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Abstract 

Objective: To determine the effect of sustained natural apophyseal glide (SNAG) on Flexion Rotation Test, pain inten‑
sity, and functionality in subjects with Cervicogenic Headache (CH).

Methods: The research was conducted on five computerized databases PubMed/Medline, Web of Science, PEDro, 
Lilacs, and Cochrane Library (CENTRAL), using the keywords combination: (sustained natural apophyseal glide OR 
SNAG OR joint mobilization OR Mulligan) AND (cervicogenic headache) according to PRISMA guidelines. The meth‑
odological quality of the included studies was analyzed using the Physiotherapy Evidence Database (PEDro) scale.

Results: Eight articles fulfilled the eligibility criteria and were included in the review. The selected studies had a 
methodological quality of 6.6/10 on the PEDro scale and included a total of 357 participants. The SNAG significantly 
improved pain, Flexion Rotation Test and reduced functional symptoms.

Conclusion: The available evidence suggests that SNAG may be a relevant intervention for CH.

Keywords: Physiotherapy, Cervicogenic headache, Sustained natural apophyseal glide, SNAG, Randomized 
controlled trials
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Introduction
The International Classification of Headache Disor-
ders defines cervicogenic headache (CH) as a “headache 
caused by a disorder of the cervical spine and its bone 
components, discs and/or soft tissues, usually but not 
invariably accompanied by neck pain” [1]. CH represents 
15 to 20% of all headaches and is sometimes related to 
the abnormal activity of motor units in the scapular and 
neck muscles [2]. The dominant characteristics of CH 
generally include unilateral headache, pain induction 
with external pressure on the ipsilateral upper neck, lim-
ited cervical range of motion and triggering of symptoms 
by various clumsy neck movements [3, 4]. Weakness in 
the deep neck flexors and stiffness of the upper trapezius, 
levator scapulae and sternocleidomastoid muscles are 
common clinical findings in patients with CH [5].

CH intervention includes preventive approaches, 
anesthetics, denervation procedures and surgery. The 
choice of treatment must be made based on the indi-
vidual’s characteristics [6]. Physiotherapy is commonly 
used to treat CH [7], namely with spinal manipulative 
therapy, including mobilization and manipulation [8]. 
The concept of “mobilization with movement”, known 
as Mulligan’s Concept, has distinct characteristics when 
compared with other forms of manual therapy, combin-
ing manual techniques with active movement. Sustained 
Natural Apophyseal Glides (SNAG) are one of the tech-
niques used by the Mulligan concept. Mulligan described 
this technique as a painless glide applied in the joint, 
while the patient performed an active movement in the 
direction of the symptoms [9]. The effectiveness of SNAG 
in C1-C2 has been reported in patients with acute and 
subacute CH, with short- and long-term effects due to 
gate control theory and by correcting the "positional 
fault". “Positional fault” is a condition in which a joint is 

not resting in a neutral position and causes restrictions in 
physiological movement [10, 11].

Although previous systematic reviews [10, 11] pre-
sented numerous treatment techniques, they did not 
focus on analyzing the effects of SNAG on CH. In addi-
tion, other studies have been published on this topic.

To our knowledge, to date, there is no published evi-
dence synthesis based on clinical trials for the effects 
of SNAG on CH. Therefore, the aim of this systematic 
review is to summarize and synthesize the clinical evi-
dence on the effects of SNAG on Flexion Rotation Test, 
pain intensity, and functionality in subjects with CH.

Main text
Methods
We conducted this systematic review in accordance with 
the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyzes (PRISMA), which aims to improve 
the presentation standards for systematic reviews and 
meta-analyzes [12].

Construction of the research question
PICO represents an acronym for Patient, Intervention, 
Comparison and Outcome. Table  1 presents the four 
components of PICO strategy and the construct of the 
research question.

We conducted the computerized search in PubMed/
Medline, Web of Science, PEDro, Lilacs and Cochrane 
Library (CENTRAL) databases to find studies that 
assessed the effects of the Mulligan SNAG technique 
on subjects with cervicogenic headache, published until 
May 2022. The following combination of keywords was 
used: (sustained natural apophyseal glide OR SNAG 
OR joint mobilization OR Mulligan) AND (cervico-
genic headache) on PubMed/Medline, Web of Science, 
Lilacs and Cochrane Library (CENTRAL) databases. 
The search strategy was adapted to meet the require-
ments of PEDro database and a combination of each 
of the search terms related to the technique (sustained 
natural apophyseal glide / SNAG/ joint mobilization / 
Mulligan) and the search term related to the condition 
(cervicogenic headache) was used. The lists of refer-
ences from the included studies were also screened for 
any additional study.

Our inclusion criteria were: (1) Randomized con-
trolled trials (RCTs); (2) randomized clinical trials; (3) 
studies performed in humans; (4) published until May 
2022; (5) written in English, Italian, French, Spanish 
or Portuguese; (6) with reference to SNAG technique 
in cervicogenic headache; (7) assessed Flexion Rota-
tion Test, or/and pain intensity measured by any scale 
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or test, or/and functionality (using the following scales: 
Headache Disability Inventory; the Dizziness Handi-
cap Inventory; the Neck Disability Index; the Marginal 
Means-Headache Index). The exclusion criteria were: 
(1) books; (2) used SNAG in a different headache type 
(3) score less than 5 on the PEDro scale.

Two independent reviewers implemented the search 
strategy and screened the titles and abstracts to iden-
tify studies that potentially meet the eligibility cri-
teria. The full text of the potentially eligible studies 
was retrieved and assessed independently by the same 
reviewers for compliance with the defined eligibility 
criteria. In case of disagreement over the eligibility 
of specific studies, a third reviewer was involved, and 
consensus was obtained.

Data extraction
Two reviewers conducted the data extraction. The 
characteristics of the collected studies included the 
authors, year of publication, sample size, study design, 
outcome measures, and results. The outcome measures 
selected were Flexion Rotation Test, pain intensity and 
Functionality.

Flexion Rotation Test This passive examination proce-
dure involves fully flexing the cervical spine so that the 
vertebral movement is theoretically constrained to C1- 
C2, then assessing the cervical rotation range of motion 
in this position. The normal range of motion is 44° to 
each side [13].

Pain intensity Usually assessed through the Visual Ana-
logue Scale (VAS) which is a measurement instrument 
that tries to measure a characteristic or attitude that is 
believed to range across a continuum of values and can-
not easily be directly measured.

Functionality Headache is associated with varying lev-
els of symptoms that cannot be assessed adequately in the 
context of the conventional clinical evaluation; for this 
reason, many studies use functionality questionnaires 

(Headache Disability Inventory; the Dizziness Handi-
cap Inventory, the Neck Disability Index; the Marginal 
Means-Headache Index) as an evaluation parameter to 
measure disabilities due to CH.

Data analysis
Heterogeneity was assessed from a methodological 
(study methodology) and clinical (sample characteristics) 
perspective and, considering the differences between the 
included studies, the results were not pooled using a met-
analytic approach. Instead, a level of evidence synthesis 
was conducted for each assessed outcome (Flexion Rota-
tion Test, pain, and functionality). If at least 75% of the 
studies analyzing an outcome point in the same direc-
tion, i.e. 75% demonstrate improvements or worsening of 
the symptoms, the findings were considered consistent. 
The level of evidence was defined as “strong” if consist-
ent findings were found in high-quality studies. The level 
of evidence was considered moderate if the results, in at 
least 66% of the studies point in the same direction and 
were high quality studies, or if in at least 75% of the stud-
ies point in the same direction and were moderate quality 
studies. If an outcome was investigated only in a single 
high-quality study the level of evidence was considered 
“limited”. If the results reveal inconsistent findings, the 
level of evidence was considered inconclusive [14].

Methodological quality and risk of bias
The methodological quality of each RCT included in this 
review was assessed by two independent reviewers using 
the Physiotherapy Evidence Database (PEDro) scoring 
scale [15]. The PEDro scale consists of a checklist of 11 
criteria, of which only 10 criteria are scored. For each cri-
terion that the study met, 1 point was awarded. Clear and 
unambiguous fulfillment of a criterion leads to the award 
of 1 point. Thus, a total of 10 points are available. The 
scale applies only to experimental studies. The PEDro 
scale does not assess clinical utility [15]. Disagreements 
in scoring were resolved by the reviewers in an oral dis-
cussion. A consensus was reached on all studies at the 
first meeting. Studies were considered to be of moderate 
quality if the score ranged from 5–7 and of high quality 
if the score ranged from 8–10 because according to the 
PEDro database website, a score of 8 is optimal for com-
plex interventions.

Results
Studies selection
Our electronic search identified 89 records and we added 
one additional record [16] after reading references of the 
included studies [17]. After the removal of duplicates, 
two independent reviewers screened 37 studies and 

Table 1 Description of the components in PICO strategy for the 
systematic review

Acronym Definition Description

P Patient individuals with Cervicogenic Headache

I Intervention Sustained Natural Apophyseal Glide

C Comparison control, placebo or other standard intervention

O Outcome Flexion Rotation Test, pain intensity and 
functionality
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excluded 25 reports mainly because do not respondent 
to inclusion criteria by reading titles and abstracts. The 
same two reviewers retrieved and read in detail the full 
text of 12 articles. After careful analysis, 4 studies were 
excluded because did not use SNAG technique. Finally, 
we included 8 studies in the systematic review (Fig. 1).

Description of the included studies
The included studies represented a total sample size 
of 357 participants (minimum sample size of 23 and a 
maximum of 114), aged between 25 and 60  years. The 
included articles were summarized in the following table 
of contents (Table 2).

Three out of eight studies [18, 20, 22] analyzed the 
dysfunction in the C1-C2 segment performing the Flex-
ion Rotation Test (FRT) as a reference test. Five trials 
assessed pain, four assessed pain intensity through the 
Visual Analogue Scale (VAS) [16, 19, 21, 23] and one 
through pressure pain threshold. [17] The functionality 
was assessed with the Headache Disability Index, also 
called Headache Disability Inventory (HDI) [17, 20, 21], 

the Dizziness Handicap Inventory (DHI) [22], the Neck 
Disability Index (NDI) [19, 22] and the Marginal Means-
Headache Index (MMHI) [18] to assess self-perception of 
the disabling effects caused by headaches and their treat-
ment in daily life.

Regarding the results, in the study by Christian (2017) 
[20], after a week of treatment, the group of SNAG 
showed a significant redution of Headache Disability 
Index when compared to the control group. The study 
by Shin and Lee (2014) [19] showed that SNAG signifi-
cantly reduced pain and headache duration, when com-
pared to a sham manual treatment. The study by Kirthika 
et al. (2018) [21] lasted for four weeks, and SNAG group, 
immediately post treatment, improved Headache Dis-
ability Index and reduced pain. However, muscle energy 
techniques (MET) group presented significant improve-
ments in theese outcome measures, when compared to 
SNAG group. In the study by Patra, Mohanty and Gautam 
(2017) [17] the group that comprised the treatment with 
a combination of SNAG and dry needling, achieved sig-
nificant improvements after six weeks, compared to the 

Fig. 1 PRISMA flow diagram of the literature selection process
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other two groups. The study by Wade and Franklin (2015) 
[16] revealed that the group of SNAG and strengthening 
of the cervical muscles through biofeedback showed sig-
nificant improvements regarding the control group. Con-
sidering long term results, the study by Mohamed et al. 
(2019) [22], which lasted six months, there were signifi-
cant differences between the experimental groups, where 
the group that received a combination of SNAG + Half-
Rotation SNAG techniques demonstrated better results. 
Finally, in the study by Hall et al. (2007) [18], the experi-
mental group that applied therapeutic self-mobilization 
techniques using the self-SNAG belt, showed signifi-
cantly higher differences compared to the control group 
that applied “false” auto-SNAG techniques.

Methodological quality and risk of bias of included studies
The mean PEDro score of the included studies in the 
review was 6.6 (± 1.4; range: 5–8) points. Three stud-
ies were considered to have high methodological qual-
ity and five studies were considered to have moderate 
methodological quality (Fig. 2).

There was not a high degree of variation in quality 
between studies, however only two studies was able to 
satisfy the blinding criteria for the assessors (PEDro 
scale question 7), no studies were able to satisfy the 
blinding criteria for the therapists (PEDro scale ques-
tion 6), six RCTs were not able to satisfy the blinding 
criteria for the subjects (PEDro scale question 5), four 
studies were not able to satisfy the PEDro scale ques-
tion 9 and three investigations were not able to satisfy 
the allocation criteria (PEDro scale question 3). The 
remaining criteria were always scored positively. Given 
the difficulty to comply with the blinding criteria given 
the nature of the intervention performed, it is unsur-
prising that there were difficulties to apply it. Therefore, 

performance bias was the greatest risk of bias of the 
included studies, given the inappropriate blinding of 
patients (75%), outcome assessors (75%) and therapists 
(100%). Concerns with selection bias were detected in 
three studies, which failed to report proper allocation 
of participants (37.5%). Some concerns related to the 
lack of reporting of intention to treat analysis (attrition 
bias) exist in four studies, however, since all studies 
obtained outcome measures from more than 85% of the 
subjects initially allocated to groups and nothing was 
explicitly reported regarding deviations from intended 
interventions, we do not consider this fact as high risk 
of bias of the study results.

Discussion
The presence of CH is a clinical condition that is often 
found in physiotherapy settings, so it is necessary to take 
into account the different treatment strategies and tech-
niques used during clinical practice to promote the deep-
ening of knowledge related to this area. In this review, 
the effects of Mulligan’s SNAG technique on symptoms 
related to CH were evaluated. As described in Table  2, 
some studies have shown the effectiveness of the SNAG 
technique in improving important parameters such as 
increasing range of motion, assessed in the studies of 
Christian (2007) [20] and Kirthika et al. (2018) [21] and 
decreasing in functional symptoms that interfere with 
daily life, as described in the studies by Hall et al. (2007) 
[18], Mohamed et  al. (2019) [22], Kirthika et  al. (2018) 
[21], Shin and Lee (2014) [19], Kashif et  al. (2021) [23], 
and Patra, Mohanty and Gautam (2017) [17]. However, 
considering our level of evidence synthesis, although 
consistent findings suggest that SNAG can improve func-
tionality related to headache, FRT, and pain intensity, the 
level of evidence is moderate.

Fig. 2 Methodological quality assessment of the included studies with PEDro scale. (2) Subjects were randomly allocated to groups (in a crossover 
study, subjects were randomly allocated an order in which treatments were received); (3) allocation was concealed; (4) the groups were similar 
at baseline regarding the most important prognostic indicators; (5) there was blinding of all subjects; (6) there was blinding of all therapists who 
administered the therapy; (7) there was blinding of all assessors who measured at least one key outcome; (8) measures of at least one key outcome 
were obtained from more than 85%; of the subjects initially allocated to groups; (9) all subjects for whom outcome measures were available 
received the treatment or control condition as allocated or, where this was not the case, data for at least one key outcome was analysed by 
“intention to treat”; (10) the results of between‑group statistical comparisons are reported for at least one key outcome; (11) the study provides both 
point measures and measures of variability for at least one key outcome
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Therefore, the application of SNAG seems to positively 
influence important outcomes in these subjects. This 
positive effect may be related to a decrease in the exces-
sive reactivity of the cervical nuclei of the trigeminal 
nerve and blocking the stimuli of the A-beta fibers, which 
can result in pain and disability relief [24].

Another possible explanation may have to do with the 
“Gate Control” theory, which states that the stimulation 
of mechanoreceptors in the joint capsule and the sur-
rounding tissues may cause inhibition of pain in the spi-
nal cord [25, 26]. In addition, descending pain-inhibiting 
pathways can also be activated, mediated by areas such as 
the periaqueductal gray matter of the midbrain. The final 
positioning in the rotation with SNAG may involve these 
inhibition and pain reduction systems [27].

According to the studies by Wade and Franklin, (2015) 
[16] and Mohamed et al. (2019) [22], the treatment pro-
tocol using SNAG that appears to have better effects 
consists of placing the patient in a sitting position and 
performing 10 repetitions (glide) for 10  s, with a 30-s 
pause per repetition. This protocol proved to have benefi-
cial effects in the short term (as the first study lasted for 
a week) and in the long term (as the second study lasted 
six months).

Flexion rotation test
To assist in the diagnosis of cervicogenic headache and, 
in particular, C1-C2 segmental dysfunction, many stud-
ies have suggested using this manual test [28]. This last 
study also found that subjects with cervicogenic head-
ache have an average of 17° less rotation toward the 
headache side in the FRT, in contrast to those with no 
headache or migraine with aura. The studies by Dvorak 
(1992) [13] and Ogince, Hall, Robinson and Blackmore 
(2006) [29] supported these findings. In the investigation 
carried out by Hall et al. (2007) [18] the self-SNAG tech-
nique showed significant differences in FRT compared 
to the control group. The amount of rotation improved 
in both the C1-C2 self-SNAG and placebo groups. How-
ever, this improvement was significantly greater follow-
ing active treatment. Rotation increased by 15° to 39° in 
the C1-C2 self-SNAG group. In the study conducted by 
Christian (2017) [20], the SNAG technique improved 
the FRT as in the group with Maitland techniques and 
the active cervical exercise control group. However, the 
group that performed SNAG was the only one that signif-
icantly increased the range of motion. In another study, 
Mohamed et al. (2019) [22] compared several typologies 
of the technique, such as SNAG, SNAG Half-Rotation 
and the combination of the two. All groups had improve-
ments in the FRT. However, at the end of the 6-month 
study period, the experimental group that had the SNAG 

technique as a treatment showed significant improve-
ments compared to the other groups.

Two high quality studies [18, 20] reported signifi-
cantly better results in the SNAG group and one mod-
erate quality study [22] reported similar results in the 
SNAG and control groups. However, in this study, a sig-
nificant improvement in FRT was observed in the SNAG 
group and the control group consisted in C1-C2 SNAG 
Half-Rotation.

Pain intensity
The VAS was used in this study for the assessment of 
patients’ neck and shoulder joint pain. The reliability of 
this assessment tool is confirmed in the study reported 
by Bijur et  al. (2001) [30]. In the investigation by Wade 
and Franklin (2015) [16], it was concluded that the SNAG 
group showed significant differences compared to the 
control group in VAS, indicating a decrease in the inten-
sity and frequency of symptoms. The studies by Shin 
and Lee (2014) [19] and Kirthika et  al. (2018) [21] used 
the VAS scale as an evaluation method; the first study 
showed that the SNAG technique significantly improved 
headache pain and duration compared to the placebo 
group. Finally, in the study by Kirthika et al. (2018) [21] 
all groups improved concerning the conditions meas-
ured at the beginning of the study. The group that applied 
MET revealed statistically significant improvement of 
VAS comparing to the group that performed SNAG.

One high quality and Two moderate quality studies [16, 
19, 23] reported significantly better results in the SNAG 
group and two moderate quality studies [17, 21] reported 
significantly better results in the control group. Despite 
better results were achieved in the control group, Kirth-
ika et al. [21] reported a significant improvement in pain 
in the SNAG group.

Functionality questionnaires
All studies included in this review used functionality 
questionnaires as an evaluation parameter to measure 
the incapacitating effects and disabilities due to CH. The 
studies of Christian (2017) [20], Kirthika et al. (2018) [21] 
and Patra, Mohanty e Gautam (2017) [17] used the HDI 
(Headache Disability Index, also called Headache Disabil-
ity Inventory) to assess headache related disability. The 
study conducted by Christian (2017) [20] showed that 
there is a decrease in the severity of a headache among 
all study groups, but it was greater in the manual therapy 
group (SNAG) than in control group. The second study 
showed a reduction of the mean value of DHI compared 
at the baseline at the end of the last treatment. Also, 
the NDI (Neck Disability Index) is used like a question-
naire designed to inform how neck pain has affected the 
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ability to cope in daily life. Evaluation items included pain 
intensity, headache, concentration, pain intensity, lifting 
things, personal care and leisure activity [31]. The studies 
conducted by Shin and Lee (2014) [19] and by Mohamed 
et al. (2019) [22] used a NDI and showed improvements 
in the group performing SNAG; especially in the second 
study, the score decreased significantly after treatment 
in the three groups and post-treatment NDI was sig-
nificantly lower in the group that used a combination of 
SNAG compared to the other two groups.

Two high quality studies [18, 20] and three moder-
ate quality studies [17, 19, 22] reported significantly bet-
ter results in the SNAG group, and one moderate quality 
study [21] reported significantly better results in the con-
trol group. In this study [21], significant improvements 
were observed in the SNAG group regarding this outcome.

A limited number of studies provide evidence regard-
ing the effectiveness of SNAG on CH, with few RCT’s 
addressing the subject. Additionally, there is a lack of 
homogeneity in how to perform the technique (standing, 
sitting or lying) and an absence of information regarding 
the training of therapists.

Limitations
This review has some limitations that should be consid-
ered. Although the databases included in the review are 
well established in the research community, the selec-
tion of search terms and databases, the absence of a grey 
literature review and review of reference lists, as well as 
the language restrictions may have limited the amount 
of studies included in the review. Another limitation is 
that we do not have a registered review protocol, which 
may have contributed to unplanned duplication and did 
not allow a comparison of reported and planned review 
methods.

Despite these limitations, this review is, as far as the 
authors are aware, the first to comprehensively and criti-
cally assess the evidence for the effects of SNAG on CH, 
which may provide useful insights for further studies.

To achieve the highest quality evidence, future studies 
should use high-quality RCT designs with large samples 
and adequate follow-up, and patients, therapists, and 
investigators should be properly blinded. These are the 
most common methodological problems identified in the 
included studies.

Conclusion
The findings from the present review seem to sug-
gest that the use of SNAG can reduce the symptoms 
associated with CH in the short, medium, and long 
term. However, it is important to emphasize that more 
studies are needed in this area of research. Regarding 

our level of evidence synthesis, although consistent 
findings suggest that SNAG may improve functional-
ity related to headache, FRT and pain intensity, the 
evidence is moderate. Summing up, SNAG may be a 
relevant intervention to treat participants with cervi-
cogenic headache.
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