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Abstract

The UEMSD
s
 is a significant problem to ill health and

associated costs; therefore, in order to protect workers from
disorders produced by risk factors, there is a need to
introduce a model for the assessment of risk factors featuring
work-related UEMSD

s
. The CEI model is utilized by taking

into consideration ten variables for repetitive tasks. Single
and total percentage agreement for any item was obtained
higher than 60% and all kappa factors for strength of
agreements were gained rather than 0.20. Emphasizing on
percentage agreement, most items were either close to or
above 60%. All kappa factors for all assessment items gained
higher than 0.60 and the test-retest agreements were all
statistically significant. In laboratory study, for all tasks and
assessment items, the percentage agreements were
reached close to and above 60%. In field study, for all
assessment items, the percentage agreements were
obtained higher than 70%. The Kappa factors for all action
levels were above 0.60 and percentage agreements for all
action levels were reached to higher than 75%. Inter-
observer and intra-observer reliabilities and validity tests’
agreement levels were obtained “acceptable” according to
Landis and Koch and Baty et al. classifications. By increasing
work experience and submitting training about assessment
items, both Cohen’s Kappa analysis factors and percentage
agreement were enhanced. The model is found to be
sensitive for assessing the interventions and changes in
exposure and assessment items before and after ergonomic
interventions. The model is also indicated to be highly
reliable, valid and applicable for a vast range of tasks and
jobs include e.g. weaving and textile industries,
manufacturing industries, carpentry, steel industry, post
offices, service industry, electronic industry, shopping and
marketing, agriculture and farming industry, tailoring &
sewing, barberry, bakery, bricklaying, etc. Assessment
reliabilities, validities and exposure index applicability’s will
be improved with enhancing training and guiding to use the
CEI model and elevating experience in making assessment
process.

Keywords

Comprehensive Exposure Index; CEI; UEMSD
s
;

Repetitive Tasks; Ergonomic Risk Factors Assessment

1. Introduction and aim

Utilizing different ergonomically risk assessment models
presented in the various literature, it has been attempted to
initiate and introduce a method that doesn’t have
shortcomings of previously presented methods, and it can
also be capable of quantifying, evaluating and recognizing
risk factors featuring work-related musculoskeletal disorders
(WMSD

s
) and classifying repetitive tasks1. Musculoskeletal

disorder of the upper limbs that is considered to be “work-
related”, is generally multi- factorial in character2.

This paper which takes into consideration the most recent
and significant  contributory risk factors, intends to provide
and submit a set of definitions, criteria and procedures useful
to describe and, wherever possible, to evaluate those work
situations that can represent a biomechanical , physiological
, and dynamical overload for the different structures and
segments of the upper limbs3.

The aim of this paper is to briefly describe a preliminary
study about a upper extremity musculoskeletal risks
assessment model for identifying safe and hazardous tasks/
jobs in view of inducing upper limb disorders (ULD

s
) and

preventing such disorders and protecting workers from such
disorders, and finally, diminishing high risk level tasks/jobs
to acceptable level by redesigning hazardous tasks/jobs and
suggesting automatically ergonomic designing solutions.

In most previously risk assessment tools, it was assumed
to have been taken into consideration contributory risk factors
individually instead of jointly and simultaneously. For
example, Hagberg et al. (1995) concluded that there was a
storage of effective and recognized analytical and practical
methods for the concise assessment of exposure5, but there
were partial exceptions to this approach, so that Drury (1987)
proposed a method for calculating the total daily number of
harmful movements for the wrist taking into account factors
such as force, repetitiveness and posture6; Silverstein et
al.(1986) supplied criteria for depicting risk at least relative
to the factors of repetitiveness and force; Tanaka and
McGlothlin (1993) also proposed an integrated model for
assessing repetitiveness, force and posture in the
determination of risk for WMSD

s
8; Dempsy (1999) submitted

a threshold value for force for preventing musculoskeletal
compression9; and finally, Occhipinti (1998) suggested a
method (concise exposure index) for assessing exposure
to repetitive movements of the upper limb by taking into
consideration frequency, exertion, posture, recovery period,
and additional elements10.

Such approaches tend to highlight only the presence,
versus the absence, of significant exposure (Keyserling and
Stetson 1993, Moore and Garg 1995)11,12. Also, Li and Buckle
(1999) have proposed a checklist of 15 items to assess risk
exposure to back, shoulder/arm, wrist/hand and neck

SA Moussavi-Najarkola/Indian Journal of Physiotherapy and Occupational Therapy. January - March 2009, Vol. 3, No. 1



2

encompassing ratings of posture, movement frequency,
weight handled, duration, exertion, vibration, and stress13.

It must be stressed that at least among the most recent
models presented, there is a progressing tendency to
reproduce the concepts and methods adapted to the NIOSH
equation model for assessing manual material handling/
lifting tasks (Waters et al. 1993)14.

The comprehensive exposure index (CEI), therefore, is
a method for evaluating risk factors featuring repetitive tasks
by using MMH

s
 method (Waters et al. 1993), SI method

(Moore and Garg 1995)12, OCRA method (Occhipinti 1998)10,
CEN (1993)15 and kilbom (1994)16 investigations. Thereby
the aim of the method is to identify a procedure for calculating
a comprehensive exposure index for assessing upper
extremity musculoskeletal disorders (UEMSD

s
) or distal

upper extremity (DUE). In other words, the CEI method
proposed by the author seems to be the most completely
and perfectly exposure index that must be researched by
parallel and subsequent study.

2. CEI model and its framework

The proposed comprehensive exposure index is based
on the following premises:
a) The CEI is a figure that can be used for the assessment

of manual material handling system for light hand activity
in repetitive tasks.

b) The model can be employed for evaluating the upper
extremity musculoskeletal disorders (UEMSD

s
) or distal

upper extremity (DUE).
c) In other models, some items or factors such as age

factor, parts weight, and effective items have not been
considered, but the CEI model took into consideration
additional or effective items, that it seems to be the most
important preference of the CEI method.

d) In the CEI model, various risk factors associated with
work-related upper extremity musculoskeletal disorders
(such as force exertion, posture of upper limb, frequency,
duration and speed of force exertion, task duration, part
weight, recovery periods, age factor, and effective items)
are simultaneously and jointly concurred, but in most
models, different risk factors has individually been
considered.

e) Other preferences of the CEI model, perhaps, can be
presenting a classification of four levels that steers us
to determine safe tasks and correct hazardous tasks.

f) The CEI model submits automatically proposal
ergonomic designing solutions and classifies tasks to
identify the tasks with different risks.

g) The model proposes four exposure levels that each of
them can be diminished to lowest risk level (safe level
or the level without any risk factor).

h) The CEI method is a corrected and combined model
that can strongly be referred as upper limb assessment
index.

For achieving the mentioned premises, the author
proposed a model that it seemed to be more factual and
realistic technique for assessing upper limbs musculoskeletal
disorders. Therefore, the comprehensive exposure index
(CEI) is calculated from following formula, so that it is
obtained from multiplying ten parameters. In practice, the
following overall formula is used:

In which:
i =1,…,n = number of tasks featuring risk factor producing upper
extremity disorders during the relative shift ;
FE = force exertion; is calculated according to table 1;
PU = posture of upper limbs; that is obtained from table 2;
FF =frequency of force exertion per minute; is estimated
from table 3;
DF = duration of force exertion in percent; is determined on
the basis of table 4;
TD = task duration per day in hours; is achievable from table
5;
SF = speed of force exertion; is gained according to table 6;
PW = parts weight; can be calculated by estimating weight
of objects that must be handled or lifted and obtaining
corresponding multiplier factor from table 7;
RP = lack of recovery periods; is calculated by knowing
number of hours without adequate and sufficient recovery
periods or rest intervals and is obtained from table 8;
AF=age factor; the factor can be determined by accounting
number of life years of the person and comparing to table 9;
EI = effective items; these factors involve several items that
have not been taken into consideration in nine previous items
and are obtained from table 10.

Thereby, the comprehensive exposure index (CEI) is
obtained by setting up steps of the above formula as a score
with a range indicating the severity of exposure and its level.

Theoretically, the calculated comprehensive exposure
index is interpreted on the basis of the following classification
which obtained from empirical studies and physiological,
biomechanical, and epidemiological principles, which
include:

I) level 1 (safe level or green zone)
A CEI score of < 2 indicates that situations are acceptable

and it isn’t necessary to correct the being conditions.

II) Level 2(uncertain level or yellow zone)
A CEI score of 2 to 4 indicates that incidence rate of UEMSD

s

is negligible, and further investigations are needed and
changes may be required.

III) Level 3 (slight risk level or orange zone)
A CEI score of 4 to 6 indicates that incidence rate of

UEMSD
s 

is fairly high, and engineering control
measurements and corrections are required soon.

IV) Level 4 (significant risk level or red zone)
A CEI score of > 6 indicates that incidence rate of

UEMSD
s 
is high and considerable, thus engineering control

measurements and workstation designing are required
immediately.

3. Introduction of variables involved in
calculating the CEI model

For easier calculation of corresponding exposure index,
the brief definitions and descriptions about variables
involving in the CEI formula have been submitted.

a) Force Exertion (FE)
The following definitions have been submitted for force

exertion:

�
�

����������
n

i

EIAFRPPWSFTDDFFFPUFECEI

1
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• The amount of physical effort required to perform a task
or maintain control of equipment1,2.

• Force depends upon type of grip, weight of the object,
body posture, type of activity, and duration of task2.

Force exertion may be depended on static or dynamic
contractions1. The need to exert force during work-related
activities may be related to the handling, lifting, lowering,
moving or holding objects, or keeping a part in a given
position. For example, lifting 75 pounds for one time or 55
pounds for more than l0 times per shift or 25 pounds below
the knees or above shoulder height, pinching 2 pounds for
2 or more total hours per shift3.

The required force for performing various occupational
actions is a critical and effective factor producing WMSD

S
.

The rate of exerted load or force on hand muscles can be
exceeded of hundreds of pounds.

The force exertion can be estimated by Borg CR-l0 scale
or by knowing the percent of Maximum Voluntary Contraction
(%MVC) from table 112.

The table 1 has been derived from the model of CEN
investigation (1993)15 and SI method (1995)12.

b) Posture of Upper Limbs (PU)
An awkward posture includes the following items:

• Repeated or prolonged reaching, twisting, turning and
bending hands, working with hands or arms, or holding
fixed positions, working with wrist bent for 2 hours per
day4.

• Potential fixed: turn or move the work, use frequent mini-
breaks, integrate the work with other tasks to avoid
prolonged use of the awkward posture3,5.

• Pressing the upper limbs against a hard or sharp edge
can result in placing too much pressure on nerves,
tendons and blood vessels.

• Using the plan of hand as a hammer regularly or typing
while resting arms or wrists on the hard desk edge1.

• Armstrong et al. (1993) expressed prolonged exposure
to repetitive forceful exertion of the hand and wrist,
especially in awkward postures, is strongly associated
with tendon and nerve damage at the wrist and hand17.

The upper limb disorders may be attributable to
occupational, non-occupational and individual factors2. In
the CEI method, posture of upper limbs includes hand &
fingers, wrist, forearm, elbow, arm, and shoulder. The author
proposes a score 4 for each of the above parts and every
part is divided into four awkward posture items. Thereby
every part of upper limbs (i.e. shoulder) can be received a
maximal score 4. The items which must be attended
include10:

• Hand & fingers: 1) Pinch grip
2) Tight grip

Table 1: Parameter for obtaining the multiplier factor for force exertion (FE).
Rating criterion Light Somewhat Hard Very hard Near Maximal

hard maximal
Mean of force
exertion perceived 0-2 3 4-5 6-7 8-10 10<
(according to Borg)
Mean of force 0-20 30 40-50 60-70 80-100 100<
exertion in % of MVC
Multiplier factor 1 3 6 9 13 17

3) Hook grip
4) Palmar grip

• Wrist: 1) Flexion
2) Extension
3) Radial deviation
4) Ulnar deviation

• Forearm: 1) Supination
2) Pronation
3) Radial deviation
4) Ulnar deviation

• Elbow: 1) Supination
2) Pronation
3) Flexion
4) Extension

• Arm: 1) Abduction
2) Contracting arm for a long term
3) Turning inward
4) Turning outward

• Shoulder: 1) Abduction
2) Pulling forward
3) Pulling backward
4) Holding at higher than
shoulder level for a long term3.

Finally, the multiplier factor for awkward posture of upper
limbs obtains from the following table that has been extracted
from CEN (1993)15 and kilbom (1994)16 proposals and SI
method(1995)12.

c) Frequency of Force Exertion (FF)
Frequency or repetition is defined as:
“Doing the same motions over and over again places

stress on the muscles and tendons.”
The severity of risk depends on how often the action is

repeated, the speed of the movement, the number of muscles
involved and the required force. For example, steady
computer use for 4 hours per day; or a repeated cycle of
motions for 2 or more times per minute1,3.

The success of the psychophysical approach with manual
handling tasks led to the application of this approach to the
repetitive motion tasks of the hands and wrists2.

Repetitiveness can be used to characterize tasks for
assessment. For this, a repetitive task for the upper limbs
can be defined as an activity of at least an unbroken hour in
which the subject carries out a similar series of work cycle
of relatively brief duration4. Once repetitive tasks are
submitted to analysis, there is the more important problem
of quantifying and assessing repetitiveness18.

Table 3 has been extracted from CEN (1993)15 and kilbom
(1994)16 studies and OCRA method (1998)10 for gaining the
multiplier factor for frequency of force (FF).
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d) Duration of Force Exertion (DF)
Duration of force exertion illustrates biomechanical and

physiological stresses related to time of maintaining a force
exertion and it is characterized as a percent of performing
time of force exertion per a work cycle3. Thereby, the exertion
cycle and average exertion cycle time must be determined1.
For measuring average exertion cycle time, an ergonomist
or job analyzer must observe a job for an enough time for
obtaining a compliance of job requirements5. Observed time
is measured by a stopwatch. Average exertion cycle time is
gained by dividing observed time into number of counted
force exertion in a given period12. Percent of force exertion
duration is yielded from the following formula12:

By calculating percent of force exertion duration, the
multiplier factor for duration of force exertion is resulted from
table 412. Table 4 is extracted from CEN (1993)15 and Kilbom
(1994)16 studies.
e) Task duration per day (TD)

Task duration shows the total performing time of a task
per day3,5. This variable is measured and expressed in hour3.
The calculated task duration for a person illustrates the time
that a person (muscles, tendons and ligaments) is involved
for doing a corresponding task in a shift or rather than a
shift12.

Kilbom (1994) expresses “no quantitative recommen-
dations can be given concerning maximal acceptable
duration of repetitive work per day, or acceptable rate of
movements or contractions per time unit”16.

Table 5 is used for obtaining the multiplier factor for task
duration (TD) that is extracted from CEN (1993)15, Kilbom
(1994)16 studies, SI method (1995)12 and OCRA method
(1998)10.

f) Speed of  Force Exertion (SF)
Speed of force exertion is the observed velocity of

corresponding task or job that is taken into consideration
due to its effects on force exertion12. In other words, by
increasing speed of force exertion, the Maximum Voluntary

Table 3: Parameters for determining the multiplier factor for frequency of force
(FF) exertion.

Frequency of < 4 4-8 9-14 15-19 19 <
force exertion
per minute
Multiplier factor 0.5 1 1.5 2 3

Table 2: Parameters for determining the multiplier factor for posture of upper
limbs (PU).

Rating criterion Very good Good Fair Bad Very bad
Score of upper < 4 5-8 9-12 13-16 16 <
limb posture
Multiplier factor 1 1.25 1.5 1.75 2.5

Table 4: Parameters for determining the multiplier factor for duration of force
exertion (DF).

Duration of < 10 10-29 30-49 50-79 79 <
force exertion (%)
Multiplier factor 0.5 1 1.5 2 3

Table 5: Elements for obtaining the multiplier factor for task duration (TD).
Task duration Hour < 1 1-2 2-4 4-8 8 <
per day

Minute < 60 60-120 120-240 240-480 480 <
Multiplier factor 0.25 0.50 0.75 1 1.5

Table 3: Parameters for determining the multiplier factor for frequency of force
(FF) exertion.

Frequency of < 4 4-8 9-14 15-19 19 <
force exertion
per minute
Multiplier factor 0.5 1 1.5 2 3

Average force exertion per cycle
Percent of force exertion duration = ×100

Average exertion cycle time

Contraction (MVC) is diminished and range of EMG is
progressed18.The speed of force exertion is conceptually
estimated by an ergonomist or job analyzer18. For achieving
an optimum and suitable conditions, the exertion speed
should be maintained in the range of »Very slow, Slow, or
Fair«12.

By emphasizing on CEN (1993)15 and paying attention
to Kilbom (1994)16 studies and SI method (1995)12, it has
been submitted a table for gaining the multiplier factor about
force exertion speed. Table 6 represents the multiplier factor
for speed of force exertion (SP).

g) Part Weight (PW)
Weight of the object is the most important characteristic

of manual material handling system and it is involved in
producing upper extremity disorders and other cumulative
Trauma disorders (CTDs)

14. Waters et al. quantified that in
manual handling system for assessing upper extremity, the
weight of object or load between 0.5 to 4 kg is the critical
range of inducing alterations in upper limb musculoskeletal
system that can exacerbate incidence rate of upper extremity
musculoskeletal disorders (UEMSDs)

14.
An object with weight higher than 4 kg would have been

impressed on the neck, upper limbs and other upper parts
of the body18.

Table 7 extracted from HSE guidance19, Kilbom (1994)16

and Work safe (2000)20 studies for taking into consideration
the effect of part weight in the assessment of the upper limb
exposure.

h) Lack of Recovery Periods (RP)
Recovery period is defined as “period of time between

or within cycles, during which no repetitive movements are
carried out10. It consists of relatively long pauses after periods
of mechanical movements during which the metabolic
recoveries of the muscles can be taken plac”10. Lack of
recovery periods can lead to create “Oxygen Debt”
phenomenon and produce accumulation of Lactic acid and
induce muscle fatigue4. For this, by predicting formal and
informal rest intervals between work cycles during
corresponding tasks can prevent from inducing muscle
fatigue and upper extremity musculoskeletal disorders
(UEMSDs)

1,3,5.
Table 8 has been derived from CEN (1993)15 and Kilbom

(1994)16 studies and utilizing OCRA method10 and it can be
used  for achieving the multiplier factor of  lack of recovery
period (RP).
Table 6: Elements for quantifying the multiplier factor for speed of force exertion
(SF).

Speed of Very slow Slow Fair Fast Very fast
force exertion
Compared to < 80 81-90 91-100 101-115 115 <
MTM
Perceived speed Extremely Taking Normal Rushed, Rushed

relaxed pace one’s own  speed but able and barely
time of motion to keep up or unable

to keep up
Multiplier factor 1 1 1 1.5 2

Table 7: Elements for quantifying the multiplier factor for part weight (PW).
Part weight (kg) < 0.5 0.5-1 1-2 2-4 4 <
Multiplier factor 1 1.5 2 2.5 3
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Table 8: Elements for determining the multiplier factor for lack of recovery
periods (RP).
Lack of enough 0 1 2 3 4 5 6 7 8
recovery periods
(hour)
Multiplier factor 1 1.25 1.5 1.75 2 2.25 2.5 2.75 3

i) Age Factor (AF)
Age factor is the most important point in surveying force

exertion and biomechanical models18. The age has a direct
relation with force exertion and Maximal Aerobic Capacity
(MAC) in hand activities4. For example, a forty-year old
person has the maximal power for doing actions, but after
the age of forty, his capability and power is slowly decreased
and this reduction is maximized at the age of sixty18. The
European Coal & Steel Community (ECSC) (1994)
certificated and verified the impact of age factor on inducing
and exacerbating upper extremity musculoskeletal
disorders21,22,23. Table 9 is extracted from ECSC for obtaining
the multiplier factor about age variable.

j) Effective Item (EI)
The effective items are factors that have the indirect

effects on the incidence rate of upper extremity disorders10.
These items may be present in repetitive tasks, but not
necessarily or always10. Their type, intensity and duration
lead to an increased level of overall exposure2. These items
are considered to be relevant in the production and
development of WMSD

s
3. They are always work-related, and

must be taken into consideration when assessing exposure5.
For taking into account an item, it must have an association
with UEMSD

s
 occurrences, so that it would have been a

collective impact rather than an individual impact10. For
obtaining the score of an effective item, a score 1 is allocated
to any item whenever that item is present10.

Then, the obtained scores are added together and the
corresponding multiplier factor is determined by table 10
that is extracted from CEN (1993)15 and Kilbom (1994)16

studies and OCRA method (1998)10. These items include10:

• Extreme precision at working

• Unsuitable lighting (low or high)

• Exposure to heat

• Carelessly

• Economic problems

• Background of UEMSD
s

• Localized compression on upper limb

• Lack of training

• Secondary job

• Reach limit

• Clearance

• Humidity

• Poor size or shape of parts

• Presenting vibration

• Exposure to cold

• Presenting noise

• Low experience

Table 9: Elements for achieving the multiplier factor for age factor (AF).
Age rating (year) d” 40 41-50 51-60 60 <
Multiplier factor 0.6 0.8 0.9 1

• Familiar problems

• Contact stress

• Sharpness of object surface

• Rapid twisting/turning movements

• Overtime

• Slippery level

• Poor packaged goods or poor handles

• Chemical components and poisons

• Hand-arm vibrations

4. Development of the CEI

It is generally agreed that work-related musculoskeletal
disorders (WMSD

S
) is characterized as multi-factorial

occupational problem24. Many epidemiological studies have
linked the musculoskeletal disorders development to various
risk factors25,26,27,28. Findings from several scientific studies
have classified these risk factors into physical29,
psychosocial/organizational30,31,32, and individual33

occupational ‘risk factors’ for the development of work-
related musculoskeletal disorders(WMSD).

Several ergonomic techniques have been developed for
assessing exposure to musculoskeletal disorders risk
factors34. Many of the posture–based observational
techniques which have been provided are only strictly
applicable in very limited circumstances and they have
shortcomings and limitations. Based on aforementioned
research findings and current techniques reviewed, it was
gained a strategy and policy for the development of the CEI
technique, so that:
a) Is applicable to the complete range of manual tasks
b) Provides an integrated assessment of various risk factors
c) Provides an independent assessment of disorder risk

to different body regions
d) Provides an overall risk assessment which allows

prioritisation of tasks and submits suggested action
levels

e) Facilitates effective targeting of controls by providing
an indication the relative severity of different risk factors
within a task

f) Is suitable for use by workplace staff with minimal training
and equipment

g) Is very quick and easy to use
h) Is able to identify high risk manual handling and repetitive

tasks

4.1. Applicability of the CEI
The CEI model has been utilized in several in studies

performed by the author (unpublished reports) that they
showed that the CEI tool could be used in many of repetitive
single or multiple tasks/jobs without any limitation. In most
cases the aim of studies has been to identify and assess
the risk factors of upper extremity musculoskeletal disorders
and injuries for one individual employee. A more detailed
and general purpose was to assay, measure and investigate
the reliability and validity of various survey risk factors
involving in calculating the CEI Score. The studies have been

Table 10: Elements for determining the multiplier factor for effective items(EI).
Score of effective 0 1-4 5-8 9-12 12 <
items
Multiplier factor 1 1.5 2 2.5 3

SA Moussavi-Najarkola/Indian Journal of Physiotherapy and Occupational Therapy. January - March 2009, Vol. 3, No. 1



6

performed in different branches and fields, e.g. weaving and
textile industries, manufacturing industries, carpentry, steel
industry, post offices, service industry, electronic industry,
shopping and marketing, agriculture and farming industry,
tailoring & sewing, barbery, bakery, and bricklaying.

4.2. Reliability and validity tests of the CEI

4.2.1. Inter-observer reliability test of the assessment
items

For avoiding errors in reliability assessment test process,
31 various tasks were randomly selected from 31 different
jobs involving manual handling tasks with varied part (load)
weights. The ergonomically field study was included static
and repetitive tasks, highly repetitive tasks, repetitive tasks
with low, moderate and high force exertions, sedentary or
standing tasks, and non- repetitive tasks with low, moderate
and high force exertions. The video-tape–recordings with
slow- motion playing were also used to obtain a confirmation
of the assessment of the relative observer. Several pilot tests
quantified that taking assessment duration of 5-7 minutes
could be sufficient for completing the assessment process
by most observers. 25 observers (practitioners) comprising
of 5 general observers without any years’ experience in the
ergonomic assessment tests from usual populations and of
20 professional observers with 2, 4, 6 and 7-8 years’
experience in the ergonomic assessment tests from the
whole world departments of ergonomics and occupational
Health were selected randomly. Mean age of all observers
was 39.8 years (SD=12.7, Range=21-57). Exception of non-

experienced observer (5 observer without any experience),
the average experience of the experienced observer group
was 4.9 years (SD=3.2, Range=2-8). 25 participated
observers were divided into five groups, and each observer
of any group made assessment process of the various tasks
in both field and video-tape-recording assessment ways
separately. Table 11 shows the results of intra-observer
reliabilities on assessment items used in calculating the CEI
score. It was observed that by increasing work experience
and submitting training about assessment items, the both
Cohen’s Kappa analysis factors35 and percentage agreement
were enhanced. According to Landis & Koch classification35,
single and total percentage agreement for any item was
obtained higher than 60% and all kappa analysis factor for
strength of agreements were gained rather than 0.20 (“Fair”
to “almost perfect” agreement). With emphasis on
percentage agreement, it is clear that most items were either
close to or above 60%. According to Landis and Koch35 and
Baty et al.36,37 can be considered as “acceptable”.

4.2.2. Intra-observer reliability test of the assessment
items

The same observers participated in a test-retest
procedure for assessing the same tasks (31 aforementioned
tasks) twice in 4–week interval. Table 12 illustrates the
results from intra-observer reliability test on assessment
items utilized in calculating the CEI score. The table indicates
that all kappa statistical analysis factors for all assessment
items gained higher than 0.60 (“substantial” to “almost

Table 11: Inter-observer reliability on assessment items as specified in the CEI.
25 totally 5 observers without 5 observers with 5 observers with 5 observers with 5 observers

Assessment observers any experience 2 years’ experience 4 years’ experience 6 years’ experience with 7-8 years’
 items experience

Kappa Percentage Kappa Percentage Kappa Percentage Kappa Percentage Kappa Percentage Kappa Percentage
agreement  agreement agreement agreement agreement agreement

Force exertion 0.46 80.1% 0.36 76.1% 0.39 77.4% 0.43 79.5% 0.46 79.9% 0.56 83.6%
Upper limb posture 0.45 82.5% 0.29 71.3% 0.31 81.6% 0.36 83.3% 0.54 85.2% 0.68 86.5%
Force frequency 0.47 68.6% 0.33 61.5% 0.41 63.6% 0.43 67.2% 0.48 69.4% 0.52 74.2%
Duration of force 0.42 71.3% 0.34 62.4% 0.35 67.6% 0.38 71.3% 0.41 74.2% 0.57 76.3%
exertion
Task duration 0.35 70.1% 0.28 63.8% 0.31 67.6% 0.35 69.6% 0.37 70.1% 0.43 72.9%
Speed of force 0.50 79.5% 0.31 69.7% 0.33 73.5% 0.39 77.2% 0.41 81.6% 0.52 83.7%
exertion
Parts weight 0.42 86.4% 0.32 81.3% 0.36 81.9% 0.38 86.2% 0.43 85.4% 0.55 87.2%
Lack of recovery 0.47 75.8% 0.27 63.7% 0.30 76.2% 0.34 73.5% 0.66 78.6% 0.69 81.8%
periods
Age factor 0.81 94.8% 0.65 85.2% 0.73 89.5% 0.79 97.3% 0.83 98.6% 0.96 99.8%
Effective items 0.39 67.4% 0.32 63.1% 0.34 63.5% 0.38 66.7% 0.39 68.4% 0.45 73.5%

Table 12: Intra- observer reliability on assessment items as specified as in the CEI.
Assesssment 25 totally 5 observers without 5 observers with 5 observers with 5 observers with    5 observers with

items observers any experience 2 years’ experience 4 years’ experience 6 years’ experience    7-8 years’ experience
X2 X2 X2 X2 X2 X2

Kappa significant Kappa significant Kappa significant Kappa significant Kappa significant Kappa significant
level level level level level level

Force exertion 0.71 P=0.008 0.61 P=0.003 0.65 P=0.022 0.73 P=0.002 0.74 P=0.037 0.79 P=0.025
Upper limb posture 0.81 P=0.031 0.73 P<0.001 0.77 P=0.011 0.80 P=0.001 0.83 P=0.001 0.89 P=0.001
Force frequency 0.77 P=0.006 0.69 P=0.001 0.71 P=0.008 0.77 P=0.033 0.80 P=0.011 0.85 P=0.005
Duration of force 0.80 P=0.036 0.70 P=0.004 0.75 P=0.013 0.78 P=0.002 0.86 P=0.038 0.91 P=0.019
exertion
Task duration 0.83 P=0.017 0.76 P=0.013 0.79 P=0.004 0.83 p<0.001 0.86 P=0.001 0.90 P=0.008
Speed of force 0.88 p<0.001 0.79 P=0.045 0.86 P=0.003 0.89 P=0.021 0.90 P=0.013 0.94 P=0.001
exertion
Parts weight 0.79 P=0.028 0.71 P=0.017 0.74 P=0.014 0.78 P=0.001 0.79 P=0.039 0.96 P=0.005
Lack of recovery 0.81 P=0.007 0.69 P=0.021 0.77 P=0.005 0.79 P=0.016 0.83 P=0.001 0.89 p<0.001
periods
Age factor 0.82 P=0.003 0.72 P=0.002 0.76 P=0.001 0.81 P=0.023 0.86 P=0.003 0.93 P=0.041
Effective items 0.86 P=0.045 0.80 P=0.015 0.82 P=0.020 0.85 P=0.032 0.90 P=0.041 0.93 P=0.033
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perfect” agreement), and the test-retest agreements were
all statistically significant. On the basis of Landis and Koch35,
these Kappa analyses can be taken into consideration as
“acceptable”.

4.2.3. Validity test of the assessment items
A validity test was conducted with the same observers

assessing the same set of 31 various tasks by comparing
the observersæ assessment on simulated tasks with
computer–assisted 3D (dimensional) motion analysis
utilizing the SIMI system34,38,39,40 (laboratory study). The same
observers also participated in the field study by comparing
observers’ assessment on the same set of 31 various tasks
with video-tape-recording analysis of the relative tasks. Table
13 shows the percentage agreements between observers’
assessment and video analysis of assessment items utilized
in calculating the CEI score. As it is observed, in laboratory
study, for all tasks and for all assessment items, the
percentage agreements were reached close to and above
60%. In field study, for all assessment items, the percentage
agreements were obtained and calculated higher than 70%.
On the basis of Landis and Koch35 and Baty et al.36,37 can be
attributed as “acceptable”.

4.2.4. Validity test of the CEI action levels
25 aforementioned observers assessed 31 various

mentioned tasks by the comprehensive exposure index
(CEI). Of the pen-paper based observational methods
available, two upper limb assessment tools including the
Occupational Repetitive Actions (OCRA) index developed
by Occhipinti & and Colombini in 199810 and the Strain Index
(SI) developed by Moore and Garg in 199512 were selected
to compare with the CEI model. An identical set of tasks (31
chosen tasks with different ergonomically characteristics)
were thus assessed by observers utilizing CEI, OCRA and
SI models. Since purpose of the validity test was to develop,
and then, to verify an action for the CEI model, the observers
determined and assessed the action levels of the CEI model
by taking into consideration the need of ergonomic changes
and further investigations. Finally, the practitioners compared
the CEI score and its action levels with OCRA and SI Scores
and their action levels and determined Cohen’s Kappa
statistical analysis factor for quantifying the strength of
observers, percentage agreements. Table 14 shows
agreement between observers’ assessment on the CEI

action levels. It is observed that the Kappa analysis for all
action levels were above 0.60 (“substantial” to “almost
perfect” agreement) and percentage agreements for all
action levels were reached to higher than 75%. According
to Landis and Koch35 and Baty et al.36,37, these agreements
can be regarded as “acceptable”.

5. Conclusions

The Comprehensive Exposure Index (CEI) method is a
model for assessing exposure to various risk factor producing
work-related upper extremity musculoskeletal disorders in
repetitive tasks. The author submitted the CEI method in
this paper and it seems to be the most completely method.
For designing the method, it was utilized from many methods
such as OCRA method10, SI method12, CEN (1993)15 and
Kilbom (1994)16 studies and ECSC (1994) directive
publications21,22,23. It must be emphasized that a CEI score
of > 2 must be considered to prevent the incidence of
UEMSDS (a prudential approach). The method can be used
for classifying safe and hazardous tasks and submitting
engineering designing solutions for correcting awkward
workplace situations. The model requires reliability and
validation, particularly by means of a parallel and continuous
study of induced upper extremity musculoskeletal disorders
in groups of exposed workers. This model takes into
consideration various risk factors in calculating the index,
and needs to perform parallel investigations for finding more
reasonable relation between clinical effects and calculated
index scores. Based on results obtained from tests, the
model is found to be sensitive for assessing the interventions
and changes in exposure and assessment items before and
after an ergonomic intervention. The model is also per
indicated to be highly reliable, valid and applicable for a vast
range of tasks and jobs. It is suggested that assessment
reliability, validity and exposure index applicability will
improve with enhancing training and guide to use the CEI
model and elevating experience in making assessment
process. Test results obtained so far showed that the CEI
model has gained “acceptable” inter-observer, intra-observer
and validity agreement level and its applicability has been
significantly widespread.

Table13: Agreement between observers, assessment and detailed video analysis of assessment items as specified in the CEI.
Assessment items Percentage agreement between observers’ Percentage agreement between observers’

 assessment and SIMI analysis (laboratory study) assessment and video analysis (field study)
Force exertion 88.5% 81.4%
Upper limb posture 95.2% 79.6%
Force frequency 79.3% 85.3%
Duration of force exertion 93.2% 88.1%
Task duration 69.9% 83.3%
Speed of force exertion 77.5% 89.4%
Parts weight 89.3% 73.6%
Lack of recovery periods 71.3% 82.4%
Age factor 91.4% 89.6%
Effective items 75.1% 83.2%

Table 14: Agreement between observers, assessment on verifying the CEI action levels.
CEI score CEI action level Equivalent Equivalent Observers’assessment

SI score OCRA score Kappa Percentage agreement
< 2 Acceptable < 3 < 1 0.67 83.2%
2-4 Investigate further 3-5 1-2 0.63 75.9%
4-6 Investigate further and change soon 5-7 2-4 0.81 86.4%
> 6 Investigate further and change immediately > 7 > 4 0.79 91.1%
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Abstract

In order to assess the cardiovascular fitness of non
exercising healthy adults, a standardized 6- min walk test
was conducted on 15 healthy men and 15 healthy women,
aged 40 to 50 years. Heart rate, blood pressure, respiratory
rate and the degree of dyspnea (Borg scale) were
determined before and after the test. Mean 6MWD+/- SD
was 611m+/-33.45 for males and 550m+/-45.4 for females.
The 6MWD was significantly less for men and women who
were heavier and shorter. The difference in observed
cardiovascular parameters before and after the test was also
higher in females than males. The subjective sensation of
dyspnea as measured by Borg Scale was also higher in
females than males. These differences may be used to
individualize the exercise protocols for males and females
and also to highlight the importance of regular exercise.

Key words

Cardiovascular fitness, heart rate, blood pressure,
6MWT, 6MWD

Introduction

Fitness is a general term used to describe an individual’s
ability to adapt to stressors or requirements of their lifestyle
or the demands posed during exercise. Aerobic fitness is a
function of the ability of the heart to pump oxygen to the
organs & the ability of the organs to use the oxygen. The
Physiotherapists frequently interact with the clients who are
physically deconditioned or have sedentary lifestyle.  Such
individuals present low cardiovascular fitness and exhibit
early fatigue. The incidence of such situations is highly
prevalent in urban population. The physiotherapists are often
faced with the need to assess a person’s cardiovascular
fitness without sophisticated laboratory equipments.

There are various methods utilized for assessing the
cardiovascular fitness.  As it  may be inappropriate to present
sedentary non exercising individuals to exhausting maximal
workloads during exercise testing. Simple sub maximal field
tests may be utilized. The assessment of individual’s
response to exercise is an important clinical tool, as it
provides global examination of the respiratory, cardiac &
metabolic systems. The current gold standard of assessing
the aerobic exercise response is the incremental
cardiopulmonary exercise test.
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However, as most daily activates are performed at sub
maximal levels of exertion, sub maximal functional tests are
most appropriate & allow a better reflection of physical
capability. The 6 MWT, which is easy to perform & cost
effective, has been proposed as the best indicator of
functional capacity among all sub maximal tests. Also a large
number of people can be tested & extreme accuracy is not
required. Also there are few risks involved during course of
testing and these tests are of equal importance in all the
age groups with validity tested by various studies.
Increasingly, low activity levels are becoming the norm within
the healthy population. Decline in physical activity has been
observed in every segment. More than 50% of persons of
65 years & older are reported to have a sedentary lifestyle.
Similarly, young adults are also reported to have a sedentary
lifestyle.

The importance of physical activity in maintaining &
improving cardiopulmonary fitness & reducing the risk of
Type II diabetes mellitus & cardiac events, such as
myocardial infraction, stroke & sudden death cannot be
overstated. Recent studies have demonstrated that
individuals with average cardiopulmonary fitness have 50%
reduced incidence of mortality & mortality from cardiac
events as compared to the ones with low fitness levels. Thus
field tests provide baseline information that permits the
identification of improvements in cardiopulmonary fitness
resulting from therapeutic interventions. These field tests
are also of much value as the deconditioned patients may
not tolerate the metabolic demands of maximal exercise
testing.  Physical fitness is the ability to function effectively
in physical work, training & other activities and still have
enough energy left over to handle emergencies which may
arise. The assessment of an individual’s fitness is an
important clinical tool as it provides a global examination of
individual’s response to exercise and hence allows the
examination of respiratory, cardiac and metabolic systems.

There are several modalities available for the objective
evaluation of the functional exercise capacity. The most
popular cardiac tests in order of increasing complexity are
stair climbing, a 6 MWT, a shuttle walk test, detection of
exercise induced asthma, a cardiac stress test (eg. Bruce
protocol) and a cardiopulmonary exercise test. However,
as most of the daily activities are performed at sub maximal
levels of exertion, sub maximal functional tests are more
appropriate & allow a better reflection of physical capability1.

The modality used should be chosen based on clinical
question to be addressed and on the availability of resources.
The most popular cardiac tests in order of increasing
complexity are stair climbing, a 6MWT, a shuttle walk test,
detection of exercise induced asthma, a cardiac stress test
(Bruce protocol) and a cardiopulmonary exercise test.
However as most of the daily activities are performed at
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sub maximal levels of exertion, sub maximal functional tests
are appropriate and allow a better reflection of physical
capacity1.

In early 1960’s Balke developed a simple test to evaluate
the functional capacity by measuring the distance walked
during a defined period of time2. A 12-minute field test was
then developed to evaluate the level of physical fitness of
healthy individuals3. The walking test was also developed
to assess disability in patients with chronic bronchitis4. In an
attempt to accommodate persons with respiratory disease
or for whom walking 12-minutes was very exhaustive. A 6-
minute walk test was developed and was found to perform
as well as the 12-minute walk test5. A recent review of
functional walking tests concluded that “the 6-minute walk
test is easy to administer, better tolerated and more reflective
of ADL’s than other walk tests6.

Various studies have been conducted in the past with
the aim to evaluate the functional capacity and to determine
the factors affecting the results of the test. Carre F. et al in
2003 compared the heart rate, distance walked, the speed
and VO2 max during the 6MWT with the treadmill test and
concluded that 6MWT is a sub maximal form of exercise as
it corresponds to 79.6 +/- 4.5% of Vo2 max, 85.8+/- 2.5% of
heart rate (maximum) and 78 +/- 6.3% of heart rate reserve7.
A multicentre study on healthy children by A.M Li et al was
conducted in 2004 with the aim to assess the reliability and
validity of 6MWT.

The 6MWT which is easy to perform and cost effective
has been proposed to be the best indicator of functional
capacity among all the sub maximal tests8. The distance
covered in 6 minutes (6MWD) has been shown to predict
morbidity and mortality from cardio respiratory diseases9.
With a good quality assurance program, the patients tested
by same person, short term reproducibility of 6MWD is
excellent10.
For men:
6MWD = (7.57 x height (in cm)) - (5.02 x age) - (1.76 x wt) -
309
For women:
6MWD = (2.11 x height (in cm)) - (2.29 x wt) - (5.78 x age) +
667

These reference equations may be used to compute the
percent predicted 6MWD for individual adults performing the
test for the first time, using the standard protocol.

Another study by Paul Enright et al was conducted on
elderly >68 years which revealed the mean 6MWD to be
344 m. Independent general correlates of shorter 6MWD
included: older age, higher weight, larger waist, depression
and decreased mental status3. James roush et al in 2001
attempted to establish reference values of 6 MWT for children
(10-12 years) and to determine the relationship between BMI
and walking distance12. Marina Aiello et al in 2003
investigated the effect of anthropometrics on healthy
Caucasians 20-50 years old for women and men
respectively. VAS rating was seen to be higher in females
than males13.

Similar study was conducted by Gosselink R and
coworkers on healthy subjects aged 50-85 years and
reproduced similar results i.e. mean 6MWD was greater in
males than in females14. Grinod D et al have shown that
performing a 6MWT in a group will facilitate the distance
walked15. Besides this differences in the population sampled,
type and frequency of encouragement, corridor length and

number of practice tests also account for reported
differences in 6MWD in healthy persons16.

Methods & methodology

A. Design
It is an experimental prospective analysis of the effect of

age, weight and sedentary lifestyle on the cardiovascular
fitness of the non-exercising subjects of the age group 40-
50 years.

B. Subjects
30 healthy untrained, sedentary male (age 44.1+/-3.69)

and female (age 43.7 +/-3.21) participated in the study.

C. Inclusion Criteria
• The subject must be in the age group of 40-50 years.

• The subject must be able to comprehend to spoken
English or Hindi, as the medium of instructions and
communication.

• The subject must be ready to take the physical tests,
during the course of study.

D. Exclusion criteria
• The subject must not be diagnosed previously for any

cardio respiratory system diseases.

• The subject must not be having fever or common cold
on the day of examination.

• The subject must not be having habits of substance
abuse such as cigarette smoking or tobacco use.

• The subject must not be previously declared unfit for
any type of exercise or physical activity.

• The subject must be free from lower limb injuries or
diseases

• Subjects having heart rate <50 bpm or >100 bpm at rest
and BP >140/90 mm Hg.

Six minute walk test (6 MWT)

Walk tests are simple, in expensive & safe, tests for the
measurement of functional exercise capacity of an individual.
The walk tests are time based tests that measure the
distance covered in specific time period. The test measures
the distance that the patient can quickly walk on a flat, hard
surface in a period of 6 minutes. It evaluates the global &
integrated responses of all the systems of the body. The
self paced 6 MWT assesses the sub maximal levels of
functional capacity. Most patients do not achieve maximal
exercise capacity during 6 MWT, instead choose their own
intensity of exercise & are allowed to stop and rest during
the test. The advantage of the test includes easy
administration, minimal equipments, & a high degree of
validity & reliability.

Procedure

The 6 min walk test was conducted according to the
standardized protocol. Subjects were instructed to walk from
one end to the other of a 100-ft hallway at their own pace,
while attempting to cover as much distance as possible in
the allotted 6 min. Subjects are permitted to slow down, to
stop, and to rest as necessary but were instructed to resume
walking as soon as possible. Heart rate, blood pressure,
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respiratory rate and dyspnea as measured by Borg scale
were assessed at the start and end of the 6 min walk test.
Subjects were also asked at the end of walk whether they
had experienced any of the following symptoms: dyspnea,
chest pain, lightheadedness or leg pain17.

Statistical analysis

Paired T test was used to analyze the difference in the
observed values before and after six minute walk test. T
test was also used to analyze the difference in the observed
values among males and females. Pearson’s correlation
coefficient was used to establish correlation between BMI
and 6MWD. The level of significance was considered at the
p< 0.001.

Results

A total number of 30 subjects were recruited which
included 15 males and 15 females of mean age=+/- SD
44.1+/-3.69 and 43.72+/- 3.21 respectively. None of the
subjects was a smoker and a thorough history and physical
examination was done to rule out any cardiovascular
disease. The study revealed that the mean B.M.I. was
24.76+/-1.61 for males and 25.20+/1.86 for females [fig 1 ].
Of all the subjects included 30% of females and 70% of
males had a normal B.M.I. whereas 70% of females and
30% of males were overweight. Fig 2 showed mean 6MWD+/
- SD was 611m+/-33.45 for males and 550 m+/-45.4 for
females. Studied showed a strong correlation was
established between BMI and 6MWD (r= -.81,p<0 .001) for
males and (r = -.85, p <0.001) for females.

The mean differences observed in cardiovascular
parameters eg. Heart rate, respiratory rate, blood pressure
before and after the test was also higher in females than
males as depicted in fig no.3.

The difference was found to be statistically significant
as measured by the t-test. The subjective sensation of
dyspnea as measured by Borg Scale was also higher in
females than males. Fig no. 4 & 5 showed that there was a
significant differences (p<o.oo1) in heart rate & respiratory
rate before & after exercise in both male & female.

The increase in systolic blood pressure after exercise in

female was more in comparison to male. Diastolic blood
pressure was raised more in female than male after exercise.

Discussion

The present study indicated that the 6MWT can be
performed very safely and is a quick measure of functional
status of our body. In addition it has been demonstrated
that the test is valid, as a significant correlation was
established with workloads, heart rate, oxygen saturation
and dyspnea responses when compared to standard bicycle
ergometry and treadmill tests in middle aged adults and
elderly persons18. The 6MWT which is easy to perform and
cost effective has been proposed as the best indicator of
functional capacity among all sub maximal exercise tests19.
Understanding and knowing the baseline values of distance
alked in six minutes (6MWD) for healthy subjects may
provide an important data on healthy individuals. It also helps
to compare the values for persons with disabilities to
normative values of healthy adults of their age and to
highlight the importance of physical activity in sedentary
lifestyle.

It was noted from the present study that the age and the
B.M.I. were independently associated with the distance
walked. The gradual reduction of skeletal muscle mass and
strength with age may probably account for shorter distance
walked. A taller height is associated with a longer stride which
makes walking more efficient, therefore resulting in longer
distance walked by taller subjects. Obesity increases the
workload for a given amount of exercise, hence resulting in
shorter distance walked in participants with a higher B.M.I.
Gender is also a strong determinant of the 6MWD. The
distance covered by males and their exercise capacity is
more than the females as observed from fig 2. Also the
subjective feeling of dyspnea after the test was greater in
females than males.

Sedentary  lifestyle  is  one  of  the  5  major  risk  factors
(along  with  hypertension, hyperlipidemia, smoking  and

Table 1: Comparison of mean values +/- SD of observed mean distance walked
and the mean +/-SD of B.M.I of the age group (40-50 years) of male & female.

Gender Mean age Mean distance Mean B.M.I.
walked Values

Male (n=15) 44.1+/-3.69 611m+/-33.45 24.76+/-1.61
Females(n=15) 43.72+/- 3.21 550 m+/-45.4 25.20+/1.86

Fig. 1: Comparison of BMI (kg/m2) in male & female.
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Fig. 2: Comparison of 6MWD (mts) in male & female.

Fig. 3: Mean difference between HR, RP, SBP & DBP before and after 6
MWT in males and females.
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Fig. 4: Comparison of Heart Rate (HR), Respiratory Rate (RP), Systolic BP
(SBP) & DBP (Diastolic BP) before and after exercise in males.
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obesity) for  cardiovascular  disease. Evidence  from  many
studies  shows  that  reducing  these  risk  factors  decreases
the chance of having a heart attack. Regular exercise has
a favorable effect on many of the established risk factors of
the cardiovascular disease. People who have a good
cardiovascular fitness capacity show a less increase in the
cardio respiratory parameters on exercise than a person
who has lower levels of fitness. From our study it was clear
that people with sedentary lifestyle had a poor cardiovascular
fitness capacity.

A person can improve his aerobic capacity and
endurance by a regular cardiovascular fitness program.
Improving fitness is a slow process. The factors to be
considered for the development of C-V fitness are FITT (F=
frequency, I= intensity T= time of exercise, T= type  of
exercise). Age can be a factor as most people show smaller
improvements as they age due to the lower exercise
intensities they must start at. As a person stays with the
cardiovascular program their cardiovascular capacity will
increase. These gains will be at a higher level in the
beginning and begin to level off as the training continues.
Setting goals and a progression plan will help to improve
fitness levels over time.

Conclusion

The guidelines for 6MWT procedures published by the
American Thoracic Society should be strictly followed as
even a small difference in instructions may cause variations
in the results. The independent correlates of 6MWD include
age, height, B.M.I., gender. The values for 6MWD were
found  to  be  higher  for  males  than  females. A significant
correlation has been found between B.M.I. and the 6MWD.

 Sedentary lifestyle is a major risk factor for
cardiovascular disease. Regular exercise can improve
cardiovascular fitness and  reduces the risk of heart disease.
An  individualized   cardiovascular  training  program  should
be formulated and progression should be made  gradually.
The cardiovascular fitness training has a direct positive effect
on muscular endurance and indirect effect on strength and
flexibility. Benefits of regular exercise on cardiovascular risk
factors are: increase in exercise tolerance, reduction in body
weight, reduction in blood pressure, reduction in blood
cholesterol and increase in insulin sensitivity.
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Abstract

Patellofemoral pain syndrome is common problem
among young and active individuals. The aetiology of PFPS
has been attributed to biomechanical abnormalities. Q-angle
is an important clinical tool to assess the biomechanics of
patellofemoral joint.

Purpose of the study

To investigate whether Q-angle abnormalities are present
in patients with PFPS.

Methods

The study includes 30 subjects, 15 patients diagnosed
with PFPS and 15 gender matched control subjects that did
not have PFPS. The data has been analysed using
SPSS10.0 version software. The comparison of Q-angles
between various groups has been done using t test.

Results

The comparison of Q-angles for PFPS and control group
in supine position using independent t-test showed no
significant results. However the Q-angles for two groups
showed significant differences in standing position. A
comparison of q-angles in supine and standing position using
paired t-test showed significant difference.

Conclusion

It can be concluded that Q-angle invariably remains an
important clinical test for the diagnosis of PFPS. Test
performed in standing position can give significant findings
about the morbid status compared to the classical method
of performing the test in supine position. Q-angle changes
on change of position from supine to standing due to linked
biomechanics of lower extremity.

Keywords

Q-angle-Quadriceps muscle pull angle, PFPS-
patellofemoral pain syndrome.

Overview

In the absence of other pathology, anterior or retro
patellar pain which exacerbates during sustained sitting,
kneeling, ascending or descending stairs, and squatting is
defined as patellofemoral pain syndrome. The term PFPS
is now commonly used in preference to the ambivalent term
chondromalacia patellae although the terminology and

Relationship between q-angle and patellofemoral pain syndrome
Shabnam Joshi*, Bhawna**
*Lecturer, Student**, Department of Physiotherapy, Guru Jambheshwar University of Science and Technology, Hisar

nomenclature are constantly changing. PFPS is a common
source of anterior knee pain in young and active individuals.
The condition is common among young women in India.
The aetiology of the PFPS is not clearly understood but the
condition has been mainly attributed to malalignment of the
lower extremity and/or patella, muscular imbalance of the
lower extremity and overactivity. The high incidence of
disease among active individuals support that overactivity
is an important factor in PFPS. The Indian lifestyle puts a lot
of stresses on the knee joint causing knee pain and early
degeneration of joint. Muscle imbalances have proven to
exist with PFPS but there is a need to clarify whether a
specific disturbance in muscular activation is a cause or an
effect of PFPS. Classical orthopaedic literature attributes
the condition to biomechanical factors that alter tracking of
patella with the femoral trochlear notch contributing to
increased patellofemoral contact pressure. In the absence
of any aetiology clinicians tend to perform an extensive
physical examination that generally includes multitude of
impairment measures. The structural and postural alterations
that have been linked to PFPS are femoral anteversion, Q
angle, tibial torsion and excessive foot pronation. In the
weight bearing position the lower extremity joints function in
a close kinetic chain thus the abnormality at the level of
foot, tibia or hip can be carried to knee. The Q angle is defined
as the angle between the quadriceps muscle (primarily the
rectus femoris) and the patellar tendon and represents the
angle of quadriceps muscle force.

The Q angle becomes one important clinical tool to asses
the biomechanics of patellofemoral joint. It has been reported
that an excessive Q angle is the cause of PFPS. However
the recent studies on the topic have failed to establish a
positive relationship. Caylor et. al1 reported that increased
Q angle was not responsible for anterior knee pain syndrome.
Thomee R2 et al found no radiographic signs of malalignment
in patients with PFPS. Eckhoff et. al3 found knee version a
unique morphologic characteristic of knee with anterior pain.
The present study focuses to establish a relationship
between the much used clinical measurement of Q angle
and PFPS. The purpose of this study was to investigate
whether Q angle abnormalities are present in patients with
PFPS.

Methods

Subjects
Subjects included 30 individuals: 15 patients with a
diagnosis of PFPS referred to physical therapy and 15
gender matched control subjects that did not have PFPS.
Subjects in the PFPS group were included in the study if
they were of age between 20-35 years; were diagnosed by
a medical doctor; had retropatellar pain; had pain at least in
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two of the following - prolonged sitting, ascending and
descending stairs, squatting, kneeling; have a current
episode of pain. Subjects with PFPS were excluded from
the study if they had any of the following:
1. History of patellar dislocation.
2. Knee surgery in past 2 years.
3. A concomitant diagnosis of bursitis, arthritis, ligament

injury, peripatellar tendonitis, plica, Osgood schlatter
disease.

4. A concomitant musculoskeletal or neurological
impairment in the involved lower extremity that influences
the gait.

5. Pregnant.
Subjects in PFPS group were tested for impairments in

only one lower extremity. The patient’s self reported most
affected side was considered to be the affected side for
subjects with bilateral symptoms. All the subjects who fulfilled
the inclusion criteria signed an informed consent.

Procedure

Data for each subject were collected during a single
session. A standardized physical examination was
performed to rule out presence of any ligamentous or
meniscal injury.

The physical examination was performed and the
tightness in hamstrings, rectus femoris, tensor fascia latae
and gastrocnemius was noted. The results were recorded
as the tightness positive or negative. The four commonly
used diagnostic tests for PFPS namely vastus medialis
coordination test, patellar apprehension test, eccentric step
test and Clarke’s test were performed and results noted in
assessment form. The foot posture was noted on the basis
of assessment of the footwear of the subject. The Q-angle
was measured in standing and supine.
Q-angle in supine4 - To measure the Q angle, start with the
patient’s knee and hip in extension, and the quadriceps
muscle relaxed. First, place the center axis of a long-arm
goniometer over the center of the patella. Next, palpate the
proximal tibia and align the lower goniometer arm along the
patellar tendon to the tibial tubercle. Take the upper arm of
the goniometer and point it directly at the anterior superior
iliac spine (ASIS). The small angle measured by the
goniometer is the Q angle
Q-angle in standing - The subjects were made to stand on a
stool bare feet in a normal relaxed stance. The reference
points were kept the same as used for Q-angle measurement
in supine lying.

A mean value of three readings was recorded as the
final value. The Q angle was measured using International
standard SFTR pocket goniometer. The measurement of Q
angle clinically is considered reliable. Tomish DA et. al5

tested the intratester and intertester reliability of the
goniometric, plurical and visual estimation measurement
techniques on 27 healthy subjects. The results suggest that
both clinical estimation and instrumented measurement of
patellofemoral alignment may be reliable.

Sara A. Piva et. al6 performed a comprehensive study to
test the reliability of measures of impairments associated
with PFPS. Moderate values of reliability were observed for
measures of Q angle, tibial torsion, hip external rotator
strength, lateral retinacular tightness which warrants some
caution when interpreting the findings of these results.

In the end the patients were given an information handout
and the relevant exercises demonstrated to the patient.

Data analysis

Data analysis has been done using SPSS 10.0 version
software. Q angle ranges for various groups was established
by calculating the mean and standard deviation for each
group. Data for men, women and entire population in both
cases and control groups were analysed separately.

Comparison of Q angle of patients suffering from PFPS
and normal subjects has been done using the independent
t-test. The statistical significance was set at (p<0.05) level.
Comparison of Q angle in supine and standing has been
done using the paired t-test. The percentage sample having
various foot types has bean calculated and mean Q angle
for each group was determined in both standing and supine
position.

Results

The descriptive statistics of Q angle of various groups in
supine and standing have been calculated. The minimum,
maximum, mean and standard deviation values have been
calculated for each group (table 1). Fig. 1 shows all the values
in graphical form.

Means and standard deviations of Q angles with respect
to gender have been calculated and are shown in (table 2).
A comparison of Q angles for PFPS and control group in
supine position using independent t-test showed no

Table 1: Q angle measurements of various groups.
N Mean Standard

Deviation
Q-Supine 30 14.9277 3.1513
Q-Standing 30 20.999 3.4723
Q-Supine PFPS 15 15.2147 2.8546
Q-Standing PFPS 15 22.4607 3.4346
Q-Supine Normal 15 14.6407 3.4994
Q-Standing Normal 15 19.5373 2.9325

Fig. 1: Q angle of various groups.
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Table 2: Mean Q angles with respect to gender. 
Q-Supine Q- Standing

Mean Standard Mean Standard
Deviation Deviation

Males PFPS 12.784 0.8512 20.692 2.1634
Females PFPS 16.43 2.7258 23.345 3.6964
Females Total Sample 16.347 2.6319 21.9685 3.4214
Females Normal 16.264 2.6793 20.592 2.6151
Males Total Sample 12.089 1.9862 19.06 2.8054
Males Normal 11.394 2.6351 17.428 2.5237
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significant results (table 3). A comparison of Q angles for
PFPS and control group in standing using independent t-
test showed significant difference in the Q angle of patients
and normal subjects (table 3). A comparison of Q angles in
supine and standing position using paired t-test showed
significant difference (table 4). Various foot types in sample
are shown in table 5. Mean Q angles for each foot type in
standing and supine position has been calculated (table 6).

Discussion

The mean q angle in supine position for men, women
and total sample is 12.09+1.98, 16.26+2.67 and 14.92+3.15
respectively which is within the normal ranges. The patients
with PFPS have a q angle of 12.78+.85 and 16.43+2.72 for
males and females respectively. The corresponding control
group has a q angle of 12.08+1.98 and 16.26+2.67 for males
and females. The above data shows that there is not much
difference between the two groups. The total mean q angle
of PFPS group came out to be 15.21+2.85 and the mean q
angles of the control group in supine position is 14.67+3.49.
To compare the two groups student’s t-test was applied.
The value of t came out to be .532 which is less than the
table value thus we accept the null hypothesis that there is
no difference in q angle in people with and without PFPS.
The results show that the measurement of q angle in the
supine position is not significant when performing the clinical
examination for PFPS. Caylor D et. al1 in their study of
establishing relationship between q angle and anterior knee
pain syndrome produced similar results that no significant
difference was found between asymptomatic and
symptomatic subjects.

The mean q angle in standing position for men, women
and total sample is 19.06+2.80, 20.59+2.65 and 20.99+3.47
respectively. The PFPS and non-PFPS groups have mean
q angle of 22.46+3.43 and 19.53+2.93 respectively.
Student’s t-test was utilized for comparison of means. The
value of t came out to be 2.101 which is greater than the
table value for given sample thus we reject the null
hypothesis. The difference in both the groups is statistically
significant. This means that there is difference in q angles in
people with and without PFPS in standing position. Sutlive
et. al7 in their study measured the q angle in standing position
however it is difficult to avoid contraction of quadriceps in
standing rather than supine position. Contraction of
quadriceps affect the position of patella and hence q angle.
The reliability of measuring q angle in standing position is
not well established.

The means and standard deviations of q angle in supine
and standing positions are 14.92+3.15 and 20.99+3.47
respectively. The increased q angle in the standing position
is worthy of comment. When the lower extremity is in
functional position i.e. the person is standing the joints of

lower extremity works in a closed kinematic chain. Any
alteration in position of one joint is biomechanically carried
to all the joints of lower extremity. When the foot is supinated
ther occurs an internal tibial torsion shifting the tibial
tuberosity medially, there is femoral neck retroversion thus
decreasing the q angle. The opposite sequence of events
occurs when the foot is pronated. In the functional position
2-8 of calcaneal varus is considered normal thus increasing
the q angle in standing position. Powers et. al, suggested
that subjects with PFPS had higher incidence of rearfoot
varus.

In the present study the sample was classified broadly
into three foot types normal, supinated and pronated
depending upon the shoe wear out patterns. Out of 30
subjects, 13 had normal foot type 4 were classified as
supinated and 13 under pronated foot type. In the sample
taken females had a greater incidence for pronated feet than
males. Out of a total of 13 subjects having pronated foot 10
were females.

The difference in q angles by change in position from
supine to standing came out to be 7.6, 6.34 and 7.78 for
normal, supinated and pronated foot types. The less increase
in q angle by change in positions in subjects with supinated
foot is due to the linked biomechanics and decreased q angle
due to foot supination as discussed earlier. However, not
much difference is present in subjects with normal and
pronated foot types. This may be because of the reason
that the exact degree to which foot pronation was present
was not measured by shoe wear out patterns. Shoe wear
out patterns do not provide detail information about the foot
posture but can provide useful information to the clinician
examining patients with PFPS as soft foot orthoses have
proved to be effective in treatment of PFPS.

The limitation of this study is that the sample taken is
small so the results cannot be generalized to the entire
population. Future studies are required with a larger sample
and blinding the tester to the subject. The use of specific
method to find out the exact degree of foot pronation can be
another area which requires further study.

Conclusion

The study was designed to find out role of Q angle in
PFPS. Interestingly, our results have shown a significant
difference in Q angles of patients with and without PFPS
when measured in standing position. However, no
differences were found in Q angles of the groups in supine.
From the interpretation of the data it can be concluded that
Q angle invariably remains an important clinical test for the
diagnosis of PFPS. The test performed in standing position
can give significant findings about the morbid status
compared to the classical method of performing the test in
supine position.

Table 3: T test results of comparison of Q angles of PFPS and healthy subjects.
Independent Samples Test
PFPS Healthy t-value p-value

Mean±SD Mean±SD
Q- supine 15.2147±2.8546 14.6407±3.4994 0.492 .626
Q- standing 22.4607±3.4346 19.5373±2.9325 2.507 .018

Table 4: T test for comparison of mean Q angles in various positions.
Supine Standing t-value p-value

Mean±SD Mean±SD
Q- angle 14.9277±3.1513 20.999±3.4723 13.430 .000

Table 5: various foot types in sample.
foot type males females Total
normal 4 9 13
supinated 3 1 4
pronated 3 10 13

Table 6: Q angles for various foot types.
foot type Q supine Q standing Difference
normal 13.91 21.51 7.6
supinated 14.13 20.47 6.34
pronated 15.77 23.55 7.78

Shabnam joshi et al/Indian Journal of Physiotherapy and Occupational Therapy. January - March 2009, Vol. 3, No. 1



17

On change of position from supine to standing the Q
angle increases due to the effect of linked biomechanics of
lower extremity.

Foot position significantly affects the Q angle with foot
pronation increasing and foot supination decreasing Q angle.
Thus while examining a patient with PFPS we should take
into consideration the foot type and biomechanical measures
like Q angle.
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Overview

Mirror Therapy is a form of Imagery in which a Mirror is
used to convey visual stimuli to the brain through observation
of one’s unaffected body part as it carries out a set of
movements. It was first described by V.S Ramachandran7.
The underlying Principle is that movement of the affected
limb can be stimulated via visual cues originating from the
opposite side of the body. Hence, it is thought this form of
Therapy can prove useful in Stroke patients who have lost
movements of an arm or leg.

Key words

Stroke, Mirror Therapy, Visual Feedback

Introduction

Mirror Therapy helps in Stroke Rehabilitation. Stroke
Rehabilitation has been revolutionized in the last decade
through a combination of new techniques looking at brain
recovery. Advances in basic sciences and clinical research
are beginning to merge and show that the human brain is
capable of significant recovery after Stroke, provided that
the appropriate treatments and stimuli are applied in
adequate amounts and at the right time6. What is particularly
exciting is the introduction of new therapies to further
enhance the recovery. One of the newest therapy currently
under study is Mirror Therapy in Stroke Rehabilitation.
Individuals with Hemiparesis typically demonstrates
spasticity, muscle weakness and a persistent deficit in
Movement co-ordination. Such in-coordination occurs at
least in part because the neural circuitry responsible for
mediating an action intention, and an executed action that
precisely reflects that intention, is no longer intact either as
a consequence of brain injury or secondary to immediate
disuse1,5. Visual Stimuli enhances Neuroplastic changes
within the brain. Evidence of cortical reorganization of
primary somatosensory cortex by visual feedback.(Mai
Hofner et al 2003-04). When normal somatosensory
feedback is missing, visual feedback restores the information
flow from the posterior parietal cortex to the Pre-motor cortex
(Altschuler et al, 1999) Recruiting the Premotor Cortex or
rebuilding the Motor Programme in the Premotor cortex by
Providing Visual feedback could reduce pain and facilitate
the limb movement(Rothgangel, 2004) To achieve visual
feedback, patients can be treated with Mirror Therapy in
which their limbs are separated by a Mirror. By looking in
the Mirror at the unaffected side, patients can be ‘fooled’ in
believing that the affected limb is moving effortlessly
(Ramachandran and Hirstein, 1998)11.

Mental images of movement can be generated
independent of overt behavioral output of a paretic limb.

Humans are equipped with a simulation network that
positions the motor system in anticipation of movement
execution and provides the self with information about the
possibility and meaning of upcoming actions2,4. The
processes underlying motor imagery are similar to those
active during actual movement. Actions generated using
motor imagery adhere to the same rules and constraints
that physical movement’s follow and the neural network
involved in motor imagery and motor execution overlap,
primarily in the premotor and parietal areas, Basal Ganglia
and Cerebellum5.

How it’s used

Using a Mirror Therapy is easy, by placing the affected
limb(hand or foot) in the mirror box and unaffected limb in
front of the mirror. Then using both limbs to do the gentle
symmetrical exercises. It is very important to practice
symmetrical movements only when the using the mirror.
Asymmetrical movements for e.g. keeping the hand still and
moving the hand outside the box or vice versa, may make
the condition worse. Some patients may find using the Mirror
difficult at first and more painful. If you find this then consider
practicing to visualize moving the limb first, think about easy
movement initially such as clenching of toes or fingers and
then move onto visualizing more complex and this may take
several weeks. Improvement comes with repeated exercises.
This Mirror box is made up of high quality polystyrene mirror
which is foldable, making it truly portable, collapsible and
light weight, this helps the patient to do exercises wherever
and whenever patient wish.(V.S Ramachandran)

Literature review

Various Research groups described the use of Mirror
Therapy For Stroke Rehabilitation:
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Yavuzer G., Selles R., Sezer N., Sütbeyaz S., Bussmann
J.B., Köseoglu F., Atay, M.B., Stam H.J.(2008)

40 patients, mean age 63.2, within 12 months post stroke
were recruited and randomized to one of two treatment
groups. The mirror group (n=20) participated in non-paretic
side wrist and finger flexion and extension movements (while
viewing a mirror image of the non-paretic limb in a mirror
placed vertically between hands) in conjunction with standard
rehabilitation. The control group (n=20) underwent standard
rehabilitation in conjunction with a placebo version of the
mirror treatment described above, where the mirror treatment
was the same except that the unreflective side of the mirror
was used. The treatments were carried out through a period
of 4 weeks with a follow-up at 6 months (both real and
placebo mirror treatments were 30 minutes per day, and
standard therapy was 5 days per week, 2-5 hours per day).
Assessments at baseline, 1 month (post-treatment) and 6
months (follow-up) were obtained on hand and upper
extremity motor recovery as measured by the Brunnstrom
stages, on hand related function as measured by the self-
care items of the Functional Independence Measure, and
on spasticity as measured by the Modified Ashworth Scale.
Immediately following treatment, patients who received
mirror therapy in addition to conventional therapy showed
significant improvement in scores of the Brunnstrom stages
for the hand and upper extremity as well as in the FIM self-
care score (all p<.01). The above measures also showed
statistical significance in favour of the mirror group for
between-group differences measured from post treatment
to 6 months follow-up (all p <.05). No significant between-
group differences in improvement were found at either
measured time for spasticity (p=0.925 - 4 weeks, p= 0.875 -
6 months follow up)12.

Sütbeyaz S., Yavuzer G., Sezer N., Koseoglu B. F. (2007)
40 patients, mean age 63.5, within 12 months post stroke

were recruited and randomized to one of two treatment
groups. The mirror group (n=20) underwent non-paretic ankle
dorsiflexion movement (while viewing a mirror image of the
non-paretic limb in a mirror placed on the mid- sagittal plane
and imagining it to be the paretic limb that was moving) in
conjunction with standard rehabilitation. The control group
(n=20) underwent standard rehabilitation in conjunction with
a placebo version of the mirror treatment described above,
where the mirror treatment was the same except that the
unreflective side of the mirror was used. The treatments were
carried out through a period of 4 weeks with a follow-up at 6
months (both real and placebo mirror treatments were 30
minutes per day, and standard therapy was 5 days per week,
2-5 hours per day). Assessments at baseline, 1 month (post-
treatment) and 6 months (follow-up) were obtained on lower-
extremity motor recovery as measured by the Brunnstrom
stages, on motor function as measured by the functional
Independence Measure, on spasticity as measured by the
Modified Ashworth Scale, and on walking ability as measured
by the Ambulation Categories. At 1 month, patients showed
significant improvements in all categories and continued to
improve to follow-up. Statistical analysis for between-group
differences was only provided for improvement from baseline
to follow-up (6 months). At follow-up the mirror therapy group
showed significantly more improvement compared to the
control group according to the Brunstrom lower limb stages
(p=.002) and the Functional Independence Measure score
(p=.001). No significant between-group differences in

improvement were found for spasticity (measured by the
Modified Ashworth Scale, p = .102) or walking abilities
(measured by the Functional Ambulation Categories, p =
.620)9.

Garry M.I., Loftus A., Summers J.J. (2004)
8 neurologically healthy individuals performed index-

thumb opposition on one hand in each of the 4 following
conditions: active (viewing the active hand), inactive (viewing
the inactive hand), central (viewing a piece of tape midway
between the hands) and mirror (viewing the mirror image of
the active hand in a mirror placed in the mid-sagittal plane).
A TMS pulse was aimed at the subjects’ primary motor cortex
in order to induce a muscle contraction of the contra lateral
hand (inactive hand), in the conditions measured above,
and at rest. The occurrence and the intensity of the muscle
contraction, and thus of M1 activity, were measured using
EMG of the first dorsal interossei muscle. The mirror
condition yielded the best results in terms of excitability, and
reached statistical significance (p < .05) when compared to
all studied conditions other than the active condition
(p=0.069) which approached significance. This observation
suggests that watching the mirror image of the active hand
superimposed over one’s inactive hand increases the
likelihood of a contraction to being produced by TMS of the
primary motor cortex (M1 area), implying that the activation
threshold of the M1 motor neurons is decreased by mirror
therapy in healthy subjects3.

Stevens J.A., Stoykov P.M.E. (2003)
Two individuals with post-stroke upper limb hemiparesis,

14 months post-stroke (patient #1) and 6 years, 2 months
post-stroke (patient #2) received a motor imagery training
program: imagining movements of the wrist (extension,
pronation, supination) and receiving mental stimulations of
reaching as well as manipulating objects using a mirror box
apparatus (the patient sits perpendicular to a mirror and
watches their non-paretic arm move through space, while
using the mirror to imagine that it is their paretic arm that is
moving). This one hour training program was done 3 times
per week for 4 consecutive weeks. The outcome measures
include two standardized clinical assessments (Fugl Meyer
Upper Extremity Motor Function Test, arm and hand
dimension of the Physical Impairment Inventory of the
Chedoke-McMaster Stroke Assessment), grip strength, wrist
movement and 3 standardized measures of wrist functionality
(Jebsen Test of Hand Function: light object, Jebson: heavy
object, Jebson: card turning). Both patients showed an
improvement (no p value indicated) in the performance of
their paretic limb after the intervention, with patient #1
showing greater improvement. These improvements for both
patients remained stable at 3 months follow-up10.

Sathian K., Greenspan A.I. & Wolf S.L. (2000)
A 57 year old male, 6 months post-stroke who reported

difficulty moving his right side, and right-sided paraethesias,
received a program consisting of weekly physical therapy
visits at home (intensity of intervention is unknown). The
initial intervention was to use a “motor copy” strategy that
involved using a mirror to attempt bimanual upper extremity
movements. As a progression to this intervention, the patient
closed his eyes and focused on somatosensory cues from
the intact limb and residual cues from the affected one. As
the patient’s motor function began to improve, daily activities
using the affected limb (forced use) were implemented.
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Outcome measures were grip strength, shoulder flexibility
and time to complete common daily tasks (e.g.. pick up a
pen, fold a towel into quarters etc). Following this progressive
regimen, the patient improved in all these areas and was
better able to use his affected hand in daily activities, such
as dressing and inserting a key in a lock with greater
precision and ease of movement8.

Discussion

The purpose of this article is to synthesize the relevant
literature about Mirror Therapy in order to facilitate its
integration into Physical Therapist Practice. The literature
suggests that the encouraging effects of Mirror Therapy
improves the functional outcomes after Stroke by Facilitating
Plastic re-organization of the cortex in the brain in response
to visual feedback. Thus, Mirror may provide a valuable tool
to access the Motor network and improve outcome after
stroke.
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Introduction

The presentation of head and neck pain is a complex
area of clinical practice. It can involve symptoms arising from
a great number of sites relating to conditions of dental,
musculoskeletal and upper respiratory systems3. As the pain
of this distribution is orofacial, the dental surgeons more
often see it than the physiotherapists.

The term Craniomandibular Dysfunction (CMD) is being
used to describe the complex condition involving abnormal
jaw mechanics, associated with facial pain incorporating
dysfunction of masticatory muscles and temporomandibular
joint (TMJ).

Such kind of pain syndromes is commonly encountered
in daily practice of physiotherapy. But, these syndromes are
often poorly managed and misdiagnosed because of the
failure of clinicians to recognize and appreciate the
significance of muscular dysfunction in the presentation of
their patient’s sign and symptoms. However, evaluation of
the voluminous literature reveals a strong myofascial
component to the syndrome, involving not only the
masticatory muscles, but also those of the cervical region
as well. In this study we have reviewed the role of cervical
and masticatory muscle in the development of orofacial pain
and the effectiveness of trigger point release therapy in such
syndromes.

Patient History

The patient was a 22 yr old female, a student, referred to
the physiotherapy department by the Orthodontics
department. She described her pain as being primarily
located in cheeks, neck and upper back. Along with this she
complained of frequent headaches and a feeling of fullness
in the ears. She was not able to eat solid food and could not
sustain her routine activities for more than thirty minutes
due to early fatigue of masticatory muscles. Pain was dull,
aching and constant in nature which was further aggravated
by stress or any other activity and rest relieved it. She had
positive history of night Bruxism1 (grinding or gnashing of
the teeth when not masticating or swallowing).
On observation her attitude revealed following findings:
Forward head posture (FHP),
Protracted shoulders and,
Short neck.

Musculoskeletal examination revealed tightness of
moderate degree bilaterally in the following musculature-
sternocleidomastoid, scalenes, suboccipital, trapezius (all
fibers) and pectorals. Cervical mid-end range of motion was
limited due to pain. There was limited mouth opening of three
centimeters.

On palpation, trigger points were found in sternoclei-
domastoid, masseter, pterygoid, and Trapezius, as illustrated
below:

She was using a night splint designed by orthodontics
department for Bruxism.
Visual Analogue Scale (VAS) score for jaw pain was 5
Visual Analogue Scale (VAS) score for neck pain was 5
Temporomandibular dysfunction (TMD) score4 was 14

Treatment

The patient was seen for a period of seven visits
consecutively (except Sundays).

The first treatment session began with heat application
followed by trigger point release, which included graded
ischemic compression to taut bands in the suboccipital,
upper and middle trapezius. This release was followed by
the application of Muscle Energy Techniques (MET). Cervical
retraction exercises were taught using pressure biofeedback
(Chattanooga). Postural correction was also emphasized.

On day two, the same protocol was followed. The patient
complained of slight increase in the neck pain and on re-
assessment VAS was 7.

Day three, the same treatment was continued VAS score
returned to 5. More aggressive home exercise programme
(HEP) was prescribed which included cervical and shoulder
retraction exercises, self-stretching for pectorals and
trapezius1.

Deepti Chhabra et al/Indian Journal of Physiotherapy and Occupational Therapy. January - March 2009, Vol. 3, No. 1



22

The trapezius muscle self-stretching was taught in the
following manner:

Upper trapezius- passive side-bending neck exercises.
Middle and lower trapezius- patient lies supine on the

floor. Place the elbows, forearms and palms of the hand
together in front of the abdomen. Keep elbows tightly
together for a count of ten while raising forearm over face.
Then, drop forearms past the ears to the floor. Keeping the
back of elbows and wrist in contact with the floor, swing the
arms down against the sides of the body. Pause and relax,
repeat the cycle.

The doorway stretches were taught for all the fibers of
pectoralis muscle.

Day four, same treatment continued and trigger point
release of sternocleidomastoid and lower trapezius also
added followed by MET.

Day five, same treatment continued.
Day six and seven, TrP release of masseter was also

done (Travell & Simons suggests that for TrP release of this
muscle, the jaws are propped open with the muscle on a
tolerable stretch and release is done using pincer grip. Since,
our patient had painful limitation of mouth opening;

Day four, same treatment continued and trigger point
release of sternocleidomastoid and lower trapezius also
added followed by MET.

Day five, same treatment continued.
Day six and seven, TrP release of masseter was also

done (Travell & Simons suggests that for TrP release of this
muscle, the jaws are propped open with the muscle on a
tolerable stretch and release is done using pincer grip. Since,
our patient had painful limitation of mouth opening;

Patient was re-assessed and asked to come for the
follow-up after two weeks.
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The results are summarized in the table given below:
Outcome Measures 0 week 1 week 3 week 6 week
Jaw Pain (VAS) 5 1 1 0
Neck Pain (VAS) 5 1 0 0
Headache frequent frequency ↓ frequency↓↓ frequency ↓↓
Mouth opening 3cm 5cm 5cm 5cm
Diet liquid semi solid semi solid semi solid
Fatigue severe moderate          nil          nil
TMD score 14        ——-       —— 4
TMD (SIS) 20       ——-       —-— 3
TMD (SFS) 31       ——-        ——- 3

NB: i. TMD scores were taken pre-intervention and at final follow up i.e. at sixth week, only.
ii. TMD Symptom Intensity Scale (SIS)4

iii. TMD Symptom Frequency Scale (SFS)4

Outcome

 Every treatment session began with re-assessment,
however, for analysis purpose data were recorded before
treatment, after 1week, 3 weeks and 6 weeks

Discussion

The cervical musculature is a well-known source of head
and neck pain and in particular trigger point activity of these
muscles quite often presents as head and facial pain and
sometimes with symptoms of cervical region itself. Trigger
points of this region have been well documented as a source
of referred pain to head and face. Head posture can also
influence the stomatognathic function and ‘Sliding Cranium
Theory’ supports this by explaining how head posture may
perpetuate, if not initiate, orofacial pain.

Haygure et al, 1992, in their study have clearly
demonstrated the relationship between head and
masticatory muscle imbalance and that FHP is often seen
in patients with orofacial pain3.

The three theories proposed for the etiology are3

1) Muscular: this theory strongly argued by Travell &
Simons, looks at the problem from the perspective of
muscle imbalance, focusing mainly on masticatory
musculature. These muscle changes do not necessarily
involve increased EMG activity. The results of tight
musculature leads to altered TMJ mechanics, including
hypomobility and increased wear on the joints elsewhere
in the body and eventual degenerative changes.
Malocclusion can result from tightened muscles as the
normal synergist-agonist relationship is disturbed, leading
to a loss of smooth coordinated movement.

2) Psychological: this theory proposes that most of the
symptoms are due to stress, tension, or emotional
disturbances, leading to increased muscular activity as
seen in bruxism especially in night. Bruxism and
clenching eventually lead to changes in the dentition and
muscles thus causing TMJ disorders, muscular
imbalance and eventual malocclusion.

3) Malocclusion: use of splints, which prevents premature
contact thus, giving considerable relief to patient, strongly
supports this theory. Some authors believe that occlusal
disharmony is the cause of muscular dysfunction. The
cause of premature contact can be due to trigger points
in the masticatory muscles therefore it is very important
to relieve all these trigger points before splinting.

This study thus analyses and outlines the effect of
cervical spine involvement on mandible positioning and
movement. It is therefore critical that both cervical and
masticatory muscles are examined for shortening and TrP
activity. This study opens avenues into further double-blinded
comparative trials in the treatment of OFP using various
modalities and techniques thus adding new dimensions to
the management of this complex condition, which is often
an enigma to treat.
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Abstract

The objective of the present study is to report on different
responses to intensive clinical treatment of elephantiasis.
The cases of three patients who were submitted to intensive
clinical treatment for elephantiasis of the lower limbs are
reported. The patients were treated for weekly periods with
intervals between to permit the skin to adapt to the new
size. The first, a 24-year-old patient who had suffered from
lymphedema since the age of 12 and presented with an initial
leg circumference of 89 cm, was submitted to intensive
treatment for six to eight hours per day for one week. In the
first week the patient lost 20 cm in circumference and 10 kg
in weight. In the following sessions, the losses were smaller,
but continuous and varied according to the treatment. The
second, a 42-year-old patient who had also suffered from
lymphedema since the age of 12, had been submitted to
surgeries that led to the development of intense fibrosis of
the limb. For this patient the reductions were smaller, varying
around 2 cm per month, even so the improvement was
progressive. The third patient was 42 years old and had
suffered from lymphedema since the age of 12 and
presented with an initial leg circumference of 94 cm. In the
first week the patient lost 20 cm in circumference and 12 kg
in weight. In the following sessions, the losses were smaller,
but continuous and varied according to the treatment. In
conclusion, in the clinical treatment of elephantiasis, the
therapeutic responses are different with fibrotic
lymphoedema being more difficult to treat than
fibroedematous lymphoedema.

Key Words

Elephantiasis, lymphedema, intensive treatment,
evaluation.

Introduction

Lymphedema is a chronic disease characterized by the
abnormal accumulation of fluids and other substances in
the tissues resulting from a failure in the lymphatic drainage
system associated with proteolysis of the cell interstice and
mobilization of macromolecules such as hyaluronic acid1,2.

Over the last few years, clinical treatment has been
recommended as the main approach to lymphedema3,4

following the basic principles of an association of therapies
including: manual5-8 and mechanical9,10 lymph drainage,
bandaging11,12, medications to prevent infections13, exercises
16,17 and continuous psychological guidance18,19.

Elephantiasis is the most advanced form of lymphedema,
where the dimorphism of the limb is a notable characteristic.
Clinical treatment becomes more complicated due to the
difficulties encountered. Intensive outpatient treatment for
six to eight hours daily may be a therapeutic option permitting
large volumetric and anthropometric improvements within a
few days. The aim of this study is to emphasize different
responses to intensive clinical treatment of elephantiasis in
an outpatients’ clinic.

Case Report 1

A 24-year-old woman referred by social services of her
home town arrived in the outpatients’ clinic with a history of
lymphedema of the left leg since the age of 12 years. She
reported that she had been successfully submitted to several
types of treatment. In the initial perimetry evaluation, her
leg had a circumference of 89 cm at its greatest diameter
and presented much deformity (Fig. 1A).

The patient was submitted to intensive treatment of six
to eight hours daily for one week, which included: manual
lymph drainage using the Godoy Technique6-8, mechanical
lymph drainage using the RAGodoy® apparatus9,10 and
compression with a low-elastic stocking made of a cotton-
polyester (gorgurão) material20. In the first week she lost 20
cm in perimeter and 10 kg. In the following weeks the losses
were less however the decrease in the size of the limb was
continuous with variations depending on the intensity of
treatment. At this moment after 4 weeks of treatment the
difference between the legs is 675 grams (Fig. 1B).

Case Report 2

In this case of a 42-year-old patient, with lymphedema
since the age of 12, the patient underwent the surgical
implantation of threads at age 16 resulting in rejection and

Fig. 1: A and B.  After and before treatment.
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infection of the threads which needed to be removed.
Subsequently, the patient was unsuccessfully submitted to
several types of clinical treatment and recently was attended
in the Outpatients Clinic. A physical examination identified
intense fibrosis characterized by hardness on palpation
without the formation of pitting on depression (negative
Godet sign) or verrucosity in the foot. An intensive course of
treatment was performed for six hours per day, however the
patient only presented with small, albeit continuous, losses
of about 2 cm monthly and currently after two years of
treatment there is a difference of 540 grams between the
two legs. Initially treatment was daily for a period of one
year. Subsequently, the program was changed to two
sessions per week and currently she is submitted to one
monthly session with the volume of the limb showing
improvements at every evaluation.

Case Report 3

A 42-year-old female patient was consulted in the clinic
with a history of lymphedema of the leg since the age of 12
years old. She was unsuccessfully submitted to several types
of treatment and the lymphedema evolved to elephantiasis.
The leg had a circumference of 94 cm in the initial perimetric
evaluation. The patient underwent intensive treatment of six
to eight hours daily (manual lymph drainage using the Godoy
Technique, mechanical lymph drainage using the
RAGodoy® apparatus and compression using a stocking
made of a cotton-polyester (gorgurão) material) and lost 20
cm of circumference and 12 kg in the first week of treatment.
The losses were continuous during the treatment. Fig. 2A
and 2B show the leg at the start of treatment and during the
treatment, respectively. Currently the difference between
legs is 1200 grams.

Discussion

Intensive treatment is a therapeutic option that allows
considerable volumetric and perimetric reductions within a
short period of time. These case reports show differences
in the clinical response to the same treatment strategy for
Grade III lymphedema (elephantiasis). Note with the
edematous pattern of Cases 1 and 3, the reduction was
significant within a short period of time (20 cm) and Case 2
where the losses were smaller and almost insignificant
compared to the other two cases. These reports demonstrate
that although all patients presented with Grade III
lymphedema (elephantiasis) the stages were probably
histologically different; the degree of fibrosis seems to be
an important factor in the therapeutic response. One of the
main hypotheses to justify large volumetric reductions in just

a few days may be the mobilization of macromolecules such
as, for example, hyaluronic acid. Hyaluronic acid is produced
in the cell interstice and follows the same route as high-
molecular-weight proteins, which are drained by the
lymphatic system. This acid has a receptor in the
endothelium of lymph nodes with around 85% being lysated
during this passage21,22. The characteristic of these acids is
that they can retain 100 times more water than their dry
weight. This datum suggests that intensive treatment should
be individually analyzed for each patient. A positive
therapeutic response was observed in all three cases, but
maintenance is important even when weight losses are small.
Over time these small losses become significant and may
even reach a total resolution of the edema.

In Grade I and II lymphedema, total reduction occurs
within a few days, however maintenance is necessary for
more days to remove subclinical lymphedema. Before
solving the problem of subclinical edema the treatment
should not be interrupted in order to prevent the early relapse
of edema.

The intensive treatment in this work consisted of manual
lymph drainage using the Godoy Technique, mechanical
lymph drainage using the RAGodoy® apparatus and
compression stockings made of a cotton-polyester material.
The outpatient program was well tolerated by the patients
and represents a new option to treat this disease. Losses in
intensive treatment are limited by the formation of cutaneous
folds that lead to pinching the skin during the use of
compression stockings or bandaging, which in turn leads to
pain and patient intolerance. In this case, the form of
treatment should be changed from intensive to intermittent
(weekly, two-weekly or monthly). This strategy permits
readjustment of the skin with physiological retraction thereby
possibly avoiding surgical resection. In this period the use
of compression should be compulsory and continuous,
preferably both during the day and at night. Additionally the
patients should be recommended to perform daily
myolymphokinetic exercises.

This type of treatment has been performed for four years
now and the patients have benefited in a relatively short
period of time, enabling them to perform their day-to-day
activities close to normal. These results are easy to
reproduce and have been replicated in other treatment
centers.

Conclusion

In conclusion the clinical treatment of Grade III
lymphedema (elephantiasis) produces different clinical
responses with more difficulties when the lymphedema is
predominantly fibrotic compared to fibroedematous.
Maintenance of the treatment is essential.
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Abstract

Objectives: The present study is a prospective study carried
out to evaluate the efficacy of physiotherapy methods like
ultrasound, transcutaneous electrical nerve stimulation, low
intensity light amplification by stimulated emission of
radiation and compare the same with pharmacotherapy
comprising of analgesics and muscle relaxants, in the
management of temporomandibular joint myofascial pain.
Methods: A total of 40 patients included in the study.
Subjects were randomly assigned to one of the two groups,
each group consisting of 20 subjects. Subjects of Group A
received a combination of muscle relaxants and analgesics
and Group B subjects received, ultrasound, transcutaneous
electrical nerve stimulation, or light amplification by
stimulated emission of radiation. All the patients were
evaluated for subjective and objective symptoms at baseline
and then following one, four, eight, and 16 weeks post
treatment. All the subjects were evaluated with visual analog
scale, Global Pain Impact scale scores, number of tender
muscles, and maximum comfortable mouth opening.
Results: The parameters evaluated revealed significant
improvement in Group B following treatment and also during
the follow period as compared to Group A subjects.
Conclusion: Physiotherapy, having the advantages of better
patient compliance and lack of adverse side effects, can be
considered as primary treatment modality of patients with
myofascial pain.

Key words

Myofascial pain, physiotherapy, pharmacotherapy,
Ultrasound, LASER, TENS.

Introduction

The term “temporomandibular disorder” [TMD] was
suggested by Bell1. It is a collective term embracing a number
of clinical problems that involve the masticatory musculature,
the TMJ, and associated structures, or both2.

Temporomandiublar joint disorders have been
recognized as the most common non-tooth related chronic
orofacial pain conditions that confront dentists3. Symptoms
associated with TMDs are common in general population

with 20 to 85 percent of the population known to present
with symptoms like pain in the TMJ and masticatory muscles,
and restricted mouth opening4. To date, there have been
many synonyms for myofascial pain, including facial
arthromylagia, TMJ dysfunction syndrome, myofascial pain
dysfunction syndrome, craniomandibular dysfunction, and
myofascial pain dysfunction1. Currently the preferred term,
according to the Research Diagnostic Criteria developed
by Dworkin and co-workers5 is “Myofascial pain”. Myofascial
pain [MFP] is the most common disorder causing chronic
pain in head6. Accordingly MFP is pain of muscle origin
including a complaint of pain as well as pain associated
localized areas of tenderness to palpation in muscle5.

The dentist plays a significant role, in the diagnosis and
management of such patients, as most patients present with
variety of symptoms ranging from pain in and around the
orofacial region to restriction of mouth opening. Appropriate
diagnosis is essential to differentiate pain of dental origin
from that of TMJ and masticatory muscles to chart out the
appropriate treatment plan fro such patients. Many times an
interdisciplinary approach will be required.

The conservative treatment modalities to manage such
patients include occlusal splints, analgesics, muscle
relaxants, tranquilizers, exercises, joint and muscle
injections, physical therapy, psychological counseling, and
placebo7. Irrespective of the chosen modality of treatment,
the goal of treating would be to decrease pain, reduce loading
of the masticatory system, and restore mandibular
movements and oral function8.

Physiotherapy is chosen for the treatment of dysfunctions
in the orofacial region for its unique reasons; it is relatively
simple and non-invasive, has a low cost as compared with
other treatments, and allows for an easy self-management
approach which means that the patient is actively involved
in his own treatment, being responsible for his or her well-
being. It allows good communication with the patient,
improving the patient’s confidence in the care provider, being
the basis of a positive coping2. The various forms of
physiotherapy include rest, thermal modalities [superficial
heat and cryotherapy], ultrasound, shortwave diathermy,
transcutaneous electrical nerve stimulation [TENS],
transcutaneous muscle stimulation, biofeed back training,
massage, active movements [exercise], passive movements,
acupuncture, and low intensity light amplification by
stimulated emission of radiation [LASER]9.

The present study was aimed to assess the effectiveness
of physiotherapy methods like TENS, ultrasound, low
intensity LASERS and exercises, massage, and hot
compresses in myofascial pain patients and to compare
same with pharmacotherapy comprising of a combination
of muscles relaxants and nonsteroidal anti-inflammatory
drugs [NSAID].
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Materials and methods

Subject selection
The prospective study was conducted in the Department

of Oral Medicine and Radiology SDM Dental college and
Department of Physiotherapy SDM Medical college
Dharwad. The experimental protocol for this study underwent
review and approval by the ethical committee of the
institution. Each patient was fully informed about the
condition consent was obtained before inclusion in the study.

Subjects to participate in the study were to have a primary
diagnosis of MFP of masticatory muscles according to RDC
TMD5. Patients diagnosed with myofascial pain, approaching
the outpatient department, were selected for the study from
the period of November 2004 to March 2006. Patients having
the condition for at least three months were included in the
study. All the patients presented with three or more of the
following signs and symptoms: pain on palpation of
associated muscles [muscles of mastication,
sternocleidomastoid, trapezius muscles], limited mouth
opening, intermittent clicking of the joint, and absence of
radiographic changes in the TMJ.

Patients excluded from the study were those with occlusal
disharmony, were undergoing orthodontic treatment and/or
occlusal corrections, had undergone treatment for the same
within six months of present diagnosis, had any form of
arthritis affecting the TMJ, or failed to attend regular follow-
up.

Screening Procedure
A detailed history regarding onset, duration, and progress

of symptoms was recorded at the time of diagnosis. The
data also included type of pain, its severity and pain response
to chewing, speech, and swallowing. Intensity rates of pain
were recorded on a visual analog scale of 100mm long
continuum and the extremes were labeled as no pain and
worst possible pain10. The impact of pain on the global
functional ability related to jaw use was assessed using a
six-point Global Pain Impact [GPI] scale11. This was followed
by a thorough examination of the TMJ, muscles of
mastication, and neck muscles, recording of Maximum
comfortable mouth opening. Temporomandibular joint
examination included assessment of clicking, tenderness
at rest and during various jaw movements and deviation of
the jaw during opening and closing movements. Tenderness
of muscles of mastication and the neck muscles was
assessed by means of digital palpation, resistance testing,
and functional manipulation of muscles12. The tenderness
in the muscle was recorded as being present or absent.

40 patients meeting the criteria were randomly assigned
into two groups, Group A or Group B. Group A patients
received a drug combination of muscle relaxants and
analgesics comprising of ibuprofen 400mg, paracetamol
325mg, and chlorzoxazone 250 mg, orally as twice daily
dosage for a period of five days. Following which the patients
were asked to terminate the intake of medication. During
the follow up weeks, patients reporting with episodes of pain
were advised to continue the same medication with prior
consent from the clinician. All patients received the same
combination of medication.

Group B patients were treated with either one or
combination of the three treatment modalities, TENS,
ultrasound, or LASER. The appropriate modality to be
instituted was decided by the physiotherapist. Four patients

received TENS, four received ultrasound, 11 received
helium-neon [He-Ne] LASER therapy, and one of them
received a combination of ultrasound and TENS.

Transcutaneous Electrical Nerve Stimulation
The TENS unit with four electrode attachments was

employed. Electrodes were placed over the area of maximum
muscle tenderness. The current frequency set at 2Hz and
pulse duration of 0.02ms. The pulse strength was increased
slowly, until the patient could tolerate without pain. Maximum
benefit was obtained after 25 to 30 minutes at which time
the treatment was terminated.

Ultrasound- 0.8W/cm2 of frequency in pulsed mode of
3MHz was applied for four minutes . The applicator was
moved in smooth overlapping sweeps or circles at rates of
few cm/sec over areas of 25 to 40cm2 it was applied for three
most tender points.

Helium-Neon LASER
The trigger points were identified by palpation. The

wavelength of LASER was 632.8nm which was used in a
pulsed mode of 30-40HZ. The dose range was between 2-
4J/cm2. The head of the instrument was held perpendicular
to and in slight contact with skin. The treatment was applied
over three or more Trigger points (TrPs).

The treatment duration was five days for all the modalities
following which the patients were advised to practice
exercises, massaging of muscles and to apply moist heat to
the affected regions during exacerbations of symptoms.

Massage Therapy
Self-massage was limited to the painful or tense masseter

and temporalis muscles [ease of accessibility]. The patients
were also asked to apply moist heat pads on the painful
area when the symptoms exacerbate. Heat application
[moderately warm] was advised to be applied bilaterally for
20 minutes once a day2.

The oral physician who diagnosed the condition was
instrumental in the follow-up, and the prior mentioned
parameters were assessed at baseline, one week [following
completion of treatment session], four, eight, and 12 weeks
following treatment sessions, for all the subjects.

Statistics
The statistical evaluation of data was performed with data

program stat 9.2 version. All the data was analyzed by one
blinded researcher.

First means and standard deviations of VAS, GPI scores,
and number of tender muscles were determined [Table 1].
The baseline values of maximum comfortable mouth opening
between the two groups were tested by one way analysis of
variance [Table 2a]. Analysis of co-variance was used to
assess significant difference between the two groups taking
baseline scores as covariance [Table 2b]. Student’s t-test
[paired and unpaired] was used to compare the treatment
outcome between the two groups. The level of statistical
significance was set as a two-tailed P value of 0.05.  P<0.05
was considered to be significant. The values are presented
in Table 1.

Results

The mean age of the patients was 35.85 and 33.67 years
in Group A and Group B, respectively. Group A comprised
of 40% males and 60% females. Group B comprised of 45%
males and 55% females.

Venkatesh G Naikmasur et al/Indian Journal of Physiotherapy and Occupational Therapy. January - March 2009, Vol. 3, No. 1



29

The comparison of mean VAS and GPI scores between
the two groups showed significant reduction in Group B
during the follow-up period [Fig. 1 and 2, respectively]. The
Group B patients showed significant reduction in number of
tender muscles and significant improvement in mouth
opening during post treatment follow-up period [Fig. 3, 4].

Discussion

The various treatment modalities for TMDs mainly aim
to relieve the symptoms of the patient as treatment aimed at
correction of the exact cause is questionable. Selecting an
appropriate treatment option for an individual patient poses
great challenge to the clinician and depends on various
factors like, economic feasibility, patient compliance and

Table 1: Comparison of Mean Scores Between Two Groups at Various Time Intervals.
Groups Group A Group B

Mean Mean Std.Dev. Mean Std.Dev. T P Significance
VAS value value

scores
Baseline 6.0000 1.0761 6.4000 0.9947 -1.2207 0.2297 NS
1 week 4.0000 1.3377 3.9500 0.9987 0.1339 0.8942 NS
4 weeks 4.8500 1.6631 3.5500 0.9987 2.9970 0.0048 S
8 weeks 4.8500 1.6631 3.4000 0.9403 3.3942 0.0016 S
12 weeks 5.0500 1.3169 3.3000 0.8013 5.0769 0.0000 S

Mean
GPI
scores Baseline 1.9500 0.6048 2.1500 0.5871 -1.0611 0.2953 NS

1 week 1.0000 0.5620 1.0000 0.6489 0.0000 1.0000 NS
4 weeks 1.4000 0.5982 0.5500 0.5104 4.8338 0.0000 S
8 weeks 1.4000 0.5982 0.7500 0.5501 3.5767 0.0010 S
12 weeks 1.6000 0.5026 0.6000 0.5982 5.7235 0.0000 S

Mean of
number of
tender
muscles Baseline 1.9500 0.6048 2.1500 0.5871 -1.0611 0.2953 NS

Baseline 2.4 0.0463 2.25 1.118 0.4381 0.6638 NS
1 week 1.3 0.8013 0.9 0.553 1.8379 0.0739 NS
4 weeks 1.5 0.8272 0.6 0.598 3.9428 0.0003 S
8 weeks 1.55 0.7592 0.8 0.523 3.638 0.0008 S
12 weeks 1.45 0.8256 0.55 0.605 3.9329 0.0003 S
Baseline 2.4 0.0463 2.25 1.118 0.4381 0.6638 NS

Table 2a: F- Test and ANCOVA for comparison of mouth opening between two groups at various time intervals.
F-test between variances of Group A and Group B with respect to baseline value
Group Mean Std. Dev. F-value for P value Significance.

variances
Group A 42.7500 6.6560 1.0024 0.9959 NS
Group B 44.2500 6.6481

Table 2b: Analysis of covariance (ANCOVA) with baseline as a covariate.
1 week Effect 20.9457 1 20.9457 7.4039 0.0099 S

Error 104.6726 37 2.8290
4 weeks Effect 33.6901 1 33.6901 9.3650 0.0041 S

Error 133.1061 37 3.5975
8 weeks Effect 34.0816 1 34.0816 9.5059 0.0039 S

Error 132.6569 37 3.5853
12 weeks Effect 34.0816 1 34.0816 9.5059 0.0039 S

Error 132.6569 37 3.5853

Fig. 1: Comparison of Mean Visual Analog Scale Scores of Group A and
Group B.
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Fig. 3: Comparison of Mean of Number of Tender Muscles Between Group A
and Group B.
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acceptance of treatment. The various conservative treatment
modalities available for TMD include occlusal splints,
analgesics, muscle relaxants, tranquilizers, exercises, joint
and muscle injections, physical therapy, psychological
counseling, and placebo13. Choosing a specific conservative
treatment modality for myofascial pain patients depends on
clinician’s expertise, patient presentation, and elimination
of possible etiologic factors. Physiotherapy modalities may
be used as patient’s sole treatment or as combination with
other therapies like occlusal correction, splint therapy, etc.14

The present study has used physiotherapy as one of the
sole treatment modalities in one of the groups.

A meta-analysis of various physiotherapy modalities used
for the treatment of myofascial pain has shown promising
results with regards to benefit of patient and relief of pain15.
The present study is an attempt to evaluate the efficacy of
physiotherapy, compared with pharmacotherapy which is
not only a conservative treatment modality, but also a
commonly preferred treatment option by many clinicians.

Greider and co-workers16 have first reported the
applications of ultrasound for TMD. The guidelines on
appropriate use and treatment with ultrasound are not clear
from literature17. The therapeutic ranges of ultrasound include
0.75 to 3MHz. The present study employs ultrasound of
0.8W/cm2 being used for four minutes for a period ranging
from five to seven days. All the patients in our study showed
significant reduction in VAS, GPI scores, increase in mouth
opening, and reduction in number of tender muscles as
compared to the pharmacotherapy group. Esenoyl et al.18

have used an ultrasound of 1.5W/cm2 for six minutes and
their patients showed reduction in pain intensity and increase
in range of motion and these effects improved even after
three months after the treatment. Various authors (Gray et
al.19, Talaat et al.20, and Majlesi et al21 have supported the
use of ultrasound for myofascial pain. The subjects of
physiotherapy group of present study have shown
improvement post treatment and during the follow-up period.

In the present study a total of four patients received TENS
of 2Hz and pulse duration of 0.02ms. These patients have
responded positively with decrease in VAS and GPI scores
and increase in mouth opening and reduction in the number
of tender muscles. One patient was treated with both TENS
and ultrasound, owing to unsatisfactory response to initial
TENS therapy for five days.

There are no reports of adverse effects due to use of
ultrasound available in the literature. Hotta et al.22 have
reported that their patient initially treated with TENS,

complained of head pain, hypertension, and nervousness
and later it was substituted with ultrasound. None of the
patients in the present study have reported any discomfort
or adverse effects due to TENS therapy. The switching over
from TENS to ultrasound in one of the patients in the present
study was due to non responsiveness to treatment but not
due to any adverse effect.

In the present study eleven patients received He-Ne
LASER therapy in a pulsed mode of 30 to 40HZ over the
TrPs continuously for five days with significant improvement
in symptoms and there was no adverse effects caused by
LASER therapy. Similar to our study Simunovic et al.23 have
reported pain relief, restored mobility, and decreased rigidity
in myofascial pain patients with He-Ne laser treatment. None
of the patients did require any repetition of treatment
sessions.

Non steroidal anti-inflammatory analgesics are known
to be effective in the management of mild-moderate
inflammatory conditions, particularly of the musculoskeletal
system24. Muscle relaxants are administered to reduce
skeletal muscle tone and are often administered to patients
with muscle tone with chronic orofacial pain to help prevent
or alleviate the increased muscle activity25. They act by
decreasing the muscle tone without impairment of motor
function by depressing the central polysynaptic reflexes.
Literature review shows that very few studies have used
muscle relaxants solely or in combination with analgesics
for the treatment of TMD. Greene and Laskin26  have used
meprobamate in the treatment of myofascial pain dysfunction
syndrome and have concluded that drugs like meprobamate
can reduce or eliminate the psychic tension and muscular
spasm. Singer et al.27 in their randomized double blind
controlled clinical trial have evaluated Ibuprofen and
Diazepam for chronic orofacial muscle pain and their study
supports the efficacy of diazepam in the short–term
management of chronic orofacial pain.

The previous studies available regarding pharmaco-
therapy for TMD is based on heterogenous population i.e.
patients with myogenous pain, often not distinguished in
clinical trials from those who have TMJ disorders such as
degenerative arthritis or displacement of meniscus25. The
present study is an attempt to evaluate the effectiveness of
a combination analgesics and muscle relaxants as compared
to physiotherapy in patients purely with myofascial pain. The
duration of pharmacotherapy is also variable according to
different authors and there is no single treatment duration
that is suggested for these patients.

Dias de Andrade28 has reported the pharmacological
guidelines for treatment of TMD. Accordingly, for acute

Fig. 2: Comparison of Mean Global Pain Impact Scores Group A and Group B.
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Fig. 4: Comparison of Mean of Mouth Opening Between Group A and Group B.
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spasm or myofascial pain, muscle relaxant can be
administered three times daily for two days, whereas NSAIDs
by oral route can be given for five to seven days for myositis
and TMJ inflammatory disorders. A lack of therapeutic effect
after a seven- to 10-day trial or the development of any
gastrointestinal symptoms should prompt discontinuation of
the drug25.

Due to lack of standard recommended dosages of any
form of pharmacotherapy, the present study employed a
commercially available combination of muscle relaxant and
analgesic consisting of ibuprofen 400mg, paracetamol
325mg, and chlorzoxazone 250mg administered orally as
twice daily dosage for a period of five days initially. When
the patients reported with recurrence of pain or symptoms
during the post-treatment follow up, they were advised to
repeat the same treatment regimen.

In the present study patients in pharmacotherapy group
have reported with reduction in symptoms [VAS and GPI
scores] initially following five days of treatment, but there
was no significant improvement during the follow-up period.
This is in accordance with Talaat et al.20 report that the muscle
relaxant group had only a mild reduction of pain and muscle
spasm, but no effect on TMJ clicking as compared to
ultrasound short wave diathermy groups. In contrast to
absence of side effects in the physiotherapy group, five
patients of the pharmacotherapy group reported with mild
gastrointestinal symptoms during the follow-up, but these
symptoms did not persist after discontinuation of drugs. The
present study being a follow-up study enables the
assessment of improvement in myofascial pain treated with
physiotherapy and pharmacotherapy. Group A subjects had
significant reduction in VAS and GPI scores and reduction
in number of tender muscles only following a course of anti-
inflammatory and muscle relaxant treatment. But the same
results did not continue during the follow-up as compared
to Group B. The practice of appropriate exercises with
massaging of the muscles following the various
physiotherapy modalities indicates the persistent
improvement in symptoms of the GroupB during the follow-
up period also.

To our knowledge there are very few studies comparing
physiotherapy and pharmacotherapy in the management of
TMD20,29. Earlier studies indicate that ultrasound, TENS, and
LASERS exercises prove to be effective in the management
of myofascial pain. In the current study the physiotherapist
made the decision about the mode therapy for individual
patient based on patient compliance and economic
feasibility. Hence physiotherapy modalities were considered
as a single group and its efficacy of treatment compared
with pharmacotherapy.

The present study, infers that physiotherapy one of the
conservative treatment modalities is useful in reduction of
pain, tenderness in muscles, and improvement in mouth
opening in patients with myofascial pain.

Commonly observed adverse effects with the use of
NSAID group of drugs include nausea, dyspepsia, ulceration,
enteropathy, strictures, bleeding, and perforations.30 It has
to be noted that if an NSAID is administered concomitantly
with an anticoagulant, the potential for bleeding increases
markedly. Furthermore this group of drugs may be
contraindicated in patients on diuretics and in patients with
severe renal disease. Therefore the clinician should not
overlook benefit versus risk while administering these drugs,

especially for a longer period of time. Appropriate motivation
of patients to practice mouth opening exercises or simple
methods like hot compresses might have great benefits to
the patients. This can ensure frequent change of therapies
and also saves the patient from suffering with the adverse
effects of the drugs.

Conclusion

The treatment outcome with any from of therapy for TMD
is not completely predictable. In view of the adverse effects
caused by long term use of various NSAIDs, it is advisable
to choose a safer form of therapy in the management of
patients with chronic musculoskeletal pain. The advantages
of physiotherapy observed in the present study were better
long-term results, fewer side effects, cost effectiveness, and
a better patient compliance. This does not totally preclude
this modality from certain limitations such as, lack of total
effectiveness in inaccessible muscles like lateral and medial
pterygoid. Despite this limitation physiotherapy still remains
as a better and safe treatment option in patients with chronic
pain condition like myofascial pain. But furthermore
randomized controlled trials are necessary to validate the
effectiveness physiotherapy in a larger sample.
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Abstract

Osteoarthritis is one of the commonest problem leads to
severe impairments and disability. Physiotherapy plays a
major role in the rehabilitation of patients with Osteo arthritis.
In this current era of Evidence based practice it is important
to have preset protocol to improve the effectiveness of the
treatment. This article is a proposed protocol for the
management of Osteoarthritis knee.
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Introduction

Osteoarthritis is one of the most common locomotor
disabilities found in almost all parts of the world. It is one of
the major disabling conditions and carries a lot of social and
economic burden with it. It affects 33% of the individuals
above the age of 65yrs7,26,21. This disease entity is seen in
70% of women and 60% of men.

The exact pathology in OA is presumed to be one of
cartilage erosion progressively leading to exposure of the
subchondral bone leading to pain. It mainly affects the weight
bearing joints. Knee is the most common joint affected
followed by the hip and the hand23. In normal day to day
practice patients with osteoarthritis form a large percentage
of clients visiting physiotherapy departments in our country.
Rehabilitation of these individuals poses a lot of challenge
to professionals working in this field.

Patients with OA present with pain, swelling, stiffness,
limited motion and subsequent decline in function. Patient
may also present with gait asymmetries which may ultimately
lead to a tendency to adapt to sedentary lifestyles.

Physiotherapeutic measures should be directed towards
the correction of these impairments and ultimately restore
function. An effective rehabilitation protocol should target
the strength, flexibility and kinetic chain deficits to minimize
the progression of degeneration. It has been felt that there
is a strong need in exploring the available evidence in the
management of osteoarthritis and to propose a protocol.

Method

An expanded literature search through various electronic
data base which includes Pubmed, Pedro, and CINHAL was
performed. The key words used were osteoarthritis, knee,
rehabilitation and physiotherapy. MeSH strategy was
applied. Searches were restricted to English language.
Boolean logic was used to combine, expand and restrict the
search results. 84 articles which dealt the effects of various
physiotherapy modalities were retrieved. (Full text only) Each

article was analyzed by two different reviewers. Parts from
these 4 evidence based guidelines were also included for
the review.

Symptom characteristics in patients with
osteoarthritis

Pain is one of the first symptoms to appear in knee OA.
Patient will complain of pain in the anterior, anteromedial
and anterolateral aspects of the knee joint. Pain is usually
of a diffuse character associated with sustained posturing
of the joint, gradually reduces with activity only to become
worse at the end of the day. In addition to joint degeneration
psycho social factors have to be considered in patients with
OA. This entity stems from the wide discrepancy that we
come across the radiological features and the pain
experienced by these individuals22.

 Complains of morning stiffness are common in vast
majority of the cases. The stiffness in OA is often experienced
when the patient moves the joint after a period of rest.
Majority of the patients will have tenderness along the medial
joint line26.

Pain is a complex phenomenon and as in any other
condition the appearance of pain in OA alters the dynamic
loading on the knee joint. Patient compensates by reducing
the load on the knee which can lead to increase in loads on
the hip and the ankle22,12. Reduction of pain and prevention
of further biomechanical alterations is one of our major goals.
Several physical measures have been studied to achieve
the same.

Though osteoarthritis does not run an inflammatory
course a low grade inflammatory response may be seen in
the early stages, patients do present with swelling which
also leads to paucity to move the joint further leading to
decline in function. Reduction of swelling also forms a major
aspect of therapy instituted for this individuals. Swelling is
predominantly due to synovitis.

Joint Proprioception deficits have been reported in people
with unilateral OA. Proprioception is a function of the joint
mechanoreceptors by virtue of which we are able to perceive
the position of body in space. Decrements in Proprioception
in these people may be attributed to a decrease in the
excitability of the quadriceps motor neuron pool. Pain can
also be postulated to contribute to decreased
mechanoreceptor activity. This along with reduced
quadriceps recruitment leads to loss of Proprioception and
joint position sense23.

Patients with OA demonstrate significantly less extensor
moments during walking. This may be adopted to reduce
loads on the joint during walking.

Multimodal treatment regimens have gained popularity
over the years which include patient education, weight loss,
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physiotherapy, assistive devices and aerobic exercise
programs. The scope of this paper is to provide a
comprehensive rehabilitation option for the numerous
osteoarthritis patients visiting our clinic.

No single modality has been successful in delaying the
progression in OA21.

Pathogenesis model of Osteoarthritis

flexion than in extension is. In early stages of the disease
the end feel may be empty or spasm because of involuntary
muscle contractions. Toward the later stages of the disease
Patients may also have empty or springy end feel depending
upon the nature of the involved tissue13. Restrictions in range
of motion of the knee joint including flexion, extension,
internal and external rotation of the knee joint should be
noted down along with their end feel and their influence on
the behavior of symptoms.

Physical Examination should be focused on Pain on
patellofemoral compression, Restriction on knee
motions10,14,17,29 including flexion, extension, internal and
external rotation, Positive Ligamentous laxity14,
Anteroposterior drawer, Decreased muscle strength1,24,25 in
Quadriceps femoris, Hamstring, Single-leg standing may be
positive for gluteus medius and hip rotator dysfunctions,
Reduced ankle dorsiflexion, eversion strength23. Kinetic and
Kinematic of the hip and the ankle of both the extremities
are mandatory12, 23.

Measurement of activity limitations can be a guide to
effective rehabilitation. So in order to assess the impact of
function in knee OA we recommend the use of a WOMAC
QUESTIONNAIRE. The WOMAC Osteoarthritis Index
consists of 24 questions, each corresponding to a visual
analogue scale. This test has been shown to be a reliable,
valid, and responsive multidimensional outcome measure
for evaluation of patients with osteoarthritis of the hip or
knee3.
Short term goals  may include  Patient education,
Reduction of pain,  Reduction of Swelling,  Improve Range
of motion,  Improve Flexibility,  Increase Strength(static and
dynamic), Improve joint stability, Address Kinetic chain
deficits, Address gait variations, Improve General fitness,
and  prescription of assistive devices
Long term goals should target in improving Joint
protection, Delay in progression of the disease, full functional
restoration and to improve health related quality of life

Patient education

Patient education forms one of the highlights of the non
pharmacological treatments rendered to these patients.
Educating the patient regarding joint protection measures,
to maintain the strength and flexibility, pacing, aerobic fitness
and activity modification becomes an important aspect of
the therapy program. Patients are advised to stick to the
exercise regimen and maintain a healthy lifestyle11,27.

Given the psychological factors associated with the
disease people with OA may be taught self management
tactics including coping, understanding skills and reducing
anxiety and fostering positive health. Psychological
counseling can be included as a part of overall therapy.

Physical therapy measures

Several modalities have been researched for pain
alleviation in OA. Modalities which have been mentioned by
authors include SWD, laser, TENS, ultrasound, cold and
superficial heat therapies. Short wave diathermy has been
reported to reduce the synovial thickening in these
individuals19. Evidence regarding the use of one over the
other is not conclusive. In the vast majority of the evidences
existing for thermotherapy for OA we recommend the
following for our patients. The selection of the appropriated

Age

Sex

Obesity

Genetic predisposition

Biomechanical factors

Joint

degeneration

osteoarthritis

Pain

Swelling

Deformity

Muscle weakness

Proprioceptive loss

Physiotherapy evaluation

Observation and Palpation for Swelling, Synovial
thickening, deformities, and temperature & tenderness16

should be included as part of the physical therapy
assessment for osteoarthritis. Deformities16 including Varus,
Valgus2, and Fixed flexion deformities in the knee should
be observed. In addition to this an observation of deformities
over other joints of the lower extremity as in any calcaneal
valgus, inverted or everted foot and ankle should be
observed.

Patellar Tap Test is recommended to assess the severity
of knee joint effusion it was first described as a test by Magee
in 1992. Pes anserinus, Medial joint line, Lateral joint line,
Medial femoral Epicondyle, Infrapatellar, and Prepatellar
should be palpated for Tenderness16. Crepitus and sudden
locking movements should be palpated. Specific observation
of muscle atrophy is a must as well.

Physical examination should commence with active
movements followed by passive physiological movements
along with interpretation of the end feel. In subjects with OA
the pattern of restriction would be capsular which more in
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modality may be derived from the existing evidence or from
clinical experience. Few studies have reported the
effectiveness of TENS for pain relief in patients with OA.
Pain inhibition through the segmental; spinal level may
possibly provide the rationale for pain relief in OA. 2- 4 weeks
of treatment has been recommended to produce an
analgesic effect30.

The selection of the modalities should be based on
physical evaluation findings.

Reduction of pain: evidence of thermotherapy4

Ice massage -15 min Wax bath-20min (1 week)
(1 week)
Helps to increase the Reduces swelling
nociceptive threshold
Conduction block Reduction of stiffness
 Reduction of swelling

Pain in OA produces dynamic joint range of motion
restriction. This restriction of joint motion in turn increases
the pain and a vicious cycle ensues. Thus improvement in
range of motion will subsequently decrease the pain and
improve function. Specific manual therapy along with
exercise has found to have beneficial effects9,11,27.

Impairment based manual therapy
Knee extension Mobilization at end Grades iii-iv

range Knee
extension with valgus
or varus

Knee flexion Mobilization at end Grades iii-iv
range Mobilization
with medial rotation

Patellar glides Superior, inferior, Grades iii-iv
medial and lateral

Soft tissue release Peripatellar, surap- Deep tissue
atellar and popliteal massage
fossa

Patellar glides preferably given in knee slight amount of
flexion

Flexibility

This is another aspect which needs to be addressed in
these groups of patients. The pain along with decrements in
range of motion can bring about changes in the soft tissue
properties of the structures spanning the knee joint. Any
tightness can cause muscle inhibition and again cause pain27.

Quadriceps Patient prone lying–prone knee bends
Hamstrings Supine lying–hip flexion maintained to

90 degrees followed by knee extension
Tensor fascia lata Patient side lying–modified ober’s
Gastrocnemius Patient standing–patient stands with the

heel of the foot behind and leans forward
until he feels the stretch on the posterior
calf

Iliopsoas Patient in Prone or Side lying,
Hip Extension

Adductors Patient in standing position feet apart toes
pointing straight, leans sideways until
he feels a stretch on the inner thigh

Stretching would ideally include 5 repetitions with 20 sec
hold for each muscle group
Exercises to be graded and done respecting the pain factor.
Patient re-assessed after the application of each technique.

Strengthening Exercises

Patients with OA have selective type II muscle atrophy.
Strengthening exercises are carried out for the main muscle
groups around the knee. inhibition of the quadriceps have
been reported frequently in literature, the exact mechanism
of muscle inhibition is not known. Muscle strength is
significantly reduced in patients with OA25. There has been
no consensus regarding the type of exercise that may be
used for therapy20. Supervised exercises have been found
to be superior to group exercises5. Exercises seem to
decrease the knee adduction movement that takes place
during gait6. There is a general notion among these patients
that exercising may be harmful for the joints. It is very
important that patents are educated regarding the benefits
of exercise and a very individualized therapeutic program
commenced so that long term benefits be expected.

Exercise protocol for osteoarthritis of the knee joint would
include:
1. Static quadriceps—10 repetitions with 10 sec hold-

performed initially when the patient complains of pain,
isometric exercises are usually given in patients with
joint pain when mobility of the joint is not warranted.

2. Supine lying straight leg raises-10 repetitions with 10
sec hold 3 sets. Contra lateral knee to be flexed to
prevent loading on the lumbar spine

3. Supine lying terminal knee extension-10 repetitions with
10 sec hold 3 sets

4. Prone lying hamstring curls -10 repetitions with 10 sec
hold 3 sets

5. Standing terminal knee extension.-10 repetitions

Closed chain activities
1. Partial squats with arm support – care to be taken not to

take the knee joint beyond the ankle .Ideally perform 5
repetitions of the same

2. Step ups-performed with the affected knee. Push off is
provided by the contra lateral knee as the patient weight
bears on the affected side
Exercises to be graded and done respecting the pain

factor. Patient re assessed after the application of each
technique.

Kinetic chain deficits

Osteoarthritis in the knee can bring about ROM and
strength deficits in the hip and the ankle. Range of motion
exercises of these joints to be undertaken after assessment.
Strengthening of the gluteus maximus and the medius to be
performed.

Gait variations15

Patients with knee OA have altered temperospatial
variables such as decreased walking speed, shorter stride
length and a longer stance phase. There is a decrease in
the plantar flexor force and an increase in the hip extensor
force which needs to be addressed. Few patients may show
decrements in doriflexor and evertor strength. The exercises
prescribed would again depend on the initial physical
examination findings

Aerobic exercise program

An exercise program should include adequate warm up
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and cool down. 10 min of aerobic exercise may be performed.
Stationary cycling is considered as one of that least
strenuous exercise for the knee joint. Cool down of 5 to ten
min is mandatory. Walking is another form of safe exercise
for people with OA7,11,27,28,30.

Both high intensity and low intensity aerobic exercise
appear to be equally effective in improving pain, gait and
function in patients with OA.

Prescription of assistive devices

Orthotics may include supportive footwear with lateral
wedged insoles,18 use of a cane on the contra lateral side in
case of unilateral symptoms or a walker in case of bilateral
symptoms to reduce load on the joints

Joint protection and disease progression

A person with OA should be explained about the following
All joints to be moved through their full ROM at least ten

times, Maintain static and dynamic strength of the entire
lower extremity, Avoid postures of loading as in squatting
and fast walking, keep one self fit, Exercise regularly, and
Judicious use of assistive devices.

Discussion

This protocol is proposed in keeping the developing
countries need and facilities. We have started implementing
this protocol in our clinical setup and have got positive
responses. Though the guidelines were formulated on the
basis of available evidence patients values should be
considered in designing any protocol and it should be
individually tailored. The frequent use of Short Wave
Diathermy for pain reduction in OA is debatable. For pain
reduction along with NSAID, TENS and other modalities
prescribing ROM exercise proves to be effective. exercises
prescribed in OA would address the underlying impairments
that the patient presents within is important to keep in mind
that the knee functions as part of a closed kinematic chain
so deficits in the knee would be compensated at the distal
and the proximal joints. so a thorough evaluation of the distal
and proximal components and treatment of the underlying
impairments are warranted. One should not forget about the
weight reduction programme in the management of Osteo
Arthritis Knee. Careful selection and application of manual
techniques seems to have short term effect. Well designed
research studies are needed in this regard

Proposed Algorithm

Patient reference, name age, gender, diagnosis

Subjective
Examination

Present history and complaints, behavior of symptoms
Associated medical conditions
Course of the disease and progression
Past history
Self management and coping skills
Therapies taken
WOMAC questionnaire

Physical
Examination

Observation of deformity-hip, knee, ankle
Muscle atrophy
Palpation of swelling, temperature, synovial thickening, Crepitus, tenderness
Active movements, passive physiological with end feel, passive accessory
Flexibility and muscle strength
Functional evaluation

Problem list
/underlying impairments

Pain, swelling, range of motion deficits, decrements in strength, flexibility issues
Altered loading in the knee joint
Kinetic and Kinematic deficits in the hip and ankle
Gait variations
Abnormal pain behaviors

Pain relief and reduction of swelling
–TENS, cold

Impairment based manual therapy
techniques

Progression of exercises

Assistive devices

Maintenance programs like aerobic,
weight reduction

Coping strategies

Assistive devices

Discharge
From
Therapy

Subjective examination strength
Activity limitations VAS
Range of motion measurements WOMAC

PATIENT EDUCATION

Joint protection

Assistive devices and orthotics to
alter the dynamic loading on the joint

Coping strategies

PATIENT EDUCATION

Static and dynamic strength

Closed chain activities

Gait training

Assistive devices

PATIENT EDUCATION
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Abstract

The Pediatric Functional Evaluation Measure (PFEM) is
a comprehensive tool to measure the functional capabilities
and performance in children from the ages of 6 months to 6
years.

Background

Assessment of the functional limitations is important to
determine the severity of disability in developmental delays
and to evaluate the benefit of rehabilitation program.  In India,
one of the many challenges in assessing the effectiveness
of therapies has been the paucity of validated measures of
function.

Methods

The Pediatric Functional Evaluation Measure evaluates
the functional abilities of children under three domains:
Physical Function Domain, Mental Function Domain, and
Social & Emotional Function Domain.  Pooling of questions
was done and content validity of the PFEM was examined
using a panel of 35 experts.  A pilot study was conducted on
110 normal children and 49 children with cerebral palsy.

Results

The content validity for the physical domain, mental
domain and socio-emotional domain are 100%, 100% &
98.7% respectively. The mean score for inter-rater reliability
is .869. The mean values of the normal children in all the
three domains are 69.42 which are far higher than the mean
value of the children with cerebral palsy (14.054).

Conclusion

These results indicate that the Pediatric Functional
Evaluation Measure has a high degree of reliability and
validity and also support the notion that the PFEM can be
used to assess the functional abilities in children with cerebral
palsy.

Key Words

Functional assessment, Evaluative measure, Cerebral
palsy, Content validity, Inter-rater reliability.

Introduction

The roots of testing are lost in antiquity. There have been
repeated accounts of the system of civil service examinations
prevailing in the Chinese Empire for some 2000 years
(Bowman, 1989). Among the ancient Greeks, testing was
an established adjunct to the educational process. Tests
were used to assess the mastery of physical as well as
intellectual skills (Doyle, 1974)1.

One of the earliest systematic attempts to understand
the development of normal infants and preschoolers was
made in a series of longitudinal studies by Arnorld Gesell
and his associates at Yale (Ames 1989). These studies,
which spanned a total of four decades, led to the preparation
of the Gesell Developmental Schedules which, when first
published (Gesell et al., 1940), represented a pioneering
attempt to provide a systematic, empirically based method
of assessing the behavior development of young children1.

The decades of the 1960s to the 1990s witnessed an
upsurge of interest in tests for infants and preschool children.
One early contributing factor for this increased interest was
the rapid expansion of educational programs for mentally
retarded children. In order to meet the pressing practical
needs, new tests and publications have appeared at a very
fast pace, and considerable research has been conducted
on innovative approaches to assessment.

Most children enjoy healthy childhoods with little need
for specialized services in the health care system. However

7.7% of children experience difficulties during their
developing years and require access to and utilization of
extensive health care resources over time. Cerebral palsy
(CP) is one such developmental disorder that begins in early
childhood as a set of functional limitations that stem from
disorders of the developing central nervous system. The
current estimated incidence of CP is 2.0 to 2.5 per 1000 live
births in developed countries2.

Although impaired motor function is the hallmark of the
CP syndromes, many children also experience sensory,
communicative, and intellectual impairments and may have
complex limitations in self-care functions such as feeding,
dressing, bathing, and mobility. These limitations can result
in requirements for long-term care that far exceed the usual
needs of children as they develop2. Assessment of the
functional limitations is important to determine the severity
of the disability in cerebral palsy and to evaluate the benefit
of the rehabilitation program3.

Several assessment instruments are available to quantify
and monitor developmental skills and to assess the quality
of life of patients and their caregivers. Readily available and
useful assessment instruments include the Child Health
Questionnaire and the Gross Motor Function Classification
System for Cerebral Palsy. Functional scales such as the
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Gross Motor Function Classification System for Cerebral
Palsy standardize self-initiated movements and measure
change in gross motor function over time and this particular
scale is widely accepted and easy to administer in the
primary care office. Other functional scales include: the
Pediatric Evaluation of Disability Inventory, a judgment-
based, standardized instrument using parent report through
a structured interview measuring both fine- and gross-motor
movements related to self-care and mobility; the Functional
Independence Measure (FIM) for adults and the WeeFIM
for children, which measure the amount of assistance a
person would require to perform activities of daily living4.
However the results of the measurements show variations
according to different sociocultural characteristics.

In India, one of the many challenges in assessing the
effectiveness of therapies has been the paucity of validated
measures of function. Hence the purposes this study is to
develop a standardized scale for the assessment of
functional abilities in the pediatric population.

Description

The Pediatric Functional Evaluation Measure (PFEM) is
a comprehensive tool to measure the functional capabilities
and performance in children from the ages of 6 months to 6
years. The PFEM can be administered in the form of a
structured interview and reports from parents.

Many scoring systems have been constructed to assess
the development of cerebral palsy children and to evaluate
the effectiveness of treatment. According to the purposes
they fulfill, these instruments may be divided into three types:
discriminative, evaluative and predictive5.

The PFEM is an ‘evaluative measure’ designed to
measure the magnitude of change in function over time or
after treatment. The questions are hierarchic in nature and
the scoring is the cumulative scoring system. The tool will
be very useful for physical therapists and occupational
therapists and other members involved in the rehabilitation
of children with developmental disabilities.

This tool measures the functional abilities of children
under three domains:

Physical Function Domain, Mental Function Domain, and
Social & Emotional Function Domain.

The physical function domain contains 78 questions, the
mental function domain contains 30 questions, and social
and emotional function domain contains 20 questions. These
questions will directly measure the functional capability of
the child. The questions have been designed to suit the
Indian population.

Total possible score in PFEM is 128. The higher score
in PFEM indicates better functional independence and the
lowest score represents that the child needs assistance in
activities of daily living.

Objectives of the PFEM

1. To identify areas of functional deficit in children who have
delayed functional development.

2. To provide information to the parents and therapists
regarding the child’s functional deficits.

3. To evaluate improvement before and after rehabilitation
programs.

4. As an outcome measure in pediatric rehabilitation.

Appropriate use of the PFEM

This tool can be used for evaluation of functional abilities
over time in children with development delays.

Validation of the tool

Content validity
Content validity is usually the first step in developing a

measure for further validation. Content validity is based on
whether the items of an instrument adequately represent
the domain they are supposed to measure (Kaplan et
al.1976). This test domain is known as the underlying
construct or latent trait of the measure.  Classical test theory
uses expert opinion to determine if the measure and the
individual items measure the assumed construct6.

The content validity of the PFEM was examined using a
panel of 35 experts. The experts were asked to give their
opinion on the: Clarity, Relevance and Appropriateness of
Domain of the questions. A summary of the results are given
in the following table:
Participants P.T O.T. Clinical Med.Social Special Parents Pedi

Psychologists Worker Educator atricians
Number 15 10 2 1 2 2 3

Clarity Relevance Appropriateness
of the Domain

Physical Function 98.70 100.0 100.0
Domain

Mental Function 98.00 100.0 100.0
Domain

Social & Emotional 98.50 99.00 98.70
Function Domain

Pilot study

The Pediatric Functional Evaluation Measure was
administered on 110 normal children and 49 children with
cerebral palsy in the age group between 6 months to 6.5
years. Parents of the 159 children were interviewed. The
children were selected randomly from regular schools, play
schools, pediatric clinics and the neighborhood.

The following table gives the age distribution of children
considered for the present study. Nearly 46 per cent of the
children are below 30 months of age and nearly one fourth
of the children are above 4 years of age.

Table 2 gives the gender distribution particulars. Nearly
half the children are girls and the other half are boys

The mean values of the three domains and the overall
mean scores are tested for equality between Cerebral palsy

Table 1: Age distribution of Children.
Age Group

N %
Upto 1 Year 21 13.2
13-18 Months 21 13.2
19-24 Months 16 10.1
25-30 Months 17 10.7
31-36 Months 14 8.8
37-42 Months 13 8.2
43-48 Months 16 10.1
49-54 Months 6 3.8
55-60 Months 8 5.0
61-66 Months 9 5.7
67-72 Months 13 8.2
73-78 Months 5 3.1
Total 159 100.0
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and Normal children. The summary details are given below.
It is hypothesized that the mean values of the three

domains and overall mean scores are the same between
Cerebral palsy and Normal Children. Lavene’s test is used
for testing the equality of the variances and the student’s t
test is used for testing the equality of the mean values.  Since
the significance values are all less than 0.05, the equality
assumption fails and it is concluded that the mean values of
the domains and the overall mean values are different for
Cerebral palsy and Normal children. The values given in
the above table indicate that the scores of Normal children
are very high compared to the scores of Cerebral palsy
children in all the three domains and in the overall score.

Table 5 shows the summary statistics of boys and girls
in 3 domains and overall:

Table 6 shows testing the mean values of Normal and
Cerebral palsy girls and boys separately for each one of the
3 domains and overall. Mean values are found to be
significant between Cerebral palsy and Normal boys as well
as Cerebral palsy and Normal girls in the three domains
and in the overall score.

Table 7 gives details of mean values of three domains
and overall mean score according to different age groups.
The equality of mean values of Cerebral palsy and Normal
children for each one of different age groups in the three
domains and in the overall mean score is tested using One-
Way Anova and the results are given in Table 8.

Mean values of Cerebral palsy and Normal children differ
significantly in all age groups in the three domains and in
the overall mean score.

In Table 9, correlations between the three domains for
Cerebral palsy and Normal children are given. It is found
that for both Cerebral palsy and Normal children the
correlations are statistically significant between the three
domains. Very high correlations are found for Normal children
compared to Cerebral palsy children in the three domains.

Inter rater reliability

The reliability of an assessment refers to the consistency

of scores across different occasions of measurement or
different examiners, or of items within the instrument.

The inter rater reliability of the Pediatric Functional
Evaluation Measure reported here.

Three raters (physiotherapists) independently scored the
PFEM on 15 children with cerebral palsy. The parents of
these children were interviewed and the summary is given
below:

In table 10 the assessment of the three raters is given
for the same set of cerebral palsy children in the three
domains and in the overall mean scores.

The differences between the mean scores of the three
rates are tested using One-way Anova and the results are
presented in table 11. It is found that mean values are almost
the same assessed by the three raters in the three domains
in the overall score.

Results

The content validity of the PFEM was examined using
an expert panel of 35 members. This expert panel provided
ratings of the individual items and the results indicate strong
content validity of the instrument.

The results of the pilot study conducted on 110 normal
children and 49 children with cerebral palsy, indicate that
the mean value of the normal children in all the three domains

Table 3: Summary Statistics.
Group Statistics

Diagnosis N Mean Std. Deviation Std. Error Mean
Physical Domain Cerebral Palsy 49 19.18 7.960 1.137

Normal 110 75.09 25.475 2.429
Mental Domain Cerebral Palsy 49 6.82 4.662 .666

Normal 110 63.46 30.687 2.926
Social-emotional Domain Cerebral Palsy 49 16.16 5.724 .818

Normal 110 69.71 28.047 2.674
Mean Score Cerebral Palsy 49 14.0544 5.11776 .73111

Normal 110 69.4212 27.36884 2.60952

Table 4: Student’s t-test.
Levene’s Test for Equality of Variances t-test for Equality of Means

F Sig. t df Sig. (2-tailed)
Physical Domain 47.506 .000 -20.846 146.081 .000
Mental Domain 103.464 .000 -18.878 119.858 .000
Social-emotional Domain 84.662 .000 -19.148 127.799 .000
Mean Score 78.434 .000 -20.431 125.034 .000

Table 2: Sex distribution of children.
Sex

N %
Female 80 50.3
Male 79 49.7
Total 159 100.0

Fig. 1: Physical function domain – Cerebral palsy and Normal Children.
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are far higher than the mean value of the children with
cerebral palsy.

Overall conclusion, irrespective of age and gender
differences is that the children with cerebral palsy are found
to have very low scores in all the three domains and in the
overall mean when compared to the normal children. It is
also found that very high correlations are found for normal
children when compared to children with cerebral palsy in
all the three domains.

Analyses of inter rater assessments show that the mean
values assessed by the 3 raters are almost the same in the
three domains as well as in the overall score. These results
indicate that the Pediatric Functional Evaluation Measure
has a high degree of reliability and validity and also support
the notion that the PFEM can be used to assess the
functional abilities in children with cerebral palsy.

Table 5: Summary statistics – Boys and Girls.
Sex Diagnosis N Mean Std. Deviation Std. Error Mean

Cerebral Palsy 21 19.29 8.088 1.765
Normal 59 74.61 26.647 3.469
Cerebral Palsy 21 7.33 5.877 1.282
Normal 59 64.15 29.620 3.856

Social-emotional Cerebral Palsy 21 16.05 6.674 1.456
Domain Normal 59 69.17 27.376 3.564

Cerebral Palsy 21 14.2222 5.87777 1.28263
Normal 59 69.3107 27.21004 3.54245
Cerebral Palsy 28 19.11 8.011 1.514
Normal 51 75.65 24.300 3.403
Cerebral Palsy 28 6.43 3.563 .673
Normal 51 62.67 32.154 4.503

Social-emotional Cerebral Palsy 28 16.25 5.023 .949
Domain Normal 51 70.33 29.065 4.070

Cerebral Palsy 28 13.9286 4.57526 .86464
Normal 51 69.5490 27.82188 3.89584

Physical Domain

Mental Domain

Mean Score

Female

Physical Domain

Mental Domain

Mean Score

Male

Table 6: Independent Samples Test.
Levene’s Test for Equality of Variances t-test for Equality of Means

Sex F Sig. t df Sig. (2-tailed)
Physical Domain 21.387 .000 -14.214 76.958 .000
Mental Domain 30.270 .000 -13.982 69.087 .000
Social-emotional Domain 27.981 .000 -13.798 73.079 .000
Mean Score 25.168 .000 -14.622 70.681 .000
Physical Domain 24.792 .000 -15.181 66.899 .000
Mental Domain 85.853 .000 -12.353 52.214 .000
Social-emotional Domain 62.173 .000 -12.941 55.285 .000
Mean Score 59.602 .000 -13.938 54.801 .000

Female
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Fig. 2: Mental  function domain – Cerebral palsy and Normal Children. Fig. 3: Social and Emotional function domain – Cerebral palsy and Normal
Children.
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Discussion

Several assessment instruments have been developed
in the Western countries to assess functional abilities in the
pediatric population but due to the vast socio-cultural
differences many of the tools cannot be applied for the Indian
population. For eg., The Functional Independence Measure
(WeeFIM) for children is a simple-to-administer scale for
assessing independence across 3 domains in American
children. WeeFIM is useful in assessing functional
independence in children aged 6 months to 7 years. It can
be used for children with developmental disabilities aged 6
months to 21 years. Normative WeeFIM data had been
validated for American children7. Because of cultural and
environmental differences among countries; this tool can
be used only if the normative data for our population is
established.
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Table 7: Summary statistics – Age wise distribution.

Table 8: One way - Age Group Comparisons.
ANOVA

Sum of Squares df Mean Square F Sig.
Between Groups 81582.535 11 7416.594 11.107 .000

Physical Domain Within Groups 98154.421 147 667.717
Total 179736.956 158
Between Groups 117634.580 11 10694.053 16.577 .000

Mental Domain Within Groups 94830.414 147 645.105
Total 212464.994 158
Between Groups 98046.209 11 8913.292 15.154 .000

Social-emotional Domain Within Groups 86463.942 147 588.190
Total 184510.151 158
Between Groups 97826.052 11 8893.277 14.690 .000

Mean Score Within Groups 88995.847 147 605.414
Total 186821.899 158

Table 9: Correlations.
Correlations

Diagnosis Physical Domain Mental Domain Social-cultural Domain
Pearson Correlation 1 .574(**) .542(**)

Physical Domain Sig. (2-tailed) . .000 .000
N 49 49 49
Pearson Correlation .574(**) 1 .485(**)

Cerebral Palsy Mental Domain Sig. (2-tailed) .000 . .000
N 49 49 49
Pearson Correlation .542(**) .485(**) 1

Social-emotional Domain Sig. (2-tailed) .000 .000 .
N 49 49 49
Pearson Correlation 1 .915(**) .919(**)

Physical Domain Sig. (2-tailed) . .000 .000
N 110 110 110
Pearson Correlation .915(**) 1 .941(**)

Normal Mental Domain Sig. (2-tailed) .000 . .000
N 110 110 110
Pearson Correlation .919(**) .941(**) 1

Social-emotional Domain Sig. (2-tailed) .000 .000 .
N 110 110 110

** Correlation is significant at the 0.01 level (2-tailed).

10 2 8 6.58 25 12 22 19.45

15 6 10 10.17 53 32 38 41.27

22 8 18 16.07 73 51 68 64.00

22 8 20 16.81 78 54 63 65.07

23 5 18 15.19 87 66 75 75.71

16 5 19 13.00 86 78 86 83.37

26 10 16 17.33 91 82 83 85.03

21 13 20 18.00 92 90 93 91.67

17 13 25 18.33 93 92 94 92.71

17 13 25 18.33 95 91 93 92.87

21 7 20 16.00 95 91 94 93.39

. . . . 96 95 98 96.27

Age Group

Upto 1 Year

13-18 Months

19-24 Months

25-30 Months

31-36 Months

37-42 Months

43-48 Months

49-54 Months

55-60 Months

61-66 Months

67-72 Months

73-78 Months

Mean

Physical
Domain

Mean

Mental
Domain

Mean

Social-
emotional

Domain

Mean

Mean
Score

Cerebral Palsy

Mean

Physical
Domain

Mean

Mental
Domain

Mean

Social-
emotional

Domain

Mean

Mean
Score

Normal

Diagnosis

Pediatric Evaluation of Disability Inventory (PEDI) is an
instrument for evaluating function in children with disabilities
aged 6 months to 7.5 years. The PEDI measures both
functional performance and capability in three domains: self-
care, mobility, and social function8. The normative data has
also been validated for the American population.

Some of the questions in the PEDI are not suitable for
our population. For eg., tub transfers – majority of the our
population does not use the bath tub. Similarly car transfers

– not all children have the accessibility to cars9.
Many attempts have been made by Indian authors in

translating and modifying functional assessment scales
designed in the western countries for the pediatric population,
but the literature search reveals that none of the tools have
been published. Paucity of standardized and published
functional assessment scales for children in the Indian
rehabilitation setup creates drawbacks in evaluating
improvement before and after rehabilitation.
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Table 10: Inter raters’ Assessments.
Raters

1 2 3
Mean SD Mean SD Mean SD

Physical function 66 26 63 25 65 26
Mental function 60 27 53 29 59 28
Social emotional function 66 25 63 24 65 24
Mean score 63.96 23.13 59.64 23.08 62.84 22.97

Figure 4 :  Overall mean scores  – Cerebral palsy and Normal Children
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Table 11: Oneway – Inter Raters’ Differences.
ANOVA

Sum of Squares df Mean Square F Sig.
Between Groups 56.044 2 28.022 .043 .958

Physical function Within Groups 27672.533 42 658.870
Total 27728.578 44
Between Groups 460.578 2 230.289 .296 .745

Mental function Within Groups 32693.733 42 778.422
Total 33154.311 44
Between Groups 67.511 2 33.756 .057 .945

Social emotional function Within Groups 25037.467 42 596.130
Total 25104.978 44
Between Groups 150.301 2 75.151 .141 .869

Mean score Within Groups 22337.600 42 531.848
Total 22487.901 44

The construct of the Pediatric Functional Disability
Assessment Measure is a sincere attempt at developing a
comprehensive evaluative measure in pediatric
rehabilitation.

The measure covers three domains viz., physical
function, mental function and social & emotional function of
children from 6 months to 6 years. The scale was designed
according to the normal developmental milestones and also
according to the lifestyle of normal children from urban
Chennai population.

Pooling of the questions was done initially and first round
of content validity of the scale was examined using a panel
of 35 experts. As per the experts’ valuable suggestions, some
questions were modified, some were added and some more
were deleted. Then, once again the modified scale was given
to the 35 experts and their opinion was obtained on the
clarity, relevance and appropriateness of domain of all the
questions. The results indicate that the content validity for
all the three domains is high. Hence, the PFEM has high
content validity.

A pilot study was conducted on 110 normal children and
49 children with cerebral palsy. While interviewing the
parents, it was observed that the parents inclined to discuss
with parents of other children.  So it was necessary to make
sure to conduct the interview in a separate room and also
we made sure that the parents who finished the interview
did not discuss with the parents who were yet to be
interviewed.

Statistical analyses indicate that the mean scores of the
children with cerebral palsy were very low when compared
with the scores of normal children. Very significant results
were obtained which indicate that the scale has very high
reliability and validity.

The inter-rater reliability has been established for PFEM
on 15 children with cerebral palsy using three raters
(physiotherapists). The statistical analyses apt for inter-rater
reliability are ANOVA. The result reveals that the physical
function domain (0.958) and socio-emotional domain (0.945)
have high inter-rater agreement, moderate agreement for
the mental domain (0.745).
Limitations: The pilot study has been done only on children

with cerebral palsy. Children with other developmental
disorders have not been assessed.  Further this study has
been done only on the urban children of Chennai.
Recommendations: It is recommended that further studies
be done on children with other developmental delays.
Further studies must be done to find out if differences exist
between the different cultural groups across the country.
The tool must also be translated in various regional
languages of the country.
Conclusion: The Pediatric Functional Evaluation Measure
is a standardized assessment measure which can be used
to evaluate the functional disabilities in children with
developmental delays. Further studies are in progress to
evaluate the discriminant validity and also to evaluate
functional improvement before and after rehabilitation
programs, using the PFEM.
Note: The Pediatric Functional Disability Assessment
Measure is a free tool and the sample scoring form is given
in the appendix. Instructions for administration, Glossary,
Scoring particulars will be provided by the author upon
request.
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APPENDIX

Pediatric functional evaluation measure
physical function domain

A. Types of food
1. Takes liquid food:
2. Eats mashed / blended food:
3. Eats semi-solid food:
4. Eats all types of food:

B. Feeding habits
5. Needs full assistance in eating:
6. Picks up food with fingers and puts in mouth. (With

spilling):
7. Eats by self with fingers when food is mixed and given

(without spilling):
8. Able to mix food with own hands and eat:
9. Able to eat well using a spoon:

C. Drinking
10. Needs assistance for drinking:
11. Holds bottle / sipper with both hands:
12. Holds bottle / sipper with one hand:
13. Holds tumbler / cup with both hands and drinks liquids

by self:
14. Holds tumbler / cup with one hand and drinks liquids

by self:
15. Pours water from jug into a glass and drinks by self:

D. Dressing up
16. Co-operates while being dressed:
17. Removes unbuttoned shirt / T.shirt:
18. Puts on shirt / T-shirt independently, without

buttoning:
19. Pulls down and puts on pants / knickers

independently:
20. Puts buttons / zip in shirt or pant independently:
21. Puts belt in loops:

E. Foot wear
22. Needs full assistance in putting on chappals /

sandals:
23. Can put chappals / sandals on the correct feet

independently (without buckles):
24. Needs assistance in putting buckles / Velcro straps

in chappals / sandals:
25. Can put on chappals / sandals correctly,

independently.

F. Brushing teeth & bathing
26. Needs full assistance for brushing teeth:
27. Brushes teeth with minimal assistance / guidance:
28. Brushes teeth thoroughly, independently:
29. Co-operates while being bathed:
30. Pours water on self for bathing:
31. Washes face, legs and hands with soap:
32. Bathes and wipes well independently:

G. Combing hair
33. Co-operates while hair is being combed:
34. Tries to use comb and combs hair (not perfectly):

35. Combs hair independently:

H. Toileting
36. Indicates when wet:
37. Indicates the need to use toilet:
38. Sits on the toilet seat / squats to pass urine / stools:
39. Needs assistance in cleaning and managing

clothes after toileting:
40. Needs assistance in cleaning but independent in

managing clothes after toileting:
41. Independent in cleaning and managing clothes

after toileting:

I. Bed transfers
42. Rolls about in the bed / mat:
43. Raises to sitting position from lying in the bed /

mat:
44. Goes to lying position from sitting in the bed / mat:
45. Gets in and out of the bed, with assistance:
46. Gets up from sitting to standing in the mat, with

assistance:
47. Gets in and out of the bed, without assistance:
48. Gets up from sitting to standing in the mat

independently:

J. Chair transfers
49. Sits independently, when placed in chair with

backrest:
50. Sits independently, when placed in chair without

backrest:
51. Climbs down from chair / bench with assistance:
52. Climbs down from chair / bench without assistance:
53. Climbs up and sits in small size chair independently:
54. Climbs up and sits in adult size chair independently:

K. Indoor ambulation
55. Rolls, creeps and crawls on the floor:
56. Stands, independently:
57. Walks, with support:
58. Walks without support, with broad base and steps

of unequal length:
59. Walks well, with feet only slightly apart:
60. Walks about inside the house with support:
61. Walks well inside the house, independently:

L. Outdoor ambulation
62. Walks outdoors on level surfaces, with hands held:
63. Walks outdoors on level surfaces, without support:
64. Walks outdoors on rough uneven surfaces, with

support:
65. Walks outdoors on rough uneven surfaces, without

support:
66. Walks upto 100 feet without difficulty:
67. Walks well, up and down on ramps:

M. Climbing upstairs / downstairs
68. Climbs stairs holding rails, two feet per step:
69. Climbs stairs holding rails, one feet per step:
70. Climbs stairs without support:
71. Climbs downstairs holding rails, two feet per step:
72. Climbs downstairs holding rails, one feet per step:
73. Jumps off the bottom step:
74. Climbs up and downstairs one foot per step, without

support:
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N. Other skills
75. Rides tricycle:
76. Catches ball with arms outstretched:
77. Throws and catches ball well:
78. Skips, hops and dances:

Mental function domain

A. Speech & communication
1. Vocalizes Amma, appa, mama:
2. Asks for objects by vocalizing / gesturing:
3. Repeats words overheard:
4. Puts words together in phrases:
5. Can retell a simple story:
6. Can narrate own experiences:

B. Comprehension
7. Responds to own name:
8. Understands people’s names and familiar words:
9. Recognizes few objects by name / function:
10. Carries out simple instructions:
11. Understands concept of pictures / colours:
12. Listens to short story and can answer simple

questions about it:

C. Time / place orientation
13. Is aware of mealtimes and other routines of the

day:
14. Tells correctly if it is day / evening / night:
15. Follows yesterday, today and tomorrow:
16. Looks at clock and tells the hour and minute hand:
17. Aware of incidents and their relation to time:
18. Can differentiate between own “home” and other

places:
19. Aware of places visited like ‘Park’, ‘Beach’ etc:

D. Reading & writing
20. Looks at objects / pictures and scribbles:
21. Matches objects and pictures correctly:
22. Identifies alphabets:
23. Colours pictures:
24. Reads and writes words / numbers:

E. Arithmetics
25. Keeps objects in specific pattern:
26. Puts beads one by one in container:
27. Can count numbers:
28. Identifies rupee notes and coins:
29. Does simple additions:

F. Memory
30. Able to recollect immediate past events:

Social & emotional domain

A. Social interactions
1. Smiles responsively when called:
2. Makes noise to get attention:
3. Greets others, either verbally or using gestures;
4. Says “Please, Sorry, & thank you”:
5. Makes friends and has a preferred friend:

6. Has conversation and tells jokes:

B. Play
7. Reaches for and grasps toy:
8. Builds blocks, manipulates toys and solves simple

puzzles:
9. Can play games with groups:
10. Plays indoors / outdoor games; but not

understanding rules:
11. Plays indoor / outdoor games; understanding rules:

C. Domestic chores
12. Picks up and puts away toys with reminder from

parents:
13. Does simple chores along with mother:
14. Answers telephone:
15. Does simple errands for parents:

D. Self protection
16. Cries, if uncomfortable:
17. Careful in handling sharp / hot / cold objects (at

home):
18. Careful while climbing stairs / running around

(indoor):
19. Careful while playing outdoors:
20. Knows not to accept anything from strangers:
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The effect of severity on the isokinetic strength in knee
osteoarthritis (OA)
Madan Shilpa
Senior Physiotherapist, Max Super Speciality Hospital, Saket, New Delhi

Abstract

Purpose
To determine the relationship of torque measures of  knee

flexors to extensor muscles developed as a result of
dysfunction and disease in knee Osteoarthritis (OA) and
does the maximum peak torque measures change in patients
with knee OA compared to healthy normal subjects.

Materials and Methods

30 patients with the symptomatic osteoarthritic knees
(age 40 – 60 yrs) were divided  into 3 groups.
Group1 – 10 Subjects exhibiting symptomatology and
radiologic findings of knee OA.
Group2 – 10 Subjects having knee joint pain without any
radiologic evidence of knee OA.
Group3 – 10 Healthy subjects.

Subjects in all the 3 groups performed concentric
contractions of knee flexors and extensors that include 4
repetitions at 60 deg/sec, 10 reps at 120 deg/sec and 20
reps at 180 deg/sec. Values of maximum peak torque of
flexors and extensors and maximum peak torque hamstring
to quadriceps ratio were recorded after each session.

Results

Significant difference was found in maximum peak torque
of flexors and extensors among 3 groups of subjects but no
significant difference for ratio was observed among 3 groups.
Values of maximum peak torque measures decreased with
increasing speed of shortening and the hamstring to
quadriceps values increased with increasing speed of
shortening.

Conclusion

There is equal strength loss of both the muscles in
patients with knee osteoarthritis, so hamstring strengthening
exercises should be incorporated along with quadriceps
strengthening exercise in rehabilitation plan of knee OA.

Keywords

Isokinetic strength, concentric contraction, maximum
peak torque, isokinetic dynamometer

Introduction

Knee osteoarthritis is the leading cause of chronic
disability in older persons1. Osteoarthritis commonly affects
hands, feet, spine and large weight bearing joints such as
hip and knees. Osteoarthritis is the second most common

rheumatic problem and is most frequent joint disease with
prevalence of 22% to 39% in India4. Prevalence of
osteoarthritis in all joints is strikingly correlated with age.
For subjects over the age of 45 years most population
surveys  showed that presence of radiographically
determined OA of the knee varies between 14 and 30% and
increases steadily with age6. Osteoarthritis of knee joint is
characterized by localized tenderness over the joint and pain
on passive or active motion Pain is frequently the first
symptom and is often associated with swelling. Crepitus can
often be detected and muscle atrophy is seen secondary to
disuse7. Knee flexor muscle gaps are subject to hypotrophy
and loss of strength, as well as the knee extensors in
osteoarthritis of the knee joint. It has been documented that
dynamic stability of the Knee joint depends on the
appropriate strength ratio of quadriceps and hamstrings9.
Purpose of this study is to determine the relationship of
torque and torque ratio of knee flexors to extensors muscles
developed as a result of dysfunction and disuse in
osteoarthritis.

Statement of the Question

1. Does the maximum peak torque measures and
maximum peak torque hamstring/quadriceps ratio
change in patients with knee osteoarthritis compared
with normal control subjects

2. Are there any differences between 2 patient groups when
maximum peak torque and maximum peak torque
hamstring/quadriceps ratios were compared with each
other.

Hypothesis

There is equal strength loss of knee flexors and extensors
in patients with knee osteoarthritis

Methodology

Sample: A sample of convenience of 30 subjects with
an age range from 40-60 years were recruited from
Department of Orthopedics (Physiotherapy), All India
Institute of Medical Sciences. Subjects were referred by the
Orthopedician. The eligibility criteria were checked and a
written consent was taken from the subjects.

Inclusion criteria

1. Age group : 40-60 years
2. Symptomatic Osteoarthritic knees
3. Minimum available range of 0-90  degrees knee flexion
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Exclusion criteria

1. Symptoms or signs of synovitis
2. Acute or chronic ligamentous insufficiency
3. Any history of knee surgery
4. Any history of recent injury to knee joint
5. Low back or hip joint disorders
6. Any systemic illness
7. Any history of doing prescribed exercises for knee

osteoarthriti

Design

A Comparative design was used in this study. Subjects
were randomly assigned into three groups and were named
as Group 1, Group 2 and Group 3. Demographic data was
collected from the subjects who met the inclusion and
exclusion criteria of the study. This included age, height
weight, etc. Data was collected in one 45 minutes test
session.

Instrumentation
1. Biodex System3 Pro Isokinetic Dynamometer
2. Weighing Scale
3. Stadiometer

Protocol

1. Subjects were diagnosed by the Orthopedician with the
diagnosis of knee Osteoarthritis.Diagnosis was based
on the Clinical criteria by Altman et al. Severity of
osteoarthritis was measured by Kellgren and Lawrence
criteria for radiological assessment.

2. The subjects diagnosed with knee osteoarthritis were
invited to participate in the study. Those who fulfilled
the inclusion criteria were asked to sign an informed
consent form.

3. A Subjects were assigned into three groups as :
Group 1: 10 subjects exhibiting symptomatology and
radiologic findings of  knee osteoarthritis.
Group 2: 10 subjects having knee joint
pain without any radiologic evidence of
 knee osteoarthritis.
Group 3: 10 healthy subjects.

Procedure

All the testing was completed on Biodex System 3 Pro
computer controlled isokinetic dynamometer, which was
caliberated every 2 weekly by caliberation verification
procedure as described in the operation manual of Biodex.
1. All the subjects were explained about the purpose,

procedure and nature of the result.
2. Subjects were seated on the biodex chair and secured

using upper crossing torso, pelvic, distal thigh
stabilization straps.

3. An adjustable lever arm was attached to subject’s leg
by a resistance pad was put 1 inch proximal to the medial
malleolus.

4. Subjects gripped the sides of chair and leaned back
against the backrest, which was inclined posteriorly to
an angle of 90 degrees above the horizontal.

5. The axis of rotation of dynamometer arm was positioned
lateral to lateral femoral condyle

6. Subject’s anatomical position was caliberated by placing

the joint in anatomical reference angle(0 degrees
extension position was used as reference position in all
subjects)

7. A range of motion of o degrees extension to 90 degrees
flexion was targeted in all subjects.

8. With the limb positioned at 45 degrees of knee flexion,
caliberation of limb weight was done to negate the gravity
effect by the biodex software.

9. Subjects completed the warm up phase prior to actual
testing. Warm up consisted of 3 consecutive trials for
each speed of testing, one of which ws a maximal
contraction.

10. Subjects performed concentric contraction of knee
flexors and extensors at 3 preset speeds with 20 sec
rest period between the sets.

11. Subjects performed 3 sets that included 4 repetitions at
60 degrees per second, 10 repetitions at 120 degrees
per second and 20 repetitions at 180 degrees per
second. The order of testing was from slower to faster
speeds

12. Subjects were verbally encouraged to exert maximal
efforts.

13. Data were collected for the maximum peak torque of
flexors and extensors relative to body weight.

Data Analysis

Statistically the characteristics of the groups and the
results were compared using One way ANOVA and Paired
t tests.

Data were managed on an excel spreadsheet. SPSS
(Statistical package for social science) software was used
for data analysis.

One way ANOVA (Duncan’s Mean Test) was used to
analyze the difference in maximum peak torque of flexors
and extensors and maximum peak torque hamstring to
quadriceps ratio among 3 groups of respondents.

Paired t test was used to analyze the difference in
maximum peak torque of flexors, extensors and maximum
peak torque hamstring to quadriceps ratio among 3 speeds
within the groups of respondents

Result

In the present study, there was significant difference in
Maximum peak torque of Flexors and Extensors among 3
Groups of respondents. No significant difference for
Maximum peak torque (Hamstring / Quadriceps) Ratio was
found among 3 Groups.When within group analysis was
performed it was found that the value of maximum peak
torque measures decreased with increasing speed of
shortening and the Hamstring to Quadriceps sratio values
increased with increasing speed of shortening.

Intergroup Analysis

Maximum peak torque / body weight of Extensors and
Flexors and maximum peak torque hamstring to quadriceps
ratio were compared among 3 groups of respondents using
One way anova test.

Comparison of Maximum peak torque / body weight of
Extensors among 3 Groups of respondents

At 60 deg/sec Maximum peak torque of extensors was
significantly different between the groups. (F value = 56.99,
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P<0.01) Significant difference was found between groups 1
& 2, 2 & 3 and 1 & 3.

At 120 deg/sec Maximum peak torque of extensors was
significantly different between the groups. (F value = 41.04,
P < 0.01) Significant difference was found between groups
1 & 2, 2 & 3 and 1 & 3.

At 180 deg/sec Maximum peak torque of extensors was
significantly different between the groups. (F value = 23.45,
P < 0.01) Significant difference was found between groups
1 & 2, 2 & 3 and 1 & 3.

Comparison of Maximum peak torque / body weight of
Flexors among 3 Groups of respondents

At 60 deg/sec Maximum peak torque of flexors was
significantly different between the groups. (F value = 27.57,
P<0.01) Significant difference was found between groups 1
& 3, 2 & 3 but not between 1 & 2.

At 120 deg/sec Maximum peak torque of flexors was
significantly different between the groups. (F value = 16.14,
P < 0.01) Significant difference was found between groups
1 & 3, 2 & 3 but not between 1 & 2.

At 180 deg/sec Maximum peak torque of flexors was
significantly different between the groups. (F value = 6.86,
P < 0.01) Significant difference was found between groups
1 & 3, 2 & 3 but not between 1 & 2.

Comparison of Maximum peak Torque (Hamstring /
Quadriceps) Ratio among 3 Groups of respondents.

At 60 deg/sec Maximum peak torque (Hamstring /
Quadriceps) Ratio values were not significantly different
between the groups. (F value = 2.45, P = 0.10)

At 120 deg/sec Maximum peak torque (Hamstring /
Quadriceps) Ratio values were not significantly different
between the groups. (F value = 2.10, P = 0.14)

At 180 deg/sec Maximum peak torque (Hamstring /
Quadriceps) Ratio values were not significantly different
between the groups. (F value = 2.22, P = 0.12)

Within Group Analysis

Maximum Peak Torque / Body weight of extensors and
flexors were compared among 3 speeds of testing within
each group using paired-t test

Comparison of Maximum peak torque / body weight of
extensors among 60 deg/sec, 120 deg/sec and 180 deg/
sec in Group 1

Significant difference in maximum peak torque of
extensors was found between 60 deg/sec and 120 deg/sec
(t value = 2.87, P < 0.01)

Significant difference in maximum peak torque of
extensors was found between 60 deg/sec and 180 deg/sec
(t value = 5.66, P < 0.01)

Significant difference in maximum peak torque of
extensors was found between 120 deg/sec and 180 deg/
sec (t value = 4.39, P < 0.01)

Comparison of Maximum peak torque / body weight of
flexors among 60 deg/sec, 120 deg/sec and 180 deg/sec in
Group 1

Significant difference in maximum peak torque of flexors
was found between 60 deg/sec and 120 deg/sec (t value =
2.32, P < 0.05)

Significant difference in maximum peak torque of flexors
was found between 60 deg/sec and 180 deg/sec (t value =
3.64, P < 0.01)

Significant difference in maximum peak torque of flexors
was found between 120 deg/sec and 180 deg/sec (t value =

2.93, P < 0.01)
Comparison of Maximum peak torque (Hamstring /

Quadriceps) Ratio among 60 deg/sec, 120 deg/sec and 180
deg/sec in Group 1

No significant difference was found in Maximum peak
torque (Hamstring / Quadriceps) Ratio between 60 deg/sec
and 120 deg/sec (t value = 0.75, P = 0.47)

Significant difference was found in Maximum peak torque
(Hamstring / Quadriceps) Ratio between 60 deg/sec and
180 deg/sec (t value = 2.17, P < 0.05)

Significant difference was found in Maximum peak torque
(Hamstring / Quadriceps) Ratio between 120 deg/sec and
180 deg/sec (t value = 2.17, P < 0.05)

Comparison of Maximum peak torque / body weight of
extensors among 60 deg/sec, 120 deg/sec and 180 deg/
sec in Group 2

Significant difference in maximum peak torque of
extensors was found between 60 deg/sec and 120 deg/sec
(t value = 3.87, P < 0.01)

Significant difference in maximum peak torque of
extensors was found between 60 deg/sec and 180 deg/sec
(t value = 6.78, P < 0.01)

Significant difference in maximum peak torque of
extensors was found between 120 deg/sec and 180 deg/
sec (t value = 8.97, P < 0.01)

Comparison of Maximum peak torque / body weight of
flexors among 60 deg/sec, 120 deg/sec and 180 deg/sec in
Group 2

No significant difference in maximum peak torque of
flexors was found between 60 deg/sec and 120 deg/sec (t
value = 0.98, P = 0.35)

Significant difference in maximum peak torque of flexors
was found between 60 deg/sec and 180 deg/sec (t value =
2.97, P < 0.01)

Significant difference in maximum peak torque of flexors
was found between 120 deg/sec and 180 deg/sec (t value =
2.60, P < 0.05)

Comparison of Maximum peak torque (Hamstring /
Quadriceps) Ratio among 60 deg/sec, 120 deg/sec and 180
deg/sec in Group 2

Significant difference was found in Maximum peak torque
(Hamstring / Quadriceps) Ratio between 60 deg/sec and
120 deg/sec (t value = 1.96, P < 0.05)

No significant difference was found in Maximum peak
torque (Hamstring / Quadriceps) Ratio between 60 deg/sec
and 180 deg/sec (t value = 1.63, P = 0.13)

No significant difference was found in Maximum peak
torque (Hamstring / Quadriceps) Ratio between 120 deg/
sec and 180 deg/sec (t value = 0.54, P = 0.60)

Comparison of Maximum peak torque / body weight of
extensors among 60 deg/sec, 120 deg/sec and 180 deg/
sec in Group 3

Significant difference in maximum peak torque of
extensors was found between 60 deg/sec and 120 deg/sec
(t value = 5.30, P < 0.01)

Significant difference in maximum peak torque of
extensors was found between 60 deg/sec and 180 deg/sec
(t value = 8.27, P < 0.01)

Significant difference in maximum peak torque of
extensors was found between 120 deg/sec and 180 deg/
sec (t value = 5.82, P < 0.01)

Comparison of Maximum peak torque / body weight of
flexors among 60 deg/sec, 120 deg/sec and 180 deg/sec in
Group 3
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Significant difference in maximum peak torque of flexors
was found between 60 deg/sec and 120 deg/sec (t value =
4.68, P < 0.01)

Significant difference in maximum peak torque of flexors
was found between 60 deg/sec and 180 deg/sec (t value =
7.28, P < 0.01)

Significant difference in maximum peak torque of flexors
was found between 120 deg/sec and 180 deg/sec (t value =
5.16, P < 0.05)

Comparison of Maximum peak torque (Hamstring /
Quadriceps) Ratio among 60 deg/sec, 120 deg/sec and 180
deg/sec in Group 3

No significant difference was found in Maximum peak
torque (Hamstring / Quadriceps) Ratio between 60 deg/sec
and 120 deg/sec (t value = 1.64, P = 0.13)

Significant difference was found in Maximum peak torque
(Hamstring / Quadriceps) Ratio between 60 deg/sec and
180 deg/sec (t value = 1.96, P < 0.05)

No significant difference was found in Maximum peak
torque (Hamstring / Quadriceps) Ratio between 120 deg/
sec and 180 deg/sec (t value = 0.97, P = 0.91)

For the Maximum peak torque measures, as the velocity
of shortening increased, the value of concentric peak torque
reduced. With the increase in the velocity of shortening an
increase in value of maximum peak torque (Hamstring /
Quadriceps) Ratio was observed.

Discussion

Knee stability is accomplished through three components
osseous structures, ligamentous structures and the
neuromuscular dynamic control system. The dynamic
stabilizers of the knee are the muscles surrounding the joint.
Muscle functions to provide movement dynamic joint stability
and to control and absorb joint stress.

The quadriceps muscle is an important stabilizer of the
knee joint and often exercise is designed to strengthen the
quadriceps muscle7.

However, pain and swelling of the knee joint leads to
restriction of range of motion and contractures of joint
capsule and hamstrings54. Therefore, knee flexor muscle
groups are subject to hypotrophy as well as knee extensors
in knee osteoarthritis.

In this study investigation was done to determine the
relationship of torque developed by knee flexors and
extensors in the presence and absence of radiologic
evidence of knee osteoarthritis. Measures of patients were
also compared with healthy subjects to investigate muscle
wasting in knee osteoarthritis.

To see the effect of severity on the Isokinetic strength in
knee osteoarthritis. 3 groups of subjects were included in
the study. Group 1 comprised of subjects with
symptomatology and radiologic findings of knee
osteoarthritis., more advanced cases of knee osteoarthritis.
were included. Group 2 included subjects having knee joint
pain without the radiologic evidence of knee osteoarthritis..
Group 3 comprised of healthy subjects of the same age group
(40 – 60 years).

Lack of association between symptomatology and
radiologic eveidence of OA was previously described by
Cobbs et al in a study of Jaletan and Balci et al55.

The radiologic appearance may be normal if pathologic
changes leading to clinical symptoms are sufficiently mild56

and radiographic findings may lag behind patient’s

symptoms.
Stauff et al49 cited in the study of Messier et al reported

differences in Isometric strength of 55% to 70% in
osteoarthritis. subjects compared to group of healthy adults.

Messier et al49, in their studies confirmed that adults with
osteoarthritis of knee have significantly less strength in both
the dominant and non-dominant legs compared to age and
gender matched adults without arthritis.

Chang, Pai et al58, reported reduction in knee extension
torques in knee osteoarthritis. Lankhorst et al 50 reported
that dynamic torque measurements had very little advantage
over static tests.

Isokinetic exercise is an effective, safe and reliable
alternative for knee osteoarthritis rehabilitation in elderly.

Concentric strength measures of knee flexors and
extensors were used in accordance with the study by David

et al58, they reported test retest reliability of concentric
mode of biodex.

Hamstring/quadriceps strength ratio was used based on
the finding by Campbell et al (1982) who found that this
ratio is better measure of knee function than peak torque36.

Klopffer et al60 (1998) suggested the use of peak torque
relative to body weight in establishing goals for rehabilitation
of individuals with knee pathology.

Sitting position48,61 was chosen to measure maximum
peak torque as supported by studies.

Slow to fast speed testing order was used in accordance
with the study of Wilhite48 et al (1992)

Tredinnick and Duncan62 (1988) reported excellent
reliability of concentric peak torque at 60 degrees/sec, 120
degrees/sec and 180 degrees/sec.

Trunk stabilization was used in accordance with a study
by Hart et al35

 ( 1984) who found that adequate trunk stabilization leads
to  higher production of torque.

Michael et al45 reported the importance of gravity
correction of isokinetic peak torque during calculating knee
flexor to extensor ratios.

Three submaximal including one maximal trials were
selected in warm up on the basis of supporting literature63,46.

Hard cushion end stop was used as suggested by Taylor
et al47 ( 1991).

Visual feed back of torque values was provided to
subjects as supported by Broadie63 et al (1991).

In this study significant difference was found in the
maximum peak torque measures (Maximum peak torque/
body weight of flexors and extensors) of Group 1, 2 and 3.
At all the speeds the extensor and flexor strength was
reduced in subjects with advanced osteoarthritis as
compared with healthy controls. In Group 1 subjects
reduction of strength measures was more remarkable than
subjects of Group 2.

There is significant isokinetic strength loss of both flexor
and extensor muscle group progressing from Group 3 to
Group 1, indicating that isokinetic strength loss progresses
with disease progression, These findings are consistent with
study by  Jale tan et al (1995) they reported that there is
isokinetic strength loss in patients with knee osteoarthritis.

Slemenda et al59 ( 1998) reported reduced quadriceps
strength relative to body weight in patients with knee
osteoarthritis and contributed this to reflex inhibition of
muscle contraction.

Dekkar et al cited in study of Giir et al46 (2003)  stated
that muscle weakness is a mediating factor between negative
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affect and disability. They stated that negative affect
enhances patient’s tendency to avoid pain related activities,
a low activity level induces muscle weakness and instability
of joints.

Within group analysis in this study showed that as the
speed of shortening increases the values of concentric
torque decreases. Isokinetic muscle strength of knee flexors
and extensors at 60 deg/sec was higher than the strength
measures performed at 120 deg/sec and 180 deg/sec. These
findings55,64,66,67,69 are consistent with the findings reported in
the literature.

Klofter and Grey70 demonstrated increasing torque output
by the hamstrings as the test velocities increased. They
concluded that increasing velocity of knee extension may
cause increased reaction of the stretch receptors in the
hamstrings and facilitated torque production.

Thorstenson et al71 (1977) stated that composition of fast
twitch fibres and slow twitch fibres may effect torque output.
If hamstring or quadriceps muscles contain a higher ratio of
fast twitch fibres, increased torque production with increasing
velocities may be expected.

The present study showed increased peak torque at
decreasing velocity. Subjects (inactive, middle aged) in the
study probably had a higher proportion of slow twitch fibres.

Kannus(1994)72,35 reported that for concentric
contractions there is parallel decrease in maximal moment
developed by muscles as speed increases. This is because
of neuromuscular recruitment patterns that is both type I
and type II fibres are activated together at lower speeds but
as speed increases less number of type I fibres are recruited
and eventually become inactive. At very high velocities
smaller and smaller fiber populations are recruited.

The hamstring to quadriceps ratio is a measure of the
relationship between strength of these two muscle groups.

In the present study, Within Group analysis showed that
as the speed of shortening increases the value of torque
increases.

These findings are in accordance with findings by Kannus
et al72, Nunne et al, indicating a possible decline in
quadriceps activity.

Maximum peak torque hamstring to quadriceps ratio
values were not significant between 3 groups of subjects at
60 deg/sec, 120 deg/sec and 180 deg/sec. The results
indicate that there is hamstring as well as quadriceps
weakness in subjects with knee osteoarthritis. These findings
are consistent with findings by Brandt et al and Tan et al55

(1995).
The findings of the present study are that i) as the disease

progresses there is an increase in isokinetic strength loss
of both flexors and extensors of the knee.ii) No significant
difference in maximum peak torque hamstring to quadriceps
ratio indicates strength loss of both muscle groups.

Clinical relevance

The results of this study showed that there is considerable
loss of strength of flexors and extensors in patients with
osteoarthritis as the severity of disease increases. There is
no significant difference in maximum peak torque ratio
indicating equal strength loss of both muscle groups.

So, hamstring muscle strengthening exercises are as
important as quadriceps strengthening exercises and should
be incorporated in the treatment plan of knee
osteoarthritis.Isokinetic  maximum peak torque loss of knee

extensors and flexors was found in both patient groups, when
measures were compared with healthy individuals. However,
isokinetic strength ratios of hamstring to quadriceps muscles
did not show a statistically significant difference between
the groups. This may be related to equal strength loss of
knee extensors and flexors sin patients with knee
osteoarthritis rather than an ipsilateral muscle imbalance,
which significantly proves the present hypothesis.
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Comparative study of ultra sound & laser therapy in the treatment
of temporomandibular joint disorders
S.D. Ganvir
Professor, Ravi Nair Physiotherapy College, Sawangi (M) Wardha, Maharashtra

Objective

To Investigate the effectiveness of Ultra Sound & Laser
therapy in the treatment of patients with Temporomandibular
joint Disorders.

Methods & Measures

42 Patients with the diagnosed condition of
Temporomandibular joint disorders were taken up for the
study. They were divided equally randomly into two groups.
Patients in control group were treated with Ultrasound n=21&
experimental group with laser therapy n=21. Both the groups
were put on common exercise programme, consisting of
range of motion exercises , stretching exercises and postural
training. Treatment consisted of ten sessions, in a period of
30 days. Active range of motion (AROM), visual analogue
scale (VAS) of pain and muscle (masseter and anterior
temporalis) palpation were used for follow-up analysis.

Results

Pre& post assessment was done by another therapist
who was blinded to the groups. Assessment tools were VAS
for the relief of pain & measuring tape for recording the
changes in range of motion of TM joint. Data were analyzed
by Friedman test and ANOVA for repeated measurements.
Results showed decrease in pain and increase in AROM for
both groups (p<0.05), and improvement in muscle
tenderness for the LASER group. Authors concluded that
both therapies are effective as part of TMD management.

Introduction

The TMJ is the joint formed by the temporal bone of the
skull (Temporo) with the lower jaw or mandible(mandibular)
There are two different movements associated with jaw,
opening and closing. For about the first third of the opening
range the movement is hinge-like, and in the last two thirds
of the opening range the condylar head, slides forward and
down. Closing movement occur in reverse order1

We use this joint more frequently than most of the other
joints in our bodies. Every time we talk, chew, bite down or
swallow, we put the TMJ to work. This condition produces
pain in the muscles and joints of the jaw that can radiate to
the face, neck, and head and even the shoulders2. There
also may be difficulty opening the mouth all the way, or
clicking and popping noises when chewing, yawning, kissing
or moving the joint. The most common causes of TMJ are a
poor bite, and stress, combined with grinding of the teeth,
especially at night. Gum chewing can make this problem
even worse. The causes of temporomandibular joint disorder
are a combination of muscle tension and anatomic problems

within the joints. TMD comprise a number of signs and
symptoms affecting the masticatory muscles,
temporomandibular joint (TMJ) or both. In this context,
physical therapy aims to:
1. Increase the awareness of the Patients about the cause

of the symptoms
2. Allow for recovering of normal function.
3. Relieve pain
4. Re-establish muscle& joint movement3.

There are many papers reporting the use of LLLT (low
level laser therapy) for improvement of symptomatology of
TMD patients. In 1988, Bezuur Habets, Hansson observed
total pain relief in 80% of arthrogenic patients (TMJ) after
delivery of LLLT for a mean period of 6 days. Hansson, in
1989, reported a fast decrease in intra-articular inflammation
in TMJ of five patients after application of infrared laser4. In
1989, Hatano observed positive effects of laser radiation
for reduction of the patient’s responses to palpation with an
830nm device, but this study did not include a control group5.
On the other hand, Hanssen, Thoroe (1990), carried out a
double-blind study to evaluate the effectiveness of an
invisible infrared laser diode (904nm) for therapy of orofacial
pain and no significant differences were found for the VAS
between the control and experimental groups6. Gam,
Thorsen, Lonnberg, in 1993, observed the effect of low level
laser therapy in a meta-analysis and concluded that such
treatments not effective for Musculoskeletal disorders7  .
‘‘conti et al’  in 1997,evaluated the efficacy of low level laser
therapy in patients with TMD by means of a double-blind
design and the outcomes did not demonstrate significant
differences between the real and placebo groups.

The literature demonstrates the importance of physical
therapy in the treatment of temporomandibular disorders.
Therefore the aim of this study was to compare the
effectiveness of ultrasound and low-level laser therapy for
the treatment of patients with TMD8.

Examiners

The research coordinator applied the laser therapy, while
Therapeutic ultrasound was applied by a general practitioner.
Another researcher carried out the selection of patients and
co-ordination of the project in order to establish a double
blind design. Moreover, a specialized dentist along with
physiotherapist conducted the physical evaluation of the
patients before and after treatment sessions.

Devices

A low level laser device with wavelength of 830 to 904nm
was used at an output of 4J/cm2 and power of 100mW
(INFRARED-27) Hintek Delhi Phyaction 740, Laser unit
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producing semi-conductive (diodic) gallium arsenide (Ga
As)laser (wave length 904 nanometer, mean output power
:17mW)was utilized in my study. The two most tender points
were selected during examination (masseter and the anterior
portion of the temporalis muscle). Therapeutic  ultrasound
selected device was the Electro care system Limited
continuous mode with frequency of 1MHz, an intensity of
0.8W/CM Square over area of selected tender point.

Material and methods

Subjects
Although  a total of 45 subjects were initially included,

three abandoned the study for different reasons. Final
sample was composed of 42 individuals with a mean age of
25.6 years attending TMD in the department of
Prosthodontics of sharad pawar dental college Datta Meghe
University of health sciences sawangi, Wardha. The entire
sample was informed about the objectives of the study and
after all procedures had been explained, including palliative
home care, counseling or muscle exercises, an informed
consent form, was signed. TMJ sounds, limited mouth
opening, or TMJ locking, were included in my study. Cases
with congenital abnormality, concomitant inflammatory or
neoplastic conditions, and those with a recent history of acute
trauma or any form of treatment within the last month were
excluded. Patients were randomly selected & proportionally
divided into two groups, namely LASER group and
ULTRASOUND group. Before three days and during course
of this study, patients were asked not to take analgesic drugs,
or other form of therapy.

Treatment modalities

The application techniques followed the manufacturers’
instructions. The LASER group was submitted to the low
level laser therapy with “scanning” movements instead of
touching the skin directly over the painful area. This
technique was suggested by the manufacturer and allows
for treating not only a limited painful spot, but the entire
painful area by means of this “scanning” motion. The period
of application for this group was 9 minutes for each side of
the face. The Ultrasound group received the same number
of sessions as the LASER group, comprising 10 sessions, 3
times a week, during 4 weeks. The total time of application
of this therapy was 40 minutes, excluding the first 5 minutes.

Evaluation was performed immediately before and 5
minutes after each therapeutic session by means of the
visual analogue scale (VAS), mandibular active range of
motion (AROM) and palpation of the masticatory
muscles9,12,13,14,15.

Statistical analysis

After informed consent was obtained, all patients were
evaluated by the investigator. Pain intensity, number of
tender points and joint sounds, maximal active and passive
mouth opening, right and left lateral jaw motion were
assessed immediately before and 5 minutes after each
therapeutic session. Pain intensity was recorded in mm on
100mm Visual Analogue Scale(VAS). Number of tender
points(minimum:0,maximum :36)were assessed by palpation
of the following 18 points in both sides: joint capsule(lateral-
posterior-superior) masseter (anterior-inferior-deep),

temporal (anterior-deep-middle-origin), medial lateral
pterygoid, sternocliedomastoid (upper-middle-lower)
trapezius (origin-upper), splenius capitis muscles. On
examination the two most tender points in each were
selected for therapy. (masseter and the anterior portion of
the temporalis muscle). Number of joint sounds were
assessed by oscultation of TMJ during mouth opening
&closing, listening for the presence of opening &closing clicks
a well as fine &coarse crepetation (30)The total number of
sounds on both sides were recorded. The patients were
asked to open his/her mouth as much as possible for the
measurement of maximal active mouth opening. Maximal
passive mouth opening was measured after application of
downward pressure on the mandible by the second &third
fingers of the patient. The vertical distance between upper
&lower teeth was measured by a ruler scale &recorded in
mm for these parameters(23,30-31). Lateral jaw motion was
assessed by measurement of the horizontal distance
between the midpoints of upper& lower incisors in
mm(23,30,31)9. All patients of group A (laser) were treated
with ten sessions of LLLT. INFRARED-27 Hintek Delhi
Phyaction 740, Laser unit producing semi-conductive (diodic)
gallium arsenide (Ga As)laser (wave length 904 nanometer,
mean output power:17mW)was utilized in my study. The two
most tender points selected during examination (masseter
and the anterior portion of the temporalis muscle). All patients
were evaluated by the first investigator who was blinded to
treatment group. The VAS is carried out through horizontal
line measuring hundred mm, containing the text no pain at
the left end and the worst possible pain at the right end, on
which the patients mark with vertical line the position that
better indicate the degree of perceived pain at that moment.
such measurement constitute a parameter for subjective
follow-up of the evolution of symptom. Muscle palpation was
performed bilaterally, with firm yet gentle &constant pressure
approximately 1500 gram as describe by “conti et al’ Thus,
on the basis of the reactions demonstrated by individuals,
the degree of pain under palpation was rated as 0 – no pain;
1 – mild pain; 2 – moderate pain; 3 – severe pain. The
evaluated muscles were the masseter and the anterior
portion of the temporalis muscle10.

Results

Evaluation of the Visual Analogue Scale (VAS)
Initial VAS for the LASER group was 66.1mm and final

VAS of 7.8mm (p<0.001). For the ultrasound group, initial
VAS was 57.2mm and final VAS was 4.4mm (p<0.019).
Treatment evolution can be seen in Fig. 1, where a general
improvement before and after each session can be observed.
Besides, it is noticed that the posterior session begins with
a milder pain the anterior session. The outcomes of the VAS
highlighted that there was no statistically significant
difference between groups (p=0.527)and the immediate
effect was also not significant (p=0.266).On the other hand,
the effect between sessions (within group analysis) was
statistically significant (p=0.048).

Table 1: Demographic data for each evaluated group.
GROUP LASER (group A) ULTRASOUND (group B)
Gender 20 female and 01 male 20 female and 01 male
Age(mim—max) 25.8 years(25-40) 25.6 years(25-40)
Pain duration 8 months(6-24) 9 months (6-24)
(mim—max)
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Active range of motion (AROM)
Fig. 2 shows the significant improvement in maximum

opening (initial mean of 42.5mm, being 43mm for the LASER
group and 42mm for the ultrasound group, and final mean
of 47.4mm, being 47.6mm and 47.2mm for the LASER and
ultrasound groups, respectively. The ANOVA demonstrated
that there was no statistically significant difference between
groups, including the immediate effect (p=0.860 and
p=0.091, respectively). However, a significance difference
between sessions was found (p<0.001).

Muscle palpation

Statistical analysis (Friedman test) revealed no
statistically significant difference regarding pain relief for the
anterior temporalis muscle between groups (laser and
ultrasound) or between right or left sides (Table 2). Fig. 3
and 4 demonstrate alternation between pain

Improvement and worsening for the temporalis muscles
at the right and left sides, with no evident evolution. There
was no statistically significant difference regarding pain
decrease of the masseter muscle for both right and left sides
(p=0.312 and p=0.097, respectively) for the ultrasound
group. However, for the LASER group there was a
statistically significant difference for both sides (right and
left), yielding p<0.001, respectively. Data can be observed
in Table 3. Fig. 5 and 6 demonstrate variation of the pain
condition for the masseter muscles at the right and left sides.

Conclusions

Within the limitations of this study, the following
conclusions were drawn:

1. Both therapies were effective for decreasing the
symptoms of TMD patients, regardless of the type of
device used.

Table 2: Demographic data for each evaluated group.
Group Laser Ultrasound
Gender 20 females and male 20 females and 1 male

Age(min- max) 25.8 years(25-40) 25.4(25-40)
Pain duration 8 month(6-24) 10month(8-24)
(min- max)

Table 3: Statistical outcomes for muscle palpation of the left and right temporalis
muscles for each evaluated group

Group Right side Left side
Laser P=0.237 P=0.607

Ultrasound P=0.187 P=0.094

Table 4: Statistical outcomes for muscle palpation of the left and right masseter
muscle for each evaluated group.

Group Right side Left side
Laser P=0.017 P=0.003

Ultrasound P=0.311 P=0.097

Fig. 1: Visual analogue scale in millimeters for each evaluated group, before
(B) and after (A) each therapeutic session.

Fig. 2: Mean maximum opening in millimeters for each evaluated group, before
(B) and after (A) each therapeutic session.

Fig. 3: Mean palpation of the right temporalis muscle for each evaluated group,
before (B) and after (A) each therapeutic session.

Fig. 4: Mean palpation of the left temporalis muscle for each
evaluated group, before (B) and after (A) each therapeutic
session.

Fig. 5: Mean palpation of the right masseter muscle for each
evaluated group, before (B) and after (A) each therapeutic
session.

Fig. 6: Mean palpation of the left masseter muscle for each evaluated group,
before (B) and after (A) each therapeutic session.
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2. Caution is suggested when analyzing these results,
because of the self-limiting aspect of musculoskeletal
conditions like TMD. Further clinical studies must be
performed to evaluate the  efficacy of other physical
therapy modalities.
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A differential electromyographic analysis of rectus abdominis
muscle segments during performance of different test
movements: A randomized within participants experimental study
Swati C. Meshram
Assistant Professor, Ravi Nair Physiotherapy College, Wardha, Maharashtra

Objective

To compare surface EMG activity of upper & lower portion
of Rectus Abdominis activity during 4 test movements viz,
trunk curl up(TCU), Leg Lowering, Abdominal Muscle Lift
(AML), Leg Raise. To provide the biomechanical basis for
rationalized clinical testing & training of abdominals. To find
out an activity producing optimal & maximal activation of
abdominals.

Methods

Study design & setting: Randomized, repeated measure
within subject, experimental study. All measurements were
performed in hospital EMG laboratory.
Study population: 20 normal healthy female chosen
randomly who were capable to perform all test movements
comfortably.
Procedure: EMG data was collected from Upper &Lower
portion of Rectus Abdominis muscle during performance of
4 tests movements by the subjects.
Outcome measures: Peak EMG amplitude during maximum
recruitment of muscle.
Results: Study showed differences in the activation of rectus
abdominis during 4 tasks. Amongst all the exercises
Abdominal muscle lift (95% CI=82.5-93.8, 89.7-98.2) showed
greater activation followed by Trunk curl up (95% CI=80.4-
97.3, 74.8-93.3), Leg raise (95% CI=57.2-74.09, 63.3-79.4)
& leg lowering (95% CI=53.8-70.4, 52.9-71.7).
Conclusion: No significant differences in the activation of
two portions. Rectus Abdominis activity is maximum during
abdominal muscle lift.

Key words

Rectus Abdominis, EMG activity, Abdominal Muscle
testing, abdominal muscle lift.
Abbreviation: Rectus abdominis (RA), Upper portion of
RA(URA), Lower portion of RA(LRA), Trunk curl up (TCU),
Leg lowering(LL), Abdominal muscle lift (AML), Leg
raise(LR).

Introduction

Rectus abdominis is broad & long muscular strap
descending throughout the abdominal wall. It acts to support
the viscera, helps in respiration1. It is most active in crook
lying curl up2.

Apart from its action as the flexor of torso1 it has recently
been defined as movement synergist & global stabilizer of
the spine3,4. Muscle also bears great share of load of pregnant
uterus & undergoes great amount stretching & widening5.

Strengthening of this muscle has been given prime

importance not only in the rehabilitation of low back pain
population but also in fitness testing & training in
sportsperson. Its testing & training  involves curling of trunk
& leg exercises for upper & lower portion of muscle resp6,7.

Various studies have been conducted to quantify the
activation level of upper & lower portion of RA during various
exercises. One such study Showed that curl type exercises
activates upper rectus while pelvic tilting type of exercises
activates lower rectus to the greater extent8. Another study
examined upper, medium, lower rectus abdominis during
seven abdominal exercise tasks9. Significant differences in
activation of the different portion were observed. While other
evidences suggest no such differences between its portions,
significant difference was present amongst the exercises
with regard to activation of RA muscle as a whole10. In
another study, little differences (20%) were found which were
attributed to geometric & postural changes rather than
preferential activation of upper & lower portion11.

Present study, attempts to examine the extent of
activation of upper & lower portion of rectus abdominis during
performance of 4 different task. These include basic
exercises used to test the muscle in its upper & lower portion
differently. Such a trial have neither been attempted before
nor does any subtle evidences exist to support the view that
this exercise preferential activate portions of RA differently.

Present study was an attempt to analyze normalized
Electromyographic activity of upper & lower segments of
rectus abdominis muscle. Spinal curvature & torso geometry
was maintained constant. This was done to obtained
constant force output making data comparable.

Methods

Study design: Structured, randomized, Prospective,
Comparative, study12.
Sampling techniques: Simple random sampling.
Study population: 20 healthy female resident volunteer,
undergraduate students of physiotherapy. (Age=19.45+ 0.4,
BMI=16.75+1.3)
Study set up: EMG lab, Shree Swaminarayan College of
physiotherapy, Kadodara, Surat. Local ethical committee of
college approved the study.
Inclusion criteria: Healthy females with their informed
consent to participate in study. Only female subjects were
studied because the variation in the amount and distribution
of subcutaneous tissue between the sexes could have
confounded the results.

Exclusion criteria

Subjects having  BMI > 24.9.Subjects giving H/O recent
injury, any kind of musculoskeletal impairment (structural &
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functional), recurrent backaches, abdominal colic of any
origin etc. Subject who did not give informed consent to
participate in study.
Subject selection: 20 subjects satisfying above criteria.

Procedure

Assessment
 Participants were subjected to strength testing of the

RA.
For this purpose basic test movement (TM) were  used7.

TM 1: Trunks curl up test as follows:
Subjects were positioned in crook lying position with

knees flexed to 90 degree. They were asked to perform
following movements.
Grade 1: Lifting of head in an attempt to look towards the
toes hold it for 6 sec.
Grade2: Lifting of head & curling of shoulders off the plinth
& hold it for 6 sec.
Grade3: Hands towards knees lifting of head &curling of
shoulders with rib cage off the plinth until lower angle of
scapulae clears plinth & hold it for 6 sec.
Grade4: Hand across the chest lifting of head & curling of
shoulders with rib cage off the plinth until lower angle of
scapulae clears plinth & hold it for 6 sec.
Grade5: Hands behind head curling of shoulders with rib
cage off the plinth till lower angle of scapulae clears plinth &
hold it for 6 sec.
Maximum possible grade that subjects were able to perform
was noted.
TM 2: Bilateral leg lowering test.
Position of subjects: Crook lying position with hip flexed to
70-degree position. BP cuff placed below lumber spine.
Subjects were asked to perform posterior pelvic tilting action.
Mercury level was noted. Subjects were asked to maintain
pelvic tilt so that mercury level at any time does not fall below
the noted reading + 10 mm of Hg while lowering the legs15.
Maximum grade was noted as follows:
Grade1: hip flexed to 90 degree.
Grade 2: hip flexed to 60 degree.
Grade 3: hip flexed to 45 degree.
Grade 4: hip flexed to 20 degree.
Break of 4 min was given between each grade7.

Subjects were kept in their predetermined test position
(max grade possible on TCU & leg lowering test).Skin was
prepared for the application electodes. Cathod was placed
appx. 3 cm lateral & 5 cm superior & inferior to umbilicus for
upper & lower portion of rectus abdominis resp on rt. side8,13.
Instrumentation: Surface EMG (double channel ,
Neuroperfect Medicaid System) was used to record the
muscle activity of upper & lower portion of rectus abdominis
at simultaneously while execution of task. Filter settings were
adjusted to 20 Hz to 2Kz with sensitivity at 500 UV. Electrode
movement was avoided by keeping posture constant &
collecting data during isometric hold.

Data collection: Subjects were passively kept in their
predetermined test position for TCU & Leg Lowering Activity.
Raw EMG data was collected from URA & LRA when
subjects exerting actively to hold the position in
predetermined grades. Similarly, Data was also collected
for abdominal muscle lift & leg raise activity. During leg raise
Pelvic tilting was monitored same as in leg lowering activity.
Subjects were trained for both the activities just prior to data
collection.

TM 1: Trunk curl up test (TCU)

TM 2: Bilateral Leg Lowering Test

Abdominal muscle lift is the activity similar to trunk curl
up. Only difference is that the neck lies in line with trunk.
Subject attempts to lift the trunk off the plinth. Starting position
remains similar to the TCU activity13.

TM 3: Abdominal Muscle Lift test.

Leg raise is activity where subject has to bilaterally raise
the legs without curling of the back, which was monitored
through the pressure cuff7.

Outcome parameters: Raw EMG data was collected over
2 sec for each of 4-test activities. Data of each subject for
URA & LRA separately was then normalized to max EMG
activity noted during any of four tasks. Same procedure was
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followed for all 20 subjects. Thus, actual data used for
comparison was the % of max EMG activity of upper & lower
portion. This enabled us to rectify the individual differences
of strength as well as making the data comparable8,11,13.

Data analysis: Normalized EMG data was analyzed to
compare the activity of upper & lower portion of RA during
an exercise task. Also all 4 activities were compared   for
the extent of activation of rectus abdominis.

Comparison of URA amongst all 4 activity through
ANOVA: F=13.30, P=0.000.CI =73.36-82.56.Comparison of
LRA amongst all 4 activity through ANOVA: F=14.7,
P=0.000.CI =71.64-80.80.Bonferroni Post hoc test suggest
that TCU activates muscle to the similar extent as abdominal
muscle lift task for LRA (P=1.000, CI=-13.58-14.9) & URA
(P=0.4, CI=-24.5-4.7). Leg lowering activates muscle to the
similar extent as leg raise task for LRA (P=1.000,CI=-17.7-
10.78) & URA (P=0.58, CI=-5.57-23.67).

Discussion

Descriptive analysis suggests no significant differences
between upper & lower portion of rectus abdominis activity
(table 4) (chart 2), although the differences exist in the level
of its recruitment amongst the tested exercise task. (Table
2, 3). One of the study showed similar findings in which
Rectus Abdominis did not show any differences concerning
its upper & lower portion recruitment during curl up exercise.
However, extent of its recruitment amongst 4-exercise task
showed differences. On the other hand, same study showed
reduced EMG activity during reverse curl up, leg lowering,
& rolls out task10.

In present study, attempt is made to compare basic test
movements i.e. TCU & leg lowering with abdominal muscle
lift, which haven’t been tried before. Amongst the 4 tested
exercise task; abdominal muscle lift showed overall greater
activation of upper &lower part  of rectus abdominis followed
by trunk curl up as compared to leg lowering & leg raise

activities. (Table 3, 4). Differences are statistically significant.
The exercise tasks selected for the present study are the
activities used to test the upper & lower portion of Rectus
Abdominis muscle differently7,14.

However, findings of present study suggest that the lifting
of upper torso type of activity activates the rectus abdominis
in the better way as compared to leg lowering & leg raising
task. One of the study supports this finding in which
significant differences were observed between upper & lower
portion of rectus abdominis muscle during performance of
certain exercise task13.

Results also suggest that abdominal muscle lift was the
activity has a tendency to recruit rectus abdominis to
maximum extent consistently followed by trunk curl up.
(Table 3, 4)

Findings presented by sarti et al, showed the preferential
recruitment of lower rectus abdominis during posterior pelvic
tilting exercises in highly trained individuals. While upper
portion of rectus recruited more during trunk curl, type of
exercises8. In his study, author had assigned the subject to
a group of highly trained correct performers, so it is highly
doubtful that to which extent the above findings can be made
generalized to the population where fitness characteristics
are varied & non uniformity exist amongst the demographic
characteristics of the subjects. In our study, we selected the

TM 4: Leg Raise

Table 1: Showing demographic data of subjects included in study.
weight height TCU LL BMI

Mean 43.45 161.25 4.15 1.7 16.72
Lower95% CI 42.16 158.95 3.8 1.35 16.09
Upper 95% CI 44.73 163.54 4.49 2.04 17.4
S.D 2.74 4.89 0.74 0.73 1.39
S. E 0.61 1.09 0.16 0.16 0.31

Table 2: Descriptive analysis of URA for all test movements.
N Mean S.D S.E. 95% C.I.

TCU 20 84.1 19.76 4.42 74.84-93.35
LL 20 62.35 20 4.47 52.98-71.71
AML 20 94 8.98 2 89.79-98.2
LR 20 71.4 17.15 3.83 63.37-79.42
Total 80 77.9 20.68 2.31 73.36-82.56

Table 3: Descriptive analysis of LRA for all test movements.
N Mean S.D S.E. 95% C I

TCU 20 88.90 18.13 4.05 80.41-97.38
LL 20 62.15 17.66 3.94 53.88-70.41
AML 20 88.20 12.06 2.69 82.55-93.84
LR 20 65.65 18.03 4.03 57.20-74.09
Total 80 76.22 20.56 2.29 71.64-80.80

Table 4: Comparison of activation between upper & lower portion of RA during
performance 4 exercise task.
Paired Samples Test
Test Mov. Mean diff S.D 95% C I t Sig. (2-tailed)
TCU -4.80 22.04 -15.11-5.51 -0.97 0.34
LL .20 17.90 -8.17-8.57 0.04 0.96
ABM 5.80 12.71 -0.15-11.75 2.04 0.05
LR 5.75 23.02 -5.02-16.52 1.11 0.27

Chart 1:

LRAMLLLTCU

EXERCISE TASK

100.00

80.00

60.00

40.00

20.00

0.00

Mean of emg act.

65.65

71.40

88.20

94.00

62.15

62.35

88.90

84.10

Error bars: 95% CI

LRA

URA

Chart showing comparative EMG activity of URA/LRA .
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Chart 2:
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physiotherapy female students of average built, who were
not under any training programme. (Table1)

Our main concern was to study the activity of lower
portion of rectus abdominis recruitment during trunk curl up
& abdominal muscle lift.

It was noted that lower portion was activated to similar
extent as the upper portion of rectus in fact its recruitment
was greater during this two activities as compared to leg
raise &leg lowering activity, which was significant statistically
(table3). The result does not support the belief that leg raise
& lowering are necessary conditions to activate the lower
portion of rectus abdominis. That the strength & endurance
adaptation occurring at one section should occur in other
section too13. During leg raise & leg lowering activity overall
Rectus Abdominis activation was although the lesser than
as compared to other two task; both the upper & lower portion
were activated the similar extent. (Table 4) Thus, even the
upper part of rectus can be stimulated through the leg raise
& leg lowering exercises. Thus, we can say that as lower
portion gets activated to the similar extent as upper portion
through AML & TCU, upper portion gets activated to the
similar extent as lower one in leg raise & leg lowering. Further
selection then depends on whether eccentric muscle work
or concentric muscle work is required & determine by the
effects of specificity of training. Thus, lower portion of rectus
testing & training can be achieved satisfactorily through trunk
curl up & abdominal muscle lift exercise.

It was shown that curl up activity at least activates 20-
50% of MVC of rectus abdominis, which is sufficient to
stimulate force production (strength) & endurance. In same
study 20% differences in differential recruitment of upper &
lower portion of rectus abdominis were observed. This was
attributed to geometric & postural changes11.

Thus, to bring about an activity whether it is to curl up
the torso or lift & lower the leg, both the portions of rectus
are recruited to almost similar extent in general population
of average strength (Table 4). The scope for its clinical
application in certain situation should be searched out .e.g.
diastasis of recti where rectus  testing & training cannot be
undertaken thought trunk curl up exercise .In this situation
leg lowering or its lowest sub grades can be used to test &
train the muscle. If any portion becomes preferentially weak
as occurs in the diastasis of lower portion of recti 2 possibility

exists. First, not only leg raise but trunk curl will also be
weak. Second, strong portion must be compensated for the
weak part to bring an activity creating undue overloading of
the respective part of thoracolumber spine. Amongst 4
exercises, all the activities tested muscle concentrically
except leg lowering task where muscle works eccentrically.
Trunk curl up & abdominal muscles’ lift checks muscle ability
to raise the torso while leg raise & leg lowering checks its
ability to stabilize the pelvis ability to against the moving
limb.(static action). Hence, each of the exercise bears unique
biomechanical characteristics. This should be a deciding
factor while undertaking the testing & training procedure for
the rectus abdominis. This possibilities advocates further
research & needs to be tested clinically.

Conclusion

Traditional exercises employed for the differential testing
of rectus abdominis recruits both portions to similar extent.
In such situation, purpose of testing, training, &
biomechanical characteristics of an exercise should be a
consideration. Given priority to theses aspects, one should
use realistic testing procedures in certain special situations.
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Abstract

Introduction

Physiotherapy is concerned with identifying and
maximizing movement potential, within the spheres of
promotion, prevention, treatment and rehabilitation. The
practice of physiotherapy should not be defined by the use
of modalities but rather the integration of examination, history
and analysis of movement dysfunction. Physiotherapy is
used in wide variety of disease conditions like
musculoskeletal problems, neurological disorders, sport
injuries, geriatric injuries, burn injuries and rehabilitation of
patients in intensive care unit. But unlike various
specializations dealing with health and disease like medicine,
surgery, orthopedics, ophthalmology etc, this important
specialty has not gained much popularity. Not much research
has been conducted in our country on this important topic.

This study has therefore been conducted to gain insights
regarding patient’s awareness and perceptions regarding
physiotherapy and to build future roadmaps to increase the
same.

Objectives

1. To find out awareness and perception regarding
physiotherapy.

2. To compare income level of patients of various
categories with the duration of treatment.

3. To find out myths and misconception regarding
physiotherapy.

4. To suggest measures for educating the patients
regarding physiotherapy.

Material and method

Cross-sectional hospital study of 200 patients attending
the physiotherapy OPD done in a period 6 months (July
2007-dec2007). All eligible subjects were interviewed
personally by physiotherapist using a performed and pre-
tested schedule. Questions regarding the respondent’s
biosocial characteristics, awareness and perception
regarding physiotherapy were included in the schedule.

Quantitative analysis was done using chi-square test.

Results

Results show that 54.43 % urban and 34.71% rural
subjects were aware of physiotherapy. These results were
according to their level of education and occupation. Similarly
only 90 patients out of 200 had the knowledge of
physiotherapy treatment.

Key words

Knowledge, awareness, perception, physiotherapy OPD

Introduction

Patients and staff satisfaction is an important component
of the health care industry in this modern competitive era. It
was felt that there is a need to the awareness and perception
level of the patients. Patients attending each hospital are
responsible for spreading the information of physiotherapy
and therefore awareness and good perception of patients
attending the hospitals is equally important for
physiotherapy1. The promotion of health and active life for
people is embedded in local council planning, awareness
and perception with specific programmes on disease
prevention. We wanted to get away from the stereotypical
view of the type of exercises that older people enjoyed, such
as keep fit classes and change older peoples exception of
what activities they are capable of doing. The programme
aims to improve capabilities of everyday life and build their
confidence so that they feel like living like again. Awareness
and perception puts the services success down to many
factors; the facility itself, staff dedication, training home care
staff in rehabilitation and the backing of senior executives
who allow operational managers to get with delivering the
service.

Purpose

In the hospitals, the outpatient department is often called
“shop window”2. Patient’s awareness leads to drift in both
new and old patients, which hinders the sustainability of any
hospital in long run. This study was conducted to know the
awareness and perception level of patients. Various studies3

about out patient services, perception and awareness elicited
problems like overcrowding, delay in consultation, proper
behavior of staff are vital in improvement of awareness and
perception. Purpose of this is to investigate the extent of
public awareness of physiotherapy service and identify the
sources of public information.

Materials and method

200 subjects were randomly selected for the
questionnaire based study. A questionnaire was made in
English and Hindi comprising of questions regarding the
personal details of the patients, their level of education, family
details, physiotherapy awareness, source of information
regarding physiotherapy, effectiveness of physiotherapy, and
duration of treatment. The questionnaire consists of two page
document involving 18 questions which were either given
by ticking the appropriate answer or by writing the answer
in short.
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Statistical test was done using chi-square test.

Inclusion criteria

Patients should be cooperative. In case of patients in
pediatric age group (less than 12 years), their accompanying
parents/guardian will be interviewed.

Exclusion criteria

Patients in critical condition meaning there are in need
of admission in hospital/bedridden or who will not be in need
of physiotherapy or not able to respond or not wiling to
participate will not be included in study. Patients interviewed
once were not included again.

Results

The following table shows correlation between the
different categories of patients among rural, urban, level of
education and level of occupation. (Table No.1)

Level of significance was found using p value < .05
between following categories:

Knowledge and perception level

90 patients out of 200 knew about physiotherapy and
then there knowledge about physiotherapy was assessed
using simple questions. The results are as follows:

Discussion

Results have shown that more awareness was found
among patients in the urban sector but that too only those
who were highly qualified and were professionals. It is
calculated that 115 patients out of 200 were unaware of
physiotherapy out of which 79 were from rural sector and
36 from urban (Table No 1).  This unawareness towards the
upcoming branch of paramedical sciences that is
physiotherapy, occupational therapy etc. is due to
misconceptions towards yoga which is just a way for keeping
fit physically and mentally as compare to physiotherapy
which prevents the diseases and improves quality of life by
sort of exercise, manipulations and mobilizations without any
side effects, without consuming handful of drugs.

This owes its root to lack of education. Results also show
that only 18.18% illiterate, 35.90%high school, 86.67%
professional are aware of physiotherapy (Table No. 1).
Another reason being that physiotherapy is considered
similar to allopathy treatment like visiting the doctor only
once or twice will serve the purpose. This misconception
should be removed from patients mind and they should be

exposed to physiotherapy treatment for at least one week
to ten days.

It is evident from table no. 4 and subsequent graphs when
duration and income was correlated, it was seen that patients
falling under low income group or are unemployed / illiterate
opted for short duration or did not know about the duration.
A proper complete physiotherapy treatment needs more time
and money, people runaway from it finding a less expensive
and easy short cut for their treatment. They are unaware
and fall a prey in the hands of massage corners etc.
Physiotherapy treatment should be made available to rural
sector and low income group at affordable prices within their
reach.

Similarly when the knowledge of physiotherapy was
compared among different group of people according to
education and occupation as per table no 5 it was seen  only
90 patients had knowledge of physiotherapy, only around
60-70% knew that physiotherapy had no side effects and
that highly qualified wanted to continue their treatment.
Skilled, semiskilled and unskilled had no knowledge whether
to continue the treatment or not.

Table 1:
Rural/ Urban

S.No. Category Total Patients Patients
Aware N (%) not aware

1 Rural 121 42  (34.71) 79
2 Urban 79 43  (54.43) 36

Education
3 Illiterate 44 08 (18.18) 36
4 Primary school 21 07 (33.33) 14
5 Middle school 28 06 (21.43) 22
6 High school 39 14 (35.90) 25
7 Intermediate 24 11 (45.83) 13
8 Graduate 29 23 (79.31) 06
9 Professional 15 13 (86.67) 02

degree
Occupation

10 Unemployed 23 13 (56.52) 10
11 Unskilled 25 04 (16.00) 21
12 Semiskilled 26 05 (19.23) 21
13 Skilled 09 05 (55.56) 04
14 Clerical 58 25 (43.10) 33
15 Semi professional 37 20 (54.04) 17
16 Professional 22 11 (50.00) 11

Table 2:
S. No Categories

1 Rural and urban *
2 Illiterate and high school ns

3 Graduate and professional ns

4 Unskilled and skilled *
5 Semiskilled and skilled *

* -Significant
ns- not significant

Table 3:
S. No Categories Total % of patients who had % of patients who knew % of patients who Number of patients

Knowledge of different that physiotherapy has no wanted to continue who knew about
treatment techniques side effects  the treatment physiotherapyTreatment

1 Rural 45 88.88 60 84.44 40
2 Urban 45 73.33 73.33 91.11 37
3 Illiterate 10 60 60 70 06
4 High school 18 66.66 61.11 88.88 12
5 Graduate 21 80.95 71.42 95.23 17
6 Professional 13 61.53 69.23 100 08
7 Unskilled 04 75 75 - 03
8 Semiskilled 08 62.5 62.5 - 05
9 Skilled 06 83.33 50 - 05
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Table 4:
Categories Gp1 Gp2 Gp3
Illiterate 4000 3625 9750
High school 8000 5222 7900
Graduate 33333 6575 6944
Professional 3750 6916 6250
Rural 9928 4971 8052
Urban 6071 29000 6613
Unskilled - - 1483
Skilled 3000 8000 9350
Semiskilled 4000 1250 3750

Gp1= short term duration
Gp2= long term duration
Gp3= no knowledge of duration of physiotherapy

This profession now a day is highly exploited by its own
professionals who are do short term courses. In the thirst of
earning at an early stage youngsters/elementary educated
people do short term courses. They apply their knowledge
which is like a drop in the ocean of physiotherapy which
may harm the patients many a times and defame our
profession.

Graphs showing correlation between duration and income of different categories
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Conclusion

It is concluded that mostly urban, highly educated and
skilled people were aware of physiotherapy and had its
knowledge. Therefore it is apparent that there is a room in
the rural area to spread awareness and knowledge about
physiotherapy to a larger section of the society who are
illiterate or unskilled by organizing physiotherapy camps and
surveys4 to promote fitness in the healthy individual across
the age spectrum.

A concern to provide an authentic  alternative to the
massage parlors forces me to request you all to help and
come forward to change the outlook of our profession by
giving best quality of treatment to patients and highest level
of education to the upcoming students of this profession.

It is my vision to bring about a revolution in physiotherapy
and I do believe that this research will channelize the efforts
to achieve the goals of ameliorating the problems faced by
physiotherapy community.

Let us all strive and help the profession of physiotherapy

Agarwal Vaibhav et al/Indian Journal of Physiotherapy and Occupational Therapy. January - March 2009, Vol. 3, No. 1



65

to blossom to become the largest allied health profession.
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Effectiveness of physiotherapy management in cervicogenic
headache: A systematic review
Wincent Anthony, Kate Grafton, Chandrasekhar Dekka
Faculty of Health and Well Being, Sheffield Hallam University, UK

Abstract

Objectives

To review the recent research on effectiveness of
Physiotherapy Management for Cervicogenic headache
patients.

Design

The computerised search of CINAHL (1982 to may 2006),
EMBASE (1988 to may 2006), MEDLINE (1988 to may
2006), Cochrane Central Register of Controlled Trails (issue
3, 2006), AMED (1988 to may 2006) and Physiotherapy
Evidence Database (1980 to may 2006) was conducted.

Participants

Studies which include patients with Cervicogenic
Headache of all age group, both gender, of all duration are
considered.

Interventions

Any one of intervention or combinations of Physiotherapy
was included. These are manipulation, exercise, manual
therapy, posture modifications, soft tissue techniques etc.

Main outcome measures

Atleast one or more of the following outcome measures
had to be considered for inclusion in this review i.e.,
Headache frequency, Intensity and Duration, Northwick Park
Neck Pain Questionnaire, Medication usage, Neck Pain
Disability Index, Visual Analogue Scale.

Results

Quality scores of 11 studies which met inclusion are 5
RCT’s and 6 case studies (qualitative studies) which ranged
from 2 to 9 with average of 6.6 and 5 to 9 with average of
5.6 respectively.

Conclusions

The review and best evidence synthesis of all the 11

studies from 1990 to 2005 revealed that physiotherapy which
includes manipulation and exercise as combination for
treatment of cervicogenic headache might be effective.
However, further large, well-controlled, randomised trials are
required in order attain definitive results.

Key words

Physiotherapy, cervicogenic headache, manipulation,
exercise.

Introduction

Headache is a symptom commonly treated by
physiotherapists and other health care professionals who
might include osteopaths, chiropractors and manual
medicine practitioners1. Cervicogenic headache (CH) as a
diagnosis was first introduced by Sjaasted et al 19832. He
argued that Cervicogenic headache was a secondary
headache arising from a disorder or lesion within the cervical
spine or soft tissues of the neck. The World Cervicogenic
Headache Society in 19983 has defined Cervicogenic
headache as ‘’a referred pain perceived in any part of the
head and caused by primary nociceptive source in
musculoskeletal tissues that are innervated by cervical
nerves’’.

It is generally accepted that the sources of pain originates
form various structures innervated by upper three cervical
nerves. Therefore, the diagnosis of Cervicogenic headache
relies on identification of these structures5.

Much literature has been published exploring
Cervicogenic headache’s epidemiology, however it remains
unclear. Its estimated prevalence ranges from 0.4 to 2.5%
of general population2 and appears to be common among
females7.

There are several published studies that evaluate the
effectiveness of various physical therapies for Cervicogenic
headache which include manipulation, exercise, manual
therapy soft tissue manoeuvres and various others. Several
systematic reviews have assessed the effectiveness of
physical treatments for chronic or recurrent headache8-10.
These reviews address the different types of treatment for
headache and these reviews only considered randomised
control trails. There has been no systematic review
specifically addressing the effectiveness of physiotherapy
in Cervicogenic headache. Therefore, the aim of this review
is to systematically review current available literature to
evaluate the effectiveness of physiotherapy for Cervicogenic
headache.

Literature search

A comprehensive literature search was carried out to
identify the pertinent research on Physiotherapy
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Management of Cervicogenic headache. One reviewer
searched computerised databases independently. The
following databases were searched CINAHL (1982 to may
2006), EMBASE (1988 to may 2006), MEDLINE (1988 to
may 2006), Cochrane central register of controlled trails
(issue 3, 2006), AMED (1988 to may 2006) and
Physiotherapy evidence database (1980 to may 2006)
were searched. Subject headings and key words were
initially derived from the research question and
included headache, cervicogenic and manipulation.
Subsequently, keywords were then identified from the initial
articles including exercise, mobilization, pain and further
headache specific language including trigeminocervical and
cervical headache i.e., headache of cervical origin. These
terms also assisted in identifying the research regarding
pathophysiology, theory and classification.However, these
are not discussed in detail as this review perhaps focused
towards physiotherapy management aspect.

Subject specific search was based on combinations of

• ‘Randomised controlled trial’.

• ‘Randomised controlled trials’.

• ‘Case study’.

• ‘Case report’.

• ‘headache’ and ‘physical therapy’.

• ‘headache’ and ‘physiotherapy’.

• ‘cervicogenic’ and ‘headache’.

• ‘cervicogenic headache’ and ‘treatment’.

• ‘Physiotherapy’ and ‘cervicogenic headache’.

• ‘Physical therapy’ and ‘cervicogenic headache’.

• ‘manipulation and Cervicogenic headache’.

• ‘exercise’ and ‘cervicogenic headache’.

• ‘Interferential therapy’.

• ‘transcutaneous electrical nerve stimulation’.

• ‘manipulation’ and ‘exercise’ and ‘cervicogenic
headache’.

• ‘chiropractic’.

• ‘osteopathic medicine’
Finally references from retrieved articles were screened

and if noted to be pertinent they were considered.

Types of studies included (Fig. 1)

This review includes randomised controlled trials, case
studies, case reports and case series. Full text articles until
May 2006 published in English were considered for this
study. To determine whether the study should be included,
the abstracts of all identified articles were assessed by two
reviewers. If there was any speculation, the full text article
was retrieved and read independently by the reviewer. Any
disagreement among reviewers was resolved by consensus.

Types of participants

Studies which include patients with Cervicogenic
headache of all age group, all gender, of all duration are
considered.

Type of intervention

Any one of intervention or combinations of Physiotherapy

was included. These are Manipulation, Exercise, Manual
therapy, Posture modifications, Soft tissue techniques such
as Trigger point massage, Muscle energy techniques.

Outcome measures

At least one following outcome measures  had to be
considered for inclusion in this review i.e., Headache
frequency, Intensity and Duration, Northwick Park Neck Pain
Questionnaire, Medication usage, Neck Pain Disability Index,
Visual Analogue Scale. These outcomes considered were
based primarily on the specific goals for patient with
Cervicogenic headache.However, outcome measure such
as Range of Motion (ROM) was not considered as it was a
secondary requirement for patients with Cervicogenic
headache.

Assessment of methodological quality

The methodological assessment was performed by two
reviewers independently for all included studies (full text
articles). The methodological quality of randomised
controlled trials was performed using PEDro rating scale
(Table 1) (Appendix B)24 and case study was assessed
separately using CASP (Critical Appraisal Tools, 2006)
(Table 2) (Appendix C)25. This scale was chosen for two
reasons. First, unavailability of other standardized rating
scale for case studies. Second, it is relatively easy to access
Table 1:

Criteria for assessing methodological quality of qualitative studies
1. Aims clearly stated.
2. Use of appropriate methodology.
3. Appropriate Research design.
4. Sampling.
5. Data collection.
6. Reflectivity (research partnership relations/ recognition of

researcher bias.
7. Ethical issues.
8. Data analysis.
9. Clear statement of findings.
10. Value of research.

Based on CASP (critical appraisal skills programme) (2006). {If Yes= +, If
No= -, No Information = -}

Fig. 1:

Computerised searches (n=145 )

MEDLINE (60)
EMBASE(22)
CINAHL(30
PEDro(14)
COCHRANE(29)

127 titles considered for initial selection

Excluded (90)

Not specific to cervical
headache (n=43 )
Type of patients (n= 9)
Intervention (n=38)

Full text articles (n=17)

Excluded (n=6)

No IHS criteria (n=2)
Interventions (n=3)
Outcome measures (n=1)

INCLUDED IN THE REVIEW (n=11)
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and simple to assess.
The reviewer scored each item of the included studies

with ‘Yes’(If sufficient information is available and bias is
considered to be unlikely), ’No’(If bias is considered to be
likely) or ‘No information’(If insufficient information is given
or the criterion is rated inconclusive).Positive (+) scores for
‘Yes’ and negative (-) score for ‘No’ and ‘No information’
were added. The study was considered to be good if it had
a minimum score of 4.Any disagreement among reviewers
was followed by discussion, if necessary scrutiny by another
reviewer was considered.

Data collection (Appendix A)

Detailed information about the patient demographics,
type of headache, clinical characteristics, interventions,
outcome measures were collected using standardised
abstracting form modified from Cochrane Database for
Systematic Reviews (appendix A). One reviewer
independently extracted and recorded relevant data from
each article.

Results

The selection of the studies are shown in the Fig. 1. The
search could not be narrowed only to randomised controlled
trails due to insufficient number of  this type of evidence.
Therefore the search strategy resulted in 127 articles in total.
Based on abstracts 90 were excluded. These were excluded
(n=43) as they did not specify the headache of cervical origin
and others (n=9) did not base on the IHS criteria
(International Headache Society), however, it was difficult
to assess this criteria with case studies. Further in order to
determine the effectiveness of physiotherapy the studies that
used modalities extensively were excluded (n=38). Overall,
17 full articles were retrieved, resulting in exclusion of
another 6 articles. This exclusion of studies (n=2) was based
on the same criteria as previously discussed. In addition
studies which included the surgical treatment such as
radiofrequency denervation (n=3) was excluded. Finally, a
study was excluded based on the outcome measure (n=1).
Overall, 11 articles were included for this systematic review.
Out of these 11 articles, four (n=4) were randomised

controlled trial11-14, one (n=1) was prospective case series
[20], two (n=2) case reports i.e., one retrospective21 and other
prospective19. The others (n=4) were case report and case
studies15-18.

The methodological quality of the studies which are
RCT’s was assessed by PEDro (table 3) and other qualitative
studies such as case studies or reports was assessed using
CASP (table 4). Due to small number controlled trails, study
heterogeneity (particularly in terms of comparisons), lack of
adequate data for calculating effect size and time constraint
and reviewer could not carry out meta-analysis.

Quality of studies

The average score for RCT’s (n=5) was 6.1 at the
maximum of 9 out of 11 which suggests studies were of
fairly good quality. Two studies were considered high quality
based on their scoring13,12 and at the level of A2.However,
the most common problem was allocation was not concealed
and blinding of subjects in the studies13,14,11. It is evident that
effective blinding of subjects or therapists is difficult or
impossible in these trials and therefore such trials would
not receive maximum score on PEDro rating scale. Most of
the studies the interventions were involving manipulation
and exercise aspect.

On the other hand, the average score for Qualitative
studies was 6.7 at the maximum score of 9 out of
10.However; it had been difficult to assess these studies
using the rating scale i.e., CASP due to complexity of scale
and type of questions. An overview of studies which
describes the patient demographics, type of headache,
clinical characteristics, interventions, and outcome measures
were presented (Appendix A).Two studies involved manual

Table 2:
CBO QUALITY
Hierarchy of quality of individual studies and strength of the evidence
Hierarchy of evidence
A1 systematic reviews, which include trials at quality level A2, and have
consistent results.
A2 randomised controlled trials of good quality and sufficient power and
consistency.
B randomised controlled trial of moderate quality or insufficient power, or
other non-randomised controlled studies.
C   non-controlled studies
D   Expert opinion, such as working group members
Strength of the evidence
Level 1 1 systematic review or studies at level A2
Level 2 2 studies of level B
Level 3 1 study of level A2 or B or C
Level 4 Expert opinion, such as working Group members.
Formulation of recommendations
Level 1 it has been shown that......
Level 2 it is likely that......
Level 3 there are indications that.......
Level 4 the opinion of working group is.......
Source: CBO 2005

Table 3:

STUDY 1 2 3 4 5 6 7 8 9 10 11 PEDRO Score

TOTAL (TABLE 3)

RCT'S:

Ammer (1990) + - - - - - - + - - - 2 B

Nilsson (1997) + + + - - - + + - + + 8 A2

Jull (2002) + + - + - + + + + + + 9 A2

Whi ttingham + + - + - - + + - - + 6 B
(1997)

PEDRO CRITERIA (TABLE 1)

[CRITERIA FOR RCT'S =1-11= Pedro criteria (table 1), Qlt= quality, += yes,
-= no,-= no information]

CBO Qlt

Table 4:

STUDY 1 2 3 4 5 6 7 8 9 10 CASP Score

TOTAL (TABLE 3)

CASE STUDIES:

McDonnell (2005)+ + + - - - + - + + 6 C

Eldridge (2005) + + + + + - + + + + 9 C

Hanten (2005) + + + + + - + - + + 8 C

Peterson (2003) + + + + - - - - + + 6 C

Whorton (2000) + + + + + - - - + + 7 C

Sizer (2002) + + + - - - - - + + 5 C

Schoenese (1995) + + - - - + + + - - 6 C

CASP CRITERIA (TABLE 2)

CBO Qlt

[CRITERIA OF CASE STUDIES =1-10 = CASP criteria (table 2), Qlt=
quality, + = yes, - = no, - = no information]
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therapy and exercise18,20, one study involved a specific
exercise program and modification of postural alignment16

and other two studies involved manipulation and exercise17,21.
one study included muscle re-education in addition to manual
therapy.

Interventions

In eleven studies, seven studies  i.e., four RCT’s and
three case reports evaluated the effect manipulation with or
without exercise11-15,17,21. Two studies studied the effect of
manual therapy and exercise18,20. One study studied the
effect of specific exercise program and modification of
postural alignment16. One study studied manual therapy in
combination with muscle re-education19.

Spinal manipulative therapy

Jull 200213 (n = 200) with the quality score of 9 (table 3)
compared 6 weeks of SMT (Spinal Manipulation Therapy)
(high- and low-velocity), exercise (endurance, isometric, and
stretching), a combination of the two, and a no-treatment
control. At 1 week and 12 months post-treatment, the SMT
group showed significantly more reduction in pain intensity
at 1 week and at 12 months and headache frequency than
the no-treatment control group. SMT performed little better
than no treatment in terms of headache duration. Compared
to exercise, SMT showed similar reductions in pain at 1 week
and at 12 months, headache frequency at 1 week at 12
months, and headache duration at 1 week and at 12 months,
these results were not statistically significant. However,
blinding was possible only for outcome assessment but
success of blinding was not reported. A course of 8-12
treatment over 6 weeks was given to active treatment group
but not to control group.

Nilsson 199712 (n = 54) with the quality score of 8 (table
3) compared SMT to massage plus placebo laser. There
were six sessions of care in 3 weeks. SMT consisted of
standard ‘diversified’ manipulation in the lower cervical
region and ‘toggle recoil’ in the upper region. The massage
group received deep friction massage and trigger point
therapy. There was a significantly greater decrease in pain
intensity and headache hours in the SMT group at 1 week
post-treatment. The advantage for SMT in number of pain
killers (pills per day) was not significant.

Whittingham 199714 (n = 105) with the quality score of 7
(table 3) compared SMT with placebo SMT. ‘Toggle recoil’
manipulation was administered to the upper cervical region
three times per week for 3 weeks. Placebo manipulation
consisted of treatment to the same region with a deactivated
mechanical instrument. There were significant differences
in favor of SMT after 3 weeks of treatment for pain intensity,
disability, and number of headache locations.However, this
difference was noted only for first phase (3wks).

Ammer 1990[11] (n=45) with the poor quality score 2
(table 3) compared manipulation and pulsed galvanic current
vs direct galvanic current, ultrasound and ultraviolet rays
for neck region vs moist pack and massage for shoulder
and neck for 2weeks.At the end of 2 weeks treatment the
effect was similar for all groups.

Eldridge and Russell 200517 with the quality score of 9
(table 4) evaluated the effectiveness of osteopathic
manipulation and a specific exercise of cervical deep flexors
muscle in reducing cervicogenic headache pain and
frequency in 26yr old female. Outcome measures included

the quadruple visual analogue scale, a headache diary, and
data recorded from a pressure biofeedback device.
Osteopathic manipulation treatment involved high velocity
low amplitude (HVLA) thrust techniques and a low load
exercise programme targeting the deep cervical flexor
musculature. There was significant reduction both intensity
of headache pain and frequency. However, there was no
attempt in this study to determine the effects of manipulation
or exercise on the palpatory characteristics of cervical joint
or soft tissues, or impaired cervical range of motion
associated with Cervicogenic headache.

Schoensee et al 199515 with the quality score of 6 (table
4) evaluated the effectiveness of mobilization for 10 subjects
of cervicogenic headache. A headache log was used to
document headache frequency, duration, and intensity
throughout all three phases (A-B-A).At the end of 4weeks,
Visual analysis of data plots revealed a decrease in
headache frequency, duration, and intensity from the
baseline phase to the treatment phase suggesting
improvement. However, the follow period in this study was
very short.

Sizer et al 200221 with the quality score 5 (table 4)
evaluated the effectiveness of manipulation in 45yr old
female with 20 history of cervicogenic headache suggesting
that manipulation is efficacious in treating this cervicogenic
headache patient.However, results cannot be generalised
as it is a single case report.

Summary of evidence

• There is a moderate to high quality evidence (Nilsson
1997, Jull 2002, Eldridge and Russell 2005,
Schoensee et al 1995)12,13,15,17 to suggest that spinal
manipulation is superior to no treatment in reducing
headache pain and frequency.

• There is high quality evidence (Jull 2002, Eldridge and
Russell 2005)13,17 to suggest that manipulation
combined exercise is superior to no treatment.

• There is moderate quality evidence to suggest that
spinal manipulation is superior to placebo for reducing
pain, disability and headache frequency (Whittingham
1997)14.

• There is very low quality evidence to suggest that
manipulation combined with pulsed galvanic current is
no better than direct galvanic current, ultrasound and
ultraviolet rays for neck region and moist pack and
massage for shoulder and neck for 2weeks (Ammer
1990)11.

• There is C level evidence (table 2) to support that
manipulation is effective cervicogenic patients (Sizer
et al 2002)21.

Manual therapy and exercise

Two studies with the quality score of 8 and 7 respectively
studied the effect of manual therapy and exercise18,20.
Whorton and kegerries (2000)20 a case series involving
six patients with chronic Cervicogenic headache evaluated
the effectiveness manual therapy consisting of soft tissue
mobilization including sub occipital release, scapular
bordering, laminae release and joint non-thrust manipulation
including 1st rib, upper thoracic and cervical regions and
exercises for strengthening, stabilization, and aerobic
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conditioning suggesting the significant improvement in five
out of six subjects and decrease in PDI scores.

In another study by Hanten et al 200518 with the quality
score 8 (table 4) also evaluated the effectiveness of manual
therapy consisting of muscle energy technique and exercise
in 2 patients (45yr and 26yr) with cervicogenic headache.
Both subjects demonstrated an increase in functional
activities, a decrease in average or worst pain and overall
improvement in perception of change in headache.

Summary of evidence

• There is C level evidence (table 2) to support that
combined manual therapy and exercise is effective
(Whorton and kegerries 2000, Hanten et al 2005)20,18.

Manual therapy and muscle re-education

One study by Peterson (2003)19 with the quality score of
6 (table 4) studied the effect of manual therapy and muscle
re-education in a 27yr old female patient. The significant
improvement was noted in cervical mobility, headache
intensity and frequency.However, the follow up period was
very less.

Summary of evidence

• There is C level evidence (Table 2) to support manual
therapy and muscle education is effective for treatment
of cervicogenic headache (Peterson 2003)19.

Exercise and posture modification

One study by McDonnell et al 200516 with the quality
score of 6 (table 4) evaluated the effect of specific exercise
and functional activity modification in a 46yr old patient with
cervicogenic headache. At the end of 3months the patient
demonstrated significant decrease in pain intensity and
frequency. Upper cervical joint mobility, cervical range of
motion, scapular alignment and scapulothoracic muscle
strength was also improved. However, this patient was
associated  with decreased scapulothoracic muscle strength
and scapular mal-alignment and as it is single case the
results cannot be generalised.

Summary of evidence

• There is C level evidence (Table 2) to suggest exercise
and posture modification is effective in treatment of
patients with cervicogenic headache (McDonnell et al
2005)16.

Discussion

The relatively small number of randomised controlled
trials (n=5) and small number of Non-controlled studies (n=6)
it is perhaps difficult to come definitive conclusion. Moreover
as lack of control group is evident for these non-controlled
trials it is perhaps difficult to compare the effects of these
treatments.

This review provides some evidence for different forms
of physiotherapy techniques which include manipulation,
exercise, manual therapy and activity modification. However,

only two studies that suggest the efficacy of manual therapy
techniques and exercise18,20 and one study16 which suggests
the effectiveness of specific exercise program and
modification of the postural alignment. Most of the studies
in this review11,13-15,17 suggested manipulation combined with
other physiotherapy methods such as exercise might be
effective in management of patients with Cervicogenic
headache. The patients (n=416) in these studies found
improvement in almost all outcome parameters i.e.,
Headache frequency, Headache intensity, Headache
duration etc. However, the proportion of people who had
complete relief were not reported and corresponding figures
in reduction of pain were not reported in one study13. Second,
only two RCT’s were of high quality12,13 and one single case
experimental study17. However, this study17 had a short term
follow up period and as with all case studies, this is limited
in its generalisibilty to the wider population.

This review demonstrated that physiotherapy which
involves manipulation combined with exercise targeting
articular, muscular, postural and neural dysfunction may be
helpful in treating patients with cervicogenic headache. Some
of the randomised controlled trails  in the  review, include
small and heterogeneous samples11,12. Out of four RCT’s
only two studies tried to assess findings against statistical
tests12,13. However, one was perhaps successful13, therefore
resulted in attaining the maximum score (table 3). None of
the studies reviewed, included the supporting data for cost
effectiveness of these interventions for cervicogenic
headache. Ultimately the intervention that demonstrates
effectiveness and cost efficiency will be adopted as standard
clinical practice22. Due to small number controlled trails, study
heterogeneity (particularly in terms of comparisons), lack of
adequate data for calculating effect size and time constraint
the author could not carry out meta-analysis/statistical
pooling of results. Overall, In view of such weaknesses,
further study is recommended to rectify these limitations,
employing large, well-controlled, randomised trials in order
attain definitive results.

The aim of this systematic review was to present with
summary of research finding by synthesizing the best
evidence using the rating system based on quality of the
individual studies.However, this had certain limitations. First,
rating to some extent is subjective and since systematic
review were not considered in this study, A1 quality level
evidence was not possible to score. Second, for the first
time, case studies were rated which perhaps may limit the
review results, as reliability of this rating scale is not yet
determined.Third, during rating each study if certain
information of the study was not clearly identifiable or not
known these were considered to be ‘No Information’. These
were scored negative (-) which might have had affected the
results of this review. Scoring was based on the
understanding of the reviewer which may certainly affect
the results. Fourth,the review considered case studies, which
had no control group therefore the improvement in outcome
might  have had occurred due to natural course of disease,
placebo etc .Consequently, the cause and effect relationship
cannot be determined. This could affect the results of this
review. Although, the reviewer had tried to hand search the
specialist journals, the majority of the literature search
undertaken using computerised databases which could have
potentially missed pertinent papers26 and no efforts were
made to search unpublished or grey literature.
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Recommendation for future research

From the review the author/reviewer would recommend
that further trials are required to determine the effectiveness
of manual therapy, exercise and posture modification in
management of cervicogenic headache. In addition, the
diagnosis should be based on firm and up to date criteria
such as IHS (International headache society) 20044. The
role of deep cervical flexor strengthening in management of
cervicogenic headache could be important consideration for
future research. Incorporating universally accepted outcome
measure in trials would certainly enhance the reliability and
validity for the trials.

Conclusion

The review and best evidence synthesis of all the 11
studies from 1990 to 2005 revealed that physiotherapy which
includes manipulation and exercise as combination for
treatment of cervicogenic headache might be effective.
However, further large, well-controlled, randomised trials are
required in order attain definitive results. In addition, other
Physiotherapy such as manual therapy and posture
modification is also noted to effective but further randomised
controlled trails are warranted to suggest its effectiveness
and therefore its implementation in clinical practice. In
conclusion, the reviewer suggests that physiotherapy may
be effective in treating patients with cervicogenic headache.
ETHICAL APPROVAL: Not required.
FUNDING:  Self.

CONFLICT OF INTEREST: None.
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APPENDIX A:

Data Extraction
Study Ammer 1990
Methods Design: parallel, 3 groups.

Baseline: before treatment.
Treatment: 2 weeks.
Randomization method: not clearly
stated.

Participants Cervicogenic like occipital headache.
Sample size: 45.
Age range: 23-78.
Mean age: 52yrs.
Onset: 3months.

Interventions GROUP 1 :( n=15)
Manipulation and pulsed galvanic
current for neck (2weeks) for 10
(sessions).
GROUP 2 :( n=15)
Direct galvanic current and
ultrasound and Ultraviolet over neck
region (2 weeks) for 10 (sessions).
GROUP 3 :( n=15)
Moist herbal pack and massage for
shoulder and neck (10sessions)
(2weeks).

Outcome Measures Pain rated headache improvement
Pain scores

Results Headache improvement: at the end
of two weeks of treatment scores
were similar for all groups.

Loss of follow up 7 out of 45.G1 and G2 5 patients
discontinued treatment after 5 weeks
as they were symptom free.

Quality Score 3

Study Nilsson 1997
Methods Design: Prospective, parallel,

2groups.
Baseline: 1-2 weeks.
Treatment: 3 weeks.
Randomization: Labeled tickets
prepared in advance.

Participants Cervicogenic headache.
Sample size: 54.
Age range: 20-60.
Mean age: 37 yrs.
Onset: Not mentioned.

Interventions GROUP1:
High velocity, low velocity spinal
manipulation (6 sessions).
GROUP2:
Deep frictions massage including
trigger point therapy to posterior
muscles of shoulder and upper girdle,
upper thoracic and lower cervical
region and low level laser (6
sessions).

Outcome Measures Headache pain intensity
Medication use
Headache duration

Results At the end of 4 weeks
Grp 1 was superior to Grp2 in
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headache pain intensity.
Grp 1 was more favourable than Grp
2 at medication usage.
Grp 1 was superior to Grp 2 in
headache duration.

Loss of follow-up Only 1 out of 54.
Quality Score 9

Study Whittingham 1997
Methods Design: 2 groups, blinded-controlled,

crossover.
Baseline: 3weeks.
Treatment: 3weeks.
Randomization: Drawing allocated
numbers out of the hat.

Participants Cervicogenic headache.
Sample size: 105.
Age range: 17-80.
Onset: 64% had 10 yr history.

Interventions GROUP1:
Spinal manipulation therapy (toggle
recoil) to upper cervical spine 3
sessions for 3 weeks.
GROUP2:
Placebo 3 sessions for 3weeks.

Outcome Measures Pain drawing of head and neck pain
with pain intensity and number of
headache location.
Neck disability index.
Sickness impact profile.
Headache pain intensity.
Headache disability.
Number of headache locations.

Results At the end of 3 weeks
Grp1 was superior to Grp2 at
headache intensity.
Grp1 was superior to grp2 at
headache disability.
Grp1 was superior to Grp2 at
headache locations.

Loss of follow up 3 out of 105.
Qulaity Score 7

Study Jull G 2002
Methods Design: Multicentre, 2x2 factorial.

Baseline: 2weeks.
Treatment: 6weeks.
Randomization: Permuted block with
strata for length of headache history
and city of residence.

Participants Cervicogenic headache
Sample size: 200.
Age range: 18-60.
Onset: 2-10 yrs duration.

Interventions GROUP1:
Manipulation as described by
Maitland, including low velocity joint
mobilization and high velocity,
low amplitude manipulation of
cervical spine (8-12 sessions).
GROUP2:
Therapeutic exercise including low
load endurance exercises to train
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muscle control of cervical scapular
region, postural correction exercises
as needed (8-12 sessions).
GROUP3:
Grp1+Grp2 (8-12 sessions).
GROUP4:
Control group.

Outcome Measures Headache intensity.
Headache frequency.
Headache duration.

Results Grp1, Grp2, Grp3 were superior to
Grp4 at 1week of treatment at
headache intensity measurement
and also 12 months.
Grp1, Grp2, Grp3 were superior to
Grp4 at 1 week and 12months of
treatment for headache frequency.
Grp3 was superior to Grp4 at 1 week
and 12months of post treatment.

Loss of follow up 7 out of 200.
Quality Score 9

Study McDonnell 2005
Methods Design: case report

Baseline: not stated
Treatment: 7 times over 3 months.
Randomization: Not applicable.

Participants Cervicogenic headache
Sample size: 1.
Age: 46yrs.
Onset: 7yrs.

Interventions Exercises:
Exercises1: lower abdominal
exercise.
Exercise2: upper cervical flexion in
supine.
Exercise3: shoulder flexion in supine.
Exercise4: shoulder abduction and
lateral rotation in supine.
Exercise5: sitting against the wall,
upper cervical flexion.
Exercise6: sitting against wall,
cervical rotation.
Exercise7: sitting against the wall
shoulder abduction lateral rotation.
Exercise8: sitting against the wall,
shoulder abduction lateral rotation.
Exercise9: facing the wall, arm slide
and scapula abduction.
Exercise10: facing the wall, arm slide
and cervical rotation.
Exercise11: supine upper cervical
flexion with head lift.
Exercise12: prone, arms overhead
with scapula abduction.
Functional activity modification.

Outcome Measures Headache frequency.
Headache intensity.
Neck disability Index.

Results Patient reported decrease in
headache frequency and intensity
and decrease in NDI score from 31
to 11.

Wincent Anthony et al/Indian Journal of Physiotherapy and Occupational Therapy. January - March 2009, Vol. 3, No. 1

Patient also demonstrated
improvement in upper cervical joint
mobility, cervical range of motion,
scapular alignment and
scapulothoracic muscle strength.

Loss of follow up Nil.
Quality Score 6

Study Eldridge and Russell 2005
Methods Design: Prospective case study with

A-B-C design.
Baseline: 3weeks.
Treatment: 3 weeks manipulation
and 3 weeks of home exercise
program.
Randomization: Not applicable.

Participants Cervicogenic headache
Sample size: single case
experimental design (1).
Age: 26yrs.
Onset: 16 yrs.

Interventions Manipulative treatment combined
with prescribed exercise for deep
cervical flexor musculature.

Outcome Measures Headache pain intensity.
Headache frequency (headache
profile).

Results Visual analysis of plotted outcome
measure data indicated a reduction
in both intensity of headache pain
and frequency.

Loss of follow up Nil (follow up period 9 weeks)
Quality score 9

Study Hanten et al 2005
Methods Design: Case report

Baseline: Not specified
Treatment: 1 week.
Randomization: not applicable.

Participants Cervicogenic headache Sample
size: 2.
Age: 42yrs and 25yrs.

Interventions Subjects were treated with muscle
energy technique to balance C1 and
home exercise program of cervical
retractions.

Outcome Measures Three self report measures
Numeric pain rating scale
Blinded follow up phone visits

Results Both subjects demonstrated an
increase in functional activities, a
decrease in average or worst pain
and overall improvement in
perception of change in headache.

Loss of follow up Nil. (Follow up period =26days)
Quality Score 8

Study Petersen 2003
Methods Design: Case report

Baseline: Not specified.
Treatment: 8 times over 8week
period.
Randomization: Not applicable.
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Participants Cervicogenic headache
Sample size: 1
Age: 27yrs (female).

Interventions Interventions included Manual upper
cervical mobilizations, Muscle re-
education for upper cervical
neck flexors and scapular
stabilization exercises.

Outcome Measures Headache intensity.
Headache frequency.

Results Following treatment, the patient
demonstrated an increase in cervical
mobility, improved muscular
performance, a decrease in
headache frequency and complete
resolution of functional limitations.

Loss of follow up Nil (Follow up period =8-12 weeks).
Quality Score 6

Study Whorton and Kegerreis 2000
Methods Design: Case series

Baseline: Pre-treatment
Treatment: Over an average of 5.9
sessions for an average of 3.8 wks.
Randomization: Not specified.

Participants Chronic cervicogenic headache
Sample size: 6.
Age: 33.3yrs (mean age)

Interventions 1. Manual therapy consisting of soft
tissue mobilization including sub
occipital release, scapular bordering,
laminae release and joint non-thrust
manipulation including 1st rib, upper
thoracic and cervical regions.
2. Exercises for strengthening,
stabilization, and aerobic
conditioning.

Outcome Measures Pain Disability Index.
Results Five of the six subjects reported

significant improvement.  PDI scores
averaged decrease in disability by
29.5% at discharge and 28.8% at six-
month follow up.

Loss of follow -up Nil (Follow up period=6months)
Quality Scores 7

Study Sizer et al 2002
Methods Design: retrospective case study

Baseline: not mentioned.
Treatment: 24 visits for three months.
Randomization: not applicable.

Participants Cervicogenic headache associated
with pain in both cervical and thoracic
region.
Sample size: 1.
Age: 45yr old female

Interventions Treatment sessions consisted of 20
minutes of interferential therapy for
upper thoracic spine, 15 minutes of
transverse stretching techniques for
upper and lower cervical muscle
groups and mobilization and
manipulation techniques.
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Subsequently, home exercise
program consisting of isometrics and
active range of motion exercises.

Outcome Measures Headache intensity
Headache frequency.
Cervical range of motion.

Results Significant improvement was noted
in this patient, as there was decrease
in headache frequency, intensity. The
patient reported complete resolution
of her daily headache symptoms at
time of discharge.

Loss of follow up Loss of follow up was for one week
period (length of follow up was 3
months).

Quality Score 5

Study Schoensee et al 1995
Methods Design: A-B-A Single case design.

Baseline: 1 month.
Treatment: 9-12 treatment sessions,
two times per week for 3-4 weeks.
Randomisation: not applicable.

Participants Cervicogenic headache.
Sample: 10 subjects.
Age:

Interventions Mobilization of the upper cervical
spine, occiput-C3.

Outcome Measures A headache log was used to
document headache frequency,
duration, and intensity throughout all
three phases.

Results Visual analysis of data plots revealed
a decrease in headache frequency,
duration, and intensity from the
baseline phase to the treatment
phase. This improvement continued
through the second A phase for
frequency but levelled off for both
duration and intensity.

Loss of follow up Nil (follow up period =1 month).
Quality Score 6

APPENDIX B:

 PEDro SCALE:
1. Eligibility criteria were specified.

[Explanation] This criterion influences
external validity, but not the internal or
statistical validity of the trial. It has been
included in the PEDro scale so that all items
the Delphi scale are represented on the
PEDro scale. This item is not used to calculate
the PEDro score.

2. Subjects were randomly allocated to groups
(in a crossover study, subjects were randomly
allocated an order in which treatments were
received). [Explanation] Random allocation
ensures that (within the constraints provided
by chance) treatment and control groups are
comparable.

3. Allocation was concealed.
[Explanation] ”Concealment” refers to whether

no/yes

no/yes

no/yes
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the person who determined if subjects were
eligible for inclusion in the trial was aware, at
the time he or she made this decision, which
group the next subject would be allocated to.
Potentially, if allocation is not concealed, the
decision about whether or not to include a
person in a trial could be influenced by
knowledge of whether the subject was to
receive treatment or not. This could produce
systematic biases in otherwise random
allocation. There is empirical evidence that
concealment predicts effect size
(concealment is associated with a finding of
more modest treatment effects; see Schulz
et al. (1995), JAMA 273(5): 408-412).

4. The groups were similar at baseline regarding
the most important prognostic indicators.
[Explanation] This criterion may provide an
indication of potential bias arising by chance
with random allocation. Gross discrepancies
between groups may be indicative of
inadequate randomisation procedures.

5. There was blinding of all subjects.
[Explanation] Blinding of subjects involves
ensuring that subjects were unable to
discriminate whether they had or had not
received the treatment. When subjects have
been blinded, the reader can be satisfied that
the apparent effect (or lack of effect) of
treatment was not due to placebo effects or
Hawthorne effects (an experimental artifact
in which subjects responses are distorted by
how they expect the experimenters want them
to respond).

6. There was blinding of all therapists who
administered the therapy.
[Explanation] Blinding of therapists involves
ensuring that therapists were unable to
discriminate whether individual subjects had
or had not received the treatment. When
therapists have been blinded, the reader can
be satisfied that the apparent effect (or lack
of effect) of treatment was not due to the
therapists’ enthusiasm or lack of enthusiasm
for the treatment or control conditions.

7. There was blinding of all assessors who
measured at least one key outcome.
[Explanation] Blinding of assessors involves
ensuring that assessors were unable to
discriminate whether individual subjects had
or had not received the treatment. When
assessors have been blinded, the reader can
be satisfied that the apparent effect (or lack
of effect) of treatment was not due to the
assessors’ biases impinging on their
measures of outcomes.

8. Measures of at least one key outcome were
obtained from more than 85% of the subjects
initially allocated to groups. [Explanation] It is
important that measurements of outcome are
made on all subjects who are randomised to
groups. Subjects who are not followed up may

differ systematically from those who are, and
this potentially introduces bias. The
magnitude of the potential bias increases with
the proportion of subjects not followed up.

9. All subjects for whom outcome measures
were available received the treatment or
control condition as allocated or, where this
was not the case, data for at least one key
outcome was analysed by “intention to treat”.
[Explanation] Almost inevitably there are
protocol violations in clinical trials. Protocol
violations may involve subjects not receiving
treatment as planned, or receiving treatment
when they should not have. Analysis of data
according to how subjects were treated
(instead of according to how subjects should
have been treated) may produce biases. It is
probably important that, when the data are
analysed, analysis is done as if each subject
received the treatment or control condition as
planned. This is usually referred to as
“analysis by intention to treat”. For a recent
discussion of analysis by intention to treat see
Hollis S, Campbell F (1999) BMJ 319: 670-4.

10.The results of between-group statistical
comparisons are reported for at least one key
outcome. [Explanation] In clinical trials,
statistical tests are performed to determine if
the difference between groups is greater than
can plausibly be attributed to chance.

11.The study provides both point measures and
measures of variability for at least one key
outcome. [Explanation] Clinical trials
potentially provide relatively unbiased
estimates of the size of treatment effects. The
best estimate (point estimate) of the treatment
effect is the difference between (or ratio of)
the outcomes of treatment and control groups.
A measure of the degree of uncertainty
associated with this estimate can only be
calculated if the study provides measures of
variability.

no/yes

no/yes

no/yes

no/yes

no/yes

no/yes

no/yes

no/yes

APPENDIX C:

CRITICAL APPRAISAL SKILLS TOOL- QUALITATIVE
STUDIES
 Screening Questions
1. Was there a clear statement of the aims of the research?

Yes No
2. Is a qualitative methodology appropriate? Is it worth

continuing? Yes No
Detailed questions
3. Was the research design appropriate to Write comments

here address the aims of the research?
Sampling Yes No
4. Was the recruitment strategy appropriate Write

comments here to the aims of the research?
Data collection Yes No
5. Were the data collected in a way that Write comments

here addressed the research issue?
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Reflexivity (research partnership relations/recognition of
researcher bias) Yes No

6. Has the relationship between researcher and Write
comments here participants been adequately
considered?

Ethical Issues Yes No
7. Have ethical issues been taken into Write comments

here consideration?
Data Analysis Yes No
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