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REVIEW

Mechanisms of manipulation: a systematic 
review of the literature on immediate 
anatomical structural or positional changes 
in response to manually delivered high-velocity, 
low-amplitude spinal manipulation
Kenneth J. Young1,20*  , Charlotte Leboeuf‑Yde2,3, Lindsay Gorrell4, Cecilia Bergström5, David W. Evans6, 
Iben Axén7,8, Kenneth Chance‑Larsen9, Olivier Gagey10, Vasileios Georgopoulos11, Guillaume Goncalves1, 
Catherine Harris12,13, Steen Harsted14,15, Roger Kerry16, Edward Lee17, Christopher McCarthy18, Casper Nim2,14,15, 
Luana Nyirö4, Petra Schweinhardt4 and Steven Vogel19 

Abstract 

Background Spinal manipulation (SM) has been claimed to change anatomy, either in structure or position, 
and that these changes may be the cause of clinical improvements. The aim of this systematic review was to evaluate 
and synthesise the peer‑reviewed literature on the current evidence of anatomical changes in response to SM.

Methods The review was registered with PROSPERO (CRD42022304971) and reporting was guided by the stand‑
ards of the PRISMA Statement. We searched Medline, Embase, CINAHL, AMED, Cochrane Library all databases, PEDro, 
and the Index to Chiropractic Literature from inception to 11 March 2022 and updated on 06 June 2023. Search terms 
included manipulation, adjustment, chiropractic, osteopathy, spine and spine‑related structures. We included primary 
research studies that compared outcomes with and without SM regardless of study design. Manipulation was defined 
as high‑velocity, low‑amplitude thrust delivered by hand to the spine or directly related joints. Included studies 
objectively measured a potential change in an anatomical structure or in position. We developed a novel list of meth‑
odological quality items in addition to a short, customized list of risk of bias (RoB) items. We used quality and RoB 
items together to determine whether an article was credible or not credible. We sought differences in outcomes 
between SM and control groups for randomised controlled trials and crossover studies, and between pre‑ and post‑
SM outcomes for other study designs. We reported, in narrative form, whether there was a change or not.

Results The search retrieved 19,572 articles and 20 of those were included for review. Study topics included verte‑
bral position (n = 3) facet joint space (n = 5), spinal stiffness (n = 3), resting muscle thickness (n = 6), intervertebral disc 
pressure (n = 1), myofascial hysteresis (n = 1), and further damage to already damaged arteries (n = 1). Eight articles 
were considered credible. The credible articles indicated that lumbar facet joint space increased and spinal stiffness 
decreased but that the resting muscle thickness did not change.
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Background
Spinal manipulation (SM) is an intervention that is com-
monly sought by people with back and neck pain. Manual 
therapists, chiropractors and osteopaths, in particular, 
commonly utilise SM as a therapeutic intervention [1–
3]. SM is associated with improved clinical outcomes 
for certain musculoskeletal disorders [4–7]. As a result, 
SM is recommended in several treatment guidelines and 
reviews [8–11]. However, the underlying mechanism(s) 
of action need to be understood to determine appropriate 
indications for the application of SM as well as to maxi-
mize its therapeutic efficacy. That is, it is important to 
determine what is inside the “black box” of mechanism(s) 
of action of SM [12].

There are many theories and assertions on this 
topic [13], but there is no general consensus on the 
mechanism(s) of action of SM. It has been claimed that 
SM can change anatomy, such as repositioning verte-
brae [14] or altering the thickness of muscles at rest [15]. 
It is proposed that these changes may be long-lasting 
[16]. Other claims include physiological changes, rang-
ing from liberating Innate Intelligence [17], to modifica-
tion of muscle strength [18] or reducing inflammation 
[19]. Historically, the nervous system has had a particular 
interest among chiropractors and osteopaths, as SM has 
been thought to affect spinal nerves [20, 21], the auto-
nomic nervous system [22], and even the brain [23].

These anatomical and/or physiological changes 
are then purported to explain any associated clinical 
improvements, such as increased function, reduced pain, 
relief from specific diseases, and better health in general 
[24]. If any of these proposed mechanisms can be sup-
ported by evidence, manual therapists will be able to offer 
to patients a coherent rationale for applying SM.

Any mechanism of manipulation is comprised of two 
aspects. First, the manipulation must have an effect in 
the body lasting beyond the application of SM, and this 
effect must lead to a change in clinical outcome. Both 
aspects must be investigated in turn to determine poten-
tial mechanisms of SM. Although it is possible that there 
is a cumulative effect from SM or that a minimum dos-
age is needed to create an effect, this has not been well 
documented. Therefore, to proceed in a stepwise fashion, 
it seems reasonable to first determine what the immedi-
ate effects may be of one single SM.

There is evidence on what happens within the 
spine, as a response to various forces applied during a 

high-velocity low-amplitude (HVLA) SM [25–28], such 
as the distribution of forces within tissues receiving the 
manipulation [29], and the amount and direction of dis-
placement of vertebrae during SM [30], but a clear pic-
ture of what happens directly afterwards appears to be 
lacking.

Although there have been systematic reviews on some 
physiological effects of SM [31–33], to our knowledge, 
there are no systematic reviews that have attempted to 
synthesise evidence of the underlying anatomical mecha-
nisms of SM. Therefore, we assessed the state of evidence 
of a measurable change anatomical structures that occurs 
following the application of SM.

The overall aim of this systematic review was to evalu-
ate and synthesise the peer-reviewed literature on the 
immediate changes in or to anatomical structures in 
response to SM.

Our research objectives were as follows:

1. Identify, evaluate the quality of, and narratively syn-
thesise the evidence that has been published in peer-
reviewed research literature regarding immediate 
anatomical change after a spinal manipulation.

2. Identify gaps in understanding the anatomical effects 
of spinal manipulation and provide recommenda-
tions for future research.

Methods
Advisory board
A research project advisory board was convened for 
support and guidance, consisting of a chair (chiroprac-
tor KJY), an information specialist (CH), 2 chiropractors 
(CLY, IA), a physiotherapist (RK), an osteopath (SV), a 
medical doctor/chiropractor (PS), and an anatomist/
orthopaedic surgeon (OG). Several had experience with 
systematic reviews.

Team and roles
In all, 14 people (6 chiropractors, 6 physiotherapists, and 
2 osteopaths) were recruited to perform the screening of 
articles. Several team members practice clinically.  One 
reviewer dropped out before screening was completed 
and was replaced by KJY. Another reviewer dropped 
out after the screening process and was replaced by LG. 
One researcher with a chiropractic background, experi-
enced in systematic reviews (CLY), acted as referee and 

Conclusion We found few studies on this topic. However, there are two promising areas for future study: facet joint 
space and spinal stiffness. A research strategy should be developed with funding for high quality research centres.

Keywords Spinal manipulation, Chiropractic, Osteopathy, Physiotherapy, Systematic review, Mechanism
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supervisor only. The screening of articles was divided 
between 7 teams of 2 people each.

Protocol registration and reporting
The review was registered with PROSPERO 
(CRD42022304971) and the reporting was guided by the 
standards of the Preferred Reporting Items for Systematic 
Review and Meta-Analysis (PRISMA) Statement [34].

Search strategy
We performed a broad search to capture as many rele-
vant articles as possible and developed our search strat-
egies with an experienced information specialist (CH). 
The search strategy included relevant subject head-
ings and search terms relating to manipulation and the 
spine and was adapted for use in each database. We had 
no resources for a translation service, so we limited the 
search to the English language. We searched the follow-
ing databases: Medline (Ovid), Embase (Ovid), CINAHL 
(EBSCOhost), AMED (EBSCOhost), Cochrane Library 
all databases (via Wiley), PEDro (https:// pedro. org. au/), 
and the Index to Chiropractic Literature (https:// www. 
chiro index. org/). All databases were searched from 
inception to 11 March 2022; the searches were updated 
on 06 June 2023. The full search strategy can be found in 
Additional File 1.

In cases where full-text articles were not available 
through library services, we emailed the first author, if an 
email address was published in the article. If there was no 
email address listed, or if we received no response to an 
email query, we searched for the first author on Research-
Gate and, if found, we sent a full-text article request. If 
there was no response or the author could not provide us 
with an article, it was excluded.

Terminology
We used the term “outcome variable” to represent what 
the researchers measured in each study, referring to the 
mechanism of manipulation being studied. For instance, 
if SM is hypothesised to improve a clinical outcome by 
restoring the position of a vertebra, the mechanism by 
which SM achieves this end outcome is by changing the 
position of a vertebra. The outcome variable measured 
in the experiment would, therefore, be the difference in 
vertebral position from pre- to post-manipulation. In 
relation to research findings, we used the term “posi-
tive” not as a value judgment, but rather as shorthand 
to denote when a post-SM change in measurement was 
reported, and the term “negative”, when no such change 
was reported.

Eligibility criteria
We included only peer-reviewed articles if they fulfilled 
certain criteria:

1. We included primary research studies that com-
pared non-treated with treated anatomical struc-
tures, regardless of the study design. The articles had 
to define SM as an HVLA thrust delivered by hand 
to the spine or directly related joints (i.e., including 
the sacroiliac or costo-vertebral joints). The meas-
urement of effect must have occurred after a single 
manipulation session, that is, not after a course of 
care. If articles did not state a specific time interval 
between SM and post-SM measurement, but their 
research designs, or the way the text was written 
gave the distinct impression that there was little delay 
between the manipulation and the post-SM measure-
ment, they were included.

2. The SM could not have been combined with any 
other therapeutic interventions.

3. Studies must have objectively measured a potential 
change in anatomical structure (the physical attrib-
utes of one or more structures in the human body) 
or a change in position (the relationship of two or 
more structures to each other). Studies measuring 
range of motion were considered subjective and were 
not included, since participants or assessors could 
consciously or subconsciously influence the position 
during the measurement.

4. Anatomical change was considered to be distinct 
from change in physiological state. Therefore, we 
included articles that reported on resting muscle 
thickness, as opposed to contracted muscle thick-
ness, because we considered muscle contraction to 
be a matter better considered under physiological 
effects of SM. It is possible that a change in resting 
muscle thickness may be due to a physiological pro-
cess such as contraction/relaxation. However, there 
may also be a purely physical mechanism such as 
stretching. Therefore, we included it.

5. Animal studies were included, because objectively 
measured anatomical effects of SM are not subject 
to contextual effects as clinical outcomes may some-
times be.

If studies measured more than one outcome, only the 
relevant outcome(s) were considered for this review. 
For the full list of exclusion criteria, please see Addi-
tional File 2.

https://pedro.org.au/
https://www.chiroindex.org/
https://www.chiroindex.org/
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Article selection
All articles retrieved through the literature searches 
were exported into EndNote X9.3.1 (Clarivate, Phila-
delphia, 2013). After duplicates were removed, the 
remaining articles were imported into the web-based 
Rayyan systematic review management application 
[35] for reference management and tracking of the 
screening process. The total number of articles was 
divided into 7 separate reviews on Rayyan, each given 
to a pair of reviewers to independently screen titles/
abstracts. Full-text versions of the potentially included 
articles were obtained for screening by the same teams. 
Detailed written instructions were distributed to the 
reviewers prior to the screening processes and meet-
ings were held with each pair prior to title/abstract 
screening to facilitate congruence in approach. In cases 
of disagreement between reviewers during phase one 
(title/abstract) or phase two (full text) screening, a 
third independent reviewer (KJY or LG) was consulted 
to achieve consensus. Finally, KJY and CB conducted a 
backward search, manually searching the reference lists 
from all articles included at the full-text screening stage 
for any missing articles.

Data extraction
The articles were grouped by topic, and reviewers self-
assigned, as much as possible, to 1 or 2 topics, with 2 
reviewers independently reviewing each topic. The 
reviewers were LN, DE, KJY (2 topics), RK, CB, CM, 
SH, VG, LG, EL GG, KCL, and CN. Each topic pair 
was overseen by a third reviewer, either KJY, LG or DE, 
who had knowledge of the topic and was designated 
as “leader” of the group. Calibration sessions were 
held by KJY with each team prior to data extraction to 
help ensure congruency of approach. Study descrip-
tions, methodological quality, and risk of bias (RoB) 
data were extracted. The 7 pairs of reviewers indepen-
dently extracted data, with conflicts resolved by discus-
sion between them or with the leader. Findings for each 
team were reviewed by the leaders of each team. KJY, 
CLY, and DE reviewed all findings.

Extracted data
Article descriptions
Descriptive information about each article was entered 
into a table. This included first author/year of publica-
tion, mechanism of spinal manipulation investigated, 
study design, study setting, study cohort, sample sizes 
of intervention and control groups, control group 
description, spinal region studied, outcome variable 

used, instrument used for measurement, and the time 
interval between SM and measurement.

Quality assessment and risk of bias
Because the articles we included had used objec-
tive measurements of anatomical/positional outcome 
variables, there were potential areas of technical error 
introduced during the experiments. For this reason, 
and informed by a previous publication [22], we consid-
ered the techniques used to study the various outcome 
variables, and developed a novel list of methodological 
quality items. These items related to technical aspects 
of the experiments and transparency in methods.

A standard RoB reporting tool was not applicable 
due to the heterogeneity of study designs. Further, RoB 
tools are suitable mainly for clinical studies, in which 
the influence of the study participant is important to 
account for. However, in the investigations included 
in our review, study participant influence would be 
absent, as they would not likely be able to influence 
technical readings relating to anatomical structures, 
either consciously or subconsciously. Therefore, study 
participants did not need to be blinded to treatment 
or control group allocation. They also did not need to 
be naïve to the treatment. Thus, we included RoB items 
only relating to the blinding of assessors and statisti-
cians. We selected only RoB items that we considered 
appropriate for the relevant study designs, i.e., depend-
ing on if they had a control group or not. We also 
included random allocation when two interventions 
were compared because it was important that inherent 
differences between groups was eliminated. We then 
considered those quality and RoB items together to 
determine, whether an article was credible or not cred-
ible, in a process described below.

Results
Results of each study were extracted, after the quality and 
RoB items were determined, to avoid reviewer bias of the 
quality/RoB assessment. The results of each of the stud-
ies were extracted from the articles by 3 members of the 
team. CM reviewed half the articles and SV reviewed the 
other half, each working in conjunction with KJY, who 
reviewed all articles. Conflicts and queries were resolved 
by discussion or consultation with CLY. Results were 
entered into separate tables for each outcome variable, 
including the ultimate finding on whether the anatomi-
cal structure was affected by the manipulation or not. 
All tables were consolidated and edited for readability, 
and each team reviewed and approved their consolidated 
tables.
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Data synthesis
Assessment and weighting of quality and risk of bias
Through consensus discussion, we defined the qual-
ity and RoB items by the consequences we assumed 
that they would have on the credibility of the data. For 
this purpose, we developed a dichotomous system of 
weighting. Items were determined to be either “criti-
cal” or “important”. “Critical” items were essential to 
the credibility of the results, whereas “important” items 
were those that were considered good practice but were 
not essential, in and of themselves, to a judgement on 
whether results could be considered credible.

Quality items
We considered 3 quality items to be “critical”. First was 
“evaluation tool(s) appropriate to measure outcome 
variable(s)”. The second critical item was “reported 
the reliability of outcome variable(s)”. The final criti-
cal quality item was “measurement tool calibrated” 
(if appropriate). The remaining quality items on our 
checklist were assessed as important, but not critical.

Risk of bias items
For non-RCT studies, we included only one RoB item, 
“assessor blinding to pre-post manipulation status”, and 
we considered it to be critical. For RCTs and crossover 
study designs, 2 RoB items were considered critical. 
First was “random allocation of participants”. The sec-
ond was “assessor blinding to intervention group”. The 
remaining RoB item was “statistician blind to interven-
tion/control group”, which is not commonly reported 
in articles. For this reason, we decided to classify it as 
important rather than critical.

Assessment of the certainty of evidence
We used the quality and RoB tables to establish “cred-
ibility” for each article and outcome variable. If a qual-
ity or RoB item was appropriately reported, it was left 
as white in the table. However, items that had not been 
reported or were poorly reported, were marked as yel-
low for important items and red for critical items.

We then made an overall assessment of credibility for 
each article, based on both the quality and RoB, after 
which each article was defined as “credible” or “not 
credible”. Articles were defined as credible if they had 0 
red and 0–2 yellow items. Articles were defined as not 
credible if they had 1 or more red items or 3 or more 
yellow. Please see Table 1 for the key to interpreting the 
quality and RoB items as well as explanations of each.

Reporting of results
It was not suitable to pool the results for meta-analysis 
due to heterogeneity in outcome variables, study design, 
and participant characteristics. It was also not relevant, 
because our research question did not require a meas-
urement (e.g., amount of facet joint space increase or 
cross-sectional area increase in muscle size) but rather 
just the presence or absence of change post-SM. These 
results were reported both in detail and summarized in 
tables as “positive” (i.e., there was a change post-SM) or 
“negative” (i.e., there was no change).

To excerpt maximum information from this research 
area, we reported results from all studies, but sepa-
rately for the “credible” and “not credible” articles. 
We also included a summary of methodological issues 
in the Discussion to aid future researchers to improve 
this research area. Our rules on reporting data were as 
follows:

 (i) We reported differences between SM and con-
trol groups for RCTs and crossover studies and 
between pre- and post-SM groups for other study 
designs. When there were several results reported 
in one article, we used the “best” estimates (i.e., 
best case scenario of a “positive” outcome or dif-
ference pre-post SM). For example, one article 
reported a positive result when the participant was 
re-measured while remaining in side-posture posi-
tion, but there was a “negative” result when the 
participant was returned to neutral (supine) posi-
tion for post-SM measurement. In this case, we 
reported the positive result.

 (ii) If there were no statistically significant differences 
or statistical significance tests were not reported, 
we provided, again, the “best” estimate (i.e., select-
ing the best-case scenario).

 (iii) If no estimates (direct measurements) were 
reported, but rather only significance values, then 
we reported those.

Writing and editing the manuscript
To keep the workload achievable and to improve atten-
tion to detail in manuscript development, we used an 
iterative process. Each section of the paper (introduc-
tion, methods, results, and discussion) and all tables 
and figures were disseminated to the research team 
for comments at different stages. In cases of disagree-
ment, an appropriate member or members of the advi-
sory board were contacted, and discussions were held 
amongst team members until consensus was reached.
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Table 1 Key to interpreting the quality/risk of bias tables in a systematic review of anatomical mechanisms of spinal manipulation
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Results
General
Of the original 19,572 articles (37,902 including dupli-
cates), 20 articles that reported on 20 studies were ulti-
mately included in this review (Fig. 1).

Study descriptions
As shown in Table 2, the reviewed articles included the 
following outcome variables: vertebral position (n = 3) 
[14, 36, 37], facet joint space (n = 5) [38–42], spinal stiff-
ness (n = 3) [43–45], resting muscle thickness (n = 6) [15, 
46–50], intervertebral disc pressure (n = 1) [51], myofas-
cial hysteresis (n = 1) [52], and further damage to dam-
aged arteries (n = 1) [53].

Study designs included both controlled (n = 10) and 
uncontrolled (n = 10) studies. The number of study par-
ticipants ranged from 1 to 250. The most commonly 
studied participants were healthy adults (n = 9). Two 
studies included animals.

Most studies (n = 12) took place in the United States 
of America, with a private chiropractic or osteopathic 
school as the most common setting (n = 6), while 3 stud-
ies explicitly stated that they used a lab setting. SM was 
most commonly performed on the lumbar spine or lum-
bopelvic area (n = 12).

Methodological quality
As can be seen in Tables 3, 4, 5, 6, and 7, issues relating 
to the methodological quality varied. Regarding the two 
critical quality items, the first, “using an appropriate eval-
uation tool” was consistently lacking in the 3 articles on 
vertebral position, and the second, “reporting of the reli-
ability of an outcome variable” was not present in 6 of the 
11 articles.

Risk of bias
We did not find that critical RoB was a problem in stud-
ies using an RCT or crossover design (Tables  3, 4, 5, 6, 

N/A: not applicable

RCT: randomised controlled trial

Table 1 (continued)

Records identified from
databases total (n = 37902)

Medline (n=9003)
Embase (n=12138)
CINAHL (n=8034)
AMED (n=2908)
Cochrane (n=3107)
PEDro (n=605)
ICL (n=2107)
Registers (n = 0)

Records removed before 
screening:

Duplicate records removed 
(n = 18330)
Records marked as ineligible 
by automation tools (n = 0)
Records removed for other 
reasons (n = 0)

Records screened
(n = 19572)

Records excluded*
(n = 19432)

Reports sought for retrieval
(n = 140)

Reports not retrieved**
(n = 11)

Reports assessed for eligibility
(n = 129)

Reports excluded:
Total (n = 109)
Wrong therapeutic intervention (n 
= 39)
Wrong outcome (n = 37)
Wrong publication type (n = 23)
Wrong study design (n = 7)
Not published in English (n = 3)***

Records identified from:
Citation searching (n = 0)

Reports assessed for eligibility
(n = 0)

Reports excluded: (n = 0)

Studies included in review
(n = 20)
Reports of included studies
(n = 20)

Identification of studies via databases and registers Identification of studies via other methods

Id
en

tif
ic

at
io

n
Sc

re
en

in
g

In
cl

ud
ed

Reports sought for retrieval
(n = 0)

Reports not retrieved
(n = 0)

Fig. 1 PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers and other sources. * Records 
were excluded by humans; no automation tools were used. ** Eleven articles were not available for full‑text retrieval after having unsuccessfully 
attempted to contact the first author of each in two ways, as detailed in the Methods section. *** Three articles were retrieved which had their 
titles/abstracts in English but the manuscripts in a foreign language and thus were excluded at the full‑text screening stage
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and 7), as 7 of 9 such articles had no critical deficiencies 
in this domain. However, in other study designs, 7 of 11 
articles did not report that outcome measurements had 
been taken by assessors who were blinded to the previous 
assessment.

Credibility
The RoB/quality tables (Tables 3, 4, 5, 6 and 7) show that 
8 of the 20 studies were considered credible, whereas the 
other 12 were considered not credible. Notably, two of 
the studies, reported by Konitzer [46] and Fritz [43], met 
all our quality and RoB criteria.

The numbers of articles reporting on credible studies 
were as follows: facet joint space (n = 4/5), spinal stiffness 
(n = 1/3), and resting muscle thickness (n = 3/6). There-
fore, 1 of the 5 studies on facet joint space was not credi-
ble; 2 of the 3 studies on spinal stiffness were not credible 
and 3 of the 6 studies on resting muscle thickness were 
not credible. In addition, all the articles reporting on 
studies on vertebral position (n = 3), intervertebral disc 
(IVD) pressure (n = 1), further damage to damaged arter-
ies (n = 1), and myofascial hysteresis (n = 1) were found to 
be not credible.

Results of credible studies by outcome variable
Results from the 8 credible studies are shown below, 
reported by outcome variable.

Facet joint space (n = 4/5) Four of 5 studies on changes 
to facet joint space were considered credible. They all 
reported an increase in lumbar spine facet joint space 
post-side-posture manipulation for the “up” side facet 
joints, but only if the participant was re-scanned using 
magnetic resonance imaging (MRI) while maintaining 
side posture position. When returned to neutral position 
the increased joint space disappeared.

Spinal stiffness (n = 1/3) Only 1 of the 3 studies on spi-
nal stiffness was found credible and reported immediate 
reduced spinal stiffness post-SM.

Resting muscle thickness (n = 3/6) Three of six stud-
ies on changes to resting muscle thickness were consid-
ered credible. These studies, using diagnostic ultrasound, 
reported no statistically significant differences in either 
the transverse or internal oblique abdominal muscles 
post-manipulation.

Table 3 Quality, risk of bias, and credibility assessments for 3 articles on vertebral position in a systematic review of anatomical 
mechanisms of spinal manipulation

* Critical item (no asterisk: important item)

White: requirement fulfilled (Yes) or not applicable (N/A)

Red: Critical quality or risk of bias item not fulfilled (No)/Not credible article

Yellow: Important quality or risk of bias item not fulfilled (No)
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Results of not credible studies by outcome variable
Below are shown the results from the 12 not credible 
articles, reported by outcome variable.

Vertebral position (n = 3/3) The results of these 3 not 
credible studies were conflicting; 2 articles reported post-
SM changes in vertebral position, using plain radiography, 
whereas one reported no change post-SM using ultra-
sound.

Facet joint space (n = 1/5) The 1 not credible study had 
only 2 participants measured for the relevant outcome 
variable as part of a larger study, in which all other par-
ticipants also received traction before and after SM, and 
so were not considered controls. No change in facet joint 
space and no presence of pneumarthrosis (discrete bubble 

of intra-articular gas) was reported post-SM using com-
puted tomography (CT).

Spinal stiffness (n = 2/3) The 2 not credible studies found 
a reduction in spinal stiffness post-SM. One study used a 
mechanical indentometer; the other studied horses using 
a cable extensometer with a pressure sensor mat.

Resting muscle thickness (n = 3/6) Results in the 3 not 
credible studies were conflicting. One reported a pre- 
post-SM difference in resting transverse abdominal mus-
cle thickness. One reported a difference in the resting 
thickness of pelvic floor muscles in pregnant women but 
not in non-pregnant women. The third reported no differ-
ence in thickness for multifidus muscles. All studies made 
measurements using ultrasound.

Table 4 Quality, risk of bias, and credibility assessments for 5 articles on facet joint space in a systematic review of anatomical 
mechanisms of spinal manipulation

* Critical item (no asterisk: important item)

White: requirement fulfilled (Yes) or not applicable (N/A)

Red: Critical quality or risk of bias item not fulfilled (No)/Not credible article

Yellow: Important quality or risk of bias item not fulfilled (No)

Green: Credible article
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Intervertebral disc pressure (n = 1/1) There was 1 not 
credible study which found increased disc pressure 
post-SM for at least 15 s using a pressure probe inserted 
into the disc.

Myofascial hysteresis (n = 1/1) The 1 not credible RCT 
used a durometer to measure hysteresis with mixed 
results that we found difficult to interpret.

Further damage to  already damaged arteries 
(n = 1/1) The 1 not credible study on this topic was 
an uncontrolled intervention. The article reported no 
further damage post-SM to vertebral arteries of dogs 
that were damaged prior to manipulation with an angio-
plasty cutting balloon. This study was stopped early for 
ethical reasons once no effect was detected.

Please see Table  8 for the results and credibility 
assessments of all studies.

Post‑hoc analysis
Cross-referencing credibility with positive (change after 
SM) or negative (no change after SM) results of SM 
resulted in a mixed picture. Thus, there was no relation-
ship between the credibility of studies with positive or 
negative results of these studies. For a visual summary 
of the findings by outcome variable, credibility, and 
whether an article reported positive or negative results, 
see Table 9.

Discussion
Summary of main findings
This systematic review included 8 articles that we con-
sidered to be credible and 12 that we regarded as not 
credible. They dealt with 7 proposed SM mechanisms 
of action: change in vertebral position, facet joint space, 
spinal stiffness, resting muscle thickness, IVD pressure, 
myofascial hysteresis, and further damage to damaged 

Table 5 Quality, risk of bias, and credibility assessment for 3 articles on spinal stiffness in a systematic review of anatomical 
mechanisms of spinal manipulation

* Critical item (no asterisk: important item)

White: requirement fulfilled (Yes) or not applicable (N/A)

Red: Critical quality or risk of bias item not fulfilled (No)/Not credible article

Yellow: Important quality or risk of bias item not fulfilled (No)

Green: Credible article
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arteries. We include results from articles that we consid-
ered credible as well as ones we considered not credible, 
in order to report as fully and fairly as possible, any infor-
mation published to this point on the immediate anatom-
ical/positional changes in response to SM.

The credible articles reported that, post-SM, there 
were: (i) changes in facet joint space, (ii) changes in spinal 
stiffness, but (iii) no changes in resting muscle thickness 
after SM.

A comparison between the results of the cred-
ible and not credible articles revealed that the latter: 

(i) disagreed with the credible articles on facet joint 
space/pneumarthrosis (discrete bubble of intra-artic-
ular gas), (ii) agreed on spinal stiffness, but (iii) had 
conflicting results for resting muscle thickness.

In addition, the not credible articles reported (i) con-
flicting results between them on vertebral position, (ii) 
change in IVD pressure and (iii) change in myofascial 
hysteresis, but (iv) no further damage to already dam-
aged arteries after SM.

Table 6 Quality, risk of bias, and credibility assessment for 6 articles on muscle thickness in a systematic review of anatomical 
mechanisms of spinal manipulation

* Critical item (no asterisk: important item)

White: requirement fulfilled (Yes) or not applicable (N/A)

Red: Critical quality or risk of bias item not fulfilled (No)/Not credible article

Yellow: Important quality or risk of bias item not fulfilled (No)

Green: Credible article
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Comparisons to the literature
To our knowledge, this is the first systematic review deal-
ing exclusively with the immediate anatomical/positional 
changes in response to SM. However, a systematic review 
on spinal mobilisation (i.e., not HVLA manipulation) 
reported on articles that evaluated mainly clinical out-
comes but also on some anatomical mechanisms [33]. 
Specifically, they included 4 articles that evaluated spinal 
stiffness, and 3 of the 4 reported reduced spinal stiffness 
after mobilisation (not HVLA SM). These findings thus 
aligned with the results in our 3 credible articles that 
reported reduced spinal stiffness post-SM.

Methodological considerations of the present systematic 
review
Literature search Important positive aspects of our 
literature search were that an experienced information 
specialist (CH) ensured that we consulted all relevant 
databases for this topic and that all databases were inter-
rogated using the different input parameters necessary to 
retrieve the relevant articles. We also used broad search 

parameters with no date limit, to capture all relevant arti-
cles on the topic. The search was updated to ensure we 
captured any more recent articles prior to submission of 
our review. We limited the search to articles in English 
only. Although, therefore, we may have failed to include 
every relevant published article, we believe this to be a 
minor limitation, as most articles dealing with SM are 
typically published in the English language. Also, we did 
not follow the PRESS guideline recommendation [54] to 
perform a review of the search strategy, which might have 
affected the quality and comprehensiveness of our search.

Inclusion/exclusion criteria To ensure that SM was the 
most likely reason for any potential change in an out-
come variable, we included only articles on studies that 
performed pre- and post-SM measurements and reported 
this for a single SM session. If some effects of SM require 
multiple sessions to manifest, we would have missed out 
on such information. We also excluded articles that used 
SM in combination with any other therapeutic interven-
tion. Therefore, if SM requires facilitation by another 

Table 7 Quality, risk of bias, and credibility assessment for 1 article on intervertebral disc pressure, 1 article on cervical myofascial 
hysteresis, and 1 article on further damage to already damaged arteries in a systematic review of anatomical mechanisms of spinal 
manipulation

* Critical item (no asterisk: important item)

White: requirement fulfilled (Yes) or not applicable (N/A)

Red: Critical quality or risk of bias item not fulfilled (No)/Not credible article

Yellow: Important quality or risk of bias item not fulfilled (No)
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Table 8 Results reported in 20 articles included in systematic review of anatomical mechanisms of spinal manipulation. Table shows 
results grouped by proposed mechanism of spinal manipulation (column 2), with detailed results (column 4), overall credibility 
(column 5), and whether results were positive or negative (column 6)
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Table 8 (continued)

* Positive result: spinal manipulation led to a change
** Negative result: spinal manipulation did not lead to a change



Page 18 of 23Young et al. Chiropractic & Manual Therapies           (2024) 32:28 

intervention for the effects to manifest, we would have 
missed those changes. There may have been differences 
among team members in interpretation of inclusion/
exclusion criteria which could have led to articles being 
missed out, although we mitigated this possibility with 
calibration sessions and written instructions, so this is 
unlikely.

Full text screening Eleven articles included at the title/
abstract screening stage were not available for the full-text 
screening process. Nine of those were published in chi-
ropractic subluxation-focused journals, thus not available 
through mainstream library systems, with authors either 
not found on ResearchGate or not responding to requests 
for articles. This missingness of data may have affected 
our conclusions, but our experience is that the “grey” chi-
ropractic journals do not attract high quality articles, so 
we do not believe that our conclusions were impacted.

Quality/risk of bias It is well known that clinical studies 
will more easily produce positive findings if the human 
factor is allowed to play an essential role by voluntarily 
or subconsciously introducing bias. This is the reason 
why systematic reviews assess the RoB before drawing 
conclusions on the validity of results. This phenomenon 
was clearly shown in a previous systematic review on the 
“effect” of spinal manipulative therapy (SMT) on non-
musculoskeletal conditions [55]. All studies that were 
considered to have failed in preventing the “human fac-
tor” reported positive results, whereas none of the high-
quality studies found there to be an “effect” of SMT [55].

We emphasized RoB only in relation to aspects that 
clearly could be influenced by the beliefs and wishes 
of the researchers. Experimental/basic science (e.g. 
laboratory) studies, are susceptible to fewer RoB items. 
Instead, commercial and university laboratories are 
often subjected to accreditation procedures [56, 57], 

Table 9 Synthesis of findings by outcome variable and author in a systematic review of 20 articles of anatomical mechanisms of spinal 
manipulation

Positive (+): article reported a change after spinal manipulation

Negative (−): article reported no change after spinal manipulation

Red: critical quality or risk of bias item(s)

Yellow: important quality or risk of bias item(s)
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which are specific to the requirements of their area of 
activities and relate more to technicalities than to sys-
tematic human errors. Thus, the use of appropriate and 
calibrated tools that are operated by competent person-
nel would be paramount in preventing random errors 
in studies that rely on technical assessments, beyond 
that of human subjective observations and reactions.

Results in studies that deal with anatomical/posi-
tional changes after SM are, thus, unlikely to be influ-
enced by the beliefs and wishes of study participants 
and clinicians, whereas the beliefs and wishes of the 
assessor and statistician could have an impact. Failing 
to use a reliable outcome variable, measuring changes 
with a non-calibrated machine, or allowing amateurs to 
conduct the study, could possibly induce bias but more 
likely result in random errors.

Therefore, in addition to the RoB, we accounted for 
several technical aspects, defined as “quality”. Qual-
ity issues are likely to cause non-systematic errors, as 
opposed to bias, which may cause systematic errors. 
Examples of quality issues that must be assured to 
prevent non-systematic errors are skills of assessment 
personnel and the calibration of measurement tools. 
To accurately judge the technical quality of studies, we 
ensured that each review team had at least one member 
with expertise in the area.

Nonetheless, the evaluation and weighting of methods 
was a subjective matter, and other investigators may have 
judged differently. There may also have been differences 
among team members in the interpretation of quality 
and RoB criteria, which could have led to differences in 
results. However, we mitigated that possibility with mul-
tiple calibration sessions and repeated consultations on 
iterations of the tables among the team members.

Results of studies The results were extracted from each 
article only after the quality and RoB items were deter-
mined, to avoid reviewer bias of the quality/RoB assess-
ment. To prevent biased results interpretation, extraction 
of the study outcomes and interpretation of findings were 
performed by other teams than the experts in the area, 
although the experts were invited to critically review the 
extracted findings and interpretations.

Synthesis Part of the standard synthesis in systematic 
reviews is to identify ‘gaps in the literature’. However, 
these ‘gaps’ may not be areas that have not been studied, 
just areas that have not been studied well. By listing all the 
studies that have been conducted in this area and detailing 
all the methodological errors that we identified, we show 
which areas can be studied (or which may be too difficult 
to study with current technology) and also indicate how 
they may be studied better in the future.

Methodological considerations for reviewed articles 
and potential future studies
General comments In the hope of being helpful to future 
researchers, we provide some methodological comments 
regarding the techniques used to study the potential ana-
tomical/positional effects of SM.

Only 8 of the 20 studies were assessed as credible. 
Consequently, this indicates that technical experimental 
studies have not been prioritised in environments that 
were created for such purposes, i.e., taking advantage 
of relevant equipment and skilled researchers working 
in dedicated research laboratories. Assessors for these 
procedures should be highly experienced or adequately 
trained. In addition, when there is a human element, it 
is important to establish inter-/intra-rater reliability of 
the assessors, before undertaking the study. Further, 
researchers must strive towards the use of measurement 
tools that are validated, and it is important to remember 
that some need to be calibrated. The use of frameworks 
like COSMIN (Consensus-based Standards for the selec-
tion of health Measurement Instruments) [58] may be 
helpful in this process. Also, when measuring positions 
or spaces, it would be of utmost importance to place 
study subjects in identical positions before and after the 
SM, to prevent ‘normal’ aberrations and measurement 
errors due to distortion.

Items relating to relevant RoB should be observed, in 
particular, blinding of before-after readings in studies 
without control groups. Statisticians should be blinded 
to control/intervention readings. Statistical methods, cut 
points, etc. should be determined a priori, rather than 
after any results have been returned.
Comments relating to  each outcome variable Vertebral 
position
Two of 3 studies on vertebral position used radiographs 
to try to capture very small post-SM changes (< 2 degrees 
of rotation [14] or < 4mm of displacement). However, we 
note that the use of plain radiography to detect very small 
changes in vertebral position is debatable, at best, and in 
our opinion, the use of radiography for these measure-
ments was not appropriate [59]. Instead, we suggest that 
future investigations could use computed tomography, 
which offers much greater resolution. The precision and 
likely error tolerance of the measurement instrument 
should be stated in future studies.

The third study used ultrasound to measure paraspi-
nal tissue thickness as a proxy for vertebral rotation. 
However, the pressure on the ultrasound head was not 
measured. This is important, as increased pressure could 
compress tissues and distort readings. Nevertheless, this 
method could hold promise for developing a method of 
measuring vertebral rotation without the use of ionising 
radiation (Tables 2 and 3).
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Facet joint space
All 4 credible articles found an increase in facet joint 
space post-SM. However, as they were conducted by 
the same team of researchers, these results should be 
confirmed by at least 1 independent team.

MRI is likely optimal for viewing facet joint space 
increase that is retained after the SM event, as bone 
and capsule detail can be captured.

Theories exist on the potential role of SM on intra-
articular meniscoids/discoids, synovial folds, and adhe-
sions within the facet joints [60–65]. We found no 
relevant articles that investigated any of these anatomi-
cal variations/pathologies. We suggest that if someone 
wanted to study them, they may be visualised using 
high resolution imaging such as MRI (Tables 2 and 4).

Spinal stiffness
The use of the mechanical indentometer in 2 of the 
3 studies on spinal stiffness was useful because it 
removed the human element from the interpretation of 
the measurements. Calibration of the tool is important 
in this area (Tables 2 and 5).

Resting muscle thickness
Since 3 credible studies all showed absence of changes 
to resting muscle thickness, we believe that this area 
no longer warrants further study. We found the study 
design in one of the not credible articles [50] overly 
complex and difficult to understand; it seemed to 
report on 2 crossover studies, with important differ-
ences between the intervention and control groups 
(Tables 2 and 6).

Intervertebral disc pressure
The 1 study conducted on IVD pressure showed that 
it is difficult to study. The use of a pressure-measuring 
probe to physically penetrate the disc is not attractive 
to study participants and seems ethically challenging, 
as it damages the disc tissue to an unknown extent. 
Perhaps an indirect method of measuring IVD pressure 
could be developed in the future, for instance using 
fluid diffusion into or out of the disc, as measured by 
MRI, as an indicator of pressure. Alternatively, perhaps 
candidates for IVD replacement could be included as 
participants (Tables 2 and 7).

Further damage to already damaged arteries
In vivo studies of arterial walls are also difficult to per-
form. In addition, it seems unlikely that SM can cause 
arterial damage de novo [66–72]. The assumption 
tested in this article is interesting, if one thinks that it is 
mainly arteries with pre-existing damage or pathology 

that are susceptible to further damage by SM. Hence, 
the authors devised a method to “pre-damage” verte-
bral arteries in dogs, as a proxy for “naturally occur-
ring” damage or pathology. The types of lesions created 
were not predictable, for which reason the usefulness of 
this method is unclear.

The assessment method in this study was complex, 
using a fluoroscopically guided ultrasound probe as 
the measurement tool. However, magnetic resonance 
angiography would offer better resolution, or a micro-
video-camera could allow direct visualisation of arterial 
damage.

Since vertebral artery dissection is so rare and only 
temporally linked to SM [73, 74], the justification of 
sacrificing animals to study this should be considered 
(Tables 2 and 7).

Myofascial hysteresis
There were several unclear elements in this article, mak-
ing it difficult for us to interpret how well the outcome 
variables in the article related to the concept of hysteresis 
(Tables 2 and 7).

Conclusions
Clinical perspectives
Although this review is primarily valuable to research-
ers, clinicians should also benefit from our findings. It is 
a common clinical observation that patients can experi-
ence sudden relief immediately after SM. In our experi-
ence, when this happens, they may ask: “What exactly 
happened when you cracked my back?” As this review 
describes, there is no easy answer because of the many 
theories and few facts. Nevertheless, we suggest the fol-
lowing, which clinicians can modify to suit their practice 
and patients. Regarding anatomical/positional changes, 
it would be possible to say: “There is no simple answer, 
because the spine is a difficult area to study. It seems 
likely that the manipulation/adjustment causes some 
physical changes, but it is not known exactly how. Pres-
ently, though, we are fairly confident that the facets, i.e., 
the small joints at the back of the spine, open up a little 
bit. There also seems to be a measurable change in the 
stiffness of the spine immediately after manipulation. We 
assume that these changes are part of what helps you feel 
better.”

Research perspectives

• There has been little research on anatomical mech-
anisms of SM, and most of the articles we found 
were not credible according to our assessment 
methods. The few studies that have been published 
are on a wide variety of topics, performed by a 
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small number of researchers, and were often small 
studies (only 7 studies recruited more than 50 par-
ticipants) that were not followed-up by other simi-
lar studies. It seems that there has been no coher-
ent research planning strategy undertaken by any 
of the manual therapy professions to investigate the 
anatomical/positional mechanisms of SM. There-
fore, there is an opportunity to develop research 
centres with areas of expertise that can lead high-
quality studies in these areas concentrating on ana-
tomically feasible outcome variables.

• Cut points for meaningful changes should be estab-
lished and should incorporate information such 
as normal variations, repeatability, and inter-and 
intra-examiner reliability. The time between the 
application of SM and the measurement of the 
potential effect is also important to establish, to 
infer mechanism(s).

• The results of our review indicate that the 2 most 
promising areas for further study are changes to 
facet joint space and spinal stiffness after SM.

• However, after having established what actually 
happens anatomically in response to SM, it would 
be important to continue by investigating whether 
these mechanisms also have a lagged effect and/or 
result in physiological reactions. Then, this poten-
tial chain of events must be linked to the clinical 
picture, that is, reduction of pain or improvement 
in function.
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