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Abstract

Background Spinal manipulative therapy (SMT) is frequently used to manage neck pain; however, its efficacy
and safety in treating acute neck pain (ANP) remain uncertain and require further investigation.

Objectives This study aims to comprehensively evaluate the efficacy and safety of SMT in the treatment of ANP.

Databases and data treatment A thorough search was conducted in PubMed, Embase, Web of Science, PEDro,
and Cochrane Library databases, covering all studies from inception to March 20, 2023. Mean differences (MD)

with 95% confidence intervals (Cls) were calculated to assess outcomes such as pain intensity, cervical range

of motion (CROM), and disability. The PEDro Scale and the Grading of Recommendations, Assessment, Development,
and Evaluation (GRADE) approach were utilized to evaluate the methodological quality and strength of evidence.

Results Eight randomized controlled trials (RCTs) with 965 patients were included. Their PEDro scores ranged

from 4—9 (mean: 6.38, SD: 1.25). Forest plot analysis showed SMT was better than the control in reducing pain
(MD=-1.53,95% Cl [-2.22,-0.83]) and improving CROM in all measured aspects. It also significantly reduced disability
scores (MD=-6.20, 95% CI [-9.81, -2.59]). No serious adverse events were reported.

Conclusions The evidence supports the use of SMT as an effective and safe intervention for reducing pain, improv-
ing CROM, and decreasing disability in patients with ANP. These findings provide valuable insights for clinical practi-
tioners and highlight the potential of SMT as a viable therapeutic option in managing ANP.

Systematic review registration PROSPERO CRD42021264411.
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Introduction
Acute neck pain (ANP) can occur suddenly and rapidly
progress, resulting in severe pain and detrimental effects
on the patient’s well-being [1]. Neck pain ranks as the
fourth most common cause of disability worldwide, with
an annual prevalence exceeding 30% [2]. The neck, a flex-
ible structure that supports the weight of the head, is sus-
ceptible to pain and restricted movement. While many
cases of ANP resolve either with or without treatment,
approximately half of the affected individuals continue
to experience chronic or episodic pain [2—4]. Moreover,
neck pain imposes a financial burden, associated with
high treatment costs, reduced productivity, and work-
related challenges for employees [5]. Routine activities
involving stretching, loading, and particularly twisting
increase the likelihood of developing neck pain [1, 6, 7].
The clinical practice guidelines established by the
American Physical Therapy Association (APTA) out-
line conservative treatment approaches for neck pain,
which include coordination, strengthening, and endur-
ance training [3]. Additionally, guidelines from APTA,
the Canadian Chiropractic Association, and the Danish
Health Authority incorporate manipulative techniques
as part of the recommended treatment protocol [3, 8, 9].
Beyond these organizations, several other clinical prac-
tice guidelines have also endorsed the use of SMT for
managing acute or subacute neck pain, typically within
a multimodal treatment strategy. For instance, Bryans
et al. [8] provided evidence-based guidelines emphasiz-
ing the role of chiropractic treatment in addressing neck
pain, while Bussieres et al. highlighted SMT as an integral
component for treating neck pain-associated disorders
and whiplash-associated disorders [10]. Similarly, Kjaer
et al. [9] and Whalen et al. [11] underscored the value of
combining SMT with other therapies, such as exercise
and education, to optimize patient outcomes. These com-
prehensive guidelines reflect a growing consensus on the
efficacy and safety of SMT when used alongside comple-
mentary interventions for managing neck pain effectively.
Spinal manipulative therapy (SMT) is a"hands-
on'"therapeutic approach that applies force to spinal
joints to alleviate neck pain [12]. Both thrust and non-
thrust spinal motor segment manipulation techniques
are employed as interventions for patients with ANP
and recurrent neck pain [3]. By targeting dysfunctional
areas of the spine, SMT aims to restores structural
integrity, reduces pain, and stimulates the body’s natu-
ral [13]. In addition, SMT is generally considered safe.
Serious adverse events potentially associated with SMT
are exceedingly rare, with incidence rates ranging from
1 case per 2 million procedures to 13 cases per 10,000
patients, and no life-threatening or fatal adverse events
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have been reported [14, 15]. However, despite the
well—documented clinical benefits of SMT, the exact
magnitude of its efficacy in alleviating pain, reducing
disability, and enhancing overall functional outcomes
remains inadequately explored. More rigorous stud-
ies are required to clarify these effects and gain better
understanding of the factors that influence its thera-
peutic potential.

Although a meta—analysis on SMT for neck pain
exists, it mainly concentrated on chronic neck pain
instead of ANP [12]. The previous review methods had
notable limitations. For example, they often included
heterogeneous populations. Some prior meta—analyses
on SMT for neck pain combined patients with acute,
sub—acute, and chronic neck pain without proper dis-
crimination. Given the significant differences in patho-
physiology, treatment responses, and prognosis among
these groups, this heterogeneity could have distorted
the results, making it hard to draw accurate conclu-
sions specifically for ANP. Also, there was a lack of
differentiation between acute and chronic neck pain
in previous reviews [16]. Acute and chronic neck pain
have distinct natural courses and treatment responses.
Reviews that failed to distinguish between them might
have grouped studies with diverse outcomes, leading to
an inaccurate understanding of SMT’s true efficacy and
safety for ANP, as SMT’s effects can vary depending on
the neck pain stage. However, numerous RCTs [16—23]
related to this research have been identified. These tri-
als offer different insights compared to those in the pre-
vious meta—analysis [12, 24], and they serve as a solid
basis for synthesizing new research evidence directly
applicable to ANP. Building on this growing body of
research, a systematic review and meta-analysis were
undertaken, incorporating a formal grading of evidence
to ensure methodological rigor and transparency. Spe-
cific outcome measures such as pain, improvement in
CROM, and reduction in disability are directly related
to the key aspects of body function, activity limita-
tions, and participation restrictions in patients with
ANP. Therefore, the primary objective of this study is
to evaluate the efficacy of SMT in alleviating pain in
patients with ANP. Pain is regarded as the primary out-
come, while improving CROM and reducing disability
are considered as secondary outcomes.

Additionally, the review systematically assessed the
safety profile of SMT, aiming to provide a comprehen-
sive understanding of its clinical utility. This approach
not only addresses the limitations of prior reviews but
also seeks to offer clearer guidance for clinical applica-
tion and future research directions.
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Methods

Study design and registration

This research protocol adheres to the Preferred Report-
ing Items for Systematic Reviews and Meta-Analysis
(PRISMA) guidelines, ensuring transparency and com-
prehensive reporting. Additionally, the protocol has been
registered in the PROSPERO database with the registra-
tion number CRD42021264411 [25].

Data sources and searches

For this systematic review and meta-analysis, the
researchers responsible for conducting the literature
search and selection process are YXD and JXP. They
searched several databases, including PubMed, Embase,
Web of Science, PEDro, and Cochrane Library, to iden-
tify relevant literature published up until March 20, 2023.
The purpose of this extensive search was to ensure that
no recent reviews had covered the topic in the past five
years. All the identified literature was imported into
Endnote for classification and organization. To nar-
row down their search and focus on relevant content,
the researchers utilized a combination of keywords,
including"osteopathic manipulation,"chiropractic/
orthopedic manipulation,"spinal manipulation,"'manual
therapy,"'sham/placebo  manipulation,""acute  pain,
neck,acute neckache,"acute cervicalgia,"acute
cervicodynia,"and"randomized controlled trial."These
keywords were applied in different combinations to
retrieve the most relevant studies. The Supplemental Files
contain the specific search terms used for each database.
To assess the eligibility of the retrieved articles, YXD and
JXP independently reviewed the titles and abstracts. They
checked for the presence of the predefined criteria, which
will be described in the upcoming section. Additionally,
the reference lists of the selected RCTs [16-23] were
reviewed, and earlier systematic reviews and meta-anal-
yses were cross-referenced to identify any additional rel-
evant studies. This comprehensive search strategy aims
to capture all eligible RCTs for inclusion in the systematic
review and meta-analysis.

"

"

Inclusion and exclusion criteria

This meta-analysis specifically includes RCTs that aimed
to improve CROM, reduce pain, and minimize disability
in patients with ANP. The participants in these studies
were required to be 18 years or older and have a clini-
cally diagnosed acute whiplash injury or AND, defined
as symptoms lasting less than 3 months, with or without
radiating pain. The literature search process began by
manually retrieving 1,882 records from multiple data-
base. In the experimental groups, participants received
SMT, which encompassed manipulation of the cervical,
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thoracic, and/or other spinal regions. These interventions
could be administered either as a single-modal interven-
tion or in combination with other therapies (multimodal
intervention). The control group participants, on the
other hand, received alternative therapies such as exer-
cise, physical agents therapy, or placebo therapy. The pri-
mary outcome measures utilized to evaluate the effects of
SMT on patients with ANP were pain severity, CROM,
and disability. Pain intensity was assessed using visual
analogue scales (VAS) and numeric pain rating scales
(NPRS). The impact of ANP on patients’ daily lives was
evaluated through CROM measurements to assess cervi-
cal spine activity and disability measurements using the
Neck Disability Index (NDI) and the Northwick Park
Neck Pain Questionnaire (NPQ).

The following types of studies were excluded from
this meta-analysis: non-RCTs, studies not focusing on
ANP or whiplash injury, studies with unavailable full
text or missing data, duplicate publications, poor-quality
research, non-English literature, and editorials, letters,
comments, or conference abstracts. These exclusion cri-
teria ensure the inclusion of studies that meet the specific
objectives and quality standards of the meta-analysis.

Literature quality assessment

To ensure a comprehensive assessment of the eligible
studies, two evaluators (JMC and JHP) employed the
Physical Therapy Evidence Database (PEDro) scale. The
PEDro scale is a recognized tool for evaluating the risk
of bias in RCTs and is widely used for this purpose [26].
The PEDro scale consists of 10 items that aim to identify
potential weaknesses in the methodology of the studies.
Each item is scored as either 1 (presence) or 0 (absence).
The total score on the scale ranges from 0 to 10, with
higher scores indicating stronger methodology. The
scoring criteria for the PEDro scale are as follows: 9-10
=excellent, 6—8 =good, 4-5 =fair, and less than 4= poor
[26]. The evaluators assigned scores to each study based
on the PEDro scale criteria. These scores help assess the
quality of the studies. Studies with high scores and good
or excellent methodology, or with a sample size greater
than 50, are considered to have level 1 evidence. Con-
versely, studies with low scores, fair or poor methodol-
ogy, or a sample size of less than 50 are categorized as
level 2 evidence [27]. In addition, two researchers (JMC
and JHP) rigorously examined the funding sources of the
eight RCTs to check for potential biases related to influ-
encing study results and reporting. Whenever there were
differences in ratings between the two evaluators, th were
resolved through discussions with the lead researcher
(LRL). This iterative process ensures consistency and
accuracy in the evaluation of the included studies.
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Data extraction

To ensure the accuracy and reliability of the extracted
data, two researchers (HL and MXL) independently used
standardized forms to extract data in duplicate. Follow-
ing this, they cross-checked their results to confirm con-
sistency and resolve any discrepancies, ensuring that the
extracted data was both accurate and consistent. The fol-
lowing data were extracted using the standardized forms:
study characteristics (such as authors’names and publi-
cation year), patient characteristics (including the num-
ber of participants, their age, and gender), descriptions
of the experimental and control interventions, duration
of follow-up, types of outcome measures assessed, pre-
and post-treatment results, and the authors’findings and
conclusions. The extracted data were then entered into a
Microsoft Excel spreadsheet, which facilitated the com-
parison of participant characteristics, interventions, and
outcome measures across the included studies. This sys-
tematic organization of data enables a comprehensive
analysis and synthesis of the findings. In cases where dif-
ferences of opinion arose during the data extraction pro-
cess, discussions were led by the lead researcher (LRL)
to resolve any discrepancies. This collaborative approach
ensures the accuracy and reliability of the extracted data.

Rating the body of evidence

Two reviewers (JHP and JMC) independently evaluated
the quality of the available evidence using the GRADE
criteria [28]. In cases where disagreements arose between
the two reviewers, they resolved the differences through
discussion. If consensus was not achieved, a third
reviewer (LRL) was consulted to mediate and make the
final decision. This approach ensured that the assess-
ment of evidence quality was consistent, accurate, and
unbiased. The GRADE system enables evaluation of the
quality of evidence according to specific criteria such as
the study design, bias risk, accuracy, consistency, indi-
rectness, and effect size. In the GRADE system, symbols
or letters are used to denote the appropriate grades; the
strength of recommendations is classified into two lev-
els—strong and weak—and the quality of the evidence is
classified into four grades—high, medium, low, or very
low [29]. We created outcome summary tables for the
ratings of pain intensity, CROM, and disability condi-
tions. We created summary of findings tables using the
GRADE criteria in accordance with the Cochrane Hand-
book for Systematic Reviews of Interventions [30, 31].

Data analysis and synthesis of results

We only conducted meta-analyses when it was logi-
cal to do so, such as when the participants, treatments,
and potential clinical issues could be pooled together.
When comparing the control/placebo (sham) with SMT
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alone or in combination with other interventions, we
used the standardized mean difference in pain intensity.
When comparing differences within and between groups,
as well as the corresponding MD and 95% confidence
interval (CI), analysis was done using Review Manager
(RevMan 5.4). The Cochrane Handbook [30] advises cal-
culating either the MD between the two groups by using
post-intervention measures or the mean change in each
group by subtracting the post-intervention mean from
the baseline mean. I statistics were used to determine
the heterogeneity of the results, with values of 25%, 50%,
and 75% denoting low, medium, and high heterogeneity,
respectively [32]. To address the possibility of clinical and
methodological heterogeneity that might have affected
the results, given the features of the included studies,
in case the heterogeneity was lower than 50%, the fixed
effects model would be adopted; conversely, if it exceeded
50%, the random effects model was utilized to combine
the data.

Results

Search results

The literature search initially yielded 1,882 records
retrieved manually from multiple databases. After
removing duplicate entries, 927 unique studies were
identified for further assessment. Subsequently, the titles
and abstracts of these studies were screened, leading to
the exclusion of 910 studies that were determined to be
irrelevant based on their content. From the remaining
17 studies, nine were excluded due to unrelated outcome
measures (n =3), non-randomized controlled trial design
(n =4), or interventions that did not involve SMT (1 =2).
Finally, after this rigorous screening process, eight RCTs
[16-23] were selected based on their relevance to the
research objectives and meeting the predefined inclusion
criteria (Fig. 1).

Methodological quality

The quality scores for the included studies were primar-
ily obtained from the PEDro database, where they are
assessed by independent reviewers using standardized
criteria. For studies without available PEDro scores, two
researchers independently evaluated the methodological
quality using the same criteria, resolving any discrepan-
cies through discussion. The findings are displayed in
Table 1, which shows that the methodological quality
scores of the included studies ranged from 4 to 9 points
(mean: 6.38, SD: 1.25). The participants and therapists
were blinded to the group allocations in only one [17]
and none of the studies, respectively. Three of the stud-
ies received fair-quality ratings [16, 18, 19], four received
good-quality ratings [20-23], and only one received an
excellent-quality rating [17]. Only one study had a sample
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Fig. 1 PRISMA Flow Diagram of the inclusion process of the review

size of less than 50 [23]. Four studies were considered to
provide level 1 evidence [17, 20-22], and the other four
studies were considered to provide level 2 evidence [16,
18, 19, 23]. Overall, the certainty of evidence ranged from
low to very low, primarily due to concerns regarding risk
of bias, substantial heterogeneity combined with small
sample sizes, indirectness of the included populations
or interventions, and imprecision. (Table 2). Among the
eight studies included in this review, only one reported
public funding support, specifically from the National
Center for Complementary and Alternative Medicine
(NIH). The other seven studies did not specify any fund-
ing. We found no apparent association between funding
status and reported outcomes or risk of bias (Table 3).

Characteristics of included studies

The eight RCTs [16—23] included a total of 965 patients,
with sample sizes ranging from 36 to 323 (median
[interquartile range] =227 [45, 272]). The participants
in the included studies had presented with ANP or
whiplash injuries. Specifically, three RCTs [16, 19, 20]
involved populations of patients with whiplash inju-
ries, and the remaining studies [17, 18, 21-23] involved

patients with ANP. Regarding the different types of
SMT applied to patients with ANP, SMT was applied
to the entire spine (upper cervical spine, cervicotho-
racic junction, thoracic spine, thoracolumbar junction,
and pelvic girdle) in one RCT, to the thoracic vertebra
in three RCTs [16, 17, 22], to the cervical vertebra in
three RCTs [18, 21, 23], and to the first rib in one RCT
[20]. Participants in the experimental group received
SMT alone or in combination with other forms of phys-
iotherapy, while those in the control group received
sham SMT or other forms of physiotherapy; in only one
study [18], participants in the control group received
drug therapy. The frequency of SMT treatment in the
included RCTs [16-23] ranged from 1 to 15 sessions,
and the duration of treatment did not exceed 4 weeks.

The outcome measures were pain, disability, CROM,
fear, and quality of life. The VAS and NPRS were used
to evaluate pain. Four studies [16, 19, 21, 22] used the
VAS and three [17, 18, 23] used the NPRS to quantify
pain. Neck disability was assessed using the NPQ [17,
22], and CROM (neck) was assessed in three studies
(17, 21, 22].
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Table 1 Risk of bias of included trials according to the PEDro Scale?

ItemP Fernandez- Gonza lez- McReynolds  Fernandez- Pefia-Salinas  Bronfort Gonza lez- Puentedura
de-las-Pefias  Iglesiasetal. etal.(2005) de-las-Pefias  etal. (2017) etal. (2012) Iglesiasetal. etal.(2011)
et al. (2004a) (2009a) [17] [18] etal. (2004b) [20] [21] (2009b) [22] [23]
[16] [19]

1 Yes Yes Yes Yes Yes Yes Yes Yes

2 Yes Yes Yes Yes Yes Yes Yes Yes

3 No Yes No No Yes Yes Yes Yes

4 No Yes Yes Yes Yes Yes Yes Yes

5 No Yes No No No No No No

6 No No No No No No No No

7 No Yes No No Yes No Yes Yes

8 Yes Yes Yes No Yes Yes Yes No

9 No Yes No No Yes Yes No Yes

10 Yes Yes Yes Yes Yes Yes Yes Yes

1 Yes Yes Yes Yes Yes Yes Yes Yes

Total PEDro 4 9 5 4 8 7 7 7

score

Sample size Yes Yes Yes Yes Yes Yes Yes No

>50

Level of evi- 2 1 2 2 1 1 1 2

dence

Abbreviation: PEDro Physiotherapy Evidence Database

2 All quality scores were downloaded from the PEDro website. Item 1 is not included in the scoring calculation

b Items: 1, Eligibility criteria were specified; 2, Subjects were randomly allocated to groups; 3, Allocation was concealed; 4, The groups were similar at baseline; 5,
There was blinding of subjects; 6, There was blinding of therapists; 7, There was blinding of assessors; 8, There were measures of key outcomes from more than 85%
of subjects; 9, Analyses were performed by intention-to-treat principles; 10, Between-group statistical comparisons were performed; 11, The study provided point

measures and measures of variability

Meta-analysis

Effects of SMT on pain intensity

Seven studies assessed pain intensity using either the
VAS or NPRS [16-19, 21-23] involving a total of 821
participants across the SMT and control groups. The
results exhibited a high level of heterogeneity, with an I
value of 95%. This indicates substantial variability among
the included studies, likely due to differences in study
designs, populations, or interventions. Despite this het-
erogeneity, the pooled analysis revealed that SMT sig-
nificantly reduced pain intensity compared to control
treatments, with a MD of — 1.53 (95% Cl: — 2.22, — 0.83;
p< 0.001). These results suggest that SMT is effective in
alleviating pain in individuals with ANP (Fig. 2).

Effects of SMT on CROM

Three studies [17, 21, 22], including 271 participants,
assessed the effects of SMT on CROM. Improvements
were seen in neck flexion (MD =11.01, 95% CI [9.10,
12.93], P= 0%, p< 0.001; Fig. 3A), neck extension (MD
=10.23, 95% CI [7.77, 12.69], ’= 0%, p < 0.001; Fig. 3B),
left lateral flexion (MD =7.31, 95% CI [3.08, 11.54], =
81%, p= 0.0007; Fig. 3C), right lateral flexion (MD =8.14,
95% CI [6.34, 9.95], I>= 76%, p < 0.001; Fig. 3D), left rota-
tion (MD =8.34, 95% CI [4.56, 12.12], I*= 65%, p < 0.001;

Fig. 3F)and right rotation (MD =8.95, 95% CI [4.33,
13.56], ’= 70%, p= 0.0001; Fig. 3F). The results indi-
cate that SMT is effective in enhancing CROM across all
measured dimensions.

Effects of SMT on disability

Disability was assessed using the NPQ in two studies [17,
22], while the NDI was utilized in another two studies
[21, 23]. 295 patients were enrolled in the SMT group and
the control group and the I value was 89%. Meta-analy-
sis of two studies that compared control group revealed a
significant effect favoring the SMT group (MD = — 6.20,
95% CI[— 9.81, —2.59], and p= 0.0008; Fig. 4). The forest
plot results show that SMT has a positive effect on the
disability in individuals with ANP.

Adpverse event In a study by McReynolds et al. [18], only
one patient in the SMT group reported a mild adverse
reaction: an unusual arm sensation after manipulation.
This sensation was transient and self-limiting, resolving
without the need for intervention. No serious complica-
tions occurred, and her muscle strength, sensation, and
deep tendon reflexes remained normal. Based on the short
duration, lack of progression, and absence of neurological
deficits, this event was classified as mild. Subsequently, no
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Experimental Control

e O Jogroup ean d ean d
Bronfort 2012 -3.67 1.55 91 -279 17 90
Fernandez-de-las-Pefnas 2004a -2.27 0.87 44 -1.66 0.91 44
Fernandez-de-las-Pefnas 2004b -58 035 190 -3.7 0.85 190
Gonza lez-lglesias 2009a -3.3 0.95 23 -1.07 0.72 22
Gonza lez-lglesias 2009b -345 0.8 23 -0.8 0.55 22
McReynolds 2005 -1.7 256 29 -28 18 29
Puentedura 2011 -45 215 14 1.3 1.28 10
Total (95% Cl) 414 407 100.0%

Heterogeneity: Tau? = 0.76; Chi* = 118.06, df = 6 (P < 0.00001); I* = 95%
Test for overall effect: Z = 4.32 (P < 0.0001)
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Fig. 2 Forest plot of pooled studies comparing spinal manipulative therapy alone or or in combination with other intervention to a placebo

or in addition to another intervention for change in pain intensity

other adverse effects were seen in this patient. In a study
by Puentedura et al. [23] no patient reported any adverse
events during treatment or the 6-month follow-up. Simi-
larly, no patient reported adverse effects in the other six
included studies [16, 17, 19-22].

Discussion

Summary of main results

The results of this systematic review and meta-analysis,
which are based on eight RCTs [16-23], indicate that
SMT is effective in reducing pain and disability and
improving CROM in patients with ANP. Additionally, the
occurrence of minor adverse effects associated with SMT
was rare.

Efficacies of different types of SMT for ANP

The use of cervical spine manipulation, thoracic manip-
ulation, and first rib manipulation has been observed
in clinical research on ANP [21-24]. SMT has been
reported as a widely applicable treatment for various
types of neck pain, regardless of the stage (acute, suba-
cute, or chronic) [3, 5, 16, 19]. Among the different clas-
sifications of neck pain, the duration of pain may be the
most accurate predictor of the patient’s outcome [5]. The
mechanisms underlying the effects of thoracic manipu-
lation on cervical pain remain unknown. However, in
theory, such treatment can restore structural integrity in
dysfunctional regions of the spine, alleviate pain, and ini-
tiate the body’s natural healing process [33]. The results
of the systematic review and meta-analysis indicate that
overall, SMT has positive effects in terms of reducing
pain and disability and improving CROM in patients with
ANP. In a study by Lohman et al. [34] the direct effects of
cervical spine SMT on serum concentrations of biochem-
ical markers related to sensory injury were investigated.
The study found that cervical SMT intervention led to
immediate increases in the serum concentrations of oxy-
tocin, neurotensin, and orexin A (but not cortisol) in
female patients with ANP. This suggests that mechanical

stimulation through SMT may have altered the expres-
sion of these neuropeptides. Experimental evidence sug-
gests that SMT can affect primary afferent neurons, the
motor control system, and pain perception originating
from the erector spinae muscle [35]. SMT-induced bio-
mechanical changes are thought to impact the central
nervous system’s ability to process sensory information.
Additionally, SMT may also affect the reflex nerve output
in muscles and internal organs.

Abundant evidence suggests that SMT can trigger the
erector spinae muscle reflex and modulate the excit-
ability of motor neurons [35]. Clinical practice guidelines
recommend the use of thoracic SMT, CROM exercise
programs, and scapulothoracic and upper limb strength-
ening exercises to improve compliance (Grade B).
Additionally, cervical SMT and/or mobilization are rec-
ommended for patients with ANP with impaired mobil-
ity (Grade C) [3]. In clinical settings, the management of
ANP often involves more than just SMT intervention.
The reduction in pain observed in patients may be attrib-
uted to a combination of factors, including muscle relax-
ation and strengthening in the neck and shoulder regions
[36—40]. In a study by Puentedura et al. [22] patients who
received cervical SMT in conjunction with exercise dem-
onstrated statistically significant decreases in pain and
disability compared to those who received thoracic SMT
combined with exercise. This suggests that for patients
with neck pain lasting less than 30 days, cervical SMT
may be more beneficial than thoracic SMT. Furthermore,
combining neck SMT with exercise appears to yield bet-
ter outcomes than SMT alone.

Safety of different types SMT on ANP

Numerous studies have demonstrated that SMT is a safe
treatment option for chronic neck pain [41-45]. How-
ever, when considering its application for ANDP, health-
care professionals should take into account the relative
lack of studies specifically focusing on this population.
The systematic review and meta-analysis included only
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Experimental Control Mean Difference Mean Difference
% Cl IV.F % Cl
Bronfort 2012 1062 1763 91 209 1755 90 14.0% 8.53(3.40, 13.66] e
Gonza lez-Iglesias 2009a 16 521 23 09 535 22 385% 10.70(7.61,13.79] -
Gonza lez-Iglesias 2009b 124 481 23 04 47 22 47.5% 12.00[9.22, 14.78] -
Total (95% CI) 137 134 100.0% 11.01[9.10, 12.93] <
Heterogeneity: Chi? = 1.42, df = 2 (P = 0.49); I = 0% 20 0 0 90 2
Test for overall effect: Z = 11.26 (P < 0.00001) Favours [control] Favours [experimental]
Experimental Control

Mean Difference

dy o bg ean D al Mean D 2 c Random, 95%

Bronfort 2012 10.62 17.63 91 209 17.55 90 23.1% 8.53 [3.40, 13.66]
Gonza lez-Iglesias 2009a 112 84 23 13 525 22 36.6% 9.90 [5.83, 13.97]
Gonza lez-Iglesias 2009b 117 779 23 02 53 22 403% 11.50(7.62, 15.38]
Total (95% Cl) 137 134 100.0% 10.23 [7.77, 12.69)

Heterogeneity: Tau? = 0.00; Chi? = 0.86, df = 2 (P = 0.65); I* = 0%
Test for overall effect: Z = 8.14 (P < 0.00001)

©

Mean Difference
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Control

Experimental
S D

Study or Subg D ean D al Mean A Weigh Random, 90%

Bronfort 2012 6.73 15.73 91 453 1443 90 28.7% 2.20 [-2.20, 6.60]
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Total (95% Cl) 137 134 100.0%  7.31[3.08, 11.54]

Heterogeneity: Tau® = 11.20; Chi* = 10.77, df = 2 (P = 0.005); I* = 81%
Test for overall effect: Z = 3.39 (P = 0.0007)
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Total (95% CI) 137 134 100.0% 8.14 [6.34, 9.95] <
Heterogeneity: Chi? = 8.44, df = 2 (P = 0.01); I = 76% -zio B 1’0 o 1:0 2:0
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Experimental Control Mean Difference Mean Difference
g ean D al_Mean SD al_Weigh Random, 95Y% Random. 95%
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Gonza lez-Iglesias 2009a 9 635 23 06 526 22 36.6% 8.40 [5.00, 11.80] -
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Experimental Control Mean Difference Mean Difference
—StudyorSubgroup _Mean _ SD Total Mean SD Total Weight IV.Random.95%ClI  IV.Random.95%Cl
Bronfort 2012 7.06 18.48 91 326 1844 90 29.1% 3.80 [-1.58, 9.18] e
Gonza lez-Iglesias 2009a 9.8 76 23 02 6.28 22 351% 9.60 [5.53, 13.67] -
Gonza lez-Iglesias 2009b 11 T2 23 14 6.2 22 358%  12.50(8.58, 16.42] -
Total (95% Cl) 137 134 100.0%  8.95 [4.33, 13.56] <>
Heterogeneity: Tau? = 11,50; Chi? = 6.57, df = 2 (P = 0.04); I* = 70% 7. 25 o 2’5 550

Test for overall effect: Z = 3.80 (P = 0.0001)

Favours [control] Favours [experimental]

Fig. 3 Forest plot of pooled studies comparing spinal manipulative therapy alone or or in combination with other intervention to a placebo
or in addition to another intervention for change in CROM: flexion (A), extension (B), left lateral flexion (C), right lateral flexion (D), left rotation (E)

and right rotation (F)
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI IV, Random, 95% CI
Bronfort 2012 -14.23 9.13 91 -14.05 10.57 90 24.2% -0.18 [-3.06, 2.70] -
Gonza lez-Iglesias 2009a -126 3.7 23 42 28 22 265% -8.40[-10.31,-6.49]
Gonza lez-Iglesias 2009b -12.7 3.54 23 -39 315 22 264% -8.80[-10.76, -6.84]
Puentedura 2011 -9.7 4.94 14 27 338 10 23.0% -7.00[-10.33, -3.67]

Total (95% Cl) 151
Heterogeneity: Tau? = 11.87; Chi? = 26.87, df = 3 (P < 0.00001); I> = 89%
Test for overall effect: Z = 3.36 (P = 0.0008)

144 100.0%

‘ .|.-tlh

-6.20 [9.81, -2.59]

20 10 0 10 20
Favours [experimental] Favours [control]

Fig. 4 Forest plot of pooled studies comparing spinal manipulative therapy alone or or in combination with other intervention to a placebo

or in addition to another intervention for change in disability

three studies that reported minor discomfort follow-
ing SMT in ANP patients [18, 21, 23]. It is crucial for
healthcare professionals to provide accurate information
to patients about SMT as a passive therapy, empower-
ing them to take control of their condition and prevent
inappropriate behaviors. In a study by Bronfort et al. [21],
40% of ANP participants receiving SMT reported mild
adverse events, mainly musculoskeletal pain, while rare
adverse events such as paresthesia, stiffness, or head-
aches were experienced but were generally not serious.
Overall, although specific evidence for the safety of SMT
in ANP is limited, it can still be considered as a therapeu-
tic option. A recent systematic review [42] found uncom-
mon severe adverse events associated with SMT for neck
pain. However, clinicians or therapists should thoroughly
inform patients about potential risks of SMT prior to
treatment, allowing patients to make informed decisions
about their care.

Factors that might affect the quality of evidence

The high heterogeneity observed in this study may be
influenced by various factors that impact the quality
of the evidence. These include variability in SMT tech-
niques (cervical, thoracic, and first rib manipulation),
differences in intervention intensity and frequency, vari-
ations in concurrent treatments, and lack of consistency
in treatment parameters. Each of these factors makes
it challenging to draw definitive conclusions, establish
consistent effects, and determine the optimal treatment
course. Hence, caution is required when interpreting the
study findings. Future research with standardized pro-
tocols and larger sample sizes is needed to address these
limitations and reduce heterogeneity in the evidence.
Considering these factors, it is important to interpret
the results of the study with caution and recognize the
potential limitations in generalizing the findings. Future
studies with standardized treatment protocols and larger
sample sizes may help to better understand the effects of
SMT and reduce heterogeneity in the evidence.

Practical and clinical application

In practical and clinical applications, SMT can be con-
sidered as an effective treatment option for ANP. Clini-
cal guidelines recommend the use of SMT in conjunction
with other approaches, such as exercise therapy (e.g.,
CROM exercises) or other manipulations (e.g., mobi-
lization), to manage ANP with mobility disorders [3].
However, to draw more definitive conclusions about the
efficacy of SMT, there is a need for RCTs with high meth-
odological quality and larger sample sizes. These studies
would provide more robust evidence regarding the effi-
cacy of SMT as a standalone treatment or in combina-
tion with other forms of physical therapy. Overall, while
SMT can be a valuable treatment option for ANP, further
research is still needed to establish its specific efficacy
and optimal application in clinical practice. Conducting
high-quality RCTs with standardized protocols will con-
tribute to a better understanding of the benefits and limi-
tations of SMT for ANP management.

Strengths and limitations of the review

This systematic review has several strengths that con-
tribute to its validity. The review includes a comprehen-
sive search across five significant databases, ensuring
a thorough examination of the existing literature. The
use of well-tested and verified standards such as PEDro
and GRADE enhances the rigor of the review process.
The inclusion of both quantitative and qualitative analy-
ses allows for a more comprehensive evaluation of the
efficacy of SMT for the treatment of ANP. The review
considers eight RCTs [16—23], which provide a range of
information on different types of interventions, control
groups, outcome measures, and follow-up durations.
The current study has limitations regarding the unknown
long-term effects of interventions due to varying assess-
ment times and short follow-up durations reported in
the included RCTs. This limits the comprehensive under-
standing of sustained benefits or potential harms of
SMT for ANP. Additionally, the lack of blinding in many
of the included RCTs raises questions about interven-
tion efficacy, potentially introducing bias and impacting
the validity of reported treatment effects. Despite the



Diao et al. Systematic Reviews (2025) 14:97

strengths of comprehensive search, adherence to stand-
ards, and inclusion of various RCTs, caution is necessary
when interpreting the findings. To improve the under-
standing of SMT for ANP treatment, further research
with larger sample sizes, consistent study designs, longer
follow-up periods, and blinded assessments is needed.

Conclusions

This systematic review and meta-analysis suggest that
SMT is effective for reducing pain intensity and disabil-
ity and improving CROM in patients with ANP. Future
studies with better standardization of interventions and
comparators are necessary to draw more definitive con-
clusions about the efficacy of SMT for ANP.
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