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ABSTRACT
Background: There are several manual therapy techniques for limited and painful knee flexion, but there are very few 
evidence about the effectiveness of Mulligan’s Mobilisation With Movement (MWM) in osteoarthritis of the knee. The 
objective of the study was to find the effect of MWM on pain and functional status in patients with osteoarthritis knee.
Methods: 30 patients diagnosed with medial compartment tibiofemoral osteoarthritis of the knee were randomized 
into two groups ( experimental and control groups ) with 15 subjects in each group.The experimental group received 
medial glide MWM and medial rotation glide MWM in weight bearing and non-weight bearing positions after which 
the patients were asked to walk for a while. Conventional therapy in the form of shortwave diathermy (SWD), quadri-
ceps strengthening and stretching of the calf and hamstrings was given to both the experimental and the control group. 
The intervention regimen lasted for seven days. Outcome measures were WOMAC score, VAS score and distance 
walked in 6-minute walk test.
Result: The study showed significant improvement in VAS (p<0.05 in control group, p<0.001 in experimental group ), 
WOMAC scale(p<0.05 in control group, p<0.001 in experimental group) and distance walked in 6 minutes(p<0.05 in 
control group, p<0.001 in experimental group) in both the groups, but all these improvements were highly significant 
in experimental group ( p< 0.001 ) than those in the control group.
Conclusion: Mulligan’s MWM is significantly effective in relieving pain and improving functional status in osteoarthri-
tis of the knee.
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INTRODUCTION
Osteoarthritis (OA) is the commonest type of arthritis 
causing pain and functional disability especially in elderly. 
As compared to other joints, OA of the knee causes greater 
disability and clinical symptoms [1,2].  OA of the knee 
has emerged as a major health problem all over the world 
[3,4].     There is a correlation between the disability and 
pain associated with knee OA and a loss of quadriceps 
femoris muscle strength, [5-7] coronary heart disease [8], 
and depression [9].
OA knee mainly affects the medial tibiofemoral compart-
ment of the joint [41,42]. During the stance phase of gait, 
torque production by hip abductors in the stance limb is 
reduced which causes a pelvic drop in the contralateral 
swing limb [43]. Thus, the center of mass of the body is 
shifted towards the swing limb, which in turn increases 
the forces on the medial Tibiofemoral compartment of the 
supporting limb.
There are several treatment options for OA. Despite the 
benefits of exercise and the various modalities,[10-14]  
Manual  Therapy  (MT)  techniques have also been re-
ported to be effective when used in conjunction with joint 
mobility and strengthening exercises [14-17].  G D Deyle 
et al. 2005 [16]  found that there was greater improvement 
in functional status and symptoms of the knee with pas-
sive physiological and accessory movements in OA knee 
than with home exercises alone. Paul A Van Den Dolder, 
Roberts 2006 [17] reported that Cyriax and medial glide 
MWM techniques improved functional status and flexion 
in patients with anterior knee pain. Apart from these two 
studies, there is very few evidence on the effectiveness of 
Mulligan’s MWM techniques in patients with osteoarthri-
tis knee. There is a clear need for further study of Manual 
Therapy.
Mobilization with Movement (MWM) is a manual therapy 
technique advocated by Brian Mulligan for treating joint 
pain, stiffness, and dysfunction [18]. In this technique, 
the painful movement is performed actively by the patient 
while the physiotherapist applies a sustained glide perpen-
dicular or parallel to the joint. This technique aims at re-
storing pain-free and a full range of motion in the joint 
[19]. It is postulated that MWM minimizes the positional 
faults at joints which occur following a joint injury[19-22].
MWM treatments have shown rapid improvements in 
pain and functions in several Studies [23-25] and trials 
[26,27], but the effect of MWM in osteoarthritis (OA) 
knee have not been evaluated in these studies.
Hence, the primary aim of the study was to determine the 
effect of Mulligan’s Mobilisation with Movement plus con-
ventional physical therapy on pain and functional status 
and to co-relate any positive findings in the modern study.
MATERIALS AND METHODS
Study design: Randomised control trial
Participants: This study was conducted in Physiotherapy 
department of Civil Hospital, Ahmedabad. All the patients 

were referred from Orthopaedic Outpatient Department, 
Civil Hospital, Ahmedabad. The sample size consisted 
of 30 (Thirty) patients who were diagnosed with Medial 
Compartment Tibiofemoral Osteoarthritis knee, as per the 
inclusion Criteria and Exclusion Criteria.
Inclusion criteria: Subjects with age group: 45-70 years, ti-
biofemoral arthritis of knee with the involvement of medial 
compartment, subjects diagnosed with OA knee according 
to clinical criteria of classification by Altman [28], history 
of osteoarthritis knee within one year. No impairment in 
other body parts which would not allow the subject to par-
ticipate in the study.
Exclusion criteria: History of trauma within 1 year, osteo-
arthritis with acute pain according to International Asso-
ciation for the Study of Pain (IASP), association with other 
pathology eg. fractures, bursitis, backache, radiating pain 
to legs, etc., those who had taken steroid injection in knee 
within last 30 days, those who had undergone any lower 
limb surgery in the last 6 months, those who did not attend 
the required number of treatment sessions.
Procedure : On the first visit, a complete Orthopaedic As-
sessment was done. Thirty subjects who were found suit-
able for participation in the study were requested to sign 
Consent Forms. Pre-participation evaluation form consist-
ing of VAS Scale, Western Ontario and Mc Master Univer-
sities Index of Osteoarthritis, Timed 6 minute walk test 
and Mulligan Knee Assessment Charts were filled. Then 
the subjects were allocated randomly into two groups 
(group A and B) with 15 subjects in each group.The data 
about the outcome measures were collected at the baseline 
(day 0) and day 7 of the treatment. The subjects were al-
lowed to continue their daily activities but were asked not 
to receive any other treatment throughout the course of the 
study, apart from routine physician management.
Intervention
Group A received Mulligan’s Mobilisation With Move-
ment (MWM) and conventional physical therapy. Group 
B received conventional physical therapy alone. Both the 
groups attended seven treatment sessions (one session per 
day for seven days) in the Physiotherapy department of 
Civil Hospital, Ahmedabad.
Mobilization with Movement (MWM) protocol:
The subjects in group A received an intervention which 
consisted of medial glide MWM or medial rotation 
MWM(whichever was best indicated for pain relief for a 
particular patient).
Techniques :
1. For medial glide MWM, the patient was made to 

lie supine (for non- weight bearing position) and 
standing with one leg on a stool (for weight bearing 
position). The therapist then kept the palmar aspect of 
the right hand on the upper aspect of the leg (distal to 
knee) and left a hand on the lower aspect of the thigh 
(proximal to knee). Then, the therapist applied medi-
al glide to the knee and asked the patient to perform 
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knee flexion and extension maintaining the medial 
glide throughout the range of motion.

2. For medial rotation MWM, the therapist grasped 
the upper aspect of the tibia with both the hands( 
keeping thenar aspect posteriorly and fingers anterior-
ly), rotated the tibia medially and asked the patient to 
flex and extend the knee while maintaining the medial 
rotation glide throughout the range of motion.

On the very first day of treatment, the patient was assessed 
completely about the perception of pain in weight-bearing 
as well as non-weight-bearing positions. If the patient had  
pain in  both the  positions,  he/she was  given  MWM  
(2  sets of  10 repetitions) first in the non-weight bearing 
position. After that, in the weight bearing position, he/she 
was assessed for pain in different functional activities. e.g.
1. Putting the affected leg up and down on a stool
2. Stepping the affected knee on the stool and moving it 

front and back
3. Stepping up and down on the stool
If all the activities were found painful two sets of 10 repe-
titions of MWM was given in the first functional activity. 
Once that activity became pain- free, the MWM was giv-
en to the next activity ( 2 and then 3). Most of the pa-
tients were able to progress to the third functional activity 
on the third or fourth day of treatment.    Thus, a total of 
four sets of 10 repetitions per session were given to ensure 
prolonged correction of tracking and sufficient afferent 
input [18,19].  At the end of 4 sets patients were asked to 
walk a few steps. After this session of MWM, conventional 
physical therapy was given to these subjects.
Conventional physical therapy protocol:
It consisted of Shortwave diathermy for 10 minutes and 
conventional exercises. These conventional exercises in-
cluded:
1.  Strengthening exercises:
A. Static quadriceps exercise: Patient is positioned in sup-

ported long sitting position. He then contracts the 
quadriceps femoris muscle and pushes the knee down.

B. Vastus                       Medialis             Oblique  exercises:
i. Last 15o extension: Patient is in long sitting po-

sition with the affected knee flexed to 15o.    He 
then contracts the quadriceps muscle to straight-
en his knee fully.

ii. Supine - Hip flexion abduction external rotation 
with knee extension:

iii. With the patient supine, he flexes his hip to15o, 
adducts it 10o and then externally rotates it with 
the knee extended.

C. Resisted quadriceps exercise: Patiently is in high sit-
ting position. Then straightens his knee fully against 
resistance given by the therapist or by the weight cuff 
(whichever is tolerated by the patient) tied to the ankle.

D. Hamstrings are strengthening exercises: Patient is in 
a prone lying position. He then bends his knee in 

the available range against the resistance given by the 
therapist or by the weight cuff tied to the ankle.

E. Hip abductors are strengthening exercises: Patient is in 
side lying position. He then abducts his hip with the 
knee extended  (against the resistance of weight cuff 
or the therapist).

Note: In all strengthening exercises, each contraction was 
held for ten secs followed by a 3 sec rest and repeated ten 
times.
2.  Stretching exercises:
A. Calf stretching: Patient is placed in supine position 

with knee extended. The therapist keeps his hand be-
hind the plantar aspect of patient’s foot and dorsiflexes 
the patient’s foot.

B. Hamstring stretching: With the patient in supine posi-
tion, the therapist grasps the patient’s leg and raises the 
whole leg keeping the knee extended.

Note: Each stretch was held for 30 secs and repeated three 
times.
Knee care was taught to all the patients. The patients in 
both the groups were advised to do two sessions of the con-
ventional exercises at home. In the case of bilateral involve-
ment of Osteoarthritis, the most painful knee was treated.
Outcome measures
Measures were used to collect data at baseline and one 
week (i.e., after seven sessions of treatment). The data that 
were collected to characterize the participants at baseline 
included age, gender, duration of the problem, body mass 
index (BMI).
Primary outcome:
The primary outcome measure was taken as Western On-
tario and McMaster Universities Osteoarthritis Index 
(WOMAC) [29,30]    to measure patients’ perceptions of 
pain, stiffness, and dysfunction. Patients were asked to 
score 24 parameters from 0(none) to 4(extreme), and total 
scores were recorded at baseline and one week.
Secondary outcome:
The secondary outcome measures were: Visual Analogue 
Scale (VAS), Timed 6-minute walk test and overall satisfac-
tion with the treatment.
VAS [31], a self-assessing questionnaire was used to assess 
the severity of pain. A 10-cm line was drawn on a sheet of 
paper and divided into ten equal sections, with 0 represent-
ing “no pain” and 10 representing “unbearable pain.” Each 
participant was asked to indicate on the scale the level of 
pain in his or her knee joint before and after treatment. The 
patient would be marking on the scale himself indicating 
as a Subjective Experience.
The timed 6-minute walk test was used to measure the 
functional exercise capacity [32-35]
Of the OA knee patients. The patients were asked to walk 
in the department on a course 30m long for six mins. The 
patients were encouraged to cover as much distance as 
possible in 6 mins. At the end of 6 mins, the patients were 
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asked to stop and the distance walked was recorded.
Simple, functional tests (e.g., walking, knee bending, step-
ups) that produced pain were used to get an idea of daily 
baseline measurements to help evaluate the effect of the 
treatment.
Data analysis
Wilcoxon signed - rank test [36]  was applied to both the 
experimental group and the control group (i.e. Within the 
Group). T values were calculated for WOMAC, VAS and 
Timed 6-minute walk test within each group. Then, these 
T values were compared with the table value at N=15 (sam-
ple size), and p was calculated. If T value was greater than 
the table value and p<0.05, then that indicated a significant 
improvement in that outcome measure in that particular 
group (95% Confidence limits or 5% level of significance). 
If p<0.01, it indicated highly significant improvement at 
99% confidence limits.
Wilcoxon rank sum test [36] (Mann-Whitney U test ) was 
then applied to both the groups to compare the improve-
ment in VAS and WOMAC in between the two groups    T 
values for both VAS and WOMAC were calculated. Then, 
Z value was calculated which was compared with the table 
value, and p-value found out. If the Z value was less than 
the table value, and p<0.01, it indicated the higly signifi-
cant difference between the two groups. 
Student’s T test was applied to both the groups to find out 
any improvement in thedistance walked in 6 minutes. 
Paired t- test was used to calculate the difference within the 
Group. Unpaired t- test was used to calculate the difference 
between the Groups.
RESULTS
Flow of participants, therapists through the study
Thirty participants were included in the study who were 
then enrolled into the experimental  group (n=15) and the 
control group (n=15). Each participant received
the intervention that was randomly allocated to her. There 
was no loss to follow-up of participants for any reason. No 
participant asked to leave the study before completion. The 
baseline characteristics of the participants in each group 
are presented in Table 1.

Table 1: Baseline characteristics of the participants

Characteristic Experimental 
Group A

Control 
Group B

Age (yrs), mean (SD) 55.13 (8.91) 53.8 (8.8)

Gender
Male Count 4 (25%) 4(25%)

Female Count 11(75%) 11(75%)

Duration (months),mean (SD) 38.76 (5.63) 20.04 (2.06)

Body Mass Index (kg/m2) 24.13 (3.96) 25.26 (2.09)

Effect of interventions
Primary outcome:
Functional status of the participants, as measured by WO-
MAC, improved by a mean of 19 (SD 3) in the experimen-

tal group, whereas the control group improved by a mean 
of 4 (SD 0.95). This is shown in Table 2 and 3. When Wil-
coxon Rank Sum Test (Mann-Whitney U test) was applied 
to compare the improvement in WOMAC in between the 
two groups, results showed the highly significant difference 
between them at 95%cl, p<0.001(table 4).
Table 2:  VAS, WOMAC and 6 min walked distance at day 

1 and 7 in experimental group

Scales
DAY 1 
Mean 
(SD)

DAY 7 
Mean 
(SD)

Difference T Value P

VAS 6.97 
(2.02) 3.37 (2.00) 3.6 (0.02) 120 <0.01

WOMAC 49.67 
(12.36)

30.53 
(9.05) 19 (3) 120 <0.01

6 min walked 
distance (m)

251.47 
(73.19)

313.07 
(60.61)

61.6 
(12.58)

9.29 
(t-test) <0.01

Table 3: VAS, WOMAC and 6 min walked distance at day 
1 and 7 in control group

Scales DAY 1
Mean(SD)

DAY 7
Mean(SD) Difference T P

VAS 6.5(1.56) 5.9(1.53) 0.6(0.03) 55 <0.05

WOMAC 48.57 
(11.57)

44.167 
(10.62) 4.4(0.95) 120 <0.05

6 min 
walked 

distance
251(73) 257.5(73.2) 6.5(0.2) 3.774 

(t-test) <0.05

Table 4: VAS and WOMAC obtained on comparing both 
the groups

Scales T1 T2 Z values P Value

VAS 128 332 4.334 <0.001

WOMAC 154.5 310.5 3.235 <0.001

Secondary outcome
On Visual Analogue Scale (VAS), the experimental group 
showed improvement by
4(SD 0.02), whereas the control group showed improve-
ment by 0.6(SD 0.03). On applying Wilcoxon Rank Sum 
Test, there was a significant difference between the two 
groups (95%cl, p<0.001)
Regarding the distance walked in 6mins, the experimental 
group showed an improvement of   62m(SD 12.6) where-
as the control group showed an improvement of 7m(SD 
0.2). Paired t-test showed a significant difference between 
both the groups but improvement in the experimental 
group was more as compared to the control group (Table 
5). Unpaired t-test showed a highly significant difference 
between the groups (p<0.001,95% cl, table 6).
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Table 5: Results of Paired t- test for 6 min walked distance

Group t value P value Result 

Experimental 
Group 9.29 P < 0.001 Highly Significant

Control Group 3.77 P < 0.05 Significant

Table 6: Results of Unpaired t- test for 6 min walked 
distance

Group t value P value Result

Comparing both 
Groups t=8.26 P < 0.001 Highly significant

DISCUSSION
The results of this study indicate that there is a significant 
improvement in Pain and Functional Status in Patients 
with Osteoarthritis knee at the end of 1week after Mobil-
isation with Movement (MWM) when given along with 
Conventional therapy as compared to Conventional ther-
apy alone.
Both groups showed improvements which were indicated 
by sufficient reductions in VAS, WOMAC scores and im-
provement in the distance walked in 6 minutes at the end 
of 1 week. A study by Barr et al. 1994 [37] suggested that 
WOMAC scores reduced by a minimum of 20% to 25% 
levels were considered as meaningful. In the experimental 
group, it was found that the WOMAC scores exceeded this 
level of improvement. The    WOMAC scores after the 
treatment in the group who received MWM daily for a 
week were markedly better  (approx.  40% reduction) than 
the WOMAC scores seen in Group B ( 9% reduction).The 
6 min distance in Group A increased by approximately  22  
% which is far beyond that for Group  B (which showed 
an increase in distance by just 5 % or so). Similarly, the 
VAS score in Group A was reduced by an average of 52% 
which is a highly significant improvement as compared 
to Group B where there was only 10% reduction on aver-
age. It was also observed that in the experimental group, 
some patients who had decreased ROM of knee flexion 
also showed significant improvements. The strength of the 
muscles of the lower limb and the standing & walking bal-
ance of the patients were also improved. Subjects in the 
experimental group were more satisfied with the outcome 
of the treatment than subjects in the control group.
The significant difference between groups is due to the 
additional effects of MWM therapy which the other group 
was not receiving. A study by Deyle et al. 2000 [14] showed 
no significant change in WOMAC scores or 6-minute walk 
test measurements in patients with knee OA when treated 
with a placebo treatment.
The findings of the present study were consistent with 
those of previous studies of peripheral joints  (other than 
knee) [23-27,38]  for the same therapeutic regimen.  For 
example, a study by Vicenzino et al. 2001 on tennis el-
bow patients assessed the effects of lateral glide MWM on 
pain-free grip strength (PFGS) and pressure pain threshold 

(PPT) and reported an immediate 50% increase in PFGS, 
with only a 10% increase in PPT.
The study showed greater improvement of functions with 
MWM along with exercise than  that  reported  with  other 
treatments [11,39,40]    One  of  the  important  reasons  
for improvement in functional status with MWM treat-
ment  in osteoarthritis is that it caused considerable re-
duction in pain and stiffness, and thus the pain free range 
of movement allows the subjects to perform exercises and 
daily activities more successfully without pain.
Although the present study was a randomized trial, some 
methodological limitations were still present. The study 
consisted of a few subjects which should be revised to a 
large number of subjects & for a longer duration of the pe-
riod. Furthermore, this was a short-term study of 1 (one) 
week & no further follow up was taken. Knee Range of  
Motion and the strength of the muscles were not mea-
sured.  The home program taught to the patients was not 
supervised. There is need to investigate the effect of specif-
ic techniques like weight bearing and nonweight bearing 
MWM in osteoarthritis knee, so as to find out which one 
produced better pain relief and more consistent results. 
Lastly, it would be recommended to have further study & 
find out how long the MWM effects last for, whether its 
effect is maintained or reduced on a long-term basis and 
whether it has a  role in reducing the need for total knee 
replacement surgeries in future.
CONCLUSION
The results of this study on 30 patients with osteoarthri-
tis knee supported the hypothesis of this study. Hence, it 
was concluded that Mulligan’s MWM) along with Conven-
tional Therapy showed significant improvement in Pain 
& Functional Status in patients with OA knee. The results 
were consistent with the previous reports for the same 
therapeutic regimen (but in other peripheral joints).
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