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7. Brief Resume of the Intended Work 

 7.1 NEED FOR STUDY: 

 

Crawling is defined as reciprocal locomotion on the hands and knees while lifting 

the trunk from the floor. Crawling is a milestone, achieved around seventh month 

and becomes proficient by the age of nine months.
1
 

The process of crawling provides a state of eye-hand coordination, vestibular 

processing, improvement of balance and equilibrium, spatial awareness, tactile 

input, kinesthetic awareness, and social maturation. The theoretical back ground, 

suggests that a reduction of high level tactile, proprioceptive,  and  kinaesthetic  

input associated with no crawling will affect the quality of upper extremity 

functioning.
2
 

Crawling develops the joint control in the shoulder, elbow, lower arm and within  

the hand, arches of the hand, motoric separation of the hand (support on the little 

finger's side and skills on the thumb side), strength and  tone  of  the  hand.
3
 

Crawling is a child's first experience of moving forward and in doing so they 

become aware of the left and right sides. While crawling, the baby also starts 

crossing the midline between the left and right side of the body and the brain. It is 

obvious that the locomotion aspect of crawling helps with synchronizing the eyes, 

maintaining the posture, balance, movement, tactile sense, muscle tone  and  

crossing the midline - all in preparation of fine motor manipulation. Whenever the 

baby takes his weight on all fours to crawl, it develops the joint control in the 

shoulder, elbow, lower arm and within the hand.
3
 

Fine motor function requires movement of small muscles of hand for manipulating 

objects.  It  plays an  important  role  in many everyday  activities  such  as   feeding, 

self-care, dressing. Impairment  of   fine  motor skill  leads to   difficulty in activities 



 of daily living such as using utensils to eat or dressing oneself.
4
 

 
Hand motor control has been assessed for more than two  decades  by  the  

evaluation of fingertip forces during precision grasping. Fingertip coordination in 

typically developing children usually resembles adult coordination by 6 to 8 years  

of age.
5
 

Neurodevelopmental disorders (NDD) are a group of disorders that typically 

manifest early in development and are characterized by developmental deficits that 

produce impairments of personal, social, academic, or occupational functioning. 

They include Autism Spectrum Disorders (ASD), Attention-Deficit Hyperactivity 

Disorder (ADHD), Epilepsy, Intellectual Disability, Hearing Impairments, Visual 

Impairments and Motor Impairments including Cerebral Palsy, among others
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The major and most prevailing risk factor across all the NDDs is the perinatal 

complications.
7
 

According to the 2011 census of India, prevalence of disabilities was 1.1% and  

1.5% in age group of 0 to 4 years and 5 to 9 years respectively. The cumulative 

prevalence of NDDs was higher in the older age category (6 to 9 years)  as  

compared to the younger age category (2 to 6 years). The prevalence of children 

between the ages of 2 and 9 years was 12.0%.
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In contrast, children with CP at this age often have force coordination resembling 

that of very young children. They have prolonged delays between the various 

movement phases (e.g. grasp contact and subsequent initiation of load force) and 

also sequential generation of grip and load force.
5
 

Although majority of the CP children have the ability to  adjust  their  fingertip 

forces according to  the texture and  weight  of  the  object,  the  force  may be  often 

excessive  and  variable.  A  reduced  adaptation  has  been  noticed  as  compared to 



 typically developing children. This coordination is impaired also during object 

release, which is exacerbated when speed and accuracy constraints are imposed. 
5
 

Depending on where you live in the world the difference in meaning of creeping  

and crawling varies. Crawling as a milestone which is  otherwise  considered  

normal to be skipped, should not be skipped in typically developing children as it 

helps to develop fine motor activities of the hand by stabilizing the proximal 

shoulder and scapular muscles. Thus, this study intends to identify an association 

between duration of crawling and upper extremity function in children with NDD. 

 
 

7.2 REVIEW OF LITERATURE: 

 

A study conducted on the association of an omitted crawling milestone with pencil 

grasp and control in five- and six-year-old children, A cross sectional study and 

case-control study was taken. A group of children who had not crawled were to be 

compared to a group who had crawled in order to establish a possible relationship 

between their crawling status and pencil grasp and control. The results of the study 

suggest that there may be a link between an omitted crawling milestone and the 

development of pencil grasp in five- and six-year-old children. Efficient  pencil 

grasp among the crawlers was significantly better than among the non-crawlers.
1
 

A study undertaken to determine The influences of early crawling experience on 

motor skill development were examined in children identified by parents as  

crawlers or non-crawlers during early infancy. As a method  The  Miller  

Assessment for Pre-schoolers was selected, Five subtests  were  selected  to 

represent upper extremity proprioceptive, kinaesthetic, and tactile abilities. 

Two subtests were from the Foundations Index, Stereognosis, and Finger 



 Localization. One subtest from the combined  Foundations  and  Coordination  

Index, Vertical Writing, and two tests from the Complex Task Index, Draw-A- 

Person, and Imitation of Postures, were used. Collectively, these subtests provided 

insight into each child's development of body schema, visual-spatial abilities and 

upper extremity motor planning skills. Results of the present study show that 

children identified as having never crawled score significantly lower on the 

Imitation-of-Postures subtest and have lower average scores than  children  

identified as crawlers determined that the influences of early crawling experience 

may have been underestimated, individuals with poor body-schema development 

often avoid crossing the midline. The ability to cross the midline represents the 

child's ability to integrate the two symmetrical body halves into a  composite  

whole.
2
 

Research indicates that crawling on all fours – not bunny hopping or bum-sliding 

develops    the   following   skills: muscle   tone, tactile (touch)stimulation, 

manipulation ,pencil grasp ,joint control in the shoulder, elbow and lower arm and 

within the hand ,arches of the hand ,motoric separation of the hand (support on the 

little finger’s side and skills on the thumb side) ,strength and tone in hand. 
3
  

Cerebral palsy (CP) is among the most common paediatric neurological disorders, 

and is caused by damage to the brain during early development. CST directly 

innervates hand motor neurons, which provide the capacity for selective upper 

extremity movement control.
3
 Thus, damage to this developing system can 

permanently impair manual dexterity. The specific etiology may drastically 

influence subsequent development of CST pathways. The severity of hand 

impairments largely depends on the extent of damage to the CST. The asymmetry 

in  the   CST  innervating  each  hand  is   highly  correlated  to  severity  of   manual 



 dexterity impairments, with higher asymmetry (values below 100)  related  to  

greater impairments. The timing of CST damage is also predictive of outcome. 

Generally speaking, cortical malformation in the first two trimesters results in less 

severe hand impairments than periventricular lesions early in the third trimester or 

middle cerebral artery damage later in the third trimester. This study concluded 

describing the pathophysiology underlying impaired upper extremity function of 

unilateral spastic CP, with particular emphasis on the relation between  CST  

damage and hand function. We have described the resulting sensory and motor 

deficits, with an emphasis on studies of precision grip. These studies show 

impairments in (1) motor execution; (2) sensorimotor integration; (3) motor 

planning; and (4) bimanual coordination beyond dexterity impairments.
9
 

A study was conducted on the reliability and validity of the fine motor scale of the 

Peabody developmental motor scales 2 to check the  test  retest  reliability,  inter 

rater reliability, convergent validity and discrimination validity for  fine  motor  

scale of the Peabody developmental motor scales – second edition (PDMS – FM 

2) where the administered 2 groups of 18 children between the age of 4  and  5  

years with or without fine motor problems. The results were compared with the 

scores of children on the Movement Assessment Battery for Children. In this the 

scores of children with or without fine motor problems  were compared.  For  the 

test retest reliability and the inter rater reliability  correlation  coefficient  varied 

from r = 0.84 to r = 0.99. The study showed excellent result for test retest and inter 

rater reliability. They found a 39% of the children in the group with problems in  

fine motor activities which had fine motor problems according to the  PDMS 2  and 

it   indicated   that   PDMS   FM   2   may   not   be   the   sensitive   enough   for this 

population.
10

 



 A study was conducted to check the assessment tools and  classification system  

used for the upper extremity in children with cerebral palsy where the performance 

in children with cerebral palsy was used from a wide range of tools. They 

systematically reviewed the literature for upper extremity assessment and 

classification tools for children with CP to compare instrument content,  The  

Quality of Upper Extremity Skills Test (QUEST) describes the quality  of  

movement of the UE based on neurodevelopmental theories. The QUEST has been 

validated and established as reliable. Publications include evidence of content, 

construct, and criterion validity; intra rater and inter rater reliability; and test-retest 

reliability.
11

 

To investigate reliability of the Quality of Upper Extremity Skills Test (QUEST) 

scores for children with cerebral palsy (CP) aged 2–12 years. Method: Thirty-one 

QUESTs from 24 children with CP were rated once by two raters and twice by one 

rater. Internal consistency of total scores, inter- and intra-rater reliability findings  

for total, domain, and item scores were calculated. This study concluded that 

QUEST is proven reliability for children with CP aged 18 months to 8 years. This 

also study demonstrated strong reliability for children aged 2–12 year.
12

 

7.3 AIM AND OBJECTIVES OF THE STUDY: 

 
To study the correlation of upper extremity function and duration of crawling in 

children with neurodevelopmental disorder. 

7.4 RESEARCH QUESTION: 

 
Crawling has shown a positive association with the  fine  motor  function  in 

typically developing children. This study intends to find a similar association of 

crawling with upper extremity function in children with NDD if any. 



8. METHODOLOGY 

 
8.1 SOURCE OF DATA: Sample will be collected from, 

 
1) OPD No 13, Pediatrics Physiotherapy O.P.D, S.D.M College of Medical 

Sciences and Hospital, Sattur, Dharwad. 

2) USHAS Centre for Exceptional Children, Shirur Park, Hubballi. 

 
 Study subjects: Children with Neurodevelopmental Disorders. 

 
 Study area: The study will be conducted at the Paediatric Physiotherapy 

 
O.P.D on the premises of SDM College of Medical Sciences and Hospital, 

Dharwad, which is tertiary care hospital that caters to the people of North 

Karnataka mainly those residing in Dharwad district. The sample size will 

be also collected from the physiotherapy unit at USHAS’ Centre for 

Exceptional Children, Hubballi which is facilitated by SDM College of 

Physiotherapy to cater to the children with special needs. 

 Study period: 1 year 

 

 

 
8.2 METHODS OF COLLECTION OF DATA: 

 
 Study design: Cross – Sectional Design 

 
Inclusion criteria- 

 
1. Children of either gender. 

 
2. Children from 2 years to 12 years of age. 

 
3. Children diagnosed with neurodevelopmental disorder by Medical 

practitioner. 



 Exclusion criteria- 

 
1. Children with no ability to sit independently. 

 
2. Contractures or deformities in upper extremity which may interfere with 

performance of outcome measure. 

3. History of any injuries to the upper extremities which may interfere with 

performance of outcome measure. 

4. Children of parents who were unable recall the history related to crawling. 

 
5. Children who received botox injection 6 months prior to the study. 

 
6. Total cortico-visual impairment. 

 
7. Children of parents who did not consent for their child’s participation. 

 
Sample: Sample size is calculated using the formula given below for an infinite 

population: 

n = Z 
2
 P (1 – P) 

d 
2 

where, n = Sample size 

 
Z= Z statistic for a level of confidence. (For the level of confidence of 95%, 

which is conventional, Z value is 1.96). 

P= expected prevalence or proportion. 

 
d= precision. (If the precision is 5% then d=0.05) 

 
Based on the prevalence of 12%, with 5 % error the sample size will be 162. 

 
Sampling procedure: All the children with NDD visiting the OPD. 

 
Study instrument: 

 
1) Written consent form from parents 

 

2) Demographic data sheet 

 



 3) Stationary items-pencil, eraser, paper etc. 

 

4) Stadiometer 

 

5) Weighing scale 

 

6) QUEST (Quality of upper extremity skill test) 

 

 Study Method: 

 
Demographic data sheet will be appropriately filled by the therapist. The height, 

weight, will be recorded. Parents or guardians will be explained the procedure of  

the test. The participants will be assessed by QUEST  (outcome  measure  tool). 

Data thus collected will be used for calculating the upper extremity function with 

respect to the duration of crawl in children with NDD. This data would be further 

subjected to appropriate statistical analysis. 

 Data collection: 

 
Ethical clearance will be obtained from Institutional Ethical Committee of S.D.M 

College of Medical Sciences and Hospital, Dharwad. A written informed consent 

along with demographic data sheet and a QUEST will be taken to assess the upper 

extremity function with the permission of the parents who agree for their child’s 

participation. The children from paediatric physiotherapy OPD and from USHAS 

school for special children will be included in the study after checking for their 

inclusion and exclusion criteria. Goals of the study will be explained  to  the  

parents/ guardians and written informed consent will be taken  before  their  

inclusion in the study. 

 Study analysis: 

 

1) Descriptive statistics such as mean, frequencies, standard deviation etc. 

 
2) Correlation analysis using appropriate test. 



 8.3 Does the study require any investigations or interventions to be conducted 

on patients or other humans or animals? (If so, please describe briefly) 

YES. The study requires non-invasive investigations like weight, height, 

BMI, QUEST (outcome measure tool) of participating children with 

neurodevelopmental disorders. 

8.4 Has ethical clearance been obtained from ethical committee of your 

institution in case of 8.3? 

Ethical clearance has been applied for and is awaited. 
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CONSENT FORM 

STUDY TITLE: “CORRELATION OF DURATION OF CRAWLING AND FINE 

MOTOR FUNCTION IN CHILDREN WITH NEURODEVELOPMENTAL 

DISORDER” 

I, Ms/Mr… ................................................................................................................. on behalf of 

 
my child ............................................................................................... , exercise my free power of 

 
choice and hereby give my consent to include my child as a subject in the above-mentioned 

study and to publish the data thus obtained. I have been explained the procedure and the 

importance of the study in my own language by the researcher. I agree to adhere to the 

physiotherapist instructions and co-operate fully and inform them if my child experiences any 

discomfort. I am informed about my right to withdraw my child from the study at any time 

throughout the study without having to give any reasons for doing so. Also, I am aware of the 

fact that the participation in the study includes no monetary or financial benefits. I have read 

through the details of the same in the information sheet provided to me. 

 

 

 
Postal Address: 

 

Relationship with child: Father/Mother/Guardian Sign 

 

 

 
 

For Investigators Purpose 

 
This is to certify that above consent has been obtained in my presence. 

 

 

 

 

 

 
Name of the Investigator: Sign: 



 

DEMOGRAPHIC DATA 

 

Name: ………………………………………….. 

 
Date of birth: …. /…. /…. Age: …… years ……months Gender: 

 
Female/Male  

Height: ………cms Weight: ………kgs BMI ................ kgs/m
2
 

History: 

 
Consanguinity: Yes/No 

 

 
Prematurity: Present/Absent 

 

 
Birth Wt: ...........gms 

 
Type of Delivery: NVD / LSCS Gestational age at birth .............. wks. 

 

 

 

 
 

Sl. 

No 

. 

Milestone Age Duration 

since 

achieved 

Sl. 

 
No. 

Milestone Age Duration 

since 

achieved 

1. Head holding   7. Supported standing   

2. Rolling prone   8. Independent standing   

3. Creeping   9. Supported walking   

4. Crawling   10. Independent walking   

5. Sitting, if made to sit   11. Ascending stairs   

6. Independent sitting   12. Descending stairs   

History of Milestones: 

 

 
 

Upper limb tone:………………………………………………………….. 



   
 

 

Reciprocal Crawling 
 

 

 

 

 

 

 

 
 

Creeping 

 

Bear Walking 

 

 

 

 

 

 

 

 

 

 

 

 
Bunny Hopping 

 

Ipsilateral/Frog Leap Crawling 
 

 

 

 

Bottom Shuffling 

 

 

 
 

 
 

Crab Crawling 

 

 
 

CHOOSE ANY 1 OF EACH........................................................... 



INFORMATION SHEET 
 

Dear parents, 

 
I, Ms. Shalini Gaikwad would like to invite you and your child to take part in our 

research study titled “DURATION OF CRAWLING AND UPPER EXTREMITY 

FUNCTION IN CHILDREN WITH NEURODEVELOPMENTAL DISORDER 

– A CORRELATION STUDY” 

 
Before you decide, you need to understand why the research is being done and what it 

would involve for you and your child. Please take time to read the following 

information carefully. This information sheet tells you about the purpose of the study 

and what will happen if you take part. A copy will be given to you for your ready 

reference. 

Procedure and Purpose of this study 

 
1) Procedure: Children meeting inclusion and exclusion criteria will be recruited  in  

the study. The pattern of crawling will be observed and noted. History of duration of 

crawl will be obtained from the parent and noted. Data regarding upper limb function 

will be collected by using QUEST (outcome measure tool)  to  measure  quality  of 

upper extremity function. 

2) Benefits: 

 
a) Benefit to volunteer: Facilitation technique will be added in treatment protocol, if a 

positive correlation is found between crawling and upper extremity function. 

b) Potential benefits to society: Crawling can also be encouraged as a essential 

milestone for good upper extremity function in children with neurodevelopmental 

disorder. 

3) Time duration of the procedure: 15-20 min 

 
4) Statement of confidentiality: Your child’s participation in this research is 

confidential. Only the investigators will have access to your child’s identity and to 

information that can be associated with his/her identity. In the event of publication of 

this research, no personally identifying information will be disclosed. 



5) Injury clause: There is very less chance of any injury resulting from this study. 

Injuries if any,  other than those related to the investigations as part of the study are    

not liable for financial compensation or free medical treatment. 

6) Compensation: Participation in this study includes no monetary or financial 

benefits. 

7) Voluntary participation: Your and your child`s participation in this study is 

voluntary. You have all the right to withdraw you and  your child  from  the  study at 

any time throughout the study without having to give any reasons for doing so. 

Withdrawal from the study at any given point will not influence the therapy of your 

child. Video your and  your child’s right as a  study participant; you  also may decline  

to answer any questions asked by the researcher. 

8) Right to ask question: You may ask any questions about the study procedures and 

the questions will be answered by the researcher. 

9) Any queries: Any further questions related to the study will be answered by me, 

Ms Shalini Gaikwad on the contact details mentioned below. 

Email Id: shalinigaikwad25@gmail.com 

Mob. No: 9513402438 

You may also contact the office of Department of Physiotherapy, Manjushree Nagar, 

Sattur, Dharwad (0836-2462253). 

 

 

Name and contact details of guide 

Dr. Jyoti S. Jeevannavar Professor 

Email Id: drjyotisj@gmail.com 

Mob. No- 9972189767 

mailto:shalinigaikwad25@gmail.com
mailto:drjyotisj@gmail.com

