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Abstract

Background A potential mechanism of action of manual therapy is the activation of a
sympathetic-excitatory response.

Objective To evaluate the effects of joint mobilisation on changes in clinical
manifestations of sympathetic nervous system activity.

Data sources MEDLINE, EMBASE, AMED, CINAHL, EBSCO, PubMed, PEDro,
Cochrane Collaboration Trials Register, Cochrane Database of Systematic Reviews and
SCOPUS databases.

Study selection Randomised controlled trials that compared a mobilisation technique
applied to the spine or the extremities with a control or placebo.

Data extraction and data synthesis Human studies collecting data on skin conductance
or skin temperature were used. Data were extracted by two reviewers. Risk of bias was
assessed using the Cochrane guidelines, and quality of evidence was assessed using the
GRADE approach. Standardised mean differences (SMD) and random effects were
calculated.

Results Eighteen studies were included in the review and 17 were included in the meta-
analysis. The meta-analysis found a significant increase in skin conductance [SMD 1.21,
95% confidence interval (CI) 0.88 to 1.53, n=269] and a decrease in temperature (SMD
0.92, 95% CI -1.47 to -0.37, n=128) after mobilisation compared with the control group.
An increase in skin conductance (SMD 0.73, 95% C1 0.51 to 0.96, n=293) and a decrease
in temperature (SMD -0.50, 95% CI -0.82 to -0.18, n=134) were seen after mobilisation
compared with placebo. The risk of bias was generally low, but the heterogenicity of the
results downgraded the level of evidence.

Limitations Most trials (14/18) were conducted on asymptomatic healthy subjects.



Conclusion There is moderate evidence suggesting a sympatho-excitatory effect of joint
mobilisation.

Systematic review registration number CRD42018089991.

Keywords: Mobilisation; Best evidence; Sympathetic nervous system; Skin conductance;

Skin temperature

<A>Introduction

Manual joint mobilisation is commonly used by physical therapists to manage
musculoskeletal pain [1,2], and is recommended as a useful therapeutic tool in clinical
practice guidelines [3,4]. Joint mobilisation is defined as a low-velocity/high-amplitude
intervention, as opposed to manipulation or a high-velocity/low-amplitude intervention.
It has been shown that joint mobilisation techniques may have a pain-modulating effect
by exerting hypoalgesic responses presenting as an increase in pressure pain threshold [5]
or a decrease in pain [6]. However, the therapeutic mechanisms for inhibition of pain
remain to be elucidated.

There are several potential therapeutic mechanisms that may contribute to the
analgesic effects of manual therapies, including reduction of muscle activity, changes in
neural mechanical sensitivity [7], and changes in endogenous substances or biomarkers
(e.g. oxytocin, neurotensin or substance P) [8,9]. Additionally, there is evidence
suggesting that manual therapies activate descending inhibitory pain responses from
central nervous system areas, particularly the periaqueductal grey matter. This may be
related to the fact that pain modulation associated with joint mobilisation may stimulate

non-opioid central pathways [10].



Another potential mechanism explaining the therapeutic effect of joint
mobilisation interventions is the impact on sympathetic nervous system activity [11].
Some authors proposed that the sympathetic nervous system is activated through central
brain areas (e.g. periaqueductal grey matter), and therefore its activation can contribute
to a central pain inhibition response during joint mobilisation. A study on an animal
model found that electrical stimulation in the midbrain which originated from the
periaqueductal grey matter resulted in an analgesic response accompanied by sympathetic
nervous system activation [11,12]. This hypothesis is also supported by studies
demonstrating that hypoalgesia induced with manual therapies occurs simultaneously
with a sympathetic-excitatory change in humans [7,13]. Therefore, changes in
sympathetic nervous system activity may be directly related to modulation responses
during therapeutic interventions.

It has been suggested that stimulation of the sympathetic trunks can occur as a
result of manual therapies applied to the spine [14,15]. Assessing the response of the
sympathetic nervous system typically includes measures of skin conductance or skin
temperature as clinical manifestations. In fact, several studies have shown increased skin
conductance [7,13,15-20], respiratory rate and heart rate [21] and decreased skin
temperature after the application of joint mobilisation targeting the spine [22,23],
suggesting a sympathetic-excitatory effect. A meta-analysis examining the effects of joint
mobilisation targeting the thoracic and cervical regions found a moderate to high effect
on changes in skin conductance and skin temperature [24], indicating a potential response
from the sympathetic nervous system with these interventions. These findings are
supported by another recent systematic review that examined the mechanisms of spinal
mobilisation [25]. However, previous reviews examined the changes associated with joint

techniques directed at the spine, particularly the cervical and thoracic regions. To the



authors’ knowledge, no meta-analysis to date has examined the effects of joint
mobilisation targeting the extremities on activity of the sympathetic nervous system.
Therefore, this systematic review and meta-analysis was undertaken to evaluate the
effects of joint mobilisation targeting any anatomical region, spine or extremity, on
changes in clinical manifestations (i.e. skin conductance or skin temperature) of

sympathetic nervous system activity in individuals with and without pain.

A secondary objective was to examine the differences in changes in sympathetic
nervous system activity in relation to the body region targeted by the mobilisation (spine

Vs extremities).

<A>Methods
This review followed the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guideline [26], and was registered on PROSPERO

(CRD42018089991).

<B>Literature database search

Electronic literature searches were conducted using MEDLINE, EMBASE,
AMED, CINAHL, EBSCO, PubMed, PEDro, Cochrane Collaboration Trials Register
and SCOPUS from their inception to 31 March 2018. When these databases allowed
limits, searches were restricted to randomised clinical trials, including pilot studies. The

reference lists of papers identified in the database searches were also screened.

<C>Population



Adults (aged >18 years) with or without pathology were included in this review.
The search strategy had to include at least one of the following key words: healthy

subjects OR healthy volunteers OR musculoskeletal pain.

<C=>Intervention

Joint mobilisation (low frequency/high amplitude) was performed in isolation and
manually (i.e. no instruments). The search strategy had to include one of the following
key words: spinal mobilisation OR manual therapy OR musculoskeletal mobilisation OR

peripheral mobilisation OR joint-biased manual therapy.

<C>Comparator
Acceptable comparators included any type of placebo, sham or no intervention.
The search strategy had to include one of the following key words: sham OR placebo OR

control OR no intervention.

<C>OQOutcomes

Any outcome evaluating the function of the sympathetic nervous system (i.e. skin
conductance or skin temperature) was evaluated. An increase in skin conductance or a
decrease in skin temperature is indicative of excitatory activation of the sympathetic
nervous system. The search strategy had to include at least one of the following key
words: skin conductance OR skin temperature OR galvanic skin response OR
sympathetic nervous system.

The search strategy for each database is shown in Appendix 1.

<B>Inclusion criteria for article selection



For inclusion in this systematic review and meta-analysis, a study had to describe
an experimental procedure (clinical trial) with a PEDro scale score >5 points that applied
a non-thrust joint mobilisation. In this review, high-velocity/low-amplitude thrust
manipulation interventions were excluded. No restriction was placed on the language of

publication or the body area studied.

<B>Study selection

Articles identified through the database searches were reviewed independently by
two authors. First, any duplicates were removed. Second, titles and abstracts were
screened for eligibility. Next, the full text of the remaining studies was screened for
eligibility criteria. The authors were required to achieve consensus on each included trial.
In case of disagreement between the two authors, a third author decided whether the

article should be included. The rate of agreement between the authors was 95%.

<B>Data extraction

Data from each trial were extracted independently by two authors. A standardised
data extraction form containing data on sample size, participants, diagnosis,
interventions, study design, results and outcomes was used. The authors were required to
achieve consensus on each item on the data extraction form. In case of disagreement

between the authors, a third author made the final decision.

<B>Assessment of risk of bias
Included trials were critically appraised for potential risk of bias (RoB) by two
researchers using the Cochrane RoB assessment tool [27]. If blinding of the patient or

therapist was impossible for technical reasons (as commonly happens in manual therapy



trials), it was rated as ‘not applicable’. The domain ‘incomplete outcome data’ was
considered to induce RoB if data were statistically analysed per protocol and losses to

follow-up were >20% [28].

<B>Level of evidence

The Grading of Recommendations Assessment, Development and Evaluation
(GRADE) approach was used to evaluate the quality of evidence [29]. Evidence was
classified as high, moderate, low or very low based on RoB of the trials. The quality of
evidence was calculated based on the presence of study limitations (RoB), indirectness
of evidence, unexplained heterogeneity or inconsistency of results, imprecision of results,
and high probability of publication bias [30]. Two authors assessed the quality of
evidence and RoB independently. In the case of controversy, a third author was consulted

for the final decision.

<B>Statistical data analysis

Review Manager 5.3 was used for quantitative examination of the effects of joint
mobilisation on skin conductance and temperature. Due to the methodological variability
of the studies and the different variables used as outcomes, standardised mean differences
(SMD) with their associated 95% confidence intervals (CI) were calculated using the
random effects model. Differences between a joint mobilisation group and a control or
placebo group were compared. Those variables that expressed changes in skin
conductance or skin temperature during the intervention were selected. If these data were
not provided, data reporting the effect over the total measurement period were used. To

examine subgroup differences, effects on outcomes were compared by anatomical region



of joint mobilisation (spine vs extremities). SMD values of <0.5, 0.5 to 0.8 and >0.8 were
considered small, moderate and large, respectively.

Heterogeneity of the studies was evaluated using the 12 statistic. The Cochrane
group has stated that 12 of 0% to 40%, 30% to 60%, 50% to 90% and 75% to 100% may
represent unimportant heterogeneity, moderate heterogeneity, substantial heterogeneity
and considerable heterogeneity, respectively [31]. Asymmetry of data was evaluated
using funnel plots with the Egger’s test (when possible) to indicate the possible risk of

publication bias of small trials with negative results (see online supplementary material).

<A>Results
<B>Literature search

The literature search of electronic databases identified 465 studies for review after
the removal of duplicates. Four hundred and thirty-nine (n=439) studies did not fit the
inclusion criteria, based on examination of titles/abstracts. Another eight trials were
excluded for the following reasons: lack of a comparison group, not compared with
control or placebo/sham groups [16,32,33], technique applied was a high-velocity/low-
amplitude thrust manipulation [23,34,35], and several techniques were applied in the
same session [36,37]. Finally,18 articles were included in the systematic review [7,13—
15,17-20,22,38-46] and 17 trials were included in the meta-analysis [7,13-15,17—
20,22,38-45] as one was excluded [46] due to lack of available data (Fig. 1). Another
ongoing clinical study was identified in clinicaltrials.gov but was not included in the

review (NCT02826590).

<insert Fig 1 near here>



<B>Included trials

A description of the studies included in the systematic review is given in Table 1.
Seven studies used a randomisation procedure for group allocation [17-20,22,32,45], and
the other 11 studies used cross-over designs where participants received all interventions
in a random sequence [7,13,15,38-43,46]. Fourteen studies examined the effect of joint
mobilisation in healthy people [14,15,17-20,39-46], and the other four studies included
symptomatic populations: individuals with elbow pain [13,38], neck pain [7] or cervical—-

craniofacial pain [22].

<insert Table 1 near here>

Various joint mobilisation interventions were applied, including posterior—
anterior joint mobilisation [7,14,18,40,41,44,45], unilateral lateral glides [38,39, 46],
mobilisation with movement [13,15,17,20], sustained natural apophyseal glide (SNAG)
mobilisation and anterior—posterior mobilisation [22,42]. In addition, various areas were
targeted, including the cervical spine [7,14,22,38-41,43], thoracic spine [15,20,45,46],
lumbar spine [17-19,44], elbow [13] and shoulder [42].

Every study comparing joint mobilisation with a control intervention (n=14)
found a significant increase in skin conductance with joint mobilisation [7,13-15,17—
19,38-44]. Of the 14 studies comparing joint mobilisation with a placebo group, 10
studies reported a significant increase in skin conductance [7,13-15,18,22,38,39,42,44]
and four studies did not [19,20,43,45].

Five of the 10 studies [7,13-15,42] comparing joint mobilisation with a control

group found a significant decrease in skin temperature with joint mobilisation. In

10



addition, two studies found a significant decrease in skin temperature with joint

mobilisation compared with placebo [13,15].

<B>Risk of bias

Table 2 summarises the RoB assessment of the trials. None of the trials were able
to blind the therapists, and seven studies were rated as ‘unclear’ for allocation
concealment [15,39,40,42,43,45,46] as these data was not reported. In general, the RoB

of the trials included in the meta-analysis was low or unclear.

<insert Table 2 near here>

<B>Changes in skin conductance

Comparisons between joint mobilisation groups (during the intervention period)
and control groups for changes in skin conductance are shown in Fig. 2. The meta-
analysis found a significant increase in skin conductance with a large effect size (SMD
1.21, 95% CIl 0.88 to 1.53, n=269) but high heterogeneity (1>=65%) after joint
mobilisation compared with a control intervention. The subgroup analysis (spine vs
extremity) found no differences (P=0.169) and moderate heterogeneity of the subgroups
(1?=42.7%). The funnel plot of comparison of skin conductance between treatment and
control groups indicates possible publication bias (Suppl. Fig. 1, see online

supplementary material).

<insert Fig 2 near here>
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Comparisons between joint mobilisation groups (during the intervention period)
and placebo groups for skin conductance are shown in Fig. 3. The meta-analysis found
an increase in skin conductance with a moderate effect size (SMD 0.73, 95% CI 0.51 to
0.96, n=293) and moderate heterogeneity (1>=39%) after joint mobilisation compared
with a placebo intervention. The subgroup analysis revealed no significant differences
(P=0.15) and moderate heterogeneity of the subgroups (1>=42.8%). The funnel plot
comparing the effect of joint mobilisation with a placebo intervention for skin
conductance indicates no publication bias (Suppl. Fig. 2, see online supplementary

material).

<insert Fig 3 near here>

<B>Changes in skin temperature

Fig. 4 summarises the comparison between the joint mobilisation groups (during
the intervention period) and the control groups for skin temperature. The results showed
a decrease in skin temperature with a large effect size (SMD -0.92, 95% CI -1.47 to -0.37,
n=128) but high heterogeneity (1°=76%) after joint mobilisation compared with the
control intervention. Subgroup analysis (spine vs extremity) revealed no significant
differences (P=0.89) and was homogeneous (12=0%). The funnel plot comparing the
effect of joint mobilisation with a control intervention for skin temperature indicates no

risk of publication bias (Suppl. Fig. 3, see online supplementary material).

<insert Fig 4 near here>
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Fig. 5 summarises the comparison between the joint mobilisation groups (during
the intervention period) with the placebo groups for skin temperature. When comparing
the joint mobilisation group with the placebo group, there was a small to moderate effect
size (SMD -0.50, 95% CI -0.82 to -0.18, n=134) and low heterogeneity (1>=0%) reporting
a decrease in skin temperature after joint mobilisation. Subgroup analysis (spine vs
extremities) revealed no significant differences (P=0.38) and was homogeneous (1°=0%).
The funnel plot comparing the effects of joint mobilisation with a placebo intervention
for skin temperature indicates low risk of publication bias (Suppl. Fig. 4, see online

supplementary material).

<insert Fig 5 near here>

<B>Quality of evidence (GRADE)

The details of GRADE assessment of the included trials are displayed in Table 3.
Most of the trials included in this meta-analysis had low or unclear RoB. Although
significant differences were found, the evidence was downgraded, particularly for level

of heterogeneity (inconsistency).

<insert Table 3 near here>

<A>Discussion

The main objective of this systematic review and meta-analysis was to evaluate
changes in clinical manifestations (i.e. skin conductance and/or skin temperature) of
sympathetic nervous system activity in subjects with and without pain. This study also

examined if changes were different if mobilisation was applied to the spine or the

13



extremities. This meta-analysis found evidence suggesting that joint mobilisation is able
to produce a sympathetic-excitatory effect as all changes were excitatory in nature (i.e.
an increase in skin conductance and a decrease in skin temperature) compared with
control or placebo interventions, indicating sympathetic upregulation in individuals with
and without pain. Additionally, no significant differences were found between joint
mobilisation applied to the spine and joint mobilisation applied to the extremities.

Current findings support a sympathetic-excitatory effect of joint mobilisation, and
that this effect is not related to the region of application. These results are similar to the
meta-analysis conducted by Chu et al. [24], which found an increase in skin conductance
(large effect) and a decrease in skin temperature (moderate effect) after the application of
spinal manipulation or mobilisation. The fact that no differences existed between area of
application supports the results of the systematic review by Kingston et al. [11], which
found similar sympathetic-excitatory activation independent from the spine region where
the mobilisation was applied. Nevertheless, the present meta-analysis is the first to
investigate the effects of joint mobilisation applied to the peripheral joints (extremities)
on sympathetic nervous system activity.

An interesting finding of this meta-analysis was a reduction in effect size, from
large to moderate, for skin conductance or skin temperature when joint mobilisation was
compared with placebo rather than a control condition, which would support a small
effect of placebo on the sympathetic nervous system. Future studies should investigate
the effect of placebo on activation of the sympathetic nervous system.

Different theories can potentially explain the effect of joint mobilisation on
sympathetic nervous system activity. First, several studies have observed changes in the
sympathetic nervous system concomitant with an hypoalgesic effect supporting activation

of the periaqueductal grey matter [7,10-12,43,47]. In fact, these responses are similar to
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those found in mice receiving electrical stimulation of the midbrain, associated with a
typical dangerous response. Therefore, this may be the result of a stress response from
activation of the dorsal periaqueductal grey matter. Findings from this meta-analysis are
consistent with the hypothesis that a sympathetic-excitatory response may be related to a
stress response. In agreement with this, Plaza-Manzano et al. [8] observed an increase in
neurotensin, a neurotransmitter involved in the stress response and serotoninergic
descending pathways, after application of a thoracic manipulation. Another hypothesis
explaining the sympathetic-excitatory effect may be stimulation of the ganglia at the
respective vertebral level [11]. Some studies observed greater effects on the ipsilateral
side of joint mobilisation, suggesting activation of sympathetic fibres through spinal
mobilisation [15,17,44,45]. However, others found bilateral responses after spinal
mobilisation [7,20,32,39,43]. It is possible that the sympathetic-excitatory response after
joint mobilisation is not related to a single mechanism, and both mechanisms may act
simultaneously. In fact, as no difference was found in the sympathetic-excitatory response
between joint mobilisation targeting the spine or upper extremities, it is possible that the
mechanisms underlying the sympathetic nervous system effect of joint mobilisation may
involve central mechanisms, suggesting that it might not matter which joint is mobilised.
It is also plausible that different sympathetic nervous system activation mechanisms may
be induced according to the mobilisation technique: glide technique vs SNAG, unilateral
techniques or high-frequency mobilisation [17,45]. In fact, some trials showed that when
oscillatory techniques were not performed, no differences in skin conductance were found
compared with the placebo group [17,19,20,43]. Therefore, the oscillatory characteristic
of joint mobilisation seems to be of particular relevance for this effect. In fact, several
authors found that frequencies of 2 Hz in the cervical region and 3 Hz in the lumbar region

resulted in greater activation of the sympathetic nervous system [18,40]. However, others
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did not find significant differences when using an oscillatory mobilisation technique at a
frequency of 0.5 Hz [45]. These results support the hypothesis that different mechanisms
of action may occur with varying frequencies of oscillation, but further studies should be
conducted.

The sympathetic-excitatory effect has also been related to an increase in pressure
pain threshold and a decrease in pain intensity in individuals with pain, suggesting that
this effect was associated with benefits for pain and function; however, no previous study
has investigated whether changes in sympathetic nervous system activity were associated
with treatment benefits [7,13,22,38]. Therefore, it is not yet known if the observed
changes in sympathetic nervous system activity are clinically relevant or can only be used
to explain the underlying mechanisms of manual therapies. Significant differences in
sympathetic nervous system activity were not observed between asymptomatic and
symptomatic populations, in agreement with previous reviews [11,24]. Therefore, current
findings suggest that joint mobilisation is able to modulate sympathetic nervous system
activity independently of the presence or the absence of symptoms.

Some potential limitations to this meta-analysis should be recognised. First, many
of the trials included were conducted on asymptomatic subjects; nevertheless, differences
were not noted between trials including healthy individuals and trials including a patient
population (although their number was small). Therefore, extrapolation of these results
to pain conditions should be considered with caution. Further, the heterogeneity of the
included studies was moderate to high, and a risk of publication bias exists. Usually,
asymmetry of funnel plots is related to publication bias, but other reasons, such as high
heterogeneity or a small number of trials, could justify this finding. These factors
probably resulted in a downgraded level of evidence (see Table 3). Finally, further studies

are necessary to examine changes in sympathetic nervous system activity associated with
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the use of manual therapies by controlling the type (mobilisation or manipulation), the

rate of oscillations, and their association with treatment benefits in pain conditions.

<A>Conclusions

This meta-analysis found moderate to high evidence suggesting that application
of joint mobilisation techniques to the spine or the upper extremities produces a
sympathetic-excitatory effect, expressed as an increase in skin conductance and a
decrease in skin temperature, compared with a control or placebo intervention. However,
this finding should be interpreted with caution due to heterogeneity of the data and the

extrapolation to pain population samples.
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Figure 1. Study search concerning skin conductance and skin temperature

with the application of joint mobilisations.
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Figure 2. Comparison between the effects of joint mobilisation and control
condition on skin conductance during the intervention period.
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Figure 3. Comparison between the effects of joint mobilisation and
placebo condition on skin conductance during the intervention period.
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Figure 4. Comparison between the effects of joint mobilisation and control
condition on skin temperature during the intervention period.
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Figure 5. Comparison between the effects of joint mobilisation and
placebo condition on skin temperature during the intervention period.
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Table 1 Description of the studies included in the systematic review and
meta-analysis (year of publication)

Authors Subjects Groups Results
I: PA Grade Il central
mobilisation on C5. Three series o
16 healthy of 1 minute each. I'produced a significant
subjects P: Soft touch with the thumbs over reductlpn in skin temperature
Petersen et al. received all the spinous process of C5. The and a significant increase in skin
[14] conditions position was maintained without conduct_ance compared with P or
. C. No differences between P and
mgvement. Three series of 1 C were found.
minute each.
C: No contact with the researcher.
I: ‘Sympathetic slump’ over the
right sympathetic trunk in sitting
position with left lateral flexion of
the trunk. In this position, PA I prosﬂuced a significant increase
22 healthy unilateral mobilisation is in skin conductance and a
Slater et al. subjects performed (Grade IV) over the Te | Significant re(;jur_:tlonhm skin
[15] received all costovertebral joint. termpelgclUgng the treatment
- ) - . compared with P or C. No
conditions P: S_a_me posm_on as experimental differences between P and |
_rl)_césll:\?; but with soft touch atthe | |\ oo ¢01ind.
C: Supine position without manual
contact.
I: Grade 111 left lateral glide of
C5/C6 with the upper limb in the
tension test 1 position. o
12: Grade 111 left lateral glide of I'and 12 produced a significant
34 healthy C5/C6 with the upper limb in the | éduction in skin temperature
Vicenzino et al. | subjects tension test 2b position. and a significant InCrease in skin
[39] received all P: Manual contact but no position conductancg compared with P
- - L and C. No differences between |
conditions \(/)\:catsestesr;o;rr?degtl)n the application and 12 or between P and C were
C: Therapist next to the head of found.
the subject without establishing
any manual contact.
I: Grade 111 central PA over C5 at | ! Produced asignificant increase
16 healthy 2 Hy in skin conductance compared
Chl_u and subjfacts 12: Grade 111 central PA over C5 at Wlth 12 and'C. Np significant
Wright [40] received all 0.5 Hz differences in skin temperature
conditions C Coﬁtrol were found between C and | and
' ) 12.
I: Grade 111 left lateral glide of
24 subjects C5/C6 with motion segment

Vicenzino et al.

with unilateral
epicondylalgia.

directed contralaterally to the
affected upper limb.
P: Manual contact but no

I produced a significant increase
in skin conductance and a
significant reduction in skin

[38] rpé!esi\lj:éeghs oscillatory movement. temperature compared with P
- C: Subject was positioned for the | and C.
conditions. - .
above conditions without any
manual contact.
I produced increase in skin
I: Grade I11 AP over the conductance compared with P
19 healthy glenohumeral joint. and C. No differences in
Simon et al. subjects P: Arm and shoulder in a 90° reduction of skin temperature
[42] received all position. between | and P were found.
conditions C: Same position during the Significant differences in
measurements. reduction in skin temperature

were found between | and C.
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11: Grade 111 unilateral PA over
right posterior surface C5

12 produced a significant
increase in skin conductance

17 healthy articular. compared with C, P and I1. I11
Chiu and subjects 12: C5 transverse vertebral did not produce a significant
Wright [41] received all pressure Grade Il mobilisation. increase in skin conductance
conditions P: Grade Il central PA over C5 at | compared with P or C. No
0.5 Hz. differences were found in skin
C: Control. temperature between all groups.
30 patients I: Grade Il unilateral PA
with cervical | oscillatory technique over the I produced a significant increase
pain for >3 symptomatic side over the C5/C6. | i Skin conductance compared
. months and Three series of 1 minute. with P. anq C, a_nd asignificant
Sterling et al. C5/6 P- Manual contact on the reduction |n_sk|n temperature
[7] dysfunction symptomatic side over the C5/C6 compared with C pUt Slm”?r
| subi ’ . ith changes to P. Minimum skin
A sul jects _ joint wit ogt any movement. temperature was greater for |
partl(:lpgt_ed in | C:No physu:al contact between compared with P and C.
all conditions | the subject and the researcher.
I: “Sympathetic slump’ (Grade V) o 3 N
Cleland et al. iﬁb?:;l;hzix over the T6 costovertebral joint. ’c\loonnol-j::%ern]rllzlgznnt dcgli‘ir:]ges in skin
[20] per grou,p P: Sitting position with the hand temperature between P and |
applying soft touch at the T6 level. '
I: Lateral elbow glide. .
24 patients P: Manual contact was applied, Lateral elbow glide produced a
. with lateral and the patient was performing the | Significant increase in skin
Paungmali et epicondylalgia | grip without pain. condut_:tanpe aqd a significant
al. [13] - Cn reduction in skin temperature
received all C: Without manual contact, and .
o . . compared with P and C.
conditions the patient was performing the
grip without pain.
I: Cervical SNAG performed at
C5/6 at the same time as the
subject turned their head to the
right (three times). I did not produce a significant
P: The researcher performed the | reduction in skin temperature
16 same contact over the vertebrae during the intervention and post-
asymptomatic | but did not apply the accessory |n'tervent|on period compared
Moulson and subjects glide of the SNAG. The subject V‘."th.F.) and C1 prod_uced_a
Watson [43] received all turned their head to the right and significant increase in Sk'.n
- . : conductance compared with P
conditions to the _neutra_l po_smon while the and C in the intervention and
therapist _malnte_uned contact over post-intervention period.
C5/C6 with their thumbs (three
times).
C: No contact with the patient.
Neutral position of the head.
I: Grade Il unilateral oscillatory
mobilisation over the left
zygapophyseal joint of L4/L5 at 2
Hz.
45 healthy P: Same hand position of the I produced a significant increase
Perry and subjects therapist on the area but applying | in skin conductance compared
Green [44] (males), 15 per | a very soft touch and without the | with P or C during treatment.
group application of oscillatory
movement.
C: Same patient position but
without any manual contact or
movement.
I produced a significant increase
in skin conductance in the right
Jowsev and 36 healthy I: Grade 111 PA rotational extremity during the post-
Perry 3[/45] subjects, 18 per | mobilisation over T4 at 0.5 Hz. treatment period compared with

group

P: Same position as real technique.

P. No differences in skin
conductance were observed
between | and P.
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I: SNAG mobilisation to the
spinous process of L4.
P: The researcher placed their I produced a significant increase
45 healthy hands in the sam(_e location over_ in skin conductance compared
Moutzouri and . the column but did not apply glide | with C, but similar changes as P.
participants, - . SO
Perry [19] 15 per group with the lumbar movement. No differences in skin
C: Participant was sitting with the | conductance were found
therapist behind them without any | between P and C.
manual contact and without
performing any movement.
32 patients I: AP(QP) mobilisation (CO to C3) | | produced an increase in skin
La Touche et with at 0.5 Hz. N _ conductance over time and
al. [22] cranlo_faugl P: Hands on the OCC|p|_taI region. | sessions cor_npar(_ed with P. No
chronic pain, Same as before, but without differences in skin temperature
16 per group mobilisation. were observed between | and P.
I: Medial glide of the fourth
lumbar vertebrae with leg
movement in extended position I produced a significant increase
(hip flexion). in skin conductance in the right
P: Performed in the same way as |eg during the intervention
o 45 healthy the ree_ll technique but the hand on p?”?"_' compared WiFh C. A non-
Tsirakis and men, 15 per the spinous process does not significant increase in the left
Perry [17] grou’p perform the medial accessory leg was found during the
glide on the vertebral segment. intervention and post-
Same pressure is applied. intervention period compared
C: The participant stayed in the | With Cand P.
left lateral decubitus position and
did move their leg or receive
manual contact.
11: PA mobilisation with 94 to 109
N force at 3 Hz. Three series of 1 | I1 produced a significant
minute each. increase in skin conductance
12: PA mobilisation with 94 to 109 | compared with P-and C during
N force at 2 Hz. Three series of 1 | the intervention period. I1
_ 60 healthy minute each. prodl_Jced a significant increase
Piekarz and participants, 15 | P: Same hand position but |n'sk|n con_ductance compared
Perry [18] . h with C during the post-
per group stat_lcally applle(_zl pressure over L4 intervention period. 12 did not
during j[hree periods of 1 minute produce a significant increase in
each with a force of 101 N. skin conductance compared with
C: Patient lying but without C,Porll.
receiving any manual contact for 5
minutes.
11: Lateral glide on T1 at 40% of
32 healthy PPT for low-pressure
Zegarra-Parodi | participants mobilisation. No significant changes in skin
et al. [46] received all 12: Lateral glide of T1 at 80% of | temperature were observed
conditions PPT for high-pressure among the three groups.
mobilisation.
C: Control (without touching).

I, intervention; C, control; P, placebo; PA, postero-anterior; AP, antero-posterior; PPT, pain pressure
threshold; SNAG, sustained natural apophyseal glide.



Table 2. Risk of bias of randomised clinical trials included in the
systematic review and meta-analysis

Study 1 2 3 4 7

Petersen et al. [14] + + + NA + + +
Slater et al. [15] ? ? + NA + + +
Vicenzino et al. [39] ? ? + NA + + +
Chiu and Wright [40] ? ? + NA + + +
Simon et al. [42] ? ? ? NA + + +
Chiu and Wright [41] + + ? NA + + +
Vicenzino et al. [38] + + ? NA + + +
Sterling et al. [7] + + + NA + + +
Cleland et al. [20] ? - ? NA + + +
Paungmali et al. [13] + + - NA + + +
Moulson and Watson [43] ? ? NA 2 n "
Perry and Green [44] + + NA + + +
Jowsey and Perry [45] ? ? + NA + + +
Moutzouri and Perry [19] + : + NA ? + +
La Touche et al. [22] + - + NA + + +
Tsirakis and Perry [17] + + + NA + + +
Zegarra-Parodi et al. [46] + ? - NA - + +
Piekarz and Perry [18] + + + NA + + +

1, sequence generation; 2, allocation concealment; 3, participant blinding;
4, therapist blinding; 5, assessor blinding; 6, incomplete outcome data; 7,
selective reporting; 8, other risks of bias; +, low risk of bias; —, high risk of
bias; ?, unclear risk of bias; NA, not applicable.
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Table 3. GRADE evidence profile for mobilisation interventions in the sympathetic nervous system

Quality assessment

Summary of findings

Number of participants

Comparison Outcome Number Risk | Inconsistency® | Indirectness® | Imprecisiond | Publication | Subjectsin | Subjects in Estimate Quality
of trials of bias® interventio control SMD (95% Cl)
(design) bias? n group group

Mobilisation Skin Fourteen | Low Serious. Serious Not serious | Strongly 269 269 1.21(0.88 to Very low
interventions vs | conductance | RCTs High suspected 1.53)
control heterogeneity

(P=65%)
Mobilisation Skin Seven Low Not serious. Serious Not serious | Undetecte | 153 153 1.12 (0.87 to Moderate
interventions vs | conductance | RCTs Low d 1.37)
control (cervical heterogeneity
region) (P=4%)
Mobilisation Skin One RCTs | Low NA Not serious Serious NA 13 13 2.23(1.22to Moderate
interventions vs | conductance 3.24)
control
(thoracic
region)
Mobilisation Skin Four Low Serious. Not serious Serious Undetected | 60 60 0.85(0.4t01.3) | Low
interventions vs | conductance | RCTs Moderate
control (lumbar heterogeneity
region) (P=52%)
Mobilisation Skin Two High Very serious. Serious Serious NA 43 43 1.62 (-0.77 to Very low
interventions vs | conductance | RCTs High 4.01)
control (upper heterogeneity
limbs region) (17=95%)
Mobilisation Skin Seven Low Serious. Serious Serious Undetecte | 128 128 -0.92 (-1.47 to Very low
interventions vs | temperature | RCTs High d -0.37)
control heterogeneity

(12=71%)
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Mobilisation Skin Four Low Serious. Not serious Serious NA 72 72 -0.78 (-1.41 to Low
interventions vs | temperature | RCTs High -0.16)
control (cervical heterogeneity
region) (?=69%)
Mobilisation Skin One RCT | Low NA Not serious Serious NA 13 13 -0.92 (-1.74to - | Moderate
interventions vs | temperature 0.10)
control
(thoracic
region)
Mobilisation Skin Two High Very serious. Serious Serious NA 43 43 -1.26 (-3.27 to Very low
interventions vs | temperature | RCTs High 0.75)
control (upper heterogeneity
limbs region) (P=94%)
Mobilisation Skin Sixteen Low Not serious. Serious Not serious | No 293 293 0.73 (0.51to Moderate
interventions vs | conductance | RCTs Low 0.96)
placebo heterogeneity
(P=39%)
Mobilisation Skin Seven Low Not serious. Serious Not serious | No 153 153 Moderate
interventions vs | conductance RCTs Low 0.98 (0.68 to
placebo heterogeneity 1.27)
(cervical region) (P=33%)
Mobilisation Skin Three Low Not serious. Not serious Serious NA 37 37 0.54 (0.07 to Moderate
interventions vs | conductance | RCTs Homogeneous 1.01)
placebo (7=0%)
(thoracic
region)
Mobilisation Skin Four Low Serious. Not serious Serious NA 60 60 0.55 (0.05 to Low
interventions vs | conductance | RCTs Moderate 1.06)
placebo (lumbar heterogeneity
region) (P=46%)
Mobilisation Skin Two High Not serious. Serious Serious NA 43 43 0.39(-0.15to Low
interventions vs | conductance | RCTs Moderate 0.93)
placebo (upper heterogeneity
limbs region) (7=35%)
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Mobilisation Skin Eight Low Not serious. Serious Serious Undetecte | 134 134 -0.50 (-0.82 to Low
interventions vs | temperature | RCTs Low d -0.18)
placebo heterogeneity
(P=39%)
Mobilisation Skin Four Low Serious. Serious Serious NA 72 72 -0.70 (-1.23to - | Very low
interventions vs | temperature | RCTs Moderate 0.17)
placebo heterogeneity
(cervical region) (P=59%)
Mobilisation Skin Two Low Not serious. Not serious Serious NA 19 19 -0.16 (-0.80 to Moderate
interventions vs | temperature RCTs Homogeneous 0.48)
placebo (P=0%)
(thoracic
region)
Mobilisation Skin Two Low Not serious. Serious Serious NA 43 43 -0.31(-0.74 to Low
interventions vs | temperature | RCTs Homogeneous 0.11)
placebo (upper (P=0%)

limbs region)

RCT, randomised controlled trial; SMD, standardised mean difference; NA, not applicable.
2No risk of bias was found in any study.

®2>40%: serious; I>>80%: very serious.

“No indirectness of evidence was found in any study.

4n<300, serious; n<300 and estimated effect little or absent, very serious.

¢Based on funnel plot analysis.
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