.74). Six
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Fig. 1 PRISMA flow diagram

trials (567 participants) contributed to the long-term
analysis for pain. The long-term follow up ranged from
36 weeks (1 trial) to 52 weeks (5 trials). Two pain rating
scales were utilized in the included studies, the Visual
Analogue Scale (VAS) and the Numeric Pain Rating
Scale. Eight trials (745 participants) reported data for all-
cause dropouts, and 5 trials (426 participants) reported
estimates for adverse events. A detailed analysis on the
quality of the reporting of each trial’s individual compo-
nents is summarized using the TiDier checklist in Addi-
tional File 4.

Risk of bias

We found low risk of bias in the randomization process
in 6 trials (79%, n=664) that reported pain and 2 trials
(34%, n=284) that reported safety outcomes; low risk
of bias owing to deviations from intended interventions
in 8 trials (84%, n=704) that reported pain and 4 trials
(38%, n=324) that reported safety outcomes; low risk of
bias due to missing outcome data in 3 trials that reported
pain (40%, n=338); and low risk of bias in the selection
of reported results in 8 trials that reported pain (87%,
n=735) and in 3 that reported safety (38%, n=319). None
of the included trials was rated as having low risk of bias
for the measurement of the outcome, hence no trial was
found to have low risk of bias overall. Details about the

risk of bias are summarized in Additional File 5. The
Cohen’s kappa was 0.9 suggesting a very high level of
agreement between the reviewers.

Publication bias

Egger’s regression test and visual inspection of the con-
tour enhanced funnel plot [23, 24] symmetry revealed
no small-study effect for short-term pain, long term pain
and adverse events. Funnel plots are included in Addi-
tional File 6, 7.

Pain level reduction in MT and medication

For the short-term pain intensity 8 trials (676 par-
ticipants) were analyzed. Compared with the oral pain
medications, the pooled effects estimate demonstrated
moderate effects on pain intensity reduction in favor of
the intervention group and this effect was statistically
significant (SMD —0.39; 95% CI -0.66 to -0.11) (Fig. 2).
Heterogeneity was high (tau?=0.10). The certainty of evi-
dence was deemed low, downgraded for high risk of bias
and inconsistency (Additional File 8).

For the long-term pain intensity 6 trials (567 random-
ized participants), were analyzed. Compared with the
oral pain medications, the pooled effects estimate dem-
onstrated moderate effects on pain intensity reduction
in favor of the intervention group and this effect was



Makin et al. BMC Sports Science, Medicine and Rehabilitation

(2024) 16:86

Table 1 Summary of subject and study descriptive characteristics, intervention and comparator arms

Page 6 of 11

Author Country Age N Primary Fol- Intervention Details Comparator Details
(% Outcomes low up
males) (weeks)
Brontford et United States 4755 191 NPRS Pain  2,3,8, Manipulation/mobilization of hypo-  NSAIDS, acetaminophen,
al. 2012 [36] (mean) (63.1)  Score 12,26,52  mobile segments opioid, muscle relaxant
weeks
Calvo-Lobo  Venezuela 32.05 51(@21) NPRSPain 1,15,30 Non-invasive neural mobilization Ibuprofen
etal. 2018 (mean) Score weeks technigue using a cervical contralat-
[41] eral glide mobilization
De Hertogh  Belgium 4322 37(9)  VASpain 7,12,26 Manual therapy (articular mobilisa- ~ Usual Care/Medication
etal. 2009 (mean) score weeks tions and low load exercises) (NSAIDS, triptans)
[37]
Giles et al. Australia 38.75 57 (23) VAS pain 4 weeks Manual Therapy SMT (high velocity/ Medication (NSAID)
1999 [38] (median) score low amplitude spinal manipulation)
Giles et al. Australia 39 75(31) VAS pain Initial visit, Spinal manipulation Celebrex (200-400 mg/day),
2003 [40] (median) scale 2,5and 9 Vioxx (12.5-25 mg/day),
weeks paracetamol (up to 4 g/day)
Hoving etal. Netherlands 4525 124 NPRS pain 3,7 Manual Therapy Continued Care
2002 [44] (mean) (53.9)  score (Muscular and articular mobiliza- (paracetamol or nonste-
tions, coordination and stabilization  roidal anti- inflammatory
techniques) drugs)
Hoving etal. Netherlands 4525 124 NPRS pain  3,7,13, Manual Therapy Continued Care
2006 [39] (mean) (53.9)  score 26,52 (Muscular and articular mobiliza- (paracetamol or nonste-
tions, coordination and stabilization  roidal anti- inflammatory
techniques) drugs)
Leeet Korea 384 108 VAS & NPRS 5,129, Chuna manual therapy (Manipula- ~ Usual care (PT+oral
al. 2021 [42] (mean) (35) pain score  25.8, tion/mobilization using distraction  medications - Analgesics
387,516  &adjustment methods) (paracetamol or NSAID))
weeks
Muller et Australia 39 42 VAS pain 9& Manipulation (left to discretion of Medication (Celecoxib, rofe-
al. 2005 [57] (median) (21.99) score >103.2 provider) coxib, acetaminophen)
weeks
Walker et United States 475 94 (31) VAS pain 3,6,103.2 Manual therapy and Exercise (1/3 Usual Care (general prac-
al. 2008 [43] (mean) score weeks Thrust or Non-thrust, muscle energy, titioner care +instructions
stretching) to continue prescription
medication— NSAIDs, Cervi-
cal ROM exercises)
Treatment Control Favors Favors Hedges's g Weight
Study N Mean SD N Mean SD Manual Therapy Medications with 95% CI (%)
1 1
Walker 2008 47 -3.97 2.254983 46 -2.43 2.259753 —.—:— : -0.68 [ -1.09, -0.26] 13.73
Bronfort 2012 91 -3.77 1.794352 90 -2.85 1.725051 —.—:— : -0.52 [-0.82, -0.23] 16.24
Calvo-Lobo 2018 35 -3 6.795247 26 -4.2 5.554001 : ——.—:— 0.19[-0.31, 0.69] 11.99
De Hertogh 2009 18 -1.586 2.114617 18 -2.138 2.315557 :——.—:— 0.24[-0.40, 0.88] 9.57
Giles 1999 23 -1.5 4.765186 12 .38 4.228418 —!—— : -0.40 [-1.09, 0.29] 8.86
Giles 2003 25 -1.92 3.928402 22 -.36 4.816233 —|.__ : -0.35[-0.92, 0.22] 10.78
Hoving 2002 60 -3.5 1.862257 64 -2.6  2.300435 —.l— : -0.43[-0.78, -0.07] 15.01
Lee 2021 54 -3 1.633036 45 -1.6 1.583145 —.—: : -0.86 [-1.27, -0.45] 13.82
Overall - | -0.39 [ -0.66, -0.11]
Heterogeneity: T = 0.10, I’ = 65.89%, H* = 2.93 ! !
Test of 6, = 8;; Q(7) = 16.09, p = 0.02 : :
Testof 8 =0:z=-2.77,p = 0.01 : :
45 1 05 0 05 1 | 15

Randome-effects Sidik—Jonkman model

Fig. 2 Forest plot showing the SMD with 95% Cl for between group comparisons of short-term pain (up to 12 weeks). The dotted lines represent a
between-group minimal important difference (MID) threshold of 0.4 SD
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Treatment Control Favors Favors Hedgessg  Weight

Study N Mean SD N Mean  SD Manual Therapy Medications with 95% CI (%)
T
Walker 2008 47 36 2401445 42 266 2329812 —i— -0.39 [-0.81, 0.02] 16.74
Bronfort 2012 91 -3.67 169827 90 -2.79 1.854023 —m— 049 [-0.79, 0.20] 27.41
DeHertogh 2009 18 -2.842 2.129205 13 -2.124 2.278587 0.32[-1.02, 038] 693
Hoving 2006 60 42 1862257 61 41 2300435 — -0.05 [-0.40, 031] 2134
Lee 2021 54 32 1762441 49 22 1964429 —a— -0.53 [-0.92, -0.14] 18.47
Muller 2005 23 144 5098953 19 .12 4.454079 -0.32[-0.92, 0.28] 9.11
Overall <p -0.36 [-0.55, -0.17]
Heterogeneity: T = 0.01, I' = 22.16%, H* = 1.28
Test of 8 = B: Q(5) = 4.59, p = 0.47
Testof § = 0: z = 3.66, p = 0.00
5 1 ' 05 o5 " 1 1S

Random-effects Sidik—Jonkman madel

Fig. 3 Forest plot presenting the SMDwith 95% Cl for between-group
comparisons of long-term pain (25.8 to 51.6 weeks). The dotted lines rep-
resent a between-group minimal important difference (MID) threshold of
04 SD

Treatment Control Favors Favors Risk ratio Weight
Study Yes No Yes No Manual Therapy Medications with 95% CI (%)
Bronfort 2012 36 55 50 34 -.:L i 0.66[ 049, 0.91] 7446
Calvo-Lobo 2018 0 35 3 32 : a:— 0.14[0.01,2.67] 501
Giles 1999 0023 3 9 =11 0.08[0.00, 1.39] 650
Gilles 2003 0 33 7 33 e-— 1 0.08[0.00, 1.36] 9.74
Lee 2021 5 49 3 51 R 1.67[042, 6.63] 4.30
overall < || 0.59[0.43, 0.79]
Heterogeneity: I’ = 46.76%, H' = 1.88 [
Test of 8 = 68;: Q(4) = 7.51, p = 0.11 e
Test of 8 = 0: 2 = 348, p = 0.00 ]

1/16 174 4 16

Fixed-effects Mantel-Haenszel model

Fig. 4 Forest plot presenting the Risk Ratiowith 95% Cl for between-
group comparisons of adverse events. The dotted lines represent a be-
tween-group minimal important difference (MID) threshold of 20%

Treatment Control Favors Favors Risk ratio Weight
Study Yes Ne Yes No Manual Therapy Medications with 95% CI (%)
Bronfort 2012 21 70 31 59 —- 0.67[0.42, 1.07] 34.38
Calvo-Lobo 2018 10 25 9 26 —— 1.11[0.51, 2.40] 9.93
De Hertogh 2009 6 13 4 14 — 142[048,4.22] 453
Hoving 2006 2 58 3 61 B B— 0.71]0.12, 4111  3.20
Gilles 1999 13 23 10 11 —— 0.76[0.41, 1.42] 1393
Gilles 2003 10 25 18 22 —— 0.63[0.34, 1.19] 18.53
Lee 2021 2 52 9 45 «—Bm—| 0.22[0.05,0.98] 9.93
Walker 2008 1 47 5 42 — 0.20[0.02, 1.61] 557
Overall > 0.68 [ 0.52, 0.90]
Heterogeneity: I* = 0.00%, H* = 1.00
Test of 6 = 8;: Q(7) = 6.98, p = 0.43
Testof 8§ =0:z=-2.71,p=0.01

1/16 174 4 16

Fixed-effects Mantel-Haenszel model

Fig. 5 Forest plot presenting the Risk Ratiowith 95% Cl for between-
group comparisons of all cause drop-outs

statistically significant (SMD -0.36; 95% CI —0.55 to
—0.17) (Fig. 3). Heterogeneity was low (tau?=0.01). The
certainty of evidence was deemed moderate, downgraded
for high risk of bias (Additional File 8).

Adverse events

Adverse events were reported in 5 trials (426 partici-
pants). There were no timelines for adverse events. The
most common adverse event in the MT group was aggra-
vation of pain. The most common adverse events in the
oral pain medication groups were GI symptoms, drowsi-
ness, dry mouth, and cognitive symptoms. There were no
serious adverse events reported in any of the included
studies. When compared with oral pain medications,
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the pooled effect estimate demonstrated fewer adverse
events in favor of the manual therapy group (RR 0.59;
95% CI 0.43 to 0.79) (Fig. 4). Heterogeneity was moder-
ate (I’=46.76%) The certainty of evidence was deemed
low, downgraded for high risk of bias and inconsistency
(Additional File 8).

All cause of dropouts

For the all-cause dropouts, 8 trials (745 participants)
were analyzed. The pooled effect estimate indicated that
participants who received pain medications were associ-
ated with a higher risk of all cause of dropouts compared
to participants who received MT (RR 0.68; 95% CI 0.52 to
0.90) (Fig. 5). We found no heterogeneity (I>=0.00%). The
certainty of evidence was deemed moderate, downgraded
for high risk of bias (Additional File 8).

Sensitivity analysis

Six of the included studies used MT as a standalone
treatment and 3 used MT with an exercise component.
Hence, to provide a more comprehensive analysis we
conducted a subgroup analysis on the effectiveness of
MT in short-term and long-term pain reduction based
on the presence or absence of an exercise component as
an adjunct to MT.

For MT as standalone, the pooled effects estimate dem-
onstrated moderate effects on short-term pain intensity
reduction in favor of the intervention group (SMD —0.41;
95% CI -0.76 to -0.06) compared with the oral pain medi-
cations (Additional File 9). For MT plus exercise, the
pooled effects estimate demonstrated moderate effects
on short-term pain intensity reduction in favor of the
intervention group (SMD —0.34; 95% CI -0.85 to 0.17)
compared with the oral pain medications (Additional File
9).

For MT as standalone, the pooled effects estimate dem-
onstrated moderate effects on long-term pain intensity
reduction in favor of the intervention group (SMD —0.48;
95% CI -0.71 to -0.26) compared with the oral pain medi-
cations (Additional File 10). For MT plus exercise, the
pooled effects estimate demonstrated moderate effects
on long-term pain intensity reduction in favor of the
intervention (SMD -0.22; 95% CI -0.5 to 0.07) compared
with the oral pain medications (Additional File 10).

Discussion

In this systematic review with meta-analysis of 9 trials
(797 patients) we found low certainty of evidence that
MT interventions may be more effective than medica-
tion in pain reduction in the short-term, and moderate
certainty of evidence that MT interventions may be more
effective than medication in pain reduction in the long-
term. The effect size for pain reduction did not surpass
the pre-defined between-group MID for either short, or
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long-term pain reduction. All-cause dropouts and risk
of adverse events were lower for patients that received
MT compared to the ones that received medication. The
certainty of evidence was moderate for all-cause drop-
outs, and low for adverse events. There were no serious
adverse events reported in the trials. The effect estimate
for adverse events surpassed the pre-defined 20% MID
threshold which indicates that MT may have a better
safety profile than oral pain medications.

Previous studies

The results of our study suggest that MT may be more
effective than oral pain medications for people with neck
pain in both short-term and in the long-term. Our find-
ings are in agreement, and further reinforce the results
of recently emerging studies in the neck pain population.
With regards to pain, a recent network meta-analysis
[45] reports that MT as a stand-alone treatment may
be associated with greater improvements in pain levels
than inert treatment in the short term but failed to find
an association in the long-term follow-up. In the same
study, NSAID medications were not more effective than
inert treatment in the short-term follow up. No informa-
tion was provided with regards to the long-term follow-
up. A previous Cochrane systematic review [46] suggests
that for acute and subacute neck pain, multiple sessions
of MT were more effective than certain medications in
improving pain at both short-term and long-term follow-
up. However, the results of this review derived only from
one trial. Our review identified an additional 8 trials,
increasing confidence in the robustness of these results.
With regards to adverse events, the relative literature
presents conflicting results. Our findings are in agree-
ment with a previous systematic review that reported
that MT appears to have a relatively lower risk for adverse
events compared to medications [47]. Previous evidence
deriving from small observational studies and expert
opinions has suggested a potential association between
MT and craniocervical arterial dissections [48, 49]. Our
analysis, however, does not confirm these findings. How-
ever, we found throughout our literature search that there
was a paucity of reported adverse events for MT. Efficacy
and safety of interventions in reporting is important for
informing a policy perspective [20, 50]. Even though the
included trials did not suggest any safety concerns, there
was a lack of clarity around what events occurred, and
to what percentage of the included participants adverse
events were seen in. This is not uncommon in rehabilita-
tion and medical literature [50, 51]. Recent literature sug-
gests that reporting of adverse events within MT is low
and does not always follow established standards [52, 53].
Conversely, when considering oral pain medication, trials
and registries have developed processes for adverse event
detection, processing, and reporting which has helped
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them to identify more adverse events [54]. Interestingly,
when further examining our results, all-cause dropouts
seemed to provide a higher quality estimate than the
adverse events, and that could potentially be due to the
higher number of events recorded. That further supports
the possibility of inadequate reporting of adverse events,
as certain individuals who dropped out without reason
could have potentially experienced an adverse event that
was not recorded.

Strengths

We conducted an extended and comprehensive litera-
ture search across five databases and two trial registries
with the help of an experienced librarian and we manu-
ally checked the reference lists of all the included stud-
ies for missed trials. We therefore believe that it’s unlikely
that we missed any eligible trials. The robustness of our
results is further enhanced by the low between trial het-
erogeneity in two out of four outcomes and the overall
absence of publication bias. Our study included trials
from Europe, North America, South America, Asia, and
Australia and that further establishes the external validity
and generalizability of our results.

Limitations

The quality of our results is limited by the quality of the
included studies. The certainty of evidence of our out-
comes ranged from low to moderate. The most common
reason for downgrading was high risk of bias, followed by
inconsistency. High risk of bias is to be expected in trials
of rehabilitation interventions, especially when compared
with medications. The nature of the two interventions
is very different, which makes effective blinding of the
patients very challenging and can potentially introduce
bias due to deviations from the intended interventions
and, in cases of significant dropouts, bias due to miss-
ing outcome data. What is more, when the outcome is
a patient reported outcomes such as pain, the patients
act as the assessors, which introduces further bias in the
measurement of the outcome.

Interestingly, the high level of heterogeneity that
leads to inconsistency in pain intensity was only pres-
ent in the short-term results, and not in the long-term
ones. A potential reason that could explain this discrep-
ancy is the large variability that is present in the short-
term follow-up timepoint (ranging from 3 to 12 weeks),
when compared to the long term follow up that was
more standardized. There is also a possibility that the
short-term timepoint was too soon for patients to accu-
rately estimate the change in their pain levels, especially
in the more chronic cases. This discrepancy could also
be an indication of potentially more prolonged treat-
ment effects in the patients that received MT compared
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to meds, that the short-term timepoint could not capture
effectively.

Besides, a certain level of heterogeneity is also to be
expected when pooling trials of MT interventions, mainly
due to the complexity of the treatment, the large variabil-
ity in treatment techniques, the potential between trials
difference in the skill level of the therapist, and the multi-
component nature of these interventions. MT interven-
tions are rarely standardized. In most of the included
trials, MT practitioners could choose from and utilize
multiple options depending on the patient presentation,
and the choice was usually left in expert opinion. What
is more, certain MT techniques include mobilization/
manipulation throughout the spine and not specifically to
the neck, which could also have added to the heterogene-
ity. Other factors that could potentially explain the high
level of heterogeneity are the familiarity, level of com-
fort and expectations of patients with regards to the MT
techniques that might vary in different countries and that
could also potentially explain the heterogeneity to some
extend [15, 55, 56].

In order to facilitate clinical interpretation of our
results, we used 0.4 SDs as the MID for pain, and 20% as
the MID for adverse events. The current literature does
not provide a between group MID for patients with neck
pain for neither pain, nor adverse events. Although both
0.4SD for pain and 20% for adverse events can be real-
istic benchmarks within pain literature, we would like
to acknowledge that they are not specific to neck pain
patients.

Clinical implications
The results of our study suggest that MT may be more
effective for people with neck pain in both short-term,
and in the long-term than oral pain medications. In the
light of recent evidence that suggests the ineffective-
ness of opioids for short-term pain in patients with non-
specific neck pain [10] and taking into consideration the
high risk of misuse that comes with long-term opioid use,
our results could influence referral networks for individ-
uals who present to their family physician with neck pain
and give more treatment options for patients to choose
from. According to our results, it appears that patients
that receive MT may be at a lower risk for adverse events
compared to patients receiving oral pain medications.
The most common adverse even from medications
according to a recent network-meta-analysis is gastric
symptoms [45]. Hence, MT may be a good alternative to
medications in patients with a history of gastrointestinal
issues that may not be able to tolerate medications.
Finally, even though the results of our study do not sug-
gest any safety concerns, taking into consideration the
lack of adequate standardized reporting of the adverse
events in MT, it is advised that clinicians that choose to
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use MT closely monitor for adverse events and follow up
when patients discontinue the treatment program to fur-
ther investigate the reasons behind it.

Future research

Even though MT is a field that developed greatly in the
past 10 years and is widely used in clinical practice, all
but one of our studies were conducted more than 10
years ago. Hence, there is a possibility that there are new,
emerging techniques in place that have not been tested
against oral pain medications and are not included in our
review. Future trials should focus on identifying and test-
ing these techniques while integrating a strict reporting
strategy for adverse evets to offer a wider choice of non-
pharmacological therapeutic options to clinical practice.

Conclusion

We found low certainty of evidence that MT interven-
tions may be more effective than oral pain medication in
pain reduction in the short-term, and moderate certainty
of evidence that MT interventions may be more effec-
tive than oral pain medication in pain reduction in the
long-term. We found low certainty evidence that the risk
of adverse events may be lower for patients that received
MT compared to the ones that received oral pain medica-
tion, but we advise caution when interpreting this result
due to the different level of reporting strategies in place
for MT and medication-induced adverse events. Future
MT trials should create and adhere to strict reporting
strategies with regards to adverse events to help gain
a better understanding on the nature of potential MT-
induced adverse events and to ensure patient safety.
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