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ABSTRACT 

 

“DURATION OF CRAWLING AND UPPER EXTREMITY 

FUNCTION IN CHILDREN WITH NEURODEVELOPMENTAL 

DISORDERS – A CORRELATION STUDY” 

 

Background and objective: Crawling helps in the development of strength and 

stability of shoulder joint, control of elbow and wrist, motoric strength separation, and 

development of tone and strength of the hand, which are important for upper 

extremity function. Crawling being one of the major milestones, that could possible 

affect the upper extremity function in children with NDD has never been studied for a 

correlation in the past. Thus the objective of the study was to find a correlation 

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

Study design: Cross sectional study. 

Methodology: 122 children with NDD participated in the study as per the inclusion 

and exclusion criteria. The duration and type of crawling was obtained from parents 

of children with NDD. Children were assessed on QUEST and were analysed for 

upper extremity function. 

Results: Crawling duration influenced the upper extremity function in children with 

NDD with a R= 0.1943, 0.1886, 0.1823, 0.2799, 0.2531 at a p=0.03, 0.03, 0.04, 0.001, 

0.004. The correlation though weak was significantly positive. The quadriplegic CP 



 
 
 

 
xii 

 
 

showed lower scores on QUEST domains as compared to other types of CP and NDD. 

There was significant difference among different crawling types on QUEST scores, 

the non-crawlers had scored less on the QUEST domains as compared to crawlers.  

Conclusion: The results of the study may suggest that facilitation of crawling can 

influence the upper extremity function. This may help the children with independence 

in activities of daily living and alleviate the burdens off the parents/ guardian for care 

giving. 

 

Key words: Neuro developmental disorder; Crawling; Upper extremity function; 

QUEST scale. 
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INTRODUCTION  

 

Child development is a dynamic process of growth, transformation, learning and 

acquisition of abilities to respond and adapt to the environment in a planned, 

organized and independent manner. This process is shaped, positively or negatively 

by interaction between environmental and biological influences and does not merely 

unfold with neurological maturation.1 

 

 

The certainty that every motor milestone is also a brain development milestone, the 

significance of achieving every motor milestone cannot be emphasized enough.2 

 

 

Neuro‐muscular development is followed by course of prone progressive behaviour 

like creeping and crawling in a growing infant.3 

 

 

The prone-on-elbows posture is the first call for the upper extremities to be weight 

bearing. This ability to weight-bear through the forearms, elbows, and shoulders for 

the weight bearing that will follow in the quadruped position.4 

 

 

A new born infant has crawling instinct right from birth, they show a (crawl like) 

sequential behavioural pattern during the initial hours of birth, if positioned skin to 

skin on mother’s chest.5 
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Mobility is delayed until the joints, bones and ligaments develop enough strength to 

support and actively propel the infant into all corners of their newly found 

environment.6 

 

Crawling in human infants, however, is surprisingly diverse, not restricted to the most 

commonly reported style of hands-and knees crawling. Despite the quite varied means 

by which infants may crawl, several characteristics of intra- and inter-limb 

coordination remain consistent. A number of factors may be involved in the 

“locomotor choices” of pre-walking infants.7 

 

 

Studies have shown that the crawling movement of infants is a rhythmic limb 

coordinated movement under the control of neural system.8 

 

 

When considering the development of a behaviour, activity like crawling and 

creeping, especially as it relates to the maturation of neural structures, the following 

items should be borne in mind.(a) Cortical behaviour is deliberate in quality and 

shows organization of several neural mechanisms. (b) The cortex, as it develops, not 

only takes on a controlling influence over muscular activity, but it also exercises an 

inhibitory influence upon many muscular activities which are governed at a nuclear 

level. (c) The trend of development in both the nervous system and motor behaviour 

follows a cephalo‐caudal course.3 
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Crawling, defined as reciprocal locomotion on the hands and knees while lifting the 

trunk from the floor, is a developmental milestone for infants, and usually starts to 

occur from around seven months and is mastered at about nine months of age. 

Crawling consists of reciprocal extremity movements and trunk counteractions. 

Independent weight shifting on the extremities as well as the ability to elevate the 

trunk from the floor is required. Crawling becomes an infant’s primary means of 

locomotion to explore his/her environment and to obtain and transport toys.9 

 

 

Crawling as a means of locomotion in humans can show wide variety of coordination 

pattern, by changing the sequence and relative timing of limb movements.10 It is also 

possible that these different forms of crawling are infants’ different solutions to a 

problem: how to get somewhere.7 Following the emergence of this new inter-limb 

pattern of coordination, little change is observed in the form of the movement, but 

speed increases across weeks, suggesting that control of the underlying forces 

increases with experience.11 

 

 

In babies with a history of walker exposure showed delay in the acquisition of 

manipulative skills and the development of balance reactions and protective 

responses, as they had limited opportunity to practice skills on the floor.12 
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Figure 1. Various types of crawling among infants. Reprinted by permission from author  

 

 

A: standard crawling; .B: hands-and-feet crawling; C: step-crawl mix; D: creeping; . E: scooting 

F: step-scoot mix using three limbs.7 
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Research has shown that factors such as the quality of upper limb function related to 

tactile, proprioceptive and kinaesthetic skills and performance at a preschool level can 

be affected by a lack of crawling. Crawling influences the development of proximal 

joint stability etc, the development of fine motor skills depends on the interaction of 

all the joints of the upper extremity, which includes the scapulo‐thoracic, gleno‐

humeral, elbow and wrist joints. Distal joint of every proximal joint attains maximum 

control if proximal joint has strong base of support (stability). Distal finger skills and 

dexterous hand skills need proximal joint stability of shoulder, elbow, and wrist. 

During the process of crawling, development of arm muscles and proximal joint 

stability occurs.9 

 

 

Proximal joint mobility: Every joint must move freely into its mature patterns, with 

sufficient mobility. The long finger flexors slowly become lengthened over the wrist 

and through the palm when the baby rocks back and forth in the quadruped position 

and when pulling forward in crawling, preparing the wrist to move in full range of 

extension and stimulating finger movements.9 

 

 

The development of the shoulder stability is followed by the development of the 

child’s ability to control the extremity enough to bring the object toward him for a 

closer look, to put it in his mouth, or to examine it with two hands Shoulder stability 

and the ability to perform a controlled reach arise from the infant’s increasingly 

skilful weight bearing and weight shifting in the prone-on-elbows posture.9 
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Arches of the hand: Two transverse, four longitudinal and four diagonal or oblique 

arches are involved in the anatomy of the hand. The arches are significant for (a) 

shaping the hand to grasp multiple shaped and size objects, (b) directing skilled 

movements of the fingers, and (c) grading the power of prehension (seen in pencil 

grasp and control). Palmar arches form part of the proximal control of the hand that 

leads to distal control of the fingers Crawling and its weight‐shifting components 

provide input into the hand, which contribute to the development of the palmar 

arches. Forward and backward rocking in the quadruped position facilitates the 

development of longitudinal arches. Lateral weight shift also helps in the development 

of the transverse and oblique arches of the hand.9 

 

 

Motoric separation of the two sides of the hand: Refinement of skills within the 

radial side of the hand is best achieved when the ulnar side of the hand is stabilised. 

When digits four and five are flexed against the palm or are in extension, combined 

with abduction of the little finger, this will stabilise the transverse metacarpal arch and 

localise control to fingers two and three. With this separation, the radial or skilled 

digits can manipulate more precisely with the thumb. Hand separation starts when the 

infant crawls and bears weight on the ulnar side of the hand while carrying toys with 

the radial digits.9 

 

 

Open web space and thumb movements: The thumb needs to move freely into 

abduction along with medial rotation to gain stability to function opposite other distal 

finger tips, this gives optimal distal manipulation. The joint ligament, the collective 
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action of long and short extensors, the flexors, the long abductors and adductors 

stabilises complex saddle joint to the full range of motion. For fine motor 

manipulation along with assistance of transverse metacarpal arch, opposition of all 

finger tips depends on the position of thumb. When infants crawl the weight shift 

causes elongation of web space between index finger and thumb, making more room 

for items to grasp. It also stimulates active stabilisation of the thumb. The quadruped 

position, crawling, and bear walking causes weight bearing, which leads to 

flattening/expansion of hand.9 

 

 

Hand expansion is a basic requirement for grasp, manipulation and release objects. 

Infant intently looks at their fingers while crawling and raking objects (toys). Sensory 

integration is taking place between vision and proprioception, which is the beginning 

of eye‐hand coordination.9 

 

 

 Fine motor skills play a key role in many activities of daily living such as self-care, 

feeding and dressing, Children with fine motor skill impairments have problems with 

everyday activities such as using utensils to eat or dressing themselves.13 

 

 

Not crawling develops weakness in muscles and ligaments from disuse, and decrease 

in the stability of the joint thus affecting their ability to function adequately.6 

 



Introduction 
 

 Page 8 
 

When children first attempt to feed themselves with a spoon, a lack of supination of 

the forearm is responsible for spillage. Until he develops full active supination, 

spillage will continue to occur. Many other functional activities across the life span 

depend on the ability to supinate the forearms, such as donning a shirt, buttoning and 

unbuttoning a shirt, turning a door knob, turning a steering wheel, and tying a bow.4 

 

 

According to a study, in infant crawling, the development of the upper limbs is greater 

than the lower limbs, and the crawling is mainly affected by the upper limbs.8 

 

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.14 The major and 

most prevailing risk factor across all the NDDs is the perinatal complications.15 

 

 

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%.16 
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Deficits in bimanual coordination are of particular concern in Hemiplegic CP, as the 

ability to bring the hands together and to the body are precursors for most daily 

activities. Children develop adaptive strategies to complete tasks, such as bypassing 

the impaired arm due to the increased cognitive load required to include it. This 

creates a discrepancy between arm capacity and actual performance, termed 

developmental disregard in hemiplegic CP. 

 

 

Selective interruption of afferent input to a front limb in very young animals impairs 

future motor control, even with reversal of the precipitating cortical impairment. This 

suggests a critical period during which sensorimotor deprivation interferes with 

development of motor programming. Plasticity is induced and regulated by the pattern 

of sensory feedback from peripheral receptors. Incorporation of the weak arm through 

weight bearing in crawling can build strength and provide rich proprioceptive sensory 

information to the brain about the arm’s characteristics. Regular weight bearing 

through spastic hand and arm muscles may also increase functional hand skills. Hand 

contact with the environment provides the opportunity for sensorimotor experiences 

similar to the unimpaired UE. Regular weight bearing through spastic hand and arm 

muscles may also increase functional hand skills. Incorporating the impaired 

extremity in crawling and weight bearing weight bearing during brain mapping of the 

body through sensory input in the first year influences cortical organization and future 

control of the extremity.17 
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CST directly innervates hand moto-neurons, which provide the capacity for selective 

upper extremity movement control. Manual dexterity can be permanently impaired 

due to the damage of cortico spinal tract. The intensity of hand impairment mostly 

depends on the proportion of cortico spinal tract damage. The timing of CST damage 

is also prognostic of outcome. Generally speaking, less severe hand impairment is 

seen in initial two trimesters with respect to cortical malformation than periventricular 

lesions early in the third trimester or middle cerebral artery damage later in the third 

trimester. Normally developing children's finger-tip coordination generally closely 

resembles mature coordination by 6 to 8 years of age. The examination of finger-tip 

forces during precision grasp has been quantified for more than two decades to see 

hand motor control. In contrast, children with CP at this age often have force 

coordination resembling that of very young children, with prolonged delays between 

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

sequential generation of grip and load force. 

 

 

Although most children with CP are capable of adjusting their fingertip forces to the 

object’s weight and texture, their forces are often variable and excessive, with reduced 

adaptation compared with typically developing children. Fingertip force coordination 

is also impaired during object release, which is exacerbated when speed and accuracy 

constraints are imposed. Precision grip in children with CP does improve with 

development18 and extended practice, which has helped motivate intensive 

rehabilitation protocols. Children with spastic CP, especially of middle cerebral artery 

origin, often have sensory impairments, which may further compromise fine motor 

skills. Specifically, tactile perception (light touch) and discrimination, stereognosis, 



Introduction 
 

 Page 11 
 

and proprioception are often impaired with the amount of impairment related to the 

integrity of ascending sensorimotor pathways. In addition to movement execution and 

sensory impairments, individuals with unilateral spastic CP have impairments in 

motor planning, which can also impact precision grasping. Children with spastic CP 

have a decreased ability to scale the amplitude of the force development in their more‐

affected hand.16 

 

 Various independent skills are required for appropriate manipulation of an object or 

to perform the task.18 

 

The impairments that underlie a number of the items in the Quality of Upper 

Extremity Skill Test (QUEST) are not likely to improve through task-related or 

movement practice. A change in the activity domain is predominantly targeted by 

Movement-based interventions. The QUEST overwhelmingly assesses the concepts of 

body function domain, except for the grasp domain. Thus making it more appropriate 

for assessment of interventions that target improvements in body functions.19 

 

 

Fine motor skills in children can be evaluated using various tools like UE Functional 

Index (UEFI), Shiners Hospital UE Evaluation (SHUEE), Melbourne Assessment 

Scale 1 & 2 (MAS 1 & MAS 2), Activity limitation measure (ACTIVLIM), Manual 

ability measure (ABILHAND), Peabody Developmental Motor Scale-2(PDMS2) and 

Quality of Upper Extremity Skills Test (QUEST). QUEST has been proven a valid 

tool for children with CP aged 18 months to 8 years (yrs.).20 
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Study provides strong evidence and reliability of QUEST for children aged 2-12 yrs. 

The Total scores are reported to have inter-rater reliability with an Intra-class 

Correlation Coefficient (ICC) is 0.86, and the ICC for intra-rater reliability was found 

to be 0.96.All the Domains had shown high reliability value (ICC > 0.80) within 

raters and also between raters and except for grasp (moderate at ICC=0.67). Item 

inter-rater reliability was either moderate or better for 80% of items. Item intra-rater 

reliability was moderate or better for 87% of items. The internal consistency for Total 

score was high (a =0.97).19 
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NEED FOR THE STUDY 

 

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. The consequent drawbacks of the milestone being skipped can have negative 

effects on a child’s development. However keeping in view the delays which are 

experienced by children with NDDs, this skip may have greater influence on the level 

of independence of the children. Inclusion of therapeutic facilitation of crawling in 

these children with NDD may help them achieve better outcomes related to 

independence in activities of daily living, thus decreasing parental burdens to a great 

extent. Thus, this study intends to identify an association between duration of 

crawling and upper extremity function in children with NDD.  
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OBJECTIVES 

⮚ To study the correlation between upper extremity function and duration of crawling 

in children with neurodevelopmental disorder. 

 

HYPOTHESIS:  

 Alternate hypothesis: The upper extremity function of children with NDD 

will be significantly correlated with duration of crawling. 

 Null hypothesis: The upper extremity function of children with NDD will not 

be significantly correlated with duration of crawling. 
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REVIEW OF LITERATURE 

 

Crawling provides many excellent experiences for the child and helps to develop mile 

stone and strengthen other areas. Child’s development to creep or crawl by nine 

months plays important role for achieving fine motor skills. Crawling take place a 

duration for first and longest period of time, so the child will be putting weight 

through their hands to develop strength muscle power and stability at the shoulders 

girdle. Crawling is the first form of independent movement. It helps the child to 

develop and enhance the vestibular system / balance, co-ordination on all 4 limbs, 

sensory system, cognition, problem solving skills and coordination.21 

 

 

Crawling develops infants muscle power, and postural control in the trunk, neck, hips, 

and shoulder girdle which help to achieve mile stone for sitting and standing. It helps 

to strengthen the muscles around the rib cage needed for breathing, eating, coughing 

and talking. Crawling plays a major role in integrating the immature reflexes. It 

enhances bilateral coordination, which includes using both sides of the body together. 

It places the tongue in the proper alignment for speech and speech articulation and 

lengthens the fingers and grows the palm arches of the hand which are crucial for 

performing fine motor activities like grasping a pencil and writing. It also separates 

the two sides of the hand to improve fine grasp and scissor skills. 22 

 

 

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

grasp and control suggested that there may be a link between an omitted crawling 



Review Of Literature 
 

 Page 16 
 

milestone and the development of pencil grasp in five‐ and six‐year‐old children. 

Efficient Pencil grasp among the crawlers was significantly efficient than the non‐

crawlers.9 

 

 

 Results of the a study show that children identified as having never crawled scored 

significantly lower on the Imitation‐of‐ Postures subtest of Miller Assessment for 

preschoolers and had lower average scores than children identified as crawlers. It also 

states that the influences of early crawling experience may have been underestimated 

and 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.23 

 

 

A study showed that minimum of two hours of baby walker a day over a possible 28-

week period (392 hours in total) was considered problematic enough to interfere with 

crawling onset.12This indicates that environmental challenges also play a crucial role 

in development of a milestone and development of milestone is not limited to natural 

maturation of central nervous system. 

 

 

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, 
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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.2 

 

A study found that the entire period of crawling, from belly to hands and knees, is 

characterized by continuous improvements in crawling proficiency as infants moved 

more quickly and efficiently from place to place. They also showed that Diagonal 

inter-limb coordination may be the most stable solution on hands and knees because it 

keeps the center of mass moving in a forward direction with minimal destabilizing 

torques from the center of mass shifting from side to side and to and fro. The Duration 

of experience practicing belly crawling and precursory postures predicted hands‐

knees proficiency. Their results suggest that facilitating effects of experience may 

result from shoring up constituents common to all types of crawling. For example, 

precursory crawling experience may strengthen infants’ arms, allowing them to 

overcome frictional forces on the belly and to resist gravity more easily on hands and 

knees.24 

 

 

Infants’ crawling characteristics generally change from belly crawling to hands-and-

knees creeping as development progresses The proposed system concurrently 

measured movements using two video cameras (HDR-PJ680, Sony Corporation, 

Tokyo, Japan), one facing down toward the floor (ceiling camera) and the other facing 

the wall (lateral camera), to record top and lateral views of the infant The features of 

infant crawling were extracted from the recorded video images based on image 

processing. They wanted to compare the characteristic changes in movement of belly 

crawling to hand to knee crawling. They observed that the COG of belly crawlers 
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moved backward twice, whereas hand to knee crawlers did not show such feature and 

moved straight forward. There results indicated that infants who had advanced 

development and were able to crawl at a high speed moved their bodies rhythmically 

and smoothly. The decrease in the number of backward movements detected by image 

COG, and increase in the average speed of image with the crawling experience 

indicate that the infant learned efficient movements towards the traveling direction 

through the process of motor development and acquired rapid motor skill. They also 

observed that hand to knee crawlers had propulsive force and moved quickly, and the 

change of COG to the medial and lateral directions was small.25 

 

 

A child has the instinct of crawling, since it is born. It is delayed because the bones, 

joints and ligaments are not that strong to carry the baby’s weight forward and propel 

forward. A particular research focused on showing the effectiveness of crawling with 

shoulder ‐ hip range of motion in infants. The shoulder, hip and trunk ROM for the 

flexion extension abduction and lateral and medial rotation, the trunk ROM of flexion 

and lateral flexion were not significantly different between the physical characteristics 

between either genders. The shoulder joint was more flexible than the hip joint 

because of its shallow joint socket and less ligaments than the hip joint. Hence it was 

suggested that crawling is a very important developmental exercise in children for the 

attainment of stability on the hip joint.6 

 

 

Muscle Co‐activation is the simultaneous muscular activation of agonist and 

antagonist muscle groups, resulting in optimal joint stability and movement accuracy. 
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Because of the well‐known gross motor development concept of head to toe, infant 

crawling is an important stage of motor function development that shows non‐

synchronized growth and development of upper and lower limbs. However, no 

previous research has been done on the effect of Muscle co‐activation levels in 

agonist and antagonist muscle groups on limb motor function development. Studies 

have shown that there was a considerable difference between the upper and lower 

limbs, the connection between muscle co‐activation and crawling speed was poor.26 

 

 

Although crawling on hands and knees is a significant motor developmental 

milestone, existing clinical measurements of motor function during the crawling stage 

are subjective. Infant crawling objective metrics such as kinematics and 

electromyography (EMG) may give more steady and reliable assessments of such 

developmental milestones, indicating changes in locomotion over time. Crawling 

training is an important intervention for children with atypical development who have 

delayed motor development. During crawling, the triceps brachii is active throughout 

the stance phase of the arm, whereas the quadriceps femoris is active mostly during 

the leg swing. The fumbling attempts to move forward with their abdomens hitting the 

ground begin the crawling stage. Following that, the arms begin to gain enough 

muscle power to support the abdomen over the support surface. The goal of this study 

was to see if joint kinematics and the underlying co‐activation of flexor and extensor 

muscles in infant crawling differed between arms and legs at different ages. It was 

discovered that the arm had considerably higher co‐activation and repeatability of 

joint movement than the leg, implying that the arm developed sooner than the leg. 

Cervical forelimb generators, as well as quadrupeds, are thought to be in charge of the 
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rhythmic arm movements. A CPG network in the lumbosacral area can also cause the 

leg to alternate between left and right and flexor/extensor. To coordinate rhythmic 

movement of arms and legs when crawling, the cervical and lumbar pattern generators 

must interact. Changes in the brain, body, and motor experience may all have an 

impact on motor skill development. The indicates that joint kinematics and underlying 

co‐activation between flexor and extensor of limbs can display aspects of motor 

development in infant crawling, such as non‐synchronous growth of limbs and quick 

reinforcement of the leg.27 

 

 

Studies have shown that the development and growth of muscle fiber rely on 

repeating patterns of muscle use. Synergy patterns hypothesis of muscles is widely 

accepted as a motion regulatory mechanism, by which the CNS recruits a specific 

number of muscle synergies to simplify motion control and improve regulation 

efficiency. It was found that oscillation synergies with the same index were highly 

similar in Bicep Brachii and Triceps Brachii muscles. In conclusion, the results of this 

study suggested that multi‐scale oscillation synergies existed in Surface 

electromyography (sEMG) signals of Biceps Brachii and Triceps Brachii muscles 

during infant crawling.28 

 

 

Very little is known how motor dysfunction of CP affects the organization of the 

myoelectric frequency components due to the abnormal motor unit recruiting patterns. 

This study intended to know whether the myoelectric activity can be represented with 

synergistic recruitment of surface electromyography (sEMG) frequency components; 
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evaluating the effect of CP motor dysfunction on the synergistic recruitment of sEMG 

oscillations. Twelve CP infants and 17 typically developed (TD) infants were 

recruited for self-paced crawling on hands and knees. sEMG signals had been 

recorded from bilateral biceps brachii (BB) and triceps brachii (TB) muscles. Multi-

scale oscillations were extracted via multivariate empirical mode decomposition 

(MEMD), and non-negative matrix factorization (NMF) method was employed to 

obtain synergistic pattern of these sEMG oscillations. The coefficient curve of sEMG 

oscillation synergies were adopted to quantify the time-varying recruitment of BB and 

TB myoelectric activity during infants crawling. It was found that the, Three patterns 

of sEMG oscillation synergies with specific frequency ranges extracted in BB and TB 

of CP or TD infants showed low-frequency oscillation synergy of BB in CP group is 

significantly less than that in TD group. They concluded that motor dysfunction of CP 

degrade the synergistic recruitment of sEMG oscillations due to the impaired CNS 

regulation and destroyed MU/muscle fiber.29 

 
 

 

Crawling necessitates the coordination of inter‐limb skeletal muscles, which is 

controlled by the central nervous system. It's thought that the CNS generates motor 

commands through a complex network of muscle synergies. Synergy structure was 

determined to be stable across crawling speeds, whereas synergy recruitment level 

was changed. They Calculated and compared the inter‐limb muscular coordination of 

normally developing new‐borns and new‐borns with developmental delays during 

crawling. Findings revealed that while crawling, there was no significant difference in 

the number of employed muscle synergies between at risk of developmental delay and 

typically developing infants. However, when compared to typically developing and at 
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risk of developmental delay, the number of synergies found in confirmed 

developmental delay new‐borns was lower. Muscle synergies are thought to be a 

library of motor subtasks that the CNS may flexibly combine to produce complicated 

and natural movements. Damage to the CNS, whether from cerebral palsy or stroke, 

disturbs this mechanism, resulting in fewer subtasks being recruited ﴾synergy﴿ and 

stiff or stereotyped movement patterns. The number of muscle synergies found while 

crawling was similar in at risk of developmental delay and typically developing 

infants, but decreased in confirmed developmental delay infants. In comparison to 

typical growing infants and newborns at risk of developmental delay, newborns with 

developmental delay display fewer muscle synergies while crawling on hands and 

knees, suggesting a limited control technique. This finding could aid in the early 

detection and intervention of infants with cerebral palsy.30 

 

 

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. Thus, damage to this developing system can permanently impair 

manual dexterity. The specific aetiology 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 
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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. The researcher 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.16 

 

 

Neurodevelopmental disorders are characterized by childhood onset and delays in 

developmental domains, such as cognition, executive functioning, 

language/communication, social functioning and adaptive behaviour. Males are at two 

to four times higher risk of neurodevelopmental disorders, such as intellectual 

disability, autism spectrum disorder (autism) and attention deficit hyperactivity 

disorder (ADHD) than females. There is a complex interplay between biological and 

sociocultural factors, which likely contributes to this sex discrepancy in prevalence. 

The factors, which contribute to an increased number of males with 

neurodevelopmental disorders in most cases are complex involving interactions 

between genetics, hormones, environmental factors, such as stress and sociocultural 

factors.31 

 

 

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 
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Autism Spectrum Disorders (ASD), Attention‐Deficit Hyperactivity Disorder 

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

and Motor Impairments including Cerebral Palsy, among others.14 

Globally, studies have reported the prevalence range of cerebral palsy from 1.5 to 4 

per 1000 live births or children. In a study where prevalence of cerebral palsy in 

Indian children was studied it suggested that the overall pooled prevalence of cerebral 

palsy per 1000 children surveyed is 2.95 (95%CI 2.03–3.88) in India.32 

 

 

Studies done in CP children to observe the effect of altered arm posture is a 

compensation for instability during walking. The current findings on gait considers 

the arm posture in context with arm movements during gait The Humans start 

locomotor behaviour as crawling and are then faced to the difficult tasks balancing on 

extremities only. The position of the arms posture could be seen as a transition phase, 

where arm plays a significant role as stabilizers of upper extremity. The hand position 

of CP children was more anterior and elevated, and their position of UE was rotated 

more in posterior than normally developing children. CP Children with unilateral 

affection held their most affected hand higher than their least affected hand. 

Increasing the speed noted major differences between groups for hand elevation.33 

 

 

Development of the upper extremity function in childhood has a very important 

therapeutic emphasis for children with newborn Brachial Plexus Injury and 

Hemiplegic Cerebral Palsy. The child will not use one of his UE during the 

developing years during which the motor control is established. When the diminishing 
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use of upper extremity is used in crawling and weight bearing it has a very great effect 

on the brain mapping and the cortical organization. In this research the emphasis was 

given on the advices on using the home program for children with Newborn Brachial 

Plexus Injury and Hemiplegic Cerebral Palsy using the weight bearing orthosis for the 

stabilization of the joint arms. Body scheme, visual perception, eye hand coordination 

and motor planning are developed through crawling. 

 

  

When the weak is used in weight bearing it can provide strength and proprioceptive‐

sensory information to the child’s developing brain. With open hand orthosis for a 

crawling through collaborating the defective arm in the stabilization of the distal arms 

and also helps in weight bearing. When this orthosis was united with the home‐based 

program it helped for the CNS loop for active motion of the arm for crawling. In 

conclusion for this paper, it is recommended to the care givers that using the weak 

arm first for the forward reaching position for crawling. Concentration can be focused 

on the weight bearing position two to three times per day. Establishment of a work 

model of the arm in the brain as a basis for motor cortex mapping to produce muscle 

activation yields motor output for multimodal sensory input into a paretic arm in 

Hemiplegic Cerebral Palsy and newborn Brachial Plexus Injury.17 

 

 

Joint laxity, hypotonia, and shorter hands are common in children with Down 

syndrome, resulting in decreased grip and pinch strength and on grip and pinch 

strength in children. Using a JAMAR dynamometer and a B&L pinch gauge, grip and 

pinch strength were tested according to ASHT standard method. Anthropometric data 
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for the upper limb was collected, as well as subject characteristics. When compared to 

healthy children, children with Down syndrome demonstrated considerably decreased 

grip, palmar, and key pinch strength. In children with Down syndrome, there was a 

positive moderate connection between right hand grip strength and body height, 

bodyweight, total arm length, upper arm length, forearm length, hand length, and 

hand breadth. Children with Down syndrome had 60% lower grip strength, 33% lower 

palmar pinch strength, and 22% lower key pinch strength.34 

 

 

This study aimed to determine which physical and motor characteristics contribute to 

functional performance in children and adolescents with DS. It also investigated the 

relationship between physical, motor, and functional domains. They enrolled 44 

children and adolescents with DS, ages 3–18 years, in this cross-sectional study. The 

participants were assessed for functional skills (PEDI-CAT), gross motor skills 

(GMFM-88), balance (PBS), fine motor skills (Nine-hole peg test), grip strength 

(hand-held Jamar dynamometer), and body mass index (BMI).  They concluded that 

the fine motor skills and grip strength to be predictors of functional performance in 

children and adolescents with DS.34 

 

 

Hand strength development trends, as well as relationships between grip and pinch 

strength, handwriting components, and functional activities in children with and 

without autism were studied. Each kid was assessed for pinch and grip strength, 

handwriting legibility, pencil control, and functional activity independence. Children 

with autism developed their muscles in the same way as ordinarily developing 
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children did. Grip strength was connected to pencil control and handwriting legibility 

in both groups of children, but not in children with autism. In both groups, grip and 

pinch strength were associated to functional activity independence. Grip and pinch 

strength are crucial components in developing pencil control, handwriting legibility, 

and independence with practical fine motor activities, according to research.36 

 

 

 

The Manual Ability Classification System (MACS) is a system developed to evaluate 

a child’s ability to handle objects in daily life. The MACS favour’s a straight forward, 

reliable, easy‐to‐use and valid, outcome tool to assesses manual ability and gives a 

numerical score that reports the child’s level of actual performance in daily life. 

A study suggested that the correlation between M‐ABC subscore manual dexterity 

and the sum of the gross motor subscores of the M‐ABC was higher than the 

correlation between the fine and gross motor quotient of PDMS‐2.37 

 

 

The various tools for Upper Extremity in children with CP are there ABILHAND‐

kids, Assisting Hand Assessment, Box and Blocks Test, Children’s Hand‐use 

Experience Questionnaire, House Scale, Jebsen‐Taylor Hand Function Test, 

Melbourne Assessment of Unilateral Upper Limb Function, The Shriners Hospitals 

for Children Upper Extremity Evaluation (SHUEE).20 
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A Systematic review was conducted to check the assessment tools and classification 

system used for the upper extremity in children with cerebral palsy. 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.20 

 

 

Protective extension is one of the QUEST domains, a study suggested that the 

Postural reactions involve righting reactions, equilibrium reactions and protective 

reactions. Equilibrium reactions provide balance that are responsible to regain balance 

and righting reactions, and incorporate counter-rotation of the head and trunk away 

from the direction of displacement. CNS has to mature for equilibrium reactions to 

develop. This begins at almost 6 months and matures around the age of 4 years. In 

infants protective reactions are required. Which, when matured it helps to prevent 

from injury if the equilibrium reactions are unable to restore balance. Protective 

reactions emerge first in child i.e. front, then the side and then backwards.38 

 

 

Proprioceptive Neuromuscular Facilitation in child focus on positioning of the hand in 

proper position, decreasing muscle tone, strengthening and improving and correcting 

improper positions. Weight bearing in developmentally appropriate positions and 

available range of movements, do not include the principles of postural dynamics as 

elementary units for intervention.38 
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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.39 

The QUEST is aimed to evaluate movement, according to Neuro developmental 

theory on the basis of upper limb use and function. There are 4 Domains Dissociate 

movement, Grasp, Protective extension and Weight bearing. QUEST is a standardized 

outcome measure of upper limb movement and activity limitation in studies to 

evaluate the efficacy of treatment. The scale requires 30-45 to administer.39 
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METHODOLOGY 

 

 Source of data:   

Sample was collected from Department of Paediatric Physiotherapy on the premises 

of SDM College of Medical Sciences and Hospital, Sattur, Dharwad. 

 Study subjects: Children diagnosed with Neurodevelopmental disorder from 

2 years to 12 years. 

 Selection criteria:  

 

 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 practioner. 

 

 Exclusion criteria:  

 

1. Children without an 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. 
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5. Children who received botulinum toxin injection in the upper extremity,  6 months 

prior to the study. 

6. Children with total cortico-visual impairment. 

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

 

 

 Study area:  

The study was conducted at the Department of Paediatric Physiotherapy on the 

premises of SDM College of Medical sciences and Hospital, Dharwad, which is a 

tertiary care  hospital that caters to the people of North Karnataka mainly those 

residing in Dharwad  district.  

 

Study period: 1 Year  

 

Methods of collection of data:  

 Study design: Cross sectional study  

 Sampling procedure: All the children with NDD visiting the Paediatric 

Physiotherapy OPD were screened for participation.   

 Study instruments:  

1. Written consent form & information sheet. 

2. Demographic data sheet. 

3. Stationary item – paper, pen, pencil etc 

4. Stadiometer 

5. Weighing scale 

6. QUEST (Quality of upper extremity skill test) scale and associated tools 
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 Sample size estimation:  

Sample size was 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 was calculated to be 

162. 

However, due the prolonged COVID-19 Pandemic lockdown during the study period, 

the calculated sample size could not be achieved and only 122 samples could be 

collected. 

 Study method:  

Participants were selected according to inclusion and exclusion criteria. 

Informed consent was taken from parents or caregivers of children. Parents or 

guardians were explained about the procedure of the test. Demographic data sheet was 

appropriately filled by the therapist.  The type and duration of crawling was asked and 

recorded. The participants were assessed on the QUEST (outcome measure tool) and 

scored for upper extremity function. Data thus collected was subjected to appropriate 

data analysis.  
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 Data collection:  

Ethical clearance for the study was obtained from the Institutional Ethical 

Committee of S. D. M. College of Medical Sciences and Hospital, Dharwad. The 

children from paediatric physiotherapy OPD were included in the study after 

screening for inclusion and exclusion criteria set for the study. Parents of children 

diagnosed with NDD were addressed and explained regarding the procedure and need 

for the study and importance of their child’s participation. The written informed 

consent and demographic data sheet was appropriately obtained from the parents. 

Participants were assessed for upper extremity function on QUEST (Quality of upper 

extremity test) as a primary outcome measure. 

 

 Scoring of outcome measures: Scoring for upper extremity function was done 

as per the  instruction  Manual of QUEST 
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RESULTS 

 

 156 children with NDD visited the centre for rehabilitation purpose during the study 

duration. 31 children did not have the ability to sit independently which is a pre-

requisite for performance of QUEST. Parents of 3 children did not agree for their 

child’s participation in the study. Thus 122 children participated in the study.  The 

estimated minimum sample size of 162 could not be achieved due to the prevailing 

COVID-19 pandemic associated lockdown from March 2020. The data of only 122 

children was thus subjected to appropriate Statistical analysis. 

Analysis was performed using the Statistical Package for the Social Sciences (SPSS) 

Version 23.0. 

 

Descriptive analysis was done and presented as means, percentages, frequencies and 

standard deviations. Further data analysis was performed using the Kolmogorov-

Smirnov test of normality, Z score for two population proportion, Karl Pearson’s 

Correlation Coefficient, Independent sample t test, One-Way ANOVA and 

appropriate Post hoc analysis. 

The Kolmogorov-Smirnov test for normality showed that the data was normally 

distributed with a P-value of 0.09219. Hence parametric tests were used for further 

analysis of the data. 

 

All calculations were performed at 95% confidence interval with p<0.05 being 

considered as statistically significant. 
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Table 1. Demographic data of the participating children  

 Girls Boys Total Z-Score t-value p-value 

N % 41 81 122 5.1215  < .00001 

Mean Age 

(SD) 

55.61 

(±29.73) 

59.11 

(±34.56) 

57.74 

(±33.06) 
 0.5531 0.5 

QUEST SCORES 

DM (SD) 
73.44 

(±20.49) 

75.06 

(±20.39) 

74.51 

(±20.36) 
 0.4139 0.67 

Grasp (SD) 
53.88 

(±23.87) 

52.63 

(±25.89) 

53.05 

(±25.13) 
 -0.2583 0.79 

WB (SD) 
73.27 

(±21.67) 

68.36 

(±29.12) 

70.01 

(±26.86) 
 -0.9531 0.34 

PE (SD) 
62.92 

(±41.40) 

58.44 

(±38.04) 

59.95 

(±39.09) 
 -0.5958 0.55 

Total (SD) 
65.78 

(±21.33) 

64.13 

(±23.81) 

64.69 

(±22.93) 
 -0.3737 0.70 

Crawling 

Duration 

Months(SD) 

10.73 

(±12.87) 

9.86 

(±11.4) 
  -0.3783 0.70 

*p<0.05 was significant 

 

Graph 1: Mean and SD of age according to Gender of the child (months) 

 

 

 

 

 

 

 

0

20

40

60

Boys Girls

Mean age of the child
in months

SD of the child



Results 
 

 Page 36 
 

 

Table 2. Distribution of children according to conditions. 

Conditions N % 

Triplegic  CP 9 7.37 

Quadriplegic CP 24 19.67 

Diplegic CP 27 22.13 

Hemiplegic CP 17 13.93 

Developmental Delay 22 18.03 

Mixed CP 12 9.83 

Others 11 9.01 

 

 

 Graph 2. Distribution of children according to conditions. 
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Table 3. Distribution of Non crawling and crawling study subjects  

Type of crawling N % 

DNC 41 33.61 

Reciprocal crawling 31 25.41 

Bunny hoping 17 13.93 

Bottom shuffling 17 13.93 

Creeping 12 9.84 

Crab crawling 4 3.28 

Total 122 100.00 

 

 

Graph 3. Distribution of Non crawling and crawling study subjects 
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Table 4. Comparison of various domains of QUEST with duration of crawling 

and Age (Karl Pearson’s correlation coefficient) 

 
Crawl Duration 

(months) 
Age (months) 

 
R p-value R p-value 

DM 0.1943 0.03* 0.182 0.04* 

Grasp 0.1886 0.03* 0.1916 0.03* 

WB 0.1823 0.04* 0.2337 0.009* 

PE 0.2799 0.001* 0.2814 0.001* 

TS 0.2531 0.004* 0.2643 0.003* 

*p<0.05 was significant 

 

 

Table 5. Mean and SD of QUEST Domains across various types of NDD. 

 QCP DCP HCP MCP TCP DD OTHERS 

DM 57.65 

(±23.51) 

79.27 

(±15.14) 

67.07 

(±19.19) 

70.54 

(±15.66) 

77.21 

(±9.43) 

83.66 

(±14.43) 

94.98 

(±9.63) 

G 33.25 

(±11.00) 

56.74 

(±23.45) 

49.89 

(±17.81) 

49.92 

(±18.95) 

58.43 

(±22.36) 

61.69 

(±24.20) 

73.84 

(±24.48) 

WB 56.07  

(± 8.69) 

75.20   

(±27.53) 

61.03 

(±27.82) 

61.08 

(±23.04) 

77.08 

(±16.34) 

79.35 

(±22.29) 

86.85 

(±23.69) 

PE 32.89  

(± 8.69) 

73.51 

(±28.34) 

56.45 

(±25.88) 

48.34 

(±49.33) 

74.54 

(±19.42) 

65.56 

(±37.24) 

80.61 

(±34.87) 

TS 44.65 

(± 6.28) 

71.55  

(±20.53) 

57.70 

(±18.48) 

59.56 

(±16.22) 

72.04 

(±12.72) 

73.60 

(±21.13) 

84.06 

(±15.34) 
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Table 6. ANOVA to compare Domains of QUEST among various conditions. 

 F-statistic p-value 

DM 8.2453 0.00001* 

Grasp 5.3679 0.00006* 

WB 3.4164 0.003* 

PE 3.9612 0.001* 

Total score 7.8062 0.00001* 

     *p<0.05 was significant 

Table 7. Post –Hoc Analysis by Tukey HSD 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

          *p<0.05 was significant 

 

Condition pairs Tukey HSD Q statistic Tukey HSD p-value 

DM compared across all types of NDD 

QCP vs DCP 6.241 0.001* 

QCP vs HCP 7.137 0.001* 

QCP vs others 8.305 0.001* 

HCP vs Others 5.842 0.001* 

MCP vs others 4.742 0.01* 

Grasp compared across all types of NDD 

QCP vs DCP 5.197 0.006* 

DCP vs HCP 5.980 0.001* 

WB compared across all types of NDD 

QCP vs HCP 4.394 0.03* 

QCP vs others 4.709 0.01* 

PE compared across all types of NDD 

QCP vs DCP 5.609 0.002* 

QCP vs HCP 4.288 0.04* 

QCP vs others 5.077 0.008* 

TS compared across all types of NDD 

TCP vs QCP 4.998 0.01* 

QCP vs DCP 6.838 0.001* 

QCP vs HCP 6.995 0.001* 

QCP vs others 7.719 0.001* 

HCP vs others 4.858 0.01* 
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TABLE 8. Mean and SD OF QUEST Components across various types of Crawling. 

 DNC RC CREEPING CC BH BS 

DM 
65.45 

(±20.99) 

89.56 

(±12.46) 

63.26 

(±11.15) 

81.96 

(±6.09) 

75.68 

(±16.38) 

73.95 

(±22.88) 

G 
39.58 

(±21.29) 

73.74 

(±16.45) 

42.47 

(±16.42) 

60.73 

(±12.05) 

54.30 

(±24.35) 

52.21 

(±27.90) 

WB 
58.80 

(±26.81) 

90.54 

(±14.09) 

48.37 

(±16.40) 

80.94 

(±12.35) 

69.51 

(±26.50) 

72.82 

(±25.95) 

PE 
36.80 

(±44.96) 

84.60 

(±23.08) 

46.06 

(±21.49) 

63.44 

(±37.26) 

71.71 

(±24.26) 

68.04 

(±32.31) 

TS 
51.43 

(±20.76) 

84.62 

(±13.60) 

50.05 

(±9.78) 

71.76 

(±13.98) 

67.77 

(±19.96) 

65.90 

(±23.05) 

 

 

Table 9. ANOVA to compare various components of QUEST among types of 

crawling.  

 

 

 

 

 

 

      *p<0.05 was significant 

 

 

 

 

 

 F-statistic p-value 

DM 7.4251 0.00001* 

Grasp 9.5730 0.00001* 

WB 9.0240 0.00001* 

PE 7.8243 0.00001* 

Total score 12.6766 0.00001* 
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Table 10. Post –Hoc Analysis by Tukey HSD 

Crawl Pattern Pairs Tukey HSD Q statistic Tukey HSD p-value 

DM compared across all types of crawling 

DNC vs Reciprocal 7.916 0.001* 

Reciprocal vs creeping 6.046 0.001* 

Grasp compared across all types of crawling 

DNC vs Reciprocal 9.397 0.001* 

Reciprocal vs Creeping 6.023 0.001* 

Reciprocal vs Bunny hopping 4.219 0.03* 

Reciprocal vs Bottom shuffling 4.671 0.01* 

WB compared across all types of crawling 

DNC vs Reciprocal 8.100 0.001* 

Reciprocal vs Creeping 7.535 0.001* 

Reciprocal vs Bunny hoping 4.233 0.03* 

PE compared across all types of crawling 

DNC vs Reciprocal 8.226 0.001* 

DNC vs Bunny hoping 4.957 0.008* 

DNC vs Bottom shuffling 4.436 0.02* 

Reciprocal vs Creeping 4.642 0.01* 

TS compared across all types of crawling 

DNC vs Reciprocal 10.471 0.001* 

DNC vs Bunny hopping 4.255 0.03* 

Reciprocal vs Creeping 7.635 0.001* 

Reciprocal vs Bunny hopping 4.191 0.04* 

Reciprocal vs Bottom shuffling 4.657 0.01* 

*p<0.05 was significant 
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RESULT INTERPRETATION 

 

The data of 122 children was subjected to analysis. The mean age of all the children 

was 57.74 (±33.06) months.  

 

Table 1 shows the demographic data of the participants.  The sample included 81 

(66.39%) boys and 41 (33.60%) girls with a mean age of 59.11 (± 34.56) and 55.61 

(±29.73) months respectively. The Z Score for 2 Population Proportions showed that 

the number of boy’s was significantly higher than the number of girls with a z-value 

of 5.1215 and p-value of <0.00001. The T-test for two independent means showed 

that the ages of the girls and boys were not significantly different with a t-value of 

0.5531 and a p-value of 0.581225. The mean QUEST scores of all the boys were 

75.06 (±20.39), 52.63 (±25.89), 68.36 (±38.04), 58.44 (±38.04), and 64.13 (±23.81) 

for DM, grasp, WB, PE and TS respectively. The mean QUEST scores of all the girls 

were 73.44 (±20.49), 53.88 (±23.87), 73.27 (±21.67), 62.92 (±41.40) and 65.78 

(±21.33) for DM, grasp, WB, PE and TS respectively. The QUEST scores when 

compared among boys and girls using independent t-test, did not show any significant 

difference in individual domains or the total scores. The T-test for two independent 

means showed that the crawling durations also did not differ among of boys and girls 

with t-value of -0.3783 and a p-value of 0.705875. 
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Table 2 shows the frequency Distribution of the children according to various 

conditions. The data showed that diplegic CP’s (22.13%) was the highest reported 

condition followed by quadriplegic CP (19.67%), Developmemtal delay (18.03%), 

Hemiplegic CP (13.93%), Mixed CP (9.83%), Other causes of NDD (9.01%) and 

Triplegic CP (7.37%).  

 

Table 3 shows the frequency distribution of the children according to their type of 

crawling. The data showed that most of the children did not crawl (33.61%) followed 

by reciprocal crawlers (25.41%), bottom shufflers and bunny hoppers (13.93% each), 

creepers (9.84%), and crab-crawlers (3.28%). 

 

Table 4 shows the correlation analysis of the various domain of QUEST with the age 

and duration of crawling of  all the participating children.  

 

A weak positive correlation was found in QUEST domains when compared with 

duration of crawling , when subjected to Pearson’s Correlation Coefficient. However 

though statistically weak, the correlation was significant for the sample size at a p 

value of 0.03, 0.03, 0.04, 0.001, 0.004 respectively. 

A weak positive correlation was found in QUEST domains when compared with Ages 

in months, when subjected to Pearson’s Correlation Coefficient. However though 

statistically weak, the correlation was significant for the sample size at a p value of 

0.04, 0.03, 0.009, 0.001, 0.003 respectively. 
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Table 5. Shows the Mean and SD of the various domains of QUEST across all the  

types of NDD. The score of DM among QCP, DCP, HCP, MCP, TCP, DD and other 

NNDs were 57.65 (± 23.51), 79.27 (±15.14), 67.07 (±19.19), 70.54 (±15.66), 77.21 

(±9.43), 83.66 (±14.43) and 94.98 (±9.63) respectively.  The score of G among QCP, 

DCP, HCP, MCP, TCP, DD and other NNDs were 57.65 (± 23.51), 79.27 (±15.14), 

67.07 (±19.19), 70.54 (±15.66), 77.21 (±9.43), 83.66 (±14.43) and 94.98 (±9.63) 

respectively. The score of WB among QCP, DCP, HCP, MCP, TCP, DD and other 

NNDs were 56.07 (± 8.69), 75.20 (±27.53), 61.03 (±27.82), 61.03 (±27.82), 61.08 

(±23.04), 77.08 (±16.34), 79.35 (±22.29),  86.85 (±23.69). The score of PE among 

QCP, DCP, HCP, MCP, TCP, DD and other NNDs were 32.89 (± 8.69), 73.51 

(±28.34), 56.45 (±25.88), 48.34 (±49.33), 74.54 (±19.42), 65.56 (±37.24), 80.61 

(±34.87). The score of TS among QCP, DCP, HCP, MCP, TCP, DD and other NNDs 

were 44.65 (± 6.28), 71.55(± 20.53), 57.70 (±18.48), 59.56 (±16.22), 72.04 (±12.72), 

73.60 (±21.13), 84.06 (±15.34).This data was subjected to ANOVA for statistical 

analysis.  

 

Table 6. shows ANOVA analysis of various Domains of QUEST across the NDDs. 

Analysis showed a significant difference in one or more types of NDDs in each 

domain at a p<0.05. Hence post-hoc analysis was done using Tukey HSD.  

 

Table 7. shows the results of the within domains comparison across all NDDs. The 

DM of children with quadriplegic CP (57.65  ± 23.51)  was significantly lower than 

that of diplegic CP(79.27  ±15.14 ), Hemiplegic CP(67.07 ±19.19) and other causes of 

NDD (94.98 ±9.63) at a value of 0.001, 0.001 and 0.001 respectively. Children with 
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other causes of NDD (94.98 ±9.63) had significantly higher scores than the 

hemiplegic CP (67.07 ±19.19) and mixed CP (70.54 ±15.66) in the DM at a p value of 

0.001 and 0.018 respectively. 

The grasp of children with diplegic CP (56.74 ±23.45) was significantly higher than 

that of quadriplegic CP (33.25 ± 11.00) and Hemiplegic CP (49.89 ±17.81) at a p 

value of 0.006 and 0.001 respectively. 

 

The WB domain of children with others causes of NDD’s (86.85 ±23.69) was 

significantly higher than that of quadriplegic CP (56.07 ± 8.69) and Hemiplegic CP 

(61.03 ±27.82) at a p value of 0.037 and 0.019 respectively. 

 

The PE domain of children with quadriplegic CP (32.89 ±8.69) was significantly 

lower than diplegic CP (73.51 ±28.34) and Hemiplegic CP (56.45 ±25.88) at a p value 

of 0.002 and 0.045 respectively. Children with  other causes of NDD (80.61 ±34.87) 

had significantly higher scores than the quadriplegic CP (32.89 ±8.69) at a p value of 

0.008.  

 

The TS of children with triplegic CP (72.04 ±12.72) was significantly higher than that 

of, quadriplegic CP (44.65 ± 6.28) at a p value of 0.01. The TS of quadriplegic CP 

(44.65 ± 6.28) was significantly lower than that of diplegic CP (71.55 ± 20.53), 

Hemiplegic CP (57.70 ±18.48) and other causes of NDD (84.06 ±15.34) at a p value 

of 0.001, 0.001 and 0.001 respectively. Children with Hemiplegic CP (57.70 ±18.48) 
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had significantly higher score than that of other causes of NDD’s (84.06 ±15.34) at a 

p value of 0.01. 

 

Table 8 . shows the Mean and SD of the various domains of QUEST across the 

different types of Crawling. This data was subjected to ANOVA for statistical 

analysis. 

 

Table 8. Shows the Mean and SD of the various domains of QUEST across all the  

types of crawling. The score of DM among DNC, RC, Creeping, CC, BH, BS were 

65.45 (±20.99), 89.56 (±12.46), 63.26 (±11.15), 81.96 (±6.09), 75.68 (±16.38), 73.95 

(±22.88). The score of G among DNC, RC, Creeping, CC, BH, BS were 39.58 

(±21.29), 73.74 (±16.45),  42.47 (±16.42),  60.73 (±12.05), 54.30 (±24.35), 52.21 

(±27.90). The score of WB among DNC, RC, Creeping, CC, BH, BS were 58.80 

(±26.81), 90.54 (±14.09), 48.37 (±16.40), 80.94 (±12.35), 69.51 (±26.50), 72.82 

(±25.95). The score of PE among DNC, RC, Creeping, CC, BH, BS were 36.80 

(±44.96), 84.60 (±23.08), 46.06 (±21.49), 63.44 (±37.26), 71.71 (±24.26), 68.04 

(±32.31). The score of TS among DNC, RC, Creeping, CC, BH, BS were 51.43 

(±20.76), 84.62 (±13.60), 50.05 (±9.78), 71.76 (±13.98), 67.77 (±19.96), 65.9 

(±23.05). 

 

Table 9. shows ANOVA analysis of various Domains of QUEST across the types of 

crawling. Analysis showed a significant difference in one or more types of crawling in 

each domain at a p<0.05. Hence post-hoc analysis was done using Tukey HSD.  
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Table 10 shows the results of the within domains comparison across all crawling 

types. 

The DM score of reciprocal crawling children (89.56 ±12.46) was significantly higher 

than that of Creeping (63.26 ±11.15) and children who did not crawl (65.45 ±20.99 ) 

at a p value of 0.001 and 0.001 respectively.  

The Grasp of reciprocal crawling children (73.74 ±16.45) was significantly higher 

than that of   Non crawlers (39.58 ±21.29),and children who were creeping  (42.47 

±16.42), bunny hoping (54.30  ±24.35), bottom shuffling  (52.21 ±27.90) at a p value 

of 0.001, 0.001, 0.03, 0.01 respectively. 

 

The WB domain of reciprocal crawling children (90.54 ±14.09) was significantly 

higher than that of Non crawler (58.80 ±26.81), creepers (48.37 ±16.40) and bunny 

hoppers (69.51 ±26.50), at a p value of 0.001, 0.001 and 0.038 respectively. 

 

The PE domain of Non crawlers (36.80 ±44.96) was significantly lower than that of 

reciprocal crawler (84.60 ±23.08), bunny hoppers (71.71 ±24.26) and bottom 

shufflers (68.04 ±32.31) at a p value of 0.001, 0.008 and 0.025 respectively. The 

scores of creepers (46.06 ±21.49) was significantly lower than that of reciprocal 

crawlers (84.60 ±23.08) at a p value of 0.016 respectively. 
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The TS of Non crawlers (51.43 ±20.76) was significantly lower than that of reciprocal 

crawlers (84.62 ±13.60) and bunny hoppers (67.77 ±19.96), at a p value of 0.001 and 

0.037 respectively. The children with Reciprocal crawling (84.62 ±13.60) scored 

significantly higher than the bunny hopping (67.77 ±19.96), bottom shuffling (65.90 

±23.05) and creeping (50.05 ±9.78) children, at a p value of 0.001, 0.041 and 0.016 

respectively.  
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DISCUSSION 

 
 

Objective of this study was to correlate duration of crawling and upper extremity 

function in children with NDD. 156 children with NDD visited the centre for 

rehabilitation purpose during the study duration.34 children were excluded from the 

study as they did not meet the inclusion and exclusion criteria set for the study. Thus 

122 children participated in the study.  The estimated minimum sample size of 162 

could not be achieved due to the prevailing COVID-19 pandemic associated 

lockdown from March 2020. The data of only 122 children was thus subjected to 

appropriate Statistical analysis. 

 

 

It was observed that the number of boys in the study was significantly higher than the 

girls, which suggests that male children had a higher preponderance among NDD.  

This observation is supported by a study which suggested, that prevalence of NDD 

was 12.4% among boys and 10.2% among girls.
32

  The higher prevalence of boys in 

our sample could be due to the higher representation of CP children in our study. 

Studies have suggested in the past that males have a greater prevalence in CP 

population. Different  factors like genetics and hormonal and environmental such as 

stress and sociocultural factors contribute to an increase in number of NDD in males. 

The smaller number of females with NDD can be contributed to the specific 

mechanism which are being explored such as the female protective effect and 

questions regarding the under diagnosis of females which may be related to 

sociocultural factors.
31 
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The scores on the QUEST did not differe among the boys and girls in all the domains 

as well as the total. This implies that gender did not play any role in the functional 

performance of upper extremity in children with NDD. 

Duration of crawling also was not different among the boys and girls included in the 

study. This result implies that gender did not influence the crawling duration among 

the children with NDD. 

 

 

Present study also reported higher number of children with Cerebral palsy as 

compared to other causes of NDD. This may also point to the prevalence of higher 

number of boys being affected by CP in this study. Among all the types of CP, 

Diplegic CP was the most observed condition, followed by Quadriplegic CP, 

Hemiplegic CP, Mixed CP and Triplegic CP. This result is in concurrence with other 

studies which also report a higher prevalence of spastic diplegia among all the types 

of CP.  Spastic diplegia is followed by the next prevalence of spastic Qaudriplegia.
32

  

 

 

The results of the study observed various types of crawling achieved by the children 

included in the study. Most of the participating children crawled reciprocally, 

followed by bunny hopping, bottom shuffling, creeping and crab crawling. Crab 

crawling was noted to be the least preferred method of crawling. No children were 

found to use bear walking as a mode of ambulation. This study also observed that 

Diplegic CP children pre-dominantly bunny hopped, and children with Qaudriplegic 

CP and Mixed CP either creeped or did not crawl. A study indicated that hands- and- 

knees posture is an essential prerequisite prior to the diagonal pattern of crawling
11

, 
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this indirectly suggests that the lack of muscle strength to support the abdomen above 

the supporting surface in quadriplegic CP limited them to crawl reciprocally. The 

Hemiplegic CP children included in the study predominantly either crawled or bottom 

shuffled and other causes of NDD had various forms of locomotion including 

reciprocal crawling. This particular observation may be seen due to the varying upper 

limb tone in different types of NDD. 

 

  

This study witnessed a significant influence of crawling duration and age on the 

various domains of QUEST. The statistically weak but significantly positive effect of 

crawling duration on QUEST scores indicates that crawling influences the upper 

extremity functions. This may be due to the increased repetitive movement involved 

during crawling, which is responsible for building more and more muscle synergies. 

 

 

The weak but significant positive influence of increase in age on the QUEST scores 

among all the domains may be due to natural Maturation of CNS (Central nervous 

system) along with the greater duration of crawling. Pace-like patterns appear to 

require a more mature nervous system in both humans and other species. 
7 

 

 

It was observed that the Quadriplegic CP performed significantly poor on DM domain 

of QUEST as compared to Diplegic CP, Hemiplegic CP and other causes of NDD. 

This observation could be due to the children with QCP either skipping the milestone 

of crawling or ambulating by creeping. The children with other causes of NDD 
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showed higher score on DM domain of QUEST as compared to Mixed CP and 

Hemiplegic CP. This particular observation may be seen because the children affected 

by NDD’s from other causes showed higher frequency of reciprocal crawling as 

compared to the various types of CP. One study suggested, reciprocal crawling 

strategy is the most dynamically efficient for human infants because the diagonal 

coupling of the limbs maintains the most stable center of gravity and the coordinative 

structures remain invariant across a wide range of conditions, including 

developmental time.
11

  

 

 

The grasp domain score of QUEST in diplegic CP children was significantly higher 

than the quadriplegic CP and Hemiplegic CP. This finding is possible due to the lesser 

affection of the upper extremities witch is a natural observation among diplegic CPs. 

As mentioned earlier the diplegic CP predominantly used bunny hopping as a means 

of locomotion, whereas the quadriplegic CP and Hemiplegic CP either creeped or 

bottom shuffled. This may indicate that the diplegic children who bunny hopped had 

an open palm contact with the ground as compared to the creepers who only propelled 

on the elbows. Another study too suggested that hand expansion is a pre-requisite to 

grasp, manipulation, and releasing objects. The development of a mature grasp 

include postural control, motor planning, eye-hand coordination, tactile and 

proprioceptive input, and somatosensory processing.
9
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The weight bearing domain score of children with other causes of NDD’s was 

significantly higher than the quadriplegic CP and Hemiplegic CP. This observation is 

in sync with the crawling pattern seen in the children with other NDDs. Most of these 

children crawled with a reciprocal pattern. This could be the reason for better 

performance of the weight bearing domain of the QUEST. 

 

 

The children with quadriplegic CP scored significantly lower than that of diplegic CP 

and Hemiplegic CP on protective extension domain of QUEST.  This could be due to 

the poor control of the trunk which is common in children with quadriplegic CP. The 

children with other causes of NDDs also scored higher than quadriplegic CP on 

protective extension domain of QUEST. More than 60% of children with bilateral CP 

have impaired hand function. In children with CP, limited ability to manipulate 

objects with the hands is reported as one of the strongest predictors of limitations in 

everyday activities and participation restrictions Effective use of the upper limb in 

children with bilateral CP is essential for their independence in daily life activities. 

Children with quadriplegic CP show bilateral involvement of upper limbs wheareas, 

triplegic CP, diplegic CP shows one upper limb more affected than the other.
40 

 

 

Shifting weight side to side soon becomes shifting of weight in all directions, 

including forward, back and diagonally. This weight shifting is a feature of all the 

milestone postures once the stability of each posture has been established. It is critical 

for the development of equilibrium and tilting responses for maintaining balance, as 

well as for functional use of the UE.
4 
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The predominance of reciprocal crawling among children with other NDDs could lead 

to better weight shifts, weight bearing on upper extremities and better control of 

balance. This could be the reason for better performance of children with other NDDs 

in the domain of protective extension. 

 

 

The total scores of quadriplegic CP was significantly lower than that of diplegic CP, 

Hemiplegic CP and other causes of NDD. This could be related to the previously 

mentioned lack of weight bearing on upper extremities, inability to lift the trunk off 

the floor on hands for crawling among quadriplegics. 

 

 

The total score of triplegic CP was significantly higher than that of quadriplegic CP, 

and Hemiplegic CP scored significantly higher than that of other causes of NDD’s on 

the same. This could be owed to the lesser involvement of upper extremities that is 

usually notice in children with triplegia and hemiplegia and also better crawling.  

 

 

The Dissociated movement domain of QUEST showed that reciprocally crawling 

children scored higher than that of creepers and Non crawlers. This may be possible 

because the reciprocally crawling children have the ability to coordinate inter limb 

movement needed for activities included in this particular domain. Reciprocal 

crawling is known to develop better inter limb coordination, reciprocal crawling 

strategy is the most dynamically efficient for human infants because the diagonal 

coupling of the limbs.
11 
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The grasp score on QUEST domain showed that the reciprocally crawling children 

had better grasping scores than that of Non crawlers, creepers, bunny hoppers, bottom 

shufflers. A research suggested that crawling on all fours – not bunny hopping or 

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

manipulation, elbow and lower arm and within the hand,  joint control in the shoulder 

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

finger’s side and skills on the thumb side), strength and tone in hand.
2 

 

The Weight bearing scores on QUEST domain of children who reciprocally crawled 

was higher than that of non-crawlers, creepers, bunny hoppers. This may be 

associated with less weight bearing ability on open hands among non-crawlers and 

creepers, which may reduce the proprioceptive and tactile input which is a 

prerequisite for upper extremity functions.
9 

 

The protective extension scores of QUEST showed that non-crawlers scored 

significantly lower than that of reciprocal crawler, bunny hoppers, and bottom 

shufflers. The creepers too scored significantly less than the reciprocal crawlers. 

Protective extension is important to prevent injury.
38 

 

The Total score of reciprocal crawlers was significantly higher than that of bunny 

hoppers, bottom shufflers, and creepers, whereas the non-crawlers showed 

significantly lower score than the reciprocal crawling children.  
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LIMITATIONS OF STUDY 

 

 Inability to meet the calculated sample size. 

 Unequal representation of children across various types of NDD’s. 

 Gross patterns of crawling were considered in the study. Finer variations 

within the crawling patterns were not considered. 

 Intellectual disability of the children was not taken into consideration. 
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FUTURE SCOPE OF THE STUDY 

 

 Future studies may be under taken with larger sample size.  

 Future studies can be done in specific age groups. 

 Future studies can aim to include children with NDD’s other than CP. 
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CONCLUSION 

 

Results showed that there was a weak positive correlation between duration of 

crawling and upper extremity function of children with NDD’s. The results also 

showed that the quadriplegic CP and non-crawlers had relatively poor upper extremity 

function whereas, the reciprocally crawling children had relatively better upper 

extremity function among other types of crawling.   

 

In children with CP, intensive intervention before the age of seven is recommended 

for optimizing motor function and learning functional skills. Maximum gains will be 

made during by the children in this window, from a neuroplasticity and maturational 

perspective.  (Intensive training of motor function and functional skills among young 

children with cerebral palsy: a systematic review and meta-analysis) This could stand 

true for all other NDDs too.  

 

Thus, we would like to accept the Research hypothesis and reject the Null hypothesis 

 

However results of this study cannot be generalised to the whole Indian population as 

the participants included in this study were from the Dharwad district only. 
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SUMMARY 

This study aimed at identifying the influence of crawling duration on upper extremity 

function in children with NDD. The study included 122 children of either gender from 

2 to 12 years. 

All the children were diagnosed with NDD and evaluated on the QUEST scale. The 

details of crawling type and duration were obtained from the parents. 

The results showed that the children who crawled with a reciprocal pattern scored 

better on the QUEST as compared to children who did not crawl or who crawled with 

any other pattern. The result also showed that spastic diaplegics had better upper 

extremity function among all the types of CP’s. 

The result also showed that the children who crawled for a greater length of time had 

better hand function. Thus the study would like to conclude that crawling is an 

important milstone which can have influence on upper extremity functions in future. 

We would like to suggest that traing for crawling in children with NDD may improve 

children’s hand function leading to a better therapeutic outcome. 
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ANNEXURES 

Annexure 1 

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. 

  History of Milestones: 

 
 

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   

 

                

Upper limb tone:………………………………………………………….. 
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Annexure 2 

CONSENT FORM 

STUDY TITLE: “CORRELATION OF DURATION OF CRAWLING AND 

FINE MOTOR FUNCTION IN CHILDREN WITH 

NEURODEVELOPMENTAL DISORDER” 

I, Mr./Mrs. ______________________________________________ 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: 
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Annexure 3 
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Annexure 4 

 

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 an 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 
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this research, no personally identifying information will be disclosed. 

1) 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. 

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

benefits. 

3) 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. 

4) Right to ask question: You may ask any questions about the study 

procedures and the questions will be answered by the researcher. 

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
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Annexure 5 
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Annexure 6 
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Annexure 7 

MASTER CHART 
SR

 
  

G
EN

D
ER

 
  

A
G

E 
(m
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n
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s)

 

D
IA

G
N

O
SI

S 
  

C
R

A
W

LI
N

G
 T

Y
P

E 

  

D
U

R
A

TI
O

N
 

(m
o

n
th

s)
 

  
Q

U
ES

T 

 

DM G WB PE TS 

1 B 48 west syndrome DNC 0 84.36 3.7 76 100 66 

2 B 36 TCP DNC 0 64.06 48 81 63.62 65.44 

3 B 120 DD RC 36 93.74 40.74 84 58.32 69.2 

4 G 24               TCP RC 6 71.86 81.48 80 83.32 79.16 

5 B 48 QCP  RC 24 65.62 33.32 72 83.32 63.56 

6 B 24 TCP BS 6 96.86 3.4 48 27.76 44.8 

7 B 24 QCP  DNC 0 73.33 25.92 83.33 0 45.64 

8    B 144 QCP  RC 24 96.86 59.25 100 100 89.02 

9 B 48 west syndrome RC 3 100 88.88 100 100 97.22 

10 B 36 QCP DNC 0 87.5 64 98 -100 37.37 

11 B 24 QCP  DNC 0 43.74 11 0 0 13.71 

12 B 24 HCP CC 3 85.68 65.34 85 76.45 78.11 

13 B 24 QCP DNC 0 50 37.02 50 0 34.25 

14 B 24 QCP DNC 0 35.92 11 30 0 19.23 

15 B 24 QCP DNC 0 68 36 68 45 54.25 

16 B 86 HCP BS 6 79.68 74.06 100 100 88.43 

17 B 24 QCP  DNC 0 28 24 45.67 42 34.91 

18 G 60 QCP  creeping 12 90.62 11.11 84.2 100 71.48 

19 G 36  TCP RC 12 78.12 48.14 50 66.66 60.73 

20 G 36 QCP  DNC 0 40.62 14.82 68 0 23.45 

21 B 72               DCP BH 36 56.24 70.36 83.32 65.78 68.92 

22 B 36  DCP RC 24 100 77.76 100 83.32 90.27 

23 B  48 QCP DNC 0 38.7 0 31.8 16 21.63 

24 B 60 DCP DNC 0 82.8 70.36 98 100 87.79 

25    B 192 HCP  DNC 0 76.56 22.22 58 33.32 47.52 

26 B 72 DCP BH 24 95.31 14.8 78 72.22 65.08 

27 B 60 DCP RC 7 100 88.88 100 100 97.22 

28 G 96 HCP BS 6 98.42 74.06 100 100 80.27 

29 B 60 DCP DNC 0 72 30 98 0 66.66 

30 B 36 DCP BH 6 96.82 65.38 94.44 94.44 87.77 

31 B 144  HCP DNC 0 76.54 51.84 91.66 91 77.76 

32 B 96 DCP BH 36 75 81.48 92 88.88 84.34 

33 B 24 HCP RC 6 56.24 48 74 34 53.06 

34 B 24 DCP BH 6 85 54.4 100 100 84.75 

35 B 48 HCP DNC 0 81.25 55.54 32 50 54.69 

36 B 72 DCP BH 12 100 96.2 100 100 99.05 

37 G 48 DCP BH 24 96.86 70.36 84 83.32 83.63 
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38 B 24 GDD DNC 0 75 59.24 66.66 48 62.22 

39 G 60 DCP DNC 0 83.32 40.74 96 100 80 

40 B 48 QCP Creeping 19 68.8 55 49.88 44 54.4 

41 B 48 QCP DNC 0 30 0 31.8 16.88 19.67 

42 G 84 HCP RC 5 78.12 66.66 72 72.72 72.37 

43 G 48  QCP Creeping 36 68.6 17.6 53.8 0 35 

44 G 24 QCP DNC 0 53.12 44.44 68.42 50 54 

46 G 60 QCP DNC 0 40.62 33.2 43.8 22.91 35.13 

47 G 24 QCP DNC 0 53.12 44.44 48.42 33.32 44.83 

48 G 48 QCP RC 2 100 92 96 94 95.5 

49 B 24 Hydrocephalus DNC 0 93.74 79.62 20 20 53.25 

50 B  84 HCP DNC 0 40.62 51.84 20 33.33 36.45 

51 B 36 GDD DNC 0 90.6 25.92 44 66.66 79.56 

52 B  72 HCP DNC 0 92 32 76 32 58 

53 B  84 HCP DNC 0 51.4 48.15 47.37 30.54 44.36 

54 B 60 MCP Creeping 8 67.18 25.92 56 44.44 48.53 

55 B 84 HCP DNC 0 38.8 40.84 20 33.33 33.24 

56 B 72 HCP BS 6 34.36 25.92 36.66 23.94 30.22 

57 G 24 HCP BS 5 50 18.5 18.18 60 36.67 

58 G 48 DCP BH 7 58.86 28.02 50 44.44 45.33 

59 B 36 GDD BS 6 46.12 22.22 83.32 83.32 58.75 

60 B 24 GDD CC 6 90 40 62 0 48 

61 B  48 MCP Creeping 36 64 66.6 15.6 50 49.05 

62 B 48 MCP Creeping 8 64 60.07 49.6 52 56.42 

63 G 24 Downs syndrome DNC 0 100 62.96 96 100 89.74 

64 B  48 DCP BH 12 59.2 35 26.2 33.2 38.5 

65 B  48 DCP BH 24 65.62 20 15.7 50 37.4 

66 G 72 CP   DNC 0 96.87 70.36 100 100 91.8 

67 G 24 CP  DNC 0 84.36 22.22 80 -100 46.64 

68 B  48 DCP DNC 0 66 20 15.7 50 37.93 

69 B 120 DCP BH 24 95.3 96.28 96 100 
96.89

5 

70 B 36 Downs syndrome BS 24 100 84.5 100 100 96.12 

71 B 84 DCP BH 12 82.8 70.36 92 100 86.29 

72 G 144 
Developmental 

delay 
DNC 0 57.8 37.02 62.5 50 51.8 

73 B 84 DCP BH 36 59.22 40.86 41.66 23.33 41.27 

74 B 96 DCP DNC 0 62.5 29.6 46.4 46.4 46.23 

75 B 60 DCP BH 9 62.75 61.7 46.94 47.54 54.73 

76 G 24 
Autism spectrum 

disorder 
RC 3 100 84.56 67.34 0 62.97 

77 G 60 DCP RC 18 100 85.18 98 100 95.79 

78 G 48 DCP BS 12 78.12 62.96 84 100 81.27 

79 B 60 CP hypotoic 2HIE DNC 0 75.45 33.33 45.23 0 38.5 

80 G 48 DCP DNC 0 68.25 48 54.5 48.8 48.8 

81 B 60 
Developmental 

delay 
RC 9 95.48 72.08 98.02 92 89.39 

82 B 24 
Autism spectrum 

disorder 
RC 2 100 70.36 100 100 92.59 
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83 B 132 
Developmental 

delay 
RC 18 87 81 100 100 92.24 

84 B 108 
Developmental 

delay 
DNC 0 79.68 85.18 42 27.76 58.65 

85 G 72 MCP RC 6 64.5 57.96 58.4 42.77 55.91 

86 B 60 
Developmental 

delay 
RC 18 96.86 92.58 100 100 97.36 

87 B 48 DCP BH 12 63.25 51.2 53.4 65 58.21 

88    B 24 
Developmental 

delay 
DNC 0 64 30.44 50 0 36 

89 B 108 CP hypotonic RC 24 96.86 81.48 114 100 98.08 

91    B 24 QCP DNC 0 100 55.54 68.42 83.32 76.82 

92 G 36 QCP BH 12 29.02 37.02 44 50 40.01 

93 G 24 CP hypotonic BS 6 78.43 34.56 65.84 0 44.7 

94 B 24 HCP  BS 8 78.45 54.25 76 66 68.67 

95 G 120 MCP  BH 57 81.24 33.32 48 67.56 57.53 

96 G 132 MCP BH 48 53.12 33.33 80 83.33 62.44 

97 B 60 
biotedinase 
deficiency 

RC 36 100 74.06 96 66.66 84.18 

98 B 120 
Autism spectrum 

disorder 
RC 2 100 95.23 100 100 98.85 

99 G 84 MCP RC 4 100 88.88 96 100 96.22 

100 B 24  HCP BS 3 50.45 40.35 43.05 38 42.96 

101 B 24 QCP creeping 6 45.3 34.25 23.78 30.56 33.47 

102 B 36 MCP creeping 10 53.28 45.78 40.65 40 44.92 

103 G 48 MCP creeping 15 52.84 48.32 52.3 42 48.86 

104 G 48 
Developmental 

delay 
RC 24 75.65 62.84 85.32 83.12 76.73 

105 G 36 
Developmental 

delay 
creeping 10 67 56 53.14 48.75 56.22 

106 B 120 
Developmental 

delay 
RC 6 95.4 86.52 100 100 95.48 

107 B 60 DCP RC 18 85.61 54.62 95.42 96 82.91 

108 G 60 MCP creeping 13 65.12 46.32 56.35 58 56.44 

109 B 48 TCP CC 20 76.52 68.64 80.49 82 76.91 

110    G 84 TCP RC 24 76.35 68.95 90.42 89 81.18 

111 G 36 HCP BS 7 71.65 78.52 87.62 85 78.19 

112 G 48 TCP CC 16 75.63 68.95 96.25 95.32 84.03 

113 G 36 QCP DNC 0 23.64 14.34 41.31 35 28.57 

114 B 48  QCP creeping 16 52.36 42.62 45.12 43 45.77 

115 B 84 DMD RC 4 98.52 98 100 100 99.13 

116 B 36 TCP DNC 0 67.56 60 75 72.96 68.88 

117 G 36 
Developmental 

delay 
RC 12 86.32 71.98 96.52 95 87.45 

118 B 48 DCP RC 14 89.36 67.45 90.64 92 84.86 

119    B 60 TCP RC 24 87.95 78.34 92.54 90.25 87.27 

120 B 36 
Developmental 

delay 
BS 17 97 98 100 100 98.75 

121 B 84 
Developmental 

delay 
BS 36 97.52 67.35 95.79 94 88.66 

122 G 48 CP hypotonic BS 26 94.56 89.74 97.42 95.32 94.26 

QCP- Quadriplegic CP; DCP- Diplegic CP; HCP- Hemiplegic CP; MCP- Mixed CP; DD- 

Developmental Delay. DNC- Did not crawl; RC-Reciprocal crawling; BH- Bunny hopping; 

BS-Bottom shuffling; CC- Crab crawling. B- Boys ; G- Girls 
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Annexure 8 

ETHICAL CLEARANCE CERTIFICATE 

 

 

 



Annexures 
 

 Page 95 
 

Annexure 9 

GUIDE RECOGNITION LETTER 
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Annexure 10 

CTRI 

As this is an observational study and not an interventional or Randomised Control 

Trial, CTRI is not mandatory. Hence CTRI registration not done. 
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Annexure 11 

PHOTOGRAPHS 

    Image 1: Materials used 

 

 

           Image 2: Stadiometer  Image 3: Weighing machine 
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Annexure 12 

FEE RECEIPT 

 

 


