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Abstract
Background: Mechanical chronic neck pain is very common musculoskeletal dysfunction
among people, manifesting one or more pain-induced movements and disability impairments.
Clinical guidelines suggest passive cervical mobilization and thoracic manipulation as manual
therapy interventions. Mulligan concept has positive effect in patients with lumbar and thoracic
spine mechanical chronic pain. Study objective was to investigate possible clinical effects of
Mulligan techniques in patients with cervical pain according to pain and disability status.
Methods: forty participants diagnosed with mechanical chronic cervical pain, randomly assigned
into experimental and control group. NAG, SNAG and self-SNAG joint mobilization in a nine-sessions
protocol implemented to the study group, while SHAM-Mulligan techniques applied to control group.
Self-reported questionnaires Numeric Pain Rating scale (NPRT) and Neck Disability Index (NDI) were
used for the measurement of pain and disability levels respectively. Possible Interactions among
Factors (TIME X GROUP) and simple effects in three-time measurements of pre, post and one-month
follow-up concerning NDI and NPRS variables, were detected with Mixed-ANOVA test.
Results: Baseline scores of pain and disability resulted in no differences between groups. A
significant Group and Time factors interaction founded and simple main effects analysis showed
that Mulligan concept-group had significant improvement in post-intervention NPRT and NDI scores
(p<.001), compared to baseline scores. Follow-up also differed compared to post-treatment score
(p<.001). SHAM-Mulligan control group had no significant differences in dependent variables at
any level of TIME factor (p>.001). Significant differences were found between groups according to
second and third measurement phase (p<.001).
Conclusion: Our findings suggest that Mulligan concept techniques improve symptoms of
pain and disability in chronic mechanical neck pain patients in short and mid-term effect level.
Summary: mobilization techniques of SNAGs, NAGS and self-SNAGs reduces pain and improve
function in patients with mechanical neck pain. Taken into consideration the safety and simplicity
of application, future studies are encourage to examine the underline mechanism of action.

Introduction
It is well known that neck pain is one of the most common musculoskeletal
disorders among people, especially in those professionals who are spending most
of the time in non-active positions like sitting [1,2]. Epidemiology of neck pain lies
in a rate of about two thirds of people at some stage, especially in middle age [3,4].
Global Burden of Disease study, ranked neck pain 4th highest in terms of disability as
measured by years lived with disability (YLD), and 21st in terms of overall burden [5].
Mechanical nonspeci ic cervical pain is of cervical vertebrae movement originated and
differentiated from other non-structural and non-anatomical causes [6]. Implicating
joint structures related are cervical facets, capsule, cartilage and ligaments, having
no speci ic, identi iable etiology [7-9]. Predisposing factors of chronicity includes
sporting or occupational activities, poor posture and psychological stress [3,10-12].
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Natural history of symptoms may be stable or recurrent, characterized by periods of
improvement followed by periods of worsening [13]. Female sex and prior history of
neck pain are the strongest and most consistent risk factors for new-onset neck pain in
of ice workers and the general population [1].
According to classi ication and diagnostic criteria of neck patient’s, four subgroups
have been recognized: a) neck pain with mobility de icits, b) with movement
coordination impairments, c) with headache, d) with radiating pain [14].
Manual therapy in a form of passive manipulation and mobilization is a main
conservative treatment approach and has been incorporated in clinical guidelines
for chronic neck pain [1] especially in multimodal protocols that includes exercise
[15]. Examining the effect of manual therapy in mechanical chronic neck pain, clinical
evidence is of moderate to high quality [16]. However, methodologic heterogeneity
of parameters regarding small sample sizes, different comparison groups, and lack
of long-term measurements, place the need for larger and high-quality randomized
controlled trials [17]. Mulligan therapy in the ield of manual therapy consists of
functional painless techniques that are included in people with spinal pain patients
showing immediate symptoms alleviation [18,19]. According to this, it is important
to investigate the impact of this concept on a subgroup of patients with mechanical
neck pain, based on RCT. Taken the current knowledge into consideration, research
hypothesis stated that we expected to ind a clinical and statistical difference between
groups (GROUP-Factor) and within repeated measures (TIME-factor) of pain and
disability score, after the implementation of intervention. The objective of the study
was to examine the short and mid-term effect of Mulligan concept NAG, SNAG and selfSNAG joint mobilization techniques in patients with chronic mechanical cervical pain
according to pain and functional status.

Methods
The study design was a parallel group, double-blind controlled experimental trial.
The sample consisted of 40 patients aging 20-55 years old, with chronic mechanical
neck pain who met the study inclusion criteria. Patients recruited from January to May
2017, from a private physiotherapeutic clinic in collaboration with the Experimental
Physiology Laboratory of Medical School Faculty at National and Kapodistrian University
of Athens. Inclusion criteria were non-smoker participants, having reproducible nonspeci ic neck pain with a primary location between the supranuchal line and the irst
thoracic spinous process, lasting more than 3 months, and a Neck Disability Index
(NDI) score more than 20% or more than 2 points in Numeric Pain Rating Scale
(NPRS), [20]. Exclusion criteria were a recent signi icant trauma (including whiplash),
headache, dizziness, vertigo, malignancy, radiculopathy, osteoporosis, myelopathy,
fracture, metabolic disease, rheumatoid arthritis, upper limb symptoms, long-term
corticosteroid and/or painkiller drug use, history of neck surgery, pregnancy and
having undergone a spinal manipulative therapy in the previous 2 months [21,22].
After the initial examination by an orthopedic physician, all patients with clinical
features of mechanical neck pain, referred for physiotherapy in a private clinic. An
experienced specialist in manual therapy examination and treatment, performed a
complete physical evaluation of muscle strength, joint mobility and neurodynamic
examination of cervical and cervicothoracic region. Possible upper cervical mobilization
limitations were detected with safety tests for posterior, anterior and lateral stability
of C0-C3 segments, consisting alar and transversus ligament test, extension and
rotation vertebral artery tests from supine and sitting position. Given the fact of
absence of red lag signs, no imaging was indicated according to relative guidelines [8].
Provocation and alleviation test, as well as Spurling test and upper limb tension tests
were performed as special tests for neurological signs and symptoms [23].
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All participants randomly allocated in the study and control group, each one of 20
patients via random numbers index cards in sealed opaque envelopes. An examiner
experienced in NPRS and NDI measurements performed all measures of pain and
functionality status respectively at baseline, after the inal session (9th) and four
weeks after the completion of manual therapy protocol. Participants were unaware
of the research hypothesis, as well as the examiner blinded to the participants’
groups’ assignment. Prior to any baseline examination measures, all patients read and
signed an informed consent form and illed out a complete self-report demographic
questionnaire.
Intervention
The experimental group followed a Mulligan concept manual therapy intervention
consisted of Sustained Natural Apophyseal Glides (SNAGs), Natural Apophyseal Glides
(NAGs) and self-SNAGs in patient’s sitting position. NAGs consists of passive mid to
end range oscillatory mobilizations applied anterio-cranially in plane of joint selected.
Direction of force is parallel to highly irritable-grossly restricted cervical facet joints.
[19]. Application dosage was set to 2 – 3 Hertz in three sets of three repetitions. SNAGs
are an essential mobilization technique applied in cervical spine and consists of the
combination of therapist appropriate sustained accessory zygapophyseal glide and the
simultaneously patient active symptomatic movement (rotation, lexion, extension, side
bending), but in a full range pain free movement. Overpressure in a pain free manner
applied at the end range of motion by the patient. Application dosage was set to six
repetitions of three sets, accounted for every painful direction of cervical spine Mulligan.
Self-SNAGs: participants in the study group taught the self-SNAG technique
described by Mulligan [18]. Application at the appropriate cervical segment with a face
towel guiding the mobilization direction, combined with the restricted and/or painful
physiological active patient’s movement (rotation, lexion, extension, side bending) in
a pain free self-manner. Overpressure implementation at the end of available range of
movement completed the technique. Application dosage was set to three repetitions of
three sets and two trials performed to familiarize participants prior to self-treatment.
The control group of the same participant’s number followed a SHAM Mulligan
protocol. Application was set on the same parameters as the experimental group
protocol in terms of patient’s and therapist‘s starting position, hand placement,
face towel implementation, but without the therapist’s mobilization force and/
or mobilization direction [24]. Moreover, according to self-SNAG part of the total
mobilization procedure, we taught a SHAM self-SNAG on control group participants
applying a three-second sustained pressure at the painful and/or restricted cervical
segment, without moving the head, but with the same application dosage as the
experimental group (Hall et al., 2007). All participants instructed to keep their usual
everyday activity, avoiding movements that would possibly exacerbate their main
symptoms. We chose to implement only the manual therapy form, without other
conservative therapeutic procedure, as it is exercise or any other thermo-hydroelectrotherapy intervention, or even a different manual joint and/or muscle technique,
to ensure the individual response of Mulligan concept in our patients’ clinical outcome.
An eight year experienced manual therapist, certi ied in Mulligan concept, applied
NAG, SNAGs and trained the patients in self-SNAG mobilization, but also the SHAM
Mulligan techniques. It is important to mention that emphasis was given to both
techniques to ensure that patients were unaware of whether they received the active
intervention or not. All techniques provided individually in patient’s restricted and/
or painful movement of lexion, extension, rotation and side bending. For this reason,
techniques were preplanned, but the choice of therapeutic direction was pragmatic
and individually accordance. Combination of pragmatic-individualized mobilization
direction and prescribed-standardized form of manual therapy concept as it is Mulligan
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techniques of SNAGs and NAGs, balances the statistical assumptions of internal/
external validity and generalizability [25,26]. Our approach was symptomatic level
treated and not randomly chosen. Speci ic techniques are more effective than general
techniques in cervical spine [27].
We chose to implement SNAGs, NAGs and self-SNAGs on sitting weight-bearing
position due to functional scope of applications, according to Mulligan concept [19].
We applied nine sessions in a three weeks period (3/w), with one-day rest between
sessions. During the procedure, patients were able to control the movement as actively
moved in a pain free range of motion.
Outcome measures
Measures undertaken at three time phases: baseline, after the intervention and 4
weeks follow-up, by a researcher experienced in collecting information using the selfreport outcome tools of NDI and NPRS, blinded in allocations’ group. Another researcher
implemented the therapeutic protocol of Mulligan concept and SHAM mobilization.
NDI is the most commonly used patient-reported functional outcome tool [28].
As a validated questionnaire identi ies patient’s baseline status, monitoring changes
relative to pain, function and disability. It consist of ten items, assessing pain/ daily
activities and concentration in a score range of “0” representing no disability to “5”
representing complete disability [29]. Structural questionnaire’s results are point and
percentage (%) classi ied: 0-4 (0-8%) no disability, 5-14 (10-28%) mild disability, 1524 (30-48%) moderate disability, 25-34 (50- 64%) severe disability, 35-50 (70-100%)
complete disability. NPRS estimate patient’s level of pain. It is a one-dimensional
11-point scale, where patients asked to point out the intensity of current levels of
pain over the past 24 hours ranging from 0 (no pain) to 10 (worst pain), [30]. Both
instruments showed adequate responsiveness in neck patient population and a fair
to moderate test-retest reliability and validity with NDI score of ICC=0.50, (95% CI)
and NPRS score of ICC=0.76 (95% CI) [29,31,32]. NDI has a minimal detectable change
(MDC) of 20% change and the minimal clinically important difference (MCID) is a 14%
change. The NPRS has an MDC of 2 points and an MCID of 1.3 points in mechanical neck
pain patients [32-35].
As clinicians, we use manual contact techniques like joint-play and end-feel, in
evaluation of manual therapy effect, but these methods still lacks of evidence based
support [36]. External validity is negatively affected from many possible confounding
factors in highly controlled research settings investigating motion palpation and
manual contact [37]. Lakhani et al., suggest end-feel as a method of monitoring clinical
progress [38], but study limitations of small sample size and that only one therapist
performed the procedure, awakens the results. On this base, NDI and NPRS are valid
and reliable evidence based subjective self-report tools, measuring pain and functional
level in neck patents populations [39].
Statistical analysis
Groups were equal in size, which maximizes the statistical power. The type of
variables determined the analysis of the data. Dependent variables were NDI score
representing functionality level and NPRS score representing pain level. Independent
variables were the two level between-subject factor of GROUP (Mulligan/ SHAM
Mulligan) and the three level within subject-factor of TIME (pre/ post/follow up).
The effect of Mulligan therapy on pain and functionality examined with 2X3 mixed
ANOVA design. Primarily, the main statistical objective was the detection for any
interaction between factors of GROUP X TIME, across each of dependent variables.
Secondarily, separated ANOVAs performed, based on the simple statistical effects of
factors on NPRS and NDI scores, during the three time measures. Con idence interval
was set at 95% and statistical signi icance at p < .05. In accordance to post hoc analysis,
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planned pairwise comparisons performed, detecting differences among the three
levels of within-subjects factor, with Bonferroni correction counteracting for multiple
comparisons, reducing the possibility of Type I error. Data analyzed with Statistical
Package for Social Sciences 24.0 version (SPSS Inc., Chicago, IL).
Assumptions tests for mixed ANOVA analysis performed, in order to examine the
parametric features of the data. Both NDI and NPRS tools are continues variables.
Normal distribution of pain and functionality for each factor examined with ShapiroWilk test of normality, which is more appropriate for small sample sizes (< 50 samples).
Levene’s test examined the homogeneity of variances for both the independent
variables of pain and functionality. Mauchly’s test of sphericity detected the equality
variances of within-subject factor due to the three level phases of measurements. Box’s
M test detected the equality of dependent variables covariances among groups.

Results
Sixty-four (64) participants with mechanical neck pain screened for possible eligibility
in the study. Of the total number, 40 patients with a mean age of 37 years old and a
mean duration of symptoms of 4 months, met the inclusion criteria, randomized into
experimental, and control group. Demographics including gender, age, height, weight,
drug medication, symptom duration are depicted in table 1. All patients completed
the three week program as well as the three phases of measurements (baseline/after
treatment and one-month follow-up). A low chart according to CONSORT (Consolidated
Standards of Reporting Trials; Schulz et al., 2010) indicating low of participants through
each stage of the study, is depicted in igure 1. No adverse effect recorded after Mulligan
therapy and SHAM treatment protocol implementation. There were no signi icant
differences in any of the baseline measurement parameters between the experimental
and control group. Descriptive statistics of mean and standard deviation (SD) of NPRS
and NDI scores of both groups are depicted in tables 2-4].
Table 1: Demographic characteristics of participants in values of Mean, ± SD.
Group

Mulligan

Control

Sample size, n

n=20

n=20

Gender-Female, n

13

15

Age years, mean, (SD)

38 (± 12.6)

36 (± 9)

Symptom duration in months, mean, (SD)

4.1 (±1.1)

4.5 (±1.6)

Weight, kg mean, (SD)

57 (±4.7)

61.3 (± 3.5)

Height cm, (SD)

161 (±5.5)

164 (± 7)

Assessed for eligibility (n= 64)

Excluded (n=24 )
Not meeƟng inclusion criteria (n=15)
Declined toƉĂƌƟĐipate (n=5)
Other reasons (n=4)
Randomized (n=40)

Allocation
Allocated to Experimental Group (n=20)

Allocated to Control Group (n=20)

Follow-Up
Lost to follow-up (n=0)

Lost to follow-up (n=0)

DisconƟnued intervĞŶƟon (n=0)

DisconƟnued intervĞŶƟon (n=0)
Analysis

Test Assumptions
results
Analysed (n=20)

Analysed (n=20)

Figure 1: Flow chart.
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Table 2: NPRT Descriptive statistics (mean, SD) for the two groups in three-time faces: baseline/ post treatment/ follow up.
Group

Mean

Std. Deviation

N

Baseline Mulligan

5.0500

0.88704

20

Baseline Control

5.3500

0.98809

20

Post Mulligan

2.0500

0.88704

20
20

Post Control

4.6000

0.99472

Follow-up Mulligan

1.5500

0.68633

20

Follow-up Control

3.9500

0.94451

20

Table 3: NDI Descriptive statistics (mean, SD) for the two groups in three-time faces: baseline/ post treatment/ follow up.
Group

Mean

Std. Deviation

N

Baseline Mulligan

16.6000

5.14424

20

Baseline Control

20.4000

3.89872

20

Post Mulligan

8.6000

3.56001

20

Post Control

18.8000

5.16669

20

Follow-up Mulligan

7.8000

3.36546

20

Follow-up Control

18.3500

4.63709

20

Table 4: Mean/SD aggregate.
GROUP/Mean
Mulligan
1

2

NPRS Pre

NPRS Post

NPRS Follow-up

NDI
Pre

NDI
Post

NDI
Follow-up

5.0500

2.0500

1.5500

16.6000

8.6000

7.8000

N

20

20

20

20

20

20

Std. Deviation

0.88704

0.88704

0.68633

5.14424

3.56001

3.36546

Control

5.3500

4.6000

3.9500

20.4000

18.8000

18.3500

N

20

20

20

20

20

20

Std. Deviation

0.98809

0.99472

0.94451

3.89872

5.16669

4.63709

Mauchly’s test of sphericity was non-signi icant p>0.05 (p=0.594,), assuming that
variances of the differences between all possible pairs of the three-level within-subject
factor of TIME were equal, according to dependent variable of NPRS. On the contrary,
test sphericity founded signi icant p<0.05 (p=0.01) according to NDI, therefore a
correction was necessary adjusting the degrees of freedom. A Greenhouse-Geisser
correction was made with a value of effect size (partial eta square) of ηp 2=0.696. Box’s
M test was non-signi icant p>0.05 (p=0.601,), assuming the equality of covariances of
NPRS score across groups. On the contrary, Box’s M test found to be signi icant p<0.05
according to NDI and no covariances equality detected between groups. Levene’s test
was non-signi icant, p>0.05, assuming the homogeneity of variance of NPRT and NDI
scores for both experimental and control group. Shapiro–Wilk test for normality was
non-signi icant (p>0.05), resulting in the normal distribution of pain for each group:
p=0.11 for Mulligan group and p=0.22 for control group, according to NPRS score. On
the side of functionality, the test was also non-signi icant (p>0.05), so data was normally
distributed for Mulligan (p=0.3) and control group (p=0.28) in addition to NDI score.
Interaction (F value) analysis results
Mixed ANOVA revealed a signi icant interaction between factors (GROUP X TIME)
of the dependent variables of NPRS with a value of F(2,76)=42.39, and NDI with a
value of F(2, 76.)=35.59, (p<.001). Pro ile plots of factors interaction are depicted in
igures 2 and 3 in non-parallel lines, according to dependent variables of NPRS and NDI
respectively.
Simple main effects
Because of signi icant factor’s interaction, there is a need to follow the simple main
effects of each independent variable, meaning that there is a difference (non-paralleled)
on their effect on dependent variables. Simple main effect analysis of Group on NPRT
and NDI individually was signi icant (p<0.05), with F values of pain F(1, 38)=53.8,
(p=0.000) and F values for functionality F(1,38)=41.15, (p=0.000), (Tables 5,6).
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Figure 2: Profile Plot interaction among independent variables (GROUP X TIME) on NPRS.

Figure 3: Profile Plot interactions among independent variables (GROUP X TIME) on NDI.

Table 5: Test of Between-Subjects Effects of NPRS
Source

Type III Sum of Squares

df

Mean Square

F

Sig.

Intercept

1695.008

1

1695.008

994.242

0.000

Partial Eta Squared
0.963

Group

91.875

1

91.875

53.891

0.000

0.586

Error

64.783

38

1.705

Table 6: Test of Between-Subjects Effect of NDI
Source

Type III Sum of Squares

df

Mean Square

F

Sig.

Intercept

27331.008

1

27331.008

559.886

.000

Partial Eta Squared
.936

Group

2009.008

1

2009.008

41.155

.000

.520

Error

1854.983

38

48.815

Simple main effect analysis of TIME factor separately on NPRS and NDI was
signi icant (p<0.05), with F values of pain F(2,76)=42.39, (p=0.000) and functionality
F(2,76)=35.59, (p=0.000). Simple comparisons following signi icant simple main
effects are the next step in our analysis on the three-level TIME factor via tests of within
subject’s contrasts. Mean differences are signi icant (p<.05) among levels of TIME
factor for the experimental group as depicted in pairwise comparisons test (Table 7),
based on estimated marginal means.
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Table 7: Experimental group pairwise Comparisons of NPRS.
Mulligan Group

95% CI Lower Bound

95% CI Upper Bound

NPRS post

1.875*

.125

.000

1.562

NPRS follow up

2.450*

.140

.000

2.099

2.188
2.801

NPRS pre

-1.875*

.125

.000

-2.188

-1.562

NPRS follow-up

0.575*

.144

.001

.214

.936

NPRS pre

-2.450*

.140

0.000

-2.801

-2.099

NPRS post

-0.575*

.144

0.001

-.936

-.214

significance at 0.05

*

Discussion
The current study examined the clinical effect of a nine session’s series of Mulligan
therapy in terms of pain and functionality regarding people with chronic mechanical
neck pain. Results showed a signi icant short and mid-term statistical decrease of pain
and function improvement of cervical spine, con irming the initial research hypothesis.
The experimental group resulted in signi icant clinical improvement of post measures
comparing baseline, but also in a follow-up measure comparing to post treatment.
This was not the case for control group followed a SHAM Mulligan intervention as
no any signi icant difference was found in post and follow up treatment comparing
baseline, but also between groups differences. In a similar study, [40] explored the
impact of Mulligan concept in neck pain patients, but on a different research design,
comparing three groups of SNAG with electrotherapy/self-SNAG with electrotherapy/
electrotherapy alone, resulting in study groups improvements, not only in pain and
functionality, but also in joint position sense.
Studies have shown that manual therapy is more effective in multimodal
therapeutic protocols [9,41-43]. Effectiveness of manipulation and/or mobilization in
isolation for acute or chronic non-speci ic neck pain remains inconclusive [42,44,45].
Our objective was to identify the independent and unilateral Mulligan clinical effect as
a monotherapy, without any simultaneously conservative method.
Mulligan techniques have distinguished as a functional approach producing an
immediate pain alleviation and Range of Motion (ROM) improvements in chronic
musculoskeletal conditions mainly in peripheral joints via MWM [46], but also in
lumbar and thoracic spine [19,47]. In cases of successful implementation, patients
are encourage to continue the therapeutic protocol adding exercise, re lecting the
everyday clinical approach. Therefore, the timing of application is important and
evidence demonstrate that early Mulligan mobilization implementation paves the way
following exercise application and/or other forms of mobilization [48].
It has been shown that therapeutic effect of manual therapy is in accordance with
dosage and duration of therapy [49]. Therefore, in contrast of other studies [50], we
conducted a series of sessions avoiding of single intervention protocol, to increase
the possible therapeutic impact and reinforce generalizability of clinical indings. A
number of nine session or more have been investigated in other studies with positive
results [40,51]. Our study design based on the concept of Mulligan therapy effect
incorporating all three main components of SNAG/self-SNAG and NAG identi ied the
total clinical impact, against a control group. As already mentioned, we did not include
any other conservative intervention, as it is exercise (active, isometric, supervised)
and/ or thermo-hydro-electrotherapy therapy.
So far, no adverse effects have been reported in relative studies, concerning
Mulligan implementation in the cervical spine and the same was for the current one.
This is essential regarding evidence of manipulation’s serious effects like stroke, or
even death incidence, especially after rotatory High Volume Low Amplitude (HVLA)
implementation [52]. Puentendura et al., reported that 44.8% % of adverse effects
associated with cervical manipulation were characterized as preventable [53],
Published: April 16, 2018

029

The short and mid-term effects of Mulligan concept in patients with chronic mechanical neck pain

excluding all contraindications and red lags. On the contrary, SNAGs technique is a
safe application, where patient is able to control the procedure [54]. SNAGs are most
successful when symptoms provoked by a movement and are not multilevel, where
NAGs indicated in more irritating conditions [18,55].
Self-SNAGs are consider to be a highly indicative therapeutic approach for headache
patients, but also in movement restrictions and/ or mechanical pain [54]. Hall, found
signi icant short and long-term improvements in rotation ROM and pain following upper
cervical self-SNAG mobilization in headache patients [56]. Similar results recorded in a
study examining self-SNAG with exercise over SNAG with the same exercise protocol,
concluding that are equally effective in chronic neck pain [39]. However, study design
did not compare SNAG alone over a control group as a monotherapy, but exercise
implementation was a part of all treatment protocol group.
On the analysis of relevant research of Mulligan concept on mechanical neck pain,
no study has ever been examine the clinical effect with no other therapeutic factor on
experimental and/or control group. We decided to implicate SHAM SNAG as an alternative
control therapy, reducing the effect of confounding factors arising from conservative
modalities and placebo effect applications. SHAM mobilization was a part of research
protocols accounted for the need of ethical prepositions in clinical trials [22,56,57].
Research results regarding Mulligan therapy and mechanical neck patients are in
progress in recent years. Ali et al., found better short-term improvement when SNAG
combined with exercise in NDI score, but there was no control group to examine the
isolated effect of mobilization [58]. Lopez et al., found similar improvements of manual
therapy implementations comparing SNAG [50], HVLA and mobilization, but without
using a control group and applying only a single session. In our study, control group
incorporated in study design to limit confounding factors arising from natural history
of pain. Put et al. showed that Mulligan was superior in terms of ROM [51], comparing
with a multimodal therapy consisting of cervical spine massage, electrotherapy and
ultrasound in headache patients. Hussain et al, found superiority of NAGS opposite
Maitland mobilization in neck patient’s measurements of NPRS and NDI, after a fourweek period therapy with a frequency of four session per week [59]. However, both
groups were followed an additional parallel protocol of electrotherapy without control
group included. In addition, SNAG resulted in better clinical improvements than Maitland
in a study by Gautam [60] on the same research hypothesis, including control group,
but with a different conventional therapy consisted of exercise and thermotherapy
applied to all three groups (SANG/Maitland/control). Ahmad et al., 2013 found better
short-term results concerning NDI measurements after Mulligan mobilization [61], in
comparison with Kaltenborn mobilization, in non-speci ic neck patients. Limitations
of their study settings were the lack of control group, the absence of detailed report
of Mulligan techniques that implemented in participants and also the conventional
diathermy and exercise program followed by both experimental group, which could
blind the individual effect of mobilization. Another study compared Maitland with
exercise, SNAG with exercise and exercise alone in a two weeks protocol with ive
sessions per week, resulting in no difference in short-term pain, disability and ROM of
patients [62]. On the other hand, Abdelgalil et al., found superiority of HVLA in ROM [63],
but less pain improvements in comparison with SNAG mobilization. El Sodany et al.,
2014 incorporated a one-month follow up ROM [64], VAS and NDI measurements after
application of three treatment protocols consisted of SNAG with exercise, manipulation
with exercise and exercise alone, on two experimental groups and on the control group
respectively. Combined therapy groups resulted in better outcome post and follow-up
treatment, but no difference was found between study groups.
The majority of the aforementioned studies implemented a nonstandard application
according to the level of cervical spine, guiding by patient’s restriction of intervertebral
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movement, based on physical examination. This is in contrast with standard preplanned
applications, which can be reproducible, but lack of individual clinical approach, reducing
internal validity and increased external validity.
Biomechanical interpretation of Mulligan concept effect still lacks evidence-based
support and remaining an intriguing subject. Positional fault theory is uncon irmed
[65]. Hearn et al., 2002 proposed mechanisms like facet surfaces separation, releasing
the entrapped menisci and stretching adhesions [66]. Neurophysiologic mechanism
of action is a more recent hypothesis on a basis of inhibition of nociceptors via
stimulation of skin mechanoreceptors resulting from intervertebral joint mobilization
[67]. Evidence shows that sympathetic nervous system responses after Mulligan
implementation might implicated with neurophysiological variables [68]. On the
basis of the above, SNAGs resulted in signi icant clinical improvements on cervical
joint position sense and proprioception in chronic neck pain patients, under the
same dosage of our study in week’s duration and session’s frequency [69]. Moreover,
SNAGs, combined with isometric exercise and hot pack application in experimental
group, demonstrated signi icant clinical bene its in parameters of pain, functionality
and proprioception, in contrast to control group followed only thermotherapy and
exercise. On a different study sample of patients with cervical radiculopathy, SNAG
proved an effective therapeutic approach associated with alterations in dermatomal
somatosensory evoked potential [70].
Study limitations identi ied in parameters of small sample size, which reduce the
statistical power and the application of more analytical parametrical statistical tests.
We did not measure muscle strength and ROM, which could support the clinical effect
on NDI and NPRS measures. Patient’s sampling conducted at the town of Rio, a relative
small area near city of Patras, reducing the generalizability of indings. According
to results of our study, recommendations can be made on a more methodologically
extended future study settings, in terms of larger sample size, under collaboration
with other private clinics where Mulligan concept takes its place in neck patient’s
therapy. Moreover, different patient’s subgroups as it is radiculopathy with upper arm
symptoms and/or whiplash injury needs to be incorporated as target study group.

Conclusion
The current study con irmed the research hypothesis of signi icant clinical
improvements of pain and functionality scores after application of Mulligan concept
therapy protocol in patients with chronic mechanical neck pain in short and mid-term
level of time measurements. Future studies need to reinforce the current results in
more extensive sample of participants as well as in other sub-populations of neck
pain patients. Mechanism of action remains unclear, regarding Mulligan clinical
interpretation effects. We suggest a more comprehensive and in-depth research
regarding biologic parameters on a cellular and molecular level that might be involved.
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