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ABSTRACT
Introduction: Mulligan’s manual therapy technique at peripheral joints, namely 
mobilisation with movement (MWM), has been well documented in research for 
over a decade. The specific parameters of MWM prescription are relatively variable 
and generally ill defined. The purpose of this review was to critically evaluate the 
literature regarding MWM prescription at peripheral joints.
Methods: A search was conducted from 1990 to June 2007, to identify all studies 
pertaining to MWM’s at peripheral joints, using the keywords mobilisation with 
movement* OR mobilization with movement* OR MWM*; manual therapy AND 
(mobilisation* OR mobilization); mulligan mobilisation* OR mulligan mobilization* 
from the following databases: Cinahl, Medline and Amed via Ovid, Pubmed 
and Medline via Ebsco Health Databases, Cochrane via Wiley and PEDro. Two 
researchers independently reviewed all papers and cross-examined reference 
lists for further potential studies. Tables were compiled to determine study content 
and the specifics regarding MWM prescription; including tenets, technical, and 
response parameters.
Results: Twenty-one studies, which have investigated MWM’s at peripheral joints, 
were included for analysis. This review highlights that specific parameters identified 
for MWM prescription (tenets, technical and response parameters), are variable 
and in general inconsistently implemented and explained.  The efficacy of MWM’s 
at peripheral joints is well established for various joints and pathologies with 20 out 
of 21 studies (95%) demonstrating positive effects overall.
Conclusions:  A proposed algorithm has been formulated for the integration into 
clinical practice to ensure necessary parameters are considered. It would be 
advisable that future research has more robust methodology and investigates and/
or implements all necessary established parameters of MWM prescription. Hing W, 
Bigelow R, Bremner T (2008): Mulligan’s mobilisation with movement: a review of 
the tenets and prescription of MWMs. New Zealand Journal of Physiotherapy 36(3): 
144-164.
Keywords: mobilisation with movement, MWM, manual therapy, mulligan 
mobilisation, manipulative technique.

InTRODUcTIOn
The treatment of musculoskeletal joint dysfunction may 

require a physiotherapist to use manual therapy. One of 
these manual therapy techniques include mobilization with 
movement (MWM), a type of joint mobilisation developed 
by Brian Mulligan (Mulligan 2004, Mulligan 2007); also 
referred to as a Mulligan mobilisation (Collins et al 2004, 
Kochar and Dogra 2002, Teys et al 2006) or a manipulative 
technique (Paungmali et al 2003b, Vicenzino et al 2001). The 
MWM technique consists of many necessary parameters for 
prescription, which are outlined in Figure 1. An accessory glide 
is applied at a peripheral joint, while a normally pain-provoking 
physiological movement or action is actively or passively 
performed. A key component to MWM is that pain should 
always be reduced and/or eliminated during the application 
(Exelby 1995, Exelby 1996, Mulligan 2004, Wilson 2001). Further gains in pain relief may be attained via 

the application of pain-free passive overpressure 

Figure 1: Key parameters of MWM prescription
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at the end of the available range during the MWM 
(Mulligan, 2004; Wilson, 2001). Adaptation, 
or ‘tweakanology’ as described by Mulligan, is 
essential to perform if the technique does not 
positively improve pain behaviour (Exelby 1996). 
Primarily this includes the direction or angle of 
the accessory glide, and/or the amount of force. 
The MWM technique also requires a comparable 
sign or client specific outcome measure (CSOM) 
as a baseline measure, to evaluate treatment 
effectiveness (Exelby 1995, Exelby 1996, Wilson 
2001). 

With respect to the research, the clinical efficacy 
of Mulligan’s MWM techniques has been established 
for improving joint function, with a number of 
hypotheses for its cause and effect. Mulligan’s 
original theory for the effectiveness of an MWM is 
based on the concept related to a ‘positional fault’ 
that occur secondary to injury and lead to mal-
tracking of the joint; resulting in symptoms such 
as pain, stiffness or weakness (Mulligan, 2004). 
The cause of positional faults has been suggested 
to be due to changes in the shape of articular 
surfaces, thickness of cartilage, orientation of fibres 
of ligaments and capsules, or the direction and pull 
of muscles and tendons. MWM’s correct this by 
repositioning the joint causing it to track normally 
(Mulligan, 2004; Wilson, 2001). 

More recent studies have investigated further 
mechanisms that including the hypoalgesic and 
sympathetic nervous system (SNS) excitation effects 
(Abbott 2001, Paungmali et al 2003a, Paungmali 
et al 2004, Teys et al 2006). Further research 
has established the effectiveness of MWM’s for 
increasing joint range of motion (ROM), enhancing 
muscle function, or more specifically treating 
particular pathologies (Collins et al 2004, DeSantis 
and Hasson 2006, Exelby 1996, Mulligan 2004, 
Paungmali et al 2003b, Teys et al 2006, Vicenzino 
et al 2006).

Despite the common use of MWM techniques 
in clinical practice for many musculoskeletal 
conditions, the prescription is not clearly defined, 
although there is common reference in the literature 
to Mulligan’s recommendations as outlined in his 
text (Mulligan 2004). Prescription refers to many 
parameters within an MWM, including tenets, 
technical and response parameters, along with 
a comparable sign or CSOM (refer to Figure 1). 
Prescription can be defined as ‘a written direction for 
the preparation, compounding, and administration 
of a medicine’ (Lexico Publishing Group Ltd 
2007). With respect to MWM prescription, this 
definition refers to having written guidelines that 
are clearly defined to draw on for the application 
of this treatment technique. Tenets represent the 
principles included in an MWM, which have been 
outlined by Mulligan (Hing 2007, Mulligan 2004). 
Both the technical and response parameters are 
contemporary concepts devised by Vicenzino & Hing 
(Hing, 2007). To date these aspects of prescription 
have not yet been reviewed or validated, which 

may impact on the clinical application of MWM 
treatment.

Therefore, the purpose was to undertake a review 
to critically evaluate the literature regarding MWM 
prescription at peripheral joints and to determine 
the specific parameters and rationale related to this 
prescription thus in attempt to formulate guidelines 
for clinical practice.

MeTHODs
Literature search strategy

The purpose of this review was to research relevant 
articles in relation to MWM of peripheral joints only. 
The electronic databases in the search from 1990 to 
June 2007, included: CINAHL via Ovid and Ebsco 
Health Databases, Cochrane via Wiley and Ovid, 
AMED, Medline via Ebsco and Pubmed, and PEDro. 
The refined key terms, included mobilisation with 
movement* OR mobilization with movement* OR 
MWM*; manual therapy AND (mobilisation* OR 
mobilization); mulligan mobilisation* OR mulligan 
mobilization*. These search phrases were adapted 
for particular databases (Medline via Pubmed and 
Ebsco, and Ebsco Health Databases), due to the 
excessive number of results (refer to Figure 2). While 
performing the search, two independent researchers 
evaluated all titles and abstracts and were obtained 
from the various databases or from other sources 
to determine appropriateness. If this was unclear 
the full-text article was obtained to confirm whether 
MWM at peripheral joints was employed. All articles 
to be included in this review were obtained in hard 
copy. For more detail on this search strategy see 
the flow chart below (Figure 2).

Exclusion criteria which was incorporated 
during the search included: studies prior to 1990, 
non-English written articles, studies not relevant 
to peripheral joint manual therapy/MWM/
physiotherapy, spinal manual therapy, chiropractic 
studies, non-original research, cadaver or animal 
studies, and/or if there was no clear indication of 
the use of MWM. The aim of this review was to obtain 
every study, which has utilised MWM techniques; 
therefore no restrictions were placed on study 
design or methodological quality.  All literature 
needed to be reviewed accurately to analyse the 
possible variations in its prescription. As papers 
were examined, reference lists were cross checked 
by both reviewers for citations of other potentially 
relevant studies, and in total three studies were 
subsequently retrieved from this process of cross-
referencing (Hetherington 1996, Stephens 1995, 
Vicenzino et al 2001).

Review of study characteristics
Using a generic critical appraisal checklist, data 

was extracted from the included 21 articles and 
information was recorded.  Four specific tables 
relating to MWM prescription were also formed, 
which included the tenets, pain behaviour analysis, 
technical parameters, and response parameters 
(CSOM and the PILL acronym). Each reviewer 
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Figure 2: Flow chart outlining research process
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Objective:  Two independent researchers to obtain 

relevant articles in relation to mobilisation with 

movement in peripheral joints only 

Global search followed by a refined 

search (exclusion criteria implemented) 

Generic search terms for the refined search: 

KEY: 

- A) mobilization* with movement OR mobilisation* with movement OR MWM* 

- B) manual therapy AND (mobilization* OR mobilisation*) 

- C) mulligan mobilization* OR mulligan mobilisation* 
 

Sources: 
 

1) Amed  

A) 22 results        Excluded: A) 10 

B) 56 results      B) 51 

C) 1 results      C) 0  
 

2) Cinahl via Ovid  

A) 29 results        Excluded: A) 16 

B) 132 results      B) 126 

C) 2 results      C) 1 
 

3) Cochrane via Ovid  

A) 11 results        Excluded: A) 2 

B) 53 results      B) 50 

C) 1 results      C) 0 
 

4) Cochrane via Wiley 

A) 84 results        Excluded: A) 84 

B) 1 results      B) 1 

C) 4 results      C) 0 
 

5) Ebsco Health Databases  

NB: Adapted search terms: 

 [A) mobilization* with movement OR mobilisation* with movement ] 

A) 24 results        Excluded: A) 10 

B) 89 results      B) 84 

C) 1 results      C) 1 
  

6) Medline via Ebsco 

NB: Adapted search terms: 

[A) mobilization* with movement OR mobilisation* with movement ]  

A) 19 results        Excluded: A) 6 

B) 68 results      B) 63 

C) 0 results      C) 0 
 

7) Medline via Pubmed 

NB: Adapted search terms 

mobilization* with movement OR mobilisation* with movement OR MWM* = 71398 

mobilization* with movement OR mobilisation* with movement = 71173 

i.e. [A) manual therapy AND (mobilization* with movement OR mobilisation* with movement OR MWM*] 

manual therapy AND (mobilization* OR mobilisation*) = 2873 

i.e. [B) manual physical therapy AND (mobilization* OR mobilisation*) ] 
 

A) 333 results        Excluded: A) 319 

B) 111 results      B) 110 

C) 634 results      C) 632 
 

8) PEDro 

A) 3 results        Excluded: A) 0 

B) 22 results      B) 20 

C) 3 results      C) 0 
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analysed all of this data. The content of these tables 
will be discussed further in the results.

ResULTs
During the search, articles were excluded on 

the basis of the strict exclusion criteria previously 
mentioned. A total of 117 articles were identified 
from the stated databases (refer to Figure 2 for 
details). Once search results were matched for 
repeated articles between the databases, 18 were 
included for analysis. An additional three studies 
were found by means of further cross-referencing 
by both reviewers (Hetherington 1996, Stephens 
1995, Vicenzino et al 2001), increasing the total 
to 21 studies for analysis - including four true 
randomised controlled trials (RCT’s), five RCT’s 
with participants as own control, one quasi-
experimental, three non-experimental, three case 
studies, and five case reports. Further detail of each 
of the studies methodological data variation and 
study design are detailed in Appendix 1.

1) specific parameters and Rationale Related 
to MWM prescription

Within the prescription of MWM’s, there are 
different areas that need investigating. Firstly there 
are the five tenets, described by Mulligan, which 
should be considered with all MWM’s. These are: 
the accessory glide generated by the therapist, the 
physiological movement or action, pain reduction 
or elimination, an immediate effect, and the use 
of overpressure, which are outlined in Table 1 
(Hing, 2007). Pain behaviour is further elaborated 
in Table 2. The second consideration of MWM’s is 
the technical parameters of prescription, which 
are: repetitions, sets, frequency, amount of force, 
and rest periods, which are outlined in Table 3. 
Vicenzino & Hing have devised a new concept of 
response parameters, which are the effects that the 
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MWM should have on the patient to continue with 
treatment (Hing, 2007). These are ‘pain-free’ or pain 
altering application (reduction + / – elimination), 
instantaneous and long-lasting effects, namely 
the ‘PILL’ acronym (refer to Tables 2 and 4). 
Lastly Vicenzino & Hing have also discussed the 
use of a comparable sign to determine treatment 
effectiveness, which is also known as a CSOM, also 
found in Table 4 (Hing, 2007). There is a duplication 
of parameters, such as ‘pain-free’ or pain altering 
application and an immediate or instantaneous 
effect, which are both components of tenets and 
the PILL acronym. This duplication is secondary to 
two different clinicians defining these parameters 
of prescription.

(Abbott 2001, Abbott et al 2001, Altman and 
Burton 1999, Backstrom 2002, Bisset et al 2006, 
Collins et al 2004, DeSantis and Hasson 2006, 
Downs and Black 1998, Exelby 1995, Exelby 1996, 
Folk 2001, Hartling et al 2004, Hetherington 1996, 
Hignett 2003a, Hignett 2003b, Hing 2007, Hsieh 
et al 2002, Kavanagh 1999, Kochar and Dogra 
2002, Lexico Publishing Group Ltd 2007, McLean 
et al 2002, Monteiro and Victora 2005, Mulligan 
1989, Mulligan 1995, Mulligan 1999, Mulligan 
2004, Mulligan 2006, Mulligan 2007, O’Brien and 
Vicenzino 1998, Paungmali et al 2003a, Paungmali 
et al 2004, Paungmali et al 2003b, Roddy et al 2005, 
Saunders et al 2003, Slater et al 2006, Stephens 
1995, Teys et al 2006, Vicenzino 2003, Vicenzino 
et al 2006, Vicenzino et al 2001, Vicenzino et al 
2007, Vicenzino and Wright 1995, Wilson 2001, 
Zhang et al 2005)

Tenets of MWM
Accessory glide

The accessory glide performed should either be 
at a right angle to the joint such as a lateral glide 
of the elbow, or follow Kaltenborn’s concave-convex 

Figure 2 (continued)
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rule such as an anterior-posterior glide of the ankle 
(Exelby 1995). All studies, except Bisset et al. (2006) 
clearly defined the direction of glide, although 
referred to Vicenzino (2003) for the prescription of 
their MWM, which clearly outlines that the glide 
should be a lateral glide of the forearm for treatment 
of lateral epicondylalgia. All studies at the elbow 
applied a lateral glide to the ulna. The second most 
common form of glide was an anterior-posterior 
mobilisation either directly from mobilising the 
distal bone of the joint, or mobilising the proximal 
bone in the opposite direction, such as a posterior-
anterior mobilisation (Collins et al., 2004; Vicenzino 
et al, 2006). The techniques for the wrist and thumb 
were highly variable (Backstrom, 2002; Folk, 2001; 
Hsieh et al., 2002).

Physiological movement
All studies involved a secondary movement or 

action to be performed by the patient during the 
MWM. Only two studies did not clearly state the 
movement performed during the MWM (Abbott, 
2001; Bisset et al., 2006). Bisset et al. (2006) once 
again referred to Vicenzino (2003), which states 
that the patient should perform a pain-free gripping 
action. Abbott (2001) stated that the painful 
movement was performed, although this was not 
specified. For the treatment of lateral epicondylalgia 
the movement was either wrist extension or gripping 
of the hand (Abbott, Patla & Jensen, 2001; Kochar 
& Dogra, 2002; McLean et al., 2002; Paungmali 
et al., 2003a; Paungmali et al., 2003b; Paungmali 
et al., 2004; Slater et al., 2006; Stephens, 1995; 
Vicenzino & Wright, 1995; Vicenzino et al., 2001). 
MWM’s for lateral ankle sprains included either 
dorsiflexion or inversion movements (Collins et al., 
2004; Hetherington, 1996; O’Brien & Vicenzino, 
1998; Vicenzino et al., 2006). The two studies 
investigating MWM for treatment of shoulder pain 
were similar utilising either pure abduction or 
abduction in the scapula plane (Teys et al., 2006; 
DeSantis & Hasson, 2006). The movement involved 
in the treatment of thumb sprains varied between 
the two studies, either including MCP flexion or 
extension (Folk, 2001; Hsieh et al., 2002). Only one 
study to date has investigated the use of MWM’s in 
de Quervain’s, which employed all wrist movements 
and thumb abduction (Backstrom, 2002). Overall 
the rationale for all studies of which physiological 
movement was performed during the MWM, was 
based upon utilising a normally pain provoking 
movement, with which the MWM was to eliminate 
this pain.

‘Pain-free’ or pain alteration (reduction +/ – 
elimination)

Mulligan (2004) states that the MWM technique 
must be pain-free during its application. This 
tenet of an MWM is questionable, as it is more 
of an alteration to pain with a reduction and/or 
elimination, and thus not always ‘pain-free’ as 
indicated by Mulligan. Majority of studies (86%), 

have reported pain-free application, conversely 
three studies in this review did not state whether 
their MWM technique reduced or eliminated pain 
(Bisset et al 2006, Slater et al 2006, Stephens 1995). 
However the study by Bisset et al (2006) referred to 
Vicenzino (2003), which states that the application 
should be ‘pain-free’. It is pertinent to the application 
and effectiveness of an MWM that a reduction and/
or an elimination of pain is achieved throughout 
the technique, with appropriate adaptation of the 
technique in relation to pain response. Table 2 
summarises the analysis of the concept of pain 
behaviour and alteration with the MWM technique, 
and furthermore how the adaptation of the MWM in 
response to pain behaviour changes have occurred 
in studies.

Immediate / instantaneous effect
For an MWM to be deemed effective and 

progressive, there must be a positive instantaneous 
or immediate effect during its application. This 
is determined by the CSOM, which will soon be 
discussed. All studies that included a CSOM found 
a positive instantaneous effect, except Slater et al. 
(2006), which found no significant effects of MWM 
treatment. Only two studies did not report any 
immediate/instantaneous effect (Bisset et al 2006, 
Kochar and Dogra 2002). All the CSOM’s improved 
post treatment, except temperature pain threshold 
(TPT), which has not been found to be affected by 
MWM’s in any studies to date (Abbott, 2001; Abbott 
et al., 2001; Collins et al., 2004; DeSantis & Hasson, 
2006; Folk, 2001; Hetherington, 1996; McLean et 
al., 2002; O’Brien & Vicenzino, 1998; Paungmali et 
al., 2003a; Paungmali et al., 2003b; Paungmali et 
al., 2004; Slater et al., 2006; Stephens, 1995; Teys 
et al., 2006; Vicenzino et al., 2001; Vicenzino et al., 
2006; Vicenzino & Wright, 1995).

Overpressure
Overpressure is stated by Mulligan (2004) as 

been an essential element of MWM prescription, 
however it was only utilised in five studies (24%) 
within this review (DeSantis and Hasson 2006, Folk 
2001, Hetherington 1996, O’Brien and Vicenzino 
1998, Vicenzino et al 2006). The particular joints 
and pathologies of which this was applied include 
the shoulder for supraspinatus tendinopathy 
(DeSantis and Hasson 2006), the thumb for de 
Quervain’s (Folk 2001), and also for lateral ankle 
sprains (Hetherington 1996, O’Brien and Vicenzino 
1998, Vicenzino et al 2006). As grip strength was 
applied, overpressure is indirectly incorporated into 
any of the studies assessing the effects of MWM at 
the elbow that focused on lateral epicondylalgia.

Repetitions/sets
Although Mulligan recommends ten repetitions 

and three sets for a typical MWM treatment, there 
are variations in the literature regarding repetitions 
and sets of its application. Mulligan (1995) states 
this prescription in the text, but the rationale is ill 
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defined. Eighteen out of the 21 articles (86%) stated 
their repetitions and 11 stated their sets. Majority of 
studies have followed Mulligan’s recommendations 
and prescribed three sets of ten repetitions. It is 
evident that this is the only rationale for MWM 
prescription, in combination with its use in previous 
studies. Variations of this prescription were utilised, 
ranging from two to ten repetitions, with one to 
four sets. 

Frequency
The frequency of treatment varied from one to 19, 

with one session most commonly utilised (Abbott, 
2001; Abbott et al., 2001; Folk, 2001; Hetherington, 
1996; McLean et al., 2002; Paungmali et al., 2003a; 
Slater et al., 2006; Stephens, 1995; Vicenzino et al., 
2001; Vicenzino et al., 2006). The other two most 
common frequencies were three or six sessions, 
which commonly implemented an interval between 
treatment sessions, varying from 24 to 48 hours 
(Collins et al., 2004; DeSantis & Hasson, 2006; 
Kochar & Dogra, 2002; O’Brien & Vicenzino, 1998; 
Paungmali et al., 2003b; Paungmali et al., 2004; 
Teys et al., 2006; Vicenzino & Wright, 1995). The 
most frequent treatment carried out two hourly 
during waking hours, for three weeks (Hsieh et al., 
2002), and the less frequent was approximately one 
treatment every five days (Backstrom, 2002; Bisset 
et al., 2006). 

Amount of force.
The amount of force recommended for an MWM 

is not stated in Mulligan’s text (2004), nor was it 
stated in majority of studies. McLean et al. (2002) 
is the only study to state the amount of force used, 
as this was the aim of their study. Using a hand-
held dynamometer, therapists applied a lateral 
glide to elbows with lateral epicondylalgia at 33%, 
50%, 66% or 100% of maximal force. The outcome 
measure was pain-free grip strength (PFGS), and 
the results showed that 66% or 100% of force 
resulted in significant gains. The remainder of the 
studies either did not state the force used (13/21, 
62%), or distinguished between using body weight 
or therapist arm force (7/21, 33%). Therefore 
the application of force is an important variable 
in MWM prescription, for determining treatment 
effectiveness, and this should be investigated 
further (Backstrom 2002, Collins et al 2004, 
DeSantis and Hasson 2006, Kochar and Dogra 
2002, Paungmali et al 2003a, Slater et al 2006, 
Vicenzino et al 2006). 

Rest periods
There is large variation in rest periods among the 

studies reviewed and it has only been stated in 11 
studies (52%) ranging from 30 seconds to two hours 
between sets (Collins et al 2004, Hsieh et al 2002, 
McLean et al 2002, Slater et al 2006, Teys et al 2006, 
Vicenzino et al 2006), and 15 to 60 seconds between 
repetitions (Paungmali et al., 2003a; Paungmali et 
al. 2003b; Paungmali et al., 2004; Vicenzino et al., 

2001; Vicenzino & Wright, 1995). Most commonly 
the rest period was 15 seconds between repetitions 
with these four studies investigating the hypoalgesic 
effects of a lateral glide performed at the elbow in 
patients with lateral epicondylalgia (Paungmali et 
al., 2003a; Paungmali et al. 2003b; Paungmali et 
al., 2004; Vicenzino et al., 2001). These studies 
found positive results with increases in PFGS and 
pressure pain threshold (PPT). 

Response parameters
Long-lasting

Effective MWM’s should have a long-lasting 
effect in order for permanent change to occur. This 
is a further response parameter, as proposed by 
Vicenzino & Hing (Hing, 2007). Unfortunately this 
was only investigated in nine of the studies (43%) 
via follow-up assessments to establish deterioration 
or improvement from treatment (Backstrom 2002, 
Bisset et al 2006, Folk 2001, Hsieh et al 2002, 
Kochar and Dogra 2002, O’Brien and Vicenzino 
1998, Paungmali et al 2003b, Stephens 1995, 
Vicenzino and Wright 1995). Interestingly, five were 
case studies/reports, which highlights the fact 
that other research designs have not incorporated 
follow-up assessment (Backstrom, 2002; Folk, 
2001; Hsieh et al., 2002; O’Brien & Vicenzino, 1998; 
Stephens, 1995). The follow-up period varied from 
one to 52 weeks. The results included reduction 
in pain levels, increase in participant assessment 
scores, increase in pain-free strength, function and 
ROM. No studies that investigated this parameter 
found any negative long-term effects of MWM 
treatment when compared to placebo or control.

Client specific outcome measure (CSOM) or 
comparable sign

The CSOM or comparable sign is the outcome 
measure utilised during and immediately after 
MWM treatment, to determine its effectiveness, 
and whether the treatment should be continued 
with. Vicenzino & Hing have established that this 
should be carried out after all MWM applications, 
and only continued with if the CSOM has improved 
(Hing, 2007). It determines whether adaptation 
in relation to pain response needs to be applied. 
All studies incorporated a CSOM in their MWM 
application, which varied in relation to the joint, 
main problem or deficit, and purpose of research. 
The number of specific CSOM’s also varied between 
studies, but all included either pain levels, strength, 
ROM or PPT (Abbott, 2001; Abbott et al., 2001; 
Collins et al., 2004; DeSantis & Hasson, 2006; 
Folk, 2001; Hetherington, 1996; McLean et al., 
2002; O’Brien & Vicenzino, 1998; Paungmali et al., 
2003a; Paungmali et al., 2003b; Paungmali et al., 
2004; Slater et al., 2006; Stephens, 1995; Teys et 
al., 2006; Vicenzino et al., 2001; Vicenzino et al., 
2006; Vicenzino & Wright, 1995). Others that were 
included were TPT, upper limb tension tests (ULTT), 
sympathetic SNS, joint glides or balance (Collins 
et al., 2004; Hetherington, 1996; Paungmali et al., 
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2003a; Paungmali et al., 2004; Vicenzino et al., 
2006). However specific studies did not use the 
CSOM immediately after the first set to test for an 
instantaneous/immediate effect (Bisset et al 2006, 
Kochar and Dogra 2002).

2) Overall efficacy of MWM’s 
All studies included in this review found 

significant positive results with MWM applications, 
when compared to placebo or control groups. 
The only study in which no significant results 
were found with PPT or strength was by Slater 
et al. (2006), which is also the only study, which 
investigated the efficacy of MWM’s on an induced 
condition. All other studies utilised patients with 
genuine pathologies, whereas this study induced 
lateral epicondylalgia pain via delayed onset of 
muscle soreness and hypertonic saline.

The most common significant results found 
were increase in strength, reduction in pain levels, 
increase in PPT, improved ULTT’s, and overall 
function improvements when compared with placebo 
or control, mainly in lateral epicondylalgia (Abbott 
et al., 2001; Bisset et al., 2006; Kochar & Dogra, 
2002; McLean et al., 2002; Paungmali et al., 2003a; 
Paungmali et al., 2003b; Paungmali et al., 2004; 
Stephens, 1995; Vicenzino et al., 2001;Vicenzino & 
Wright, 1995). No change in TPT has been found at 
the elbow (Paungmali et al., 2004). Other interesting 
findings were that repeated applications of MWM, or 
MWM with naloxone did not have an inhibitory effect 
on the pain relieving effects, therefore suggests that 
a non-opioid mechanism occurs for the analgesic 
response (Paungmali et al., 2003a; Paungmali et al., 
2004). The only study investigating the required force 
for optimal effects, demonstrated that best results 
are gained when an MWM is applied at either 66% 
or 100% of maximal force (McLean et al., 2002). 
MWM treatment was also found to be superior in 
the long-term when compared to corticosteroid 
injection (Bisset et al., 2006). Alterations in SNS 
function following an MWM were demonstrated, 
showing an increase in heart rate, blood pressure, 
skin conductance, blood flux and skin temperature. 
These are similar to the effects of spinal manipulation 
(Paungmali et al., 2003b). MWM applied at the elbow 
has shown to have beneficial effects on shoulder 
rotation ROM (Abbott, 2001).

At the shoulder, wrist, thumb and ankle, similar 
results were found. These were decrease in pain, 
increase in ROM, PPT, strength and joint glides, 
and improved function (Backstrom, 2002; Collins 
et al., 2004; DeSantis & Hasson, 2006; Folk, 2001; 
Hetherington, 1996; Hsieh et al., 2002; O’Brien & 
Vicenzino, 1998; Teys et al., 2006; Vicenzino et al., 
2006). Again no change in TPT was found at the 
ankle (Collins et al., 2004). One study investigated 
MWM under magnetic resonance imaging and 
found MWM to correct a position fault at the thumb, 
although this was not maintained post MWM, 
although the positive effects were long-lasting 
(Hsieh et al., 2002).Ta
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The overall efficacy of MWM’s has largely proven 
to be effective in both reducing pain and improving 
function in conditions such as lateral epicondylalgia, 
shoulder pain, de Quervain’s, thumb and ankle 
sprains. The long-term results are discussed above, 
within ‘long-lasting’ effects.

DIscUssIOn
specific parameters and Rationale Related to 
MWM prescription

As previously described, tenets, technical 
and response parameters, all contribute to 
the effectiveness of Mulligan’s manual therapy 
technique. However, a key finding from this review is 
that prescription of MWM has been poorly explained 
or not adequately applied in the literature. This 
is interesting considering that specific aspects 
of MWM application have been stated as being 
necessary components - such as ‘pain-free’, specific 
reps and sets, and overpressure. Variations exist in 
the prescription of MWM not only between studies, 
but also within individual studies.

Tenets
The tenets of MWM prescription, as described 

by Mulligan, were generally well incorporated, 
with the exception of overpressure. All studies 
clearly defined the accessory glide together with the 
direction, with the exception of Bisset et al. (2006) 
who did not state it within the study treatment 
method, however did refer to Vicenzino (2003). 
The secondary physiological movement or action 
performed by the patient is important to ensure a 
normally pain provoking movement can be altered 
with the MWM technique. All studies involved 
this tenet, with only two not clearly stating the 
movement or action performed (Abbott 2001, Bisset 
et al 2006), however Bisset et al. (2006) referred to 
Vicenzino (2003) for its prescription. 

The secondary physiological movement closely 
relates to pain behaviour and how the pain 
associated with this movement or action should be 
reduced or eliminated with an MWM. However the 
concept of terminology surrounding the term ‘pain-
free’ as initially stated by Mulligan is controversial. 
As explained in the results and outlined in Table 
2 the alteration of pain that occurs during and 
after MWM is not always an elimination of pain 
or otherwise known as ‘pain-free’. Majority of 
studies (86%) documented pain-free application 
was utilised, with a minimal number discussing 
a reduction of pain as also being accepted. This 
raises the question of why is there is a chosen 
belief that MWM must be pain-free to continue 
with treatment? Thus should the term ‘pain-
free’ be changed to pain alteration (reduction + 
/ – elimination)? Several studies referred to the 
fundamental concept of pain-free application, yet 
it was not employed in the methods, or if stated it 
was not clear if pain was altered during or after the 
MWM (Abbott 2001, Backstrom 2002, Hsieh et al 
2002, O’Brien and Vicenzino 1998, Stephens 1995). N
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Figure 3: Algorithm for the prescription MWM techniques
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This also raises the importance of adaptation in 
response to pain behaviour during the MWM.  Only 
eight studies explained their particular method of 
adapting the MWM application to alter pain (Abbott 

2001, Abbott et al 2001, Backstrom 2002, Bisset 
et al 2006, Collins et al 2004, Folk 2001, Teys et 
al 2006, Vicenzino and Wright 1995). For example 
Bisset et al (2006) referred to Vicenzino (2003) 
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for MWM prescription, who recommends that an 
MWM is repeated several times, only if there is a 
substantial decrease in pain, and if the pain relief 
has not occurred then glides at different angles 
should be attempted; up to a maximum of four 
times. Abbott et al. (2001) also states that four 
attempts of the glide direction are permitted, in 
order to determine which best eliminates the pain. 
If the pain was not eliminated or it returned during 
treatment, no further repetitions were performed. 

Another tenet or response parameter associated 
with an MWM is the immediate or instantaneous 
effect, which occurs during and/or after the 
application and is determined by the related 
CSOM/s. Only two studies did not report any 
immediate or instantaneous effect (Bisset et 
al 2006, Kochar and Dogra 2002). This aspect 
of prescription is a necessity in relation to the 
effectiveness of the MWM, and also adaptation with 
regards to pain behaviour.  

Overpressure is considered to be a key component 
in MWM techniques to produce effective pain relief, 
either as a progression and/or an adaptation 
if the patient remains symptomatic after initial 
application (Mulligan 2004, Wilson 2001). The 
literature however does not significantly reflect 
this, with only five studies (24%) incorporating 
this parameter (DeSantis and Hasson 2006, Folk 
2001, Hetherington 1996, O’Brien and Vicenzino 
1998, Vicenzino et al 2006). Several reviews have 
discussed the use of overpressure, to further alter 
pain behaviour and acquire pain-free end range 
(Exelby, 1996; Wilson, 2001). 

Technical parameters
The documentation of technical parameters was 

variable throughout the studies. Within this review 
18 out of 21 studies (86%) stated the number of 
repetitions and sets employed.  Majority of these 
studies referred to Mulligan’s recommendations of 
three sets of ten repetitions, although no specific 
research has been undertaken to investigate the 
efficacy of these parameters (Mulligan 1995). While 
the rationale for prescription of repetitions and sets 
is generally ill defined and based on experimentation 
in clinical practice, Mulligan (2004) does state the 
importance of performing an adequate number of 
repetitions to result in a more lasting effect. 

In regards to frequency of MWM treatment one 
session was most commonly utilised, which is 
unlikely in a clinical setting but is often carried 
out in research, especially with MWM’s displaying 
immediate benefits (Abbott, 2001; Abbott et al., 
2001; Folk, 2001; Hetherington, 1996; McLean et 
al., 2002; Paungmali et al., 2003a; Slater et al., 
2006; Vicenzino et al., 2001; Vicenzino et al., 2006). 
A case study by Stephens (1995) utilised the most 
frequent treatment sessions (n = 19), which may 
reflect the chronicity of lateral epicondylalgia, and 
may represent the need for intense and regular 
physiotherapy intervention for effective treatment 
outcomes. This is a clear example of how case 

studies can be more clinically relevant with greater 
generalisability of results.

The amount of force applied during an MWM is 
a parameter of limited research and documentation 
within studies. McLean et al. (2002) is the only 
study to date, which has investigated the effects of 
MWM in relation to varied amounts of force applied 
for the accessory glide. The results illustrated that 
66% or 100% of maximal force is superior over 
less amounts, indicating the amount of force is 
pertinent to consider with MWM effectiveness. It is 
therefore interesting that no other studies to date 
have detailed this parameter, apart from seven out 
of 21 (33%) distinguishing between the use of body 
weight or therapist arm force (Backstrom 2002, 
Collins et al 2004, DeSantis and Hasson 2006, 
Kochar and Dogra 2002, Paungmali et al 2003a, 
Slater et al 2006, Vicenzino et al 2006).

The rest period between sets of MWM’s, has not 
been stated by Mulligan (1995), nor is it clearly 
outlined in any review articles (Exelby, 1995; Exelby, 
1996; Vicenzino, 2003; Wilson, 2001), although re-
testing between each set for treatment effectiveness 
is advocated (Exelby, 1996; Wilson, 2001). This 
area was poorly defined with approximately half of 
studies (52%) stating the rest periods, with large 
variations evident. Most commonly employed was 
a 15 second rest period between repetitions, which 
was unique to a research purpose of investigating 
hypoalgesic effects of a lateral glide performed at 
the elbow in patients with lateral epicondylalgia 
(Paungmali et al., 2003a; Paungmali et al. 2003b; 
Paungmali et al., 2004; Vicenzino et al., 2001). To 
date there are no consistencies within the literature 
to guide the rest periods between sets (Collins et al 
2004, Hsieh et al 2002, McLean et al 2002, Slater 
et al 2006, Teys et al 2006, Vicenzino et al 2006). In 
the clinical setting it is probably most appropriate to 
have a rest period between sets, of a time that allows 
re-testing of the CSOM to determine treatment 
effectiveness, and therefore determine whether the 
MWM application is to be continued with. 

Response parameters
The response parameters as recently defined 

by Vicenzino & Hing includes the PILL acronym 
and the CSOM (Hing, 2007). As previously stated 
the PILL acronym consists of pain alteration, 
an instantaneous/immediate effect which have 
both been discussed earlier in tenets, along 
with long-lasting and the CSOM. Long-lasting 
effects have been investigated via follow-up 
assessments in nine studies (43%), all concluding 
with significant positive results. Paungmali et al. 
(2003b) established that hypoalgesic effects did 
not reduce with repeated treatments, therefore is 
probable that a non-opioid form of analgesia is the 
cause of pain relief. Also, the case report by Hsieh 
et al. (2002), determined at follow-up that pain was 
eliminated via the intervention, however the final 
magnetic resonance imaging (MRI) illustrated no 
change in the initial positional fault of the thumb. 
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The authors therefore suggested that the correction 
of positional faults during the MWM, as shown by 
MRI, resulted in immediate effects. The long-term 
effects, including, pain relief, was hypothesised 
to be due to changes in nociceptive and motor 
system dysfunction, possibly implying the role of 
hypoalgesia. Mulligan (2004) also states that the 
effects of MWM’s can be maintained further via 
taping and self-MWM’s, which may further enhance 
the possible long-lasting effects. This was included 
in several studies within this review (Backstrom 
2002, Hetherington 1996, Hsieh et al 2002, O’Brien 
and Vicenzino 1998, Stephens 1995, Vicenzino and 
Wright 1995). 

All studies in this review have incorporated the 
use of CSOM or a comparable sign to be utilised 
during and/or immediately after an MWM as a 
response parameter. The development of the CSOM 
by Vicenzino & Hing is a new concept, which is 
related to the requirements of what must occur 
in order to continue with MWM treatment (Hing, 
2007). In general, the choice of the CSOM within 
the literature was variable but very consistent 
in relation to employing a normally provoking 
movement or action, with which the MWM is aimed 
to improve. 

proposed Guidelines for clinical practice
Overall, it is apparent that certain parameters 

of MWM prescription are ill defined, although the 
efficacy for particular joints is well established. 
It may be that experimentation or adaptation 
of the technique is necessary and common in 
daily practice, however, a review of its necessary 
components of prescription was timely. The key 
components of prescribing an MWM technique 
need to be defined. Thus it is proposed that the 
following algorithm is utilised for the prescription 
of MWM’s at peripheral joints in clinical practice 
(refer to Figure 3). This algorithm is based on the 
findings of this systematic review and incorporates 
all necessary components of MWM prescription.

The algorithm encompasses all parameters 
that have been reviewed in this research and is 
based upon integration of results. This includes 
tenets (accessory glide, physiological movement or 
action, pain alteration (reduction + / – elimination), 
immediate/instantaneous effect, overpressure), 
technical parameters (repetitions, sets, frequency, 
amount of force, rest periods) and response 
parameters (long-lasting, CSOM). The content of 
the algorithm aims to allow the practitioner to 
easily follow it through in order to apply appropriate 
MWM prescription. Aspects of the algorithm 
require clinical reasoning in regards to prescription 
specifics and consideration of irritability. 

future Research
Subsequent to the extensive research and 

analysis undertaken for this review, there are 
particular areas within MWM prescription that 

require further investigation. This could include 
research into the efficacy and prescription of 
MWM’s at joints that have not yet been examined 
such as the hip and knee. This could also 
incorporate the consideration of various pathologies 
as in the clinical setting, MWM’s are utilised for 
many conditions and in all peripheral joints. It is 
clear that the specific prescription parameters of 
the MWM technique have not been consistently 
employed, nor evaluated. For example the use of 
overpressure was rarely implemented although it is 
considered a key component of MWM application, 
therefore investigation into its additional benefits 
may be necessary. Further parameters of MWM 
prescription, which were analysed in this review 
such as the accessory glide, repetitions, sets, 
frequency, rest periods, also warrant specific 
comparative research regarding the effects. 
Once the efficacies of the discussed parameters 
are further defined, they need to be prescribed 
appropriately and more clearly explained in future 
research. An example is with the amount of force 
used, which has been validated by McLean et al. 
(2002) although not implemented appropriately in 
subsequent research to date. 

The efficacy of the proposed algorithm could be 
investigated via the comparison of its implementation 
versus the common clinician’s MWM application. 
Perhaps common MWM application could be initially 
identified through a survey with case examples, 
which will determine a representative norm for 
everyday clinical practice and MWM prescription. 
This will overall establish the efficacy of the 
algorithm and the incorporation of all necessary 
MWM prescription components, with regards to 
treatment outcomes.

cOncLUsIOn
Mulligan’s peripheral MWM techniques are 

commonly utilised within musculoskeletal 
physiotherapy. This review of  the MWM 
prescription at peripheral joints highlighted that 
this area of research has strengths, limitations and 
inconsistencies. 

The specific parameters identified for MWM 
prescription in the literature, is variable and in 
general inconsistently implemented and explained. 
The efficacy of MWM’s appears to be well established 
for various joints and pathologies, as shown by 
previous reviews, however due to the methodological 
quality of studies, and gaps in particular areas of 
both prescription and application, it is apparent 
that further research is warranted into the specific 
parameters of MWM’s. The proposed algorithm may 
be integrated into clinical practice, to aid in the 
inclusion of all necessary components established 
from this review.

To conclude, this manual therapy technique 
is widely used and advocated for many aspects 
of peripheral joint dysfunction. This review has 
presented an evaluation of MWM prescription, in 
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attempt to guide the clinician appropriately, and 
provide a basis for future research into this area.
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