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Abstract
Background: According to the studies conducted, adolescence and its related health issues are of the
most signi�cant issues. The purpose of the study was to develop a Musculoskeletal Health intervention-
training program using intervention mapping approach (IMA).

Methods: The present study was a study protocol where IMA was used as a planning framework for
developing musculoskeletal Health intervention-training program. Six intervention mapping steps were
completed in the study. As the �rst step, needs assessment was performed by reviewing the studies,
qualitative evaluation and interviews. In the second step, matrix of change objectives was designed. Later
on, after designing the program and planning the program implementation, the program evaluation plan
was developed.

Results: IMA guided us in designing and implementing a control-oriented training program with the
participation of the participants along with the de�nition of outcomes, performance goals and
determinants, theoretical methods and practical applications, intervention program, implementation and
step by step assessment.

Conclusion: Intervention mapping is a participation-based approach to design and implement promotion
programs.

Background
According to the statute of the World Health Organization (WHO), health is considered as one of the most
obvious human rights and needs [1]. Adolescence is one of the most signi�cant periods in every person's
life [2]. According to a report by WHO, one out of every �ve people is adolescent [3]. Today, the backpack
is one of the most popular kinds of bags among teenage students which has been noticed by many
researchers from different aspects since backpack is one of the most important factors which creates
musculoskeletal injuries in Teenage students [4, 5]. A heavy backpack makes a person arche his/her back
more than usual or bend his/her head and pull forward his body to tolerate the weight of the backpack.
And the pressure on the muscles of the neck and back can cause fatigue, injury, and �nally anomalies of
the spine [6]. American Academy of Orthopedic Surgeons stated that the properties of a good backpack
are having two shoulder straps, back pads, waistband, low weight, and wheels [7]. In different ages, the
effect of cargo transportation varies. During 12-14 years old, the spine is growing rapidly and any kind of
stress on the spine manifests itself as pain and discomfort [8]. These studies showed that when the
weight of backpacks is more than the speci�ed standard it leads to pain in the back and the upper parts
of the body. Also, carrying these bags, in the long run, leads to drooping shoulders and kyphosis [9].

In recent years, carrying and using tools and backpacks has been considered as risk factors for
musculoskeletal disorders [10-13]. The �ndings of some studies show that between 40 and 88 percent of
students complain about the pain on their shoulders, neck, and back when they carry their backpacks.



Page 3/14

Moreover, between 30 to 80 percent of them believe that their musculoskeletal problems are related to
carrying backpacks [10].

Training is a process that bridges the gap between health information and behavior, and given the
relationship between knowledge, attitude and performance improvement in an intervention-training
process, the signi�cance of proper information provision and the provision of learning opportunities for
Teenage students become evident [11]. Designing a targeted intervention program needs using an
evidence-based planning framework, the theory and curriculum for adolescent special education
programs. Different models have been developed for designing, implementing, and evaluation of training
programs by experts, one of which is IMA[9]. This approach is a planning approach based on the
signi�cance of developing evidence-based programs that assess and intervene in health-related
issues [10].

IMA has a problem solving-based approach and enables the implementation of the program through six
steps: need assessment, objectives matrix design, selection of theory and practical application-based
intervention methods, production of components and materials of the intervention program, adoption
planning, implementation and sustainability and evaluation [11]. This approach focuses on behavioral
change and the individuals who are in�uential on the behavior of those at risk known as environmental
agents and individuals’ health issues at different ecological levels to make changes [12]. The aim of the
current study is to prepare an intervention plan to reduce musculoskeletal damage due to the use of a
backpack.

Results
The present study is the description of a study conducted to develop a training-intervention program
using IMA. Intervention mapping has six steps and some tasks at each step, where the basic processes
are used in completing each step to bene�t from theories and models.

Step 1: needs assessment

As the �rst part of intervention mapping, needs assessment is de�ned as a systematic study to identify
the difference between what the status is and what should be in a given group and the intended state [13,
14]. In the current study, the planning group was established to identify the health issue, and examine the
life quality of teenage students with the presence of stakeholders in health education, Orthopedic
specialist, school principals, health educators, parents, and student, was examined using health needs
assessment group, life quality, and behavioral and environmental determinants using PRECEDE
model [15]. This assessment was done using a review of the studies conducted, and a qualitative study
was conducted. Finally, the results of the needs assessment were determined by identifying the health
and life quality outcomes of the evaluation program.

In the review over the studies conducted to select the papers, Pubmed, scoups, Embase, and Google
Scholar databases were searched for English papers and Iranmedex, SID, and Google Scholar databases
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for Persian ones. Given the differences in searching Iranian and foreign scienti�c databases, various
Persian and English keywords were selected. The search was performed based on keywords among the
papers of the past 5 years. After extracting the papers from the databases, the ones related to the topic
were examined.

After coordination, an invitation letter was sent to all health educators and parents of teenage students
(12-14 years) in Ardabil to participate in group discussion sessions to conduct the qualitative study. The
samples were selected using purposive and voluntary sampling methods, and the main criterion for the
inclusion was the individuals’ willingness to participate in group interviews and their interest in working
with project executives. After obtaining informed consent, the data were collected through 6 focus group
discussions from 15 school health educators, 23 participating parents, and 20 teenage students (12-14
years). Sampling continued until data saturation (until the end of the �fth session) in all groups. The
sessions were conducted by the researcher using a semi-structured index based on how the researcher
interacted and discussed. All sessions and interviews were audio-recorded and transcribed by the
researcher and analyzed following encoding in a basic thematic method. Finally, the results of the needs
assessment were linked to the health planning and quality of life assessment and planning program[16].

Step 2: Matrix

The main tool in IMA is matrix of change objectives [17]. At this step, change objectives determine what
to be done to reach performance goals to bring about changes in behavioral and environmental
conditions and ultimately improve the life quality of the target group [17, 18]. At this stage, the expected
outcomes were performed in two distinct behavioral and environmental levels, focusing on these
outcomes, and the next step was the expected outcomes divided by the performance goals [19] where the
matrix of change objectives was obtained from the midpoint of the performance goals using
determinants. In the present study, this matrix was designed to meet the three expected outcomes
according to the results obtained from the �rst step.

Stage 3: Theoretical methods and practical applications

In the third step, while the planning team predicted the ideas of the plan, the theoretical methods
affecting the determinants of change were selected, and practical solutions were selected, and the
evaluation program was designed to implement the predicted theoretical methods.

Step 4: Producing components and program materials

At this step of designing the intervention program, while holding a group meeting with the participants
and considering their priorities and suggestions, the implementation, scope, and implementation
sequence themes of the program were identi�ed along with the constraints. For instance, if one part of
the program had been planned for the school program during the school year, the resources needed by
the principal and teacher along with the �nancial constraints of the program and the stages of program
implementation were determined. The planning team then decided on the intervention methods to
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achieve the goals of change, and �nally pre-tested the messages and other parts of the program before
�nal production.

Step 5: Program implementation 

At this step, the tasks of the individuals and what they must do so that the outcome is fully met and
implemented acceptably were determined. Then similar to Step 2, matrix planning was de�ned to guide
the intervention program. In this matrix, the operational goals and determinants were determined for
adoption, implementation and maintenance of the program. For instance, determinants responded to the
question why do decision makers decide to use the program and why those in charge try to make sure the
program continues over time? The answers to these questions determine the adoption, implementation,
and maintenance of the program.

Stage 6: Assessment planning

In the �nal step, the assessment program was de�ned to determine the effectiveness of the program, and
the extent to which the performance goals and objectives were changed. Assessment questions were
identi�ed from the de�ned outcomes and objectives, and a criterion was identi�ed [20].

The results of the �rst step, needs assessment: The results of a review of studies (15 related papers)
showed that Students' information on how to use a backpack and related injuries was low. Moreover, the
majority of teenage students does not have a proper de�nition of backpack and how to use it, how to use
a backpack bag, A variety of backpack bags. In this study, mothers and school health educators were the
most reliable channel of transmission of information. 

The results were categorized into 3 outcomes:1- Increasing student information about backpacks and
musculoskeletal injuries 2- Increasing student information about all kinds of backpacks 3- Proper use of
backpacks

1- Increasing student information about backpacks

The weight of backpack and musculoskeletal symptoms related to backpack carriage on student [20].
also back pain is a common a�iction and a leading cause of disability in adults, but only recently has
back pain been documented in teenage students [21]. ergonomics awareness and posture training is an
important preventive approach to back pain, it is important for teenage students to learn about the
structure of spine and back care [20]. One common suspect for back pain in children is the school
backpack, which has also received a greater deal of attention in the past few years [22]. A study in Italy
found that the average load of backpack was 22% of the student’s weight and that 1/3 of the student
surveyed carried excess of 30% of their body weight at least one time per weak, their point prevalent for
reporting back pain was nearly 16%. With life time prevalence is estimated to be 48% [23].

2. Increasing student information about All kinds of backpacks
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A backpack is a cloth sack put on somebody's back. It usually has two straps that go over the shoulders.
People often use backpacks on camping trips, hikes, or any form of outdoor activity where people need to
carry many things. Backpacks are also being used in the military by soldiers. It can be also used in
school, or in this case, it also called a book bag or backpack [4]. It is important to increase students'
knowledge of the types of backpacks and standard backpacks while most students choose their
backpack according to its appearance why so studies show that most bags and school backpacks are
not standard [24].

3. Proper use of backpacks

When the backpack load is greater than the carrying capacity of the muscle teenage students, there is
overhead, re�ecting the spine, causing pain, structural changes or dysfunction [25] Special attention has
been paid when the weight is more than 15% of their body mass. According to the Italian Backpack Study,
in Italy students carry backpacks with 22% of their body weight, and 34.8% of them carry backpacks with
weight corresponding to 30% of their body weight, at least once a week, exceeding even the proposed
limits for adult also They found that when carrying backpack with a load of 15% of body weight major
changes occurs in angles of the head, neck affect the posture [26].  

Step 2:

Results (objectives matrix): The planning team drafted the performance goals based on theories of
planned self-e�cacy at the beginning of this phase according to the 3 individual outcomes of the
program. Then, they got help from a three-person group including a health education specialist, an
adolescent psychologist, and a health educator to evaluate the validity, and based on their views, the
drafted performance goals were revised (Tables 1 and 2).

Table 1 Individual-level matrix the first behavioral consequence: Increasing teenage student’s
information about backpacks

Functional goals Determinant 1 Determinant 2 Determinant 3
Awareness Self-efficacy Behavior

barriers
Teenage students
know and express

tips about
backpacks and

proper use

Change objectives:
teenage students state
the weight of standard

backpack
 

Teenage students
explain musculoskeletal

symptoms related to
heavy backpack carriage

Change objectives:
teenage students

regularly plan to use the
recommended about

proper use of backpack

Change
objectives:

teenage
students’

express barriers
to proper use of

backpack

 
Second behavioral outcome: Increasing teenage student’s information about All kinds of
backpacks

https://wiki.kidzsearch.com/wiki/Cloth
https://wiki.kidzsearch.com/w/index.php?title=Sack&action=edit&redlink=1
https://wiki.kidzsearch.com/wiki/Back
https://wiki.kidzsearch.com/w/index.php?title=Strap&action=edit&redlink=1
https://wiki.kidzsearch.com/wiki/Shoulder
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Functional goals Determinant
1

Determinant 2 Determinant 3

Awareness Self-efficacy Behavior barriers
Increasing teenage

student’s information
about all kinds of

backpacks

Change
objectives:

teenage
students to

name
all kinds of
backpacks

Change objectives:
teenage students are confident
in their ability for identification
and diagnosis economic back

pack

Change objectives:
Teenage students
name barriers to

buy economic back
pack

 

 
Third behavioral outcome: Proper use of backpacks
Functional

goals
Determinant 1 Determinant 2 Determinant 3

Awareness Self-efficacy Behavior barriers
Proper
use of

backpacks

Change objectives:
Teenage students

show proper use of
backpacks

Teenage students
express proper use of

backpacks

Change objectives:
Teenage students are sure

can use their backpacks
properly

Change objectives:
Teenage students name
barriers use backpacks

properly

 
Table 2 Interpersonal level matrix Behavioral outcome: Positive family support

Functional goals Determinant 1 Determinant 2
Awareness Self-efficacy

Family members talk to
teenage students
about their safe

backpack and all kinds
of it

Change objectives:
Mothers are confident in their

ability to communicate with
Teenage students

Change objectives:
Mothers recognize that if they do
not have a positive relationship

with their teenage students, they
prefer non-standard bags

Mothers support
teenage students in

maintaining a healthy
diet

Change objectives:
Mothers are confident in their

ability to support their
teenage students to buy a

beautiful ergonomic backpack

Change objectives:
Mothers are confident in their

ability to support their Teenage
students to buy a beautiful

ergonomic backpack

 

The results of step three, de�ning theoretical methods and practical applications

In this step, the theoretical methods and practical applications for each determinant were de�ned with the
participation of the planning team (Table 3).

Table 3 Theoretical methods, practical applications, communication tools channels
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Determinant Theoretical
method

Definition Practical
application

Channel

Awareness Group
discussion

 
Using

illustration

Encouraging to explore the issue
in an open and informal debate
Using visual works that have a

similar symbol to the theme

Educational
videos and

debates
 

Training
and debate
packages

Interpersonal
 

Interpersonal
 

Self-efficacy Setting up
categorized

activities
 
 

Provision
of possible

rewards

Determining simple activities and
increasing difficulty until the
target behavior is achieved.

 
Encouraging, or providing awards
clearly related to the achievement

of a particular behavior

Educational
videos and

debates
 

Provision of
awards

 
Educational
videos and

debates

Interpersonal
 

Interpersonal
and personal

 
Interpersonal
and collective

communication

Barriers to
behavior

Changing
guidance

 

Motivation change training,
whether consciously or

unconsciously, which describes
and identifies a behavior

Educational
videos and

debates

Interpersonal
and collective

communication

 
The results of step four: Intervention Planning: The intervention planning team identi�ed the intervention
implementation plan that includes the program sequence, program training channels, training materials,
and how the program was implemented at each level [27]. The intervention program was designed over a
period of 3 months for 3hours, one hour per week according to the speci�ed sequence, and the best
channel was selected based on theoretical methods and practical uses, interpersonal communication
channel (For example: motion graphics) and mass media. In this step, a pre-test was designed and
implemented to evaluate the overall program. The pre-test results showed the e�cacy of most of the
predicted theoretical methods and their implementation, and were applied where necessary. For instance,
in a part of the intervention program to remove barriers health behaviors, the planning team had
anticipated the individual commitment, and in practical application of this theoretical approach, a
decision was made to prepare a recognizance [28]. The pre-test of the program showed that the individual
commitment according to the mothers and teenage students participating in the study was not an
appropriate approach, and �nally the change in guidance suggested by parents and teenage students
was validated as the theoretical method of removing the proposed behavioral barriers [29]. Thus, some
changes were made in the program implementation at this point with some hints. Moreover, the
presenters found that engaging in peer-to-peer discussion leads to better feedback and more effective
interaction.

Results of Step Five (Adoption and implementation planning): At this stage, the theory of persuasive
communication and programmed behavior plans were used to organize the adoption and implementation
plans [29]. 
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Results of the sixth stage (Evaluation planning): Since one of the signi�cant goals of evaluation is using
evaluation results [30], at this stage, the planning team identi�ed the evaluation stakeholders - such as
planners, study participants, program managers and executives - to evaluate the effect of the program,
designed questions based on outcomes, performance goals, and individual and environmental
determinants (Table 4). In this study, 30 students were selected to participate in the study performance.
Those included attended training sessions for 4 weeks once a week [30] (not more than 5% of
participants should have been absent in each training session).

Curriculum index: Individual and interpersonal performance change was determined. According to the
studies conducted, the mothers and teenage student’s behavior improvement index was considered to be
30% over one period of program implementation [31]. Then, a measurement tool was designed to
evaluate the outcomes, behaviors, and determinants of personal and interpersonal levels. The evaluation
program was implemented three months later, and to examine the made changes, the experimental study
design with randomly dividing the participants into intervention and control groups was used [30].

Table 4 Evaluation of outcome, effect, and program process (sample questions)
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Evaluating program outcomes
Life quality How much has the adherence to teenage student’s health

behavior changed? (use proper backpack)
Personal level Do the teenage students do more healthy behaviors (use proper

backpack) after program implementation compared to before
program implementation?

Interpersonal level Do mothers have more verbal and nonverbal communication with
their teenage students (about use proper backpack) after
program implementation?

Assessment of the effect of program based on functional goals
Personal level Do the teenage students adhere to health behaviors (use proper

backpack) more after program implementation compared to
before?

Interpersonal level Do mothers support teenage students about ergonomic
backpack training and shopping after implementing health
behaviors more compared to before the implementation?

Assessment of the effect of change-based programs
Personal level Do the teenage students state the significance of observing

health behaviors (use proper backpack) after the program is
implemented?

Interpersonal level Do the mothers consider it important to have effective
conversations after the implementation? (use proper backpack)

Determinant-based program effect assessment
Personal

level
 

Awareness Do teenage students report the disadvantages Non-ergonomic
backpack after the program is implemented?

Self-
efficacy

Do the teenage students feel more confident about adhering to
healthier behaviors (use proper backpack) after the program
compared to before?

Behavioral
barriers

Do the teenage students develop an appropriate program to
reduce the barriers to adhering to healthier behaviors (use
proper backpack) than before after implementing the program?

Interpersonal
level

Self-
efficacy

Do the mothers express greater confidence in supporting their
teenage students after the program has been implemented
compared to before? (use proper backpack)

Assessment of program development process
Attainment What proportion of the teenage student’s community

participated in the program?
Accuracy Is the educational curriculum done according to the protocol?

Organizing the program Has the executive schedule been developed for the
musculoskeletal health program

Program Index
Improving mothers' behavior by 30% over one period of program implementation

Improving the behavior of teenage students by 30% over one period of program
implementation

 

Discussion
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This program was done to design and develop How to use a backpack and reduce teenager
musculoskeletal damage training program using IMA. The results indicated that IMA is a good step-by-
step framework for developing a systematic and community-based program in teenage students.
Moreover, IMA provides a practical and usable guide to adapt and promote health promotion programs
for other planners to be used elsewhere [32]. It has to be noted that IMA is highly practical and user
friendly [16]. Our results indicated that IMA can help develop a theory-based and evidence-based problem
solving approach [33], produce outcomes, performance goals, change objectives, determinants,
theoretical change methods, and practical applications and evaluation.

Conclusion
Intervention Mapping has been successfully used to plan, implement and evaluate educational
interventions. This study has provided a good understanding of the role of intervention mapping in
designing educational interventions for teenage student, and a good foundation upon which subsequent
reviews can be guided.

Abbreviations
MH: Musculoskeletal Health; TSTP: Teenage Students Training Program; IMA: Intervention Mapping
Approach
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