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Background: Down Syndrome [D5) is 3 genetic condition. Physical characteristics like shom stature, hy-
potonia, small and thick hands result in decreased grip and pinch strength and quality of fine motor
lLasks.
Purpose: The purpose of this review s 1o summarize the evidence of upper extremity physical character-
istics and its influence on hand function in D5 population.
Snudy Design: A scoping review.
Methodolegy: A comprehensive electronic literature search was conducted through PubMed, CIMAHL,
Cochrane Library. The search was limited to articles written in English and published betwesn 3010 m©
2021 Additionally, books were referred for a bemer understanding of the hand function in DS The Pre-
lerred Reporting lterms for Systematic Review and Meta-Analysis extension for scoping reviews (PRISMA-
5cR) was adopied 1o develop the protocel
Fesults: Following a detsiled rewiew of 28 articles meeting the inclusion criteria, fetuses with a diagno-
i af DS are reported to hive shomening of humerus an sonographic markers wherein 9% of fetuses
had below Sth percentile shonening. Additicnally, literature repoerts that during reaching there was in-
creased trunk redation [effect size - DEEL DS pepulstion had B0% less grip strength, 33X less palmar
pinch strength 20 less key pinch strength and poor manual dexterity (1 = 4.5-5.5)1
Conchesion: Findings of this review concludes that physical charscteristics of the upper extremiry have an
influence an hand function performance in children and adolescents with DS However, only arm length
and hand span have been quantified and correlated with grip sirength. Further work must focus on cor-
relation of upper extremity anthropometry and overall hand function in children and adobicents with
D&

D 2022 Elsevier nc. All rights reserved

Introduction

autosomal chromosomal genetic disorder that occurs due to over-
expression of 2 gene on human chromosome 21.2

Dovwmn Symdrome (D5), was first described by Dr John Langdon
Down in 1866 as a genetic mental disability.' However, D% is an

Abbrevintions: %, Down Syndrome; TD, Typically Developing; Iy, Incellsctual
disability; M-ABC. Movement assessment battery for chaldeen: CoP, Centre of pees-
sure; RTG, Reach to grasp; BOTZ, Bnsininks- Oseretsky Test of Motor Froficicency -2;
CMFM, Cross motor function measure; NMT, Neuromusoular tapping: T21, Trisomy
2.
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Individuals with D5 exhibit deficiendes within multiple do-
mains like physical and motor function. Body composition and
muscle strength are vital parameters for children's gross motor,
fine motor (such as tying a shoelace, printing or stringing beads),!
and functional performance.’! Physical characteristic exhibited by
DS is short stature, small and broad hands with Simian crease, clin-
odactyly, low tone.® Motor performance in DS is addressed to be
poor with weaker grip strength such that it affects functional do-
main and performance associated with daily activities.*

The children with DS often show 2 years of delays in their func-
tional development, specifically in eye-hand ooordination, biman-
ual tasks, gross and fine motor tasks. Features of ligamentous lax-
ity. absence of some carpal bones, smaller hands, deflected fifth
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finger are important predictors of multidomain deficiencies in in-
dividuals with DS.

While summoning back to embryological development, DS in-
dividuals have delayed appearance of the primary center of ossi-
fication of digit 5, in comparison with premature fusion and thus
explaining brachymesophalangia of digit 5 (wider and shorter mid-
dle phalanx of digit 5). Radiological studies infer the presence of
pseudo-epiphysis of a base of the second metacarpal.5-”

Upper extremity function is usually associated with motor coor-
dination, manual dexterity, muscle strength, and sensibility. Man-
ual dexterity provides precision, speed and coordination of upper
extremity movements to a task; grip and pinch strength provide
quantitative measurement of upper extremity integrity.® Individu-
als with DS are restrained and sensitive from exploring different
possibilities that require time to experience movement, to attain
and refine fine motor skills.?

The quality of hand function often exhibits longer reaction
time, high incidence of muscle coactivation, hypotonicity, ligamen-
tous laxity. This alters the movement patterns in DS, inferred as
“clumsy.”'% Proximal coordination of trunk and arm segment is a
limiting factor for reach-to-grasp control in children with DS; also,
slow and atypical movement contribute to late-onset of prepara-
tory grip closure that limits manipulative skills and contributes to
poor dexterity. Low muscle tone impairs recruitment and sequenc-
ing of muscle activation, resulting in compensation for instability
and delayed interaction between the trunk and arm movements.
Therefore, arm movements are poorly differentiated in DS, which
prompts for atypical and immature grasps characteristics and ori-
entation of hand to an object!!

The International Classification of Functioning, Disability and
Health in Children and Youth (ICF-CY) is referred to understand the
pathway of a particular disease. Determinants of health play a vi-
tal role in assisting us in designing an assessment rehabilitation.'?
Amongst which, behavioral determinants of health consist of ge-
netic conditions (such as DS, Klinefelter syndrome, etc.) as higher
classification levels. This aids to connect us to different domains of
ICF-CY.!3

All these helps and guide us in understanding pathway of the
physical, social and behavioral contribution of a population to-
wards different aspects of ADLs and [ADLs.

The various forms of studies performed to evaluate hand func-
tion in this population had insufficient results due to smaller sam-
ple size, incomplete tests and age appropriateness. Also, the sys-
tematic review published consisted of one component of hand
function, whereas hand function is a broad term and has various
sub-functions which needs to be roofed. The cross-sectional stud-
ies performed often had incomplete test results when compared
with other populations (Typically developed [TD], other intellec-
tual disabilities [ID]) and so results were inadequate and incom-
plete tests score were not involved in results. Physical character-
istics studied are more restricted to hand span evaluation, which
tells us about susceptibility towards hand injury and power grasp
function.

Thus, in this scoping review, we aimed at exploring the com-
prehensive hand function of children and adolescents in DS. We
also look for these altered comprehensive hand functions’ effect on
activities of daily living and instrumental activities of daily living.

Methodology
Searches
The methods of study analysis were ascertained. PRISMA-ScR

guidelines were adopted for structuring this study. Data collection
was done first by reading the title and abstract, second by prepar-

ing documents of selected studies obtained by applying search
strategies in the database. It was discussed with reviewers and
studies that had closed access, contact to correspondence author
was established for same.

Data source information was obtained from studies listed in
PICO format, studies including children and adolescents; focusing
on hand function, grip strength, pinch strength, manual dexterity
and fine motor function in the DS population.

Further data sources were obtained through textbooks, refer-
ence books, and cross-references on embryological development,
musculoskeletal development, hand function and fine motor devel-
opment in children with and without DS.

A total of 41,884 articles were listed on application of keywords
to searching of the database, articles were selected on basis of in-
clusion criteria, out of which duplicate articles were removed

Screening

a) Human studies, b) studies presented in PICO format, c) stud-
ies exploring hand function in children and adolescents with DS
with or without comparison with typically developed, d) age be-
tween 4 months to 25 years e) any study design (systematic re-
views, RCTs, non-RCTs, cross-sectional, observational studies, pi-
lot RCTs) f) Studies on hand function, upper limb function, reach,
grasp, manipulation; manual dexterity, fine motor control, and co-
ordination, precision grasping skills, g) studies in English language

Results

The survey comprised 41,884 scientific papers published nation-
ally and internationally. Out of which 84 full-text articles were se-
lected for review, among these 55 full-text articles were excluded.
Out of the total, 6 articles were not accessible. Amongst all these, a
total of 28 articles were included and studied in this review based
on inclusion criteria.

a. Embryological studies: The studies relating to embryological ab-
normalities in DS was reflected in our search strategy as review
articles and chapter from the textbook. Jonathan et al, in his
review, stated shortening of humerus in sonographic markers
in the first trimester (9% of fetuses had below 5th percentile
shortening)'*

b. Biomechanical constraints: Lopes et al, in their review stated
that few studies performed the kinematic evaluation of upper
limb in DS. They further added up stating that overall peak
force and velocity in DS is lower and reaching tasks affects the
dynamics of postural control. Also, this function was more feed-
back dependent.

c¢. Grip and pinch strength: Matute et al, examined the correlation
of hand span on grip strength in DS and found that optimal grip
span had a higher correlation in dominant (r = 0.66, p > 0.05)
than nondominant hand (r = 0.408, p < 0.05). Jover et al, tested
for grasping characteristics in DS and with TD; stated DS used
fewer fingers to grip coin (effect size = 6), placing pegs (effect
size = 0.5), picking up blocks (effect size = 0.92). Priosti et al,
evaluated grip strength and manual dexterity in DS, and found
no linear relation between dominant grip strength and manual
dexterity (r = 0.31) and mean grip strength in DS were lower
than TD (p = 0.0) and dominants’ mean manual dexterity were
lower in DS (p = 0.00). de Campos et al, (2010) study tested
for reach and grasp in infants with DS, and found increase fre-
quency of reach (u (1)= 6.5, p = 0.01) and decreased grasping
frequency (U (1) = 3.9, p = 0.04). de Campos et al (2014), found
DS infants used less unimanual grasping (p = 0.03) than biman-
ual grasping (p = 0.009) for smaller objects. Valvano et al, find-
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ings during reach to grasp analysis in DS were increased in end-
point trunk rotation (effect size = 0.88), preparatory phase had
poor anticipatory adjustment (effect size = 1.11 for gripping the
aperture). Mullerpatan et al, findings stated that the DS pop-
ulation showed 60% less grip strength, 33% less palmar pinch
strength and 20% less key pinch strength.de Campos et al (2014)
studied the effect of object size on grasping in infants with DS
and stated that DS infants touched larger objects with higher
velocity (p = 0.02); in another study (2013) they found that DS
infants reached frequently for large rough balls (p = 0.004) and
large softballs (p = 0.02).

d. Manual dexterity and fine motor function: Vimercati et al,
tested for fine motor function in DS through a drawing test,
stating no significant difference was found in overall drawing
performance but had increased velocity. Zareian et al, in their
intervention study, stated improved reaction time in DS inter-
vention post-intervention (F = 75.5, p = 0.6). dexterity im-
proved (F = 7.8 for card sorting, F = 23.0 for arranging beads).
Schott et al, in a cross-sectional study, stated the results of M-
ABC, highest effect size found in “Forming letters using pen
or pencil” (r = 0.88), “uses scissors to cut paper” (r = 0.84),
“Fastens buttons” (r = 0.78). Marchal et al, in a longitudinal
study, found manual dexterity is poor and testswere incom-
plete (CI = 4.5-5.5, SD = 5.0). Masumoto et al, found DS adoles-
cents showed larger force generation and thus significant error
in performing finger-tapping tasks.

e. Palmar arches and creases: There is lacunae in literature whilst
addressing this sub-component of hand function, specifically
concerning the DS population. However, their development and
delayed are often expressed by a few authors but that was
traced back four to five decades ago.

f. Dermatoglyphics: Lakshmi Prabha in her short review has given
a highlight on dermatoglyphics in DS. Although a new term
holds an important aspect when describing dental health in
normal as well as DS population

Discussion

The results in Table 1 highlight the relationships and different
aspects of hand function across life spans in children and adoles-
cents with DS.

The acquisition of reaching and grasping represents an im-
portant milestone and contributing factor for functional indepen-
dence during the growth period. Motor skills are distilled by repet-
itive and rhythmic task performance; also known as the repetitive
perception-action-perception cycle, in children with DS this char-
acteristic is refrain, and they have limitations while exploring their
possibilities consequently requiring more time for acquiring and
refining motor skills.'®

In infancy reaching and grasping skills in the DS population are
being influenced by various intrinsic factors, and there is a corre-
lation between intrinsic (age, biomechanical factors, posture, etc.)
and extrinsic (environment, object properties, and experience) fac-
tors. This results in the adoption of different strategies for reach-
ing in infants with DS.'® Intrinsic properties influence the accu-
racy and speed of reaching and grasping in infants with DS.2° Pre-
grasping behaviors in infants with DS seemed to be less efficient in
generating action-relevant information, and postgrasping behaviors
required greater perceptual-motor demands and difficulty.'® DS in-
fant characteristics of grasping rely on object configuration rather
than object properties. These infants require a longer time to ad-
just to uni and bimanual strategies which may be a functional lim-
itation since early ages.!

Interest in an object often speaks about a child’s engagement
in an activity and development of language. In children with DS

novel actions and objects might be repeated but a carry-over in
their language and communication was reduced.’ Reaching tasks
in infants with DS leads to an exploration of environment and ob-
ject, helping an infant with motor, and cognitive function.?*

The birth performance-based measures and teachers’ report re-
flects the bottom-up approach of current motor skills performance
and long-term impression (top-down) in both DS and TD. Both
the combined methods help in the evaluation of individually per-
formed skills and thereby aid in tailored-made rehabilitation for
each child."

Children with DS demonstrated a moderate rate of grip and
pinch strength reduction when compared to typically developed
children. Also, weight, height, forearm length, hand length, and
breadth were factors that influenced upper extremity strength dif-
ferences.?®

Hand strength and manual dexterity were similar in both gen-
ders; a correlation was also seen between age and hand func-
tion. Sound knowledge of manual skills is important for plan-
ning various aspects of developmental activities. Hand dynamome-
ter is the gold standard tool for the evaluation of hand strength
in healthy population and is used frequently. The same method
can be used in DS population for evaluation of hand strength.
It will help us to gain a sound knowledge about their hand
strength.2?

The three-dimensional analysis of kinematics for the evalua-
tion of upper limb movements is necessary in children with DS
to understand the velocity, speed and accuracy of movements.
However, due to the dearth of standardizing protocol for eval-
uation of upper limb kinematics properties, there are often de-
viated protocols. Thus, a three-dimensional upper limb move-
ment analysis should be developed for understanding the patterns
of movements adopted during gripping and other hand function
activities.”?

Mental assessment at the age of 2 years, gender, and pres-
ence of infantile spasms can aid to some extent in predicting
adaptive and motor skills by the end of school age in children
with DS.3> Understanding perceptual-motor development in chil-
dren with T21, with an emphasis on atypical grasping features;
and correlation of perceptual-motor functioning and grasping be-
haviors.?!

The population with T21 often scores poorly in fine motor
skills tasks because of specific brain and body characteristics. This
lessens their effective dexterity skills and often contributes to their
clumsiness and reduced participation in life situations represented
in ICF (C-Y)."”

The fine motor task in children with and without DS shows
differences concerning developmental milestones, sensory, motor,
cognitive and perceptual domain. These domains are often im-
paired in the DS population and many times inadequately ad-
dressed while testing fine motor tasks.'® The adolescent with DS
showed higher peak force-velocity and systematic delay on the on-
set of finger tapping movement. It may be due to differences in
motor unit recruitment patterns.'s

Significant limitations were found in RTG (reach-to-grasp)
which contributes to more upper limb movement limitations and
poor manual dexterity performance in school-aged children with
DS.?

The postural sway (defined as small oscillatory motion made
in body segments by an healthy individual to control and maintain
an upright posture) in DS population is more with increased veloc-
ity in center of pressure (CoP). The CoP displacement was greater
in medial/lateral directions. The motor skills performance such as
standing, walking, running/jumping were inadequately achieved as
per the results on gross motor functional measure (GMFM) and
Bruininks-Oseretsky test of motor proficiency (BOT-2).36
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Table 1
Data charting and synthesis of results highlight the relationships and different aspects of hand function across life spans in children and adolescents with DS.
Sr no Title Study population age & Level of evidence/ study Outcome measure Method
gender design
1 Priosti et al,”* Down Syndrome 7-9 y/ II cross-sectional Jamar dynamometer assessed grip Grip strength and manual dexterity were assessed for
both strength using American Society both hands. Each evaluation lasted for 15 min
of Hand Therapy guideline of
measurement, Box and Blocks test
assessed manual dexterity
2 Matute-Llorente et al, Down Syndrome 15-18 y/ II Cross-sectional Hand span measured and Digital Hand span was measured with hand widely opened,
2017% Both Dynamometer references from tip of thumb to the tip of the little
finger; digital dynamometer was used for measuring grip
strength with subject attaining standard bipedal position
arm in abduction, elbow incomplete extension and
forearm pronation. Subjects were recruited in two
sections; one 27 subjects were tested and after a few
weeks, 15 subjects were further recruited to determine
optimal grip strength and reduce the risk of bias.
3 Zareian & Delavarian, Down Syndrome 7-12 y/ II Experimental study Bruininks-Oseretsky test to assess Pre and post-test evaluations were performed. Hand
2014° both fine motor skills, Briggs-Nebes laterality was established using Briggs-Nebes Handedness
Handedness Inventory was used to inventory. Subjects performed individual and group
establish laterality exercise of sport stacking in two sessions per week for 30
min. At first, edutainment video was set for patterning
and speed, techniques were the point of emphasis
4 de Campos et al, Down Syndrome and II Cross-sectional study Alberta Infant Motor scale Infants were placed on baby chairs reclined 50 degrees
20100 Typically developed 4-6 from horizontal. Pearl-like spherical markers were affixed
mo/ both to infants’ wrists. An attractive spherical object was
presented at infants’ midline, shoulder height and arm’s
length for 1 min or until infant performed seven reaches.
Reaching movements were recorded by using a
three-camera (60 Hz) motion capture system 1 camera
was positioned above and behind the chair and the other
two were positioned in front of the diagonally to chair on
right and left sides.
5 Lopes et al, 2018%° Down Syndrome and I Systematic review PRISMA, PICO criteria, Crowe The title and abstract were retrieved by researchers
Typically developed Critical Appraisal Tool (CCAT)for individually using a systematic strategy based on
quantification of methodological inclusion criteria. A total of 344 articles were retrieved
quality of studies and five full texts were included in this review.
6 Vimercati et al, 2015"° Down Syndrome and II Clinical measurement IQ assessment and SMART-D BTS The children were seated comfortably on an adjustable
Typically developed 14-19 (optoelectronic system) 200Hz chair and in front of the desk. They were given a paper
y/ both frequency camera and integrated sheet with a printed figure (a circle, an equilateral cross,
video system a square) and were asked to copy the illustrated figure
with their dominant hand. Children were given modified
ink pen with markers on the cap that allowed
reconstruction of the trace drawn.
7 Camargo Oliveira & Down Syndrome I Systematic review PRISMA Exploratory and descriptive literature review, realized by

Cavalcante Neto, 2016°

digital media by recommendations of Cochrane Handbook
for Systematic Reviews. Databases comprised LILACS,
Medline, PubMed, Scielo, IBECS, Scopus. MeSH was
selected for searching keywords, a medical classification
system based on English language articles indexed in the
area of research. Out of 38 articles, eight were selected
on basis of common agreement amongst judges.

(continued on next page)
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Table 1 (continued)

Sr no Title Study population age & Level of evidence/ study Outcome measure Method
gender design
8 Jover et al, 20102 Down Syndrome and II Cross-sectional Movement Assessment Battery for Children were asked to write their name or their
typically developed v 4-18 Children (M-ABC) signature on a sheet of paper and to show which hand
y/ both they preferred to brush their teeth or comb their hair; to
determine preferred and non-preferred hand (PH) and
(NPH) respectively. Then the children were asked to
perform three manual tasks: a) posting coins, b) placing
pegs, c) picking up blocks.
9 Memisevic & Macak, One group (Down Il Comparative study Purdue Pegboard test, The test consists of four tasks to be performed by the
2014 syndrome, Fragile X children. The first three tasks required the children to
syndrome, Williams place as many pegs in a peg-hole in a period of 30 s. The
Syndrome, Prader Willi final task involves making as many assemblies as possible
Syndrome) and a second within one group
group (unknown etiology
of intellectual disability)
7-15 y/ both
10 Chen et al, 2014* Down syndrome Young II Interventional study Hydraulic Dynamometer, It is a pre-and post-evaluation study evaluating
male treadmill, PAR-Q, Peabody picture effectiveness of bout exercises on grip force in individuals
vocabulary test with DS. The participants performed treadmill walking
for 20 min following multistage protocol.
11 de Campos et al, Down Syndrome and II Exploratory study Apgar score, Cytogenic analysis Infants were placed on baby chairs reclined 50 degrees
2011% Typically developed 4-6 from horizontal. Pearl-like spherical markers were affixed
mo/ both to infants’ wrists. Four attractive spherical balls of
different textures (two soft and two rigid) were
presented at infants’ midline, shoulder height and arm’s
length for 1 min or until infant performed seven reaches.
Reaching movements were recorded by using a
three-camera (60 Hz) motion capture system 1 camera
was positioned above and behind the chair and the other
two were positioned in front of the diagonally to chair on
right and left sides. Kinematics characteristics of reaching
were additionally performed by calculating deceleration
time and maximum time by calculating maximum
velocities value as a result of the difference of two
minimum velocities.
12 de Campos et al, Down Syndrome and Il Observational study Apgar score, Cytogenic analysis Infants were placed on baby chairs reclined 50 degrees

20131'°

Typically developed 4-6
mo/ both

from horizontal. Pearl-like spherical markers were affixed
to infants’ wrists. Four attractive spherical balls of
different textures (two soft and two rigid) were
presented at infants’ midline, shoulder height and arm’s
length for 1 min or until infant performed seven reaches.
Reaching movements were recorded by using a
three-camera (60 Hz) motion capture system 1 camera
was positioned above and behind the chair and the other
two were positioned in front of the diagonally to chair on
right and left sides. Grasping behaviors were studied in
four stages: pregrasping behavior, grasping, post grasping
and post grasping exploration behaviors and frequencies
of reaches were studied.

(continued on next page)
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Table 1 (continued)

Sr no Title Study population age & Level of evidence/ study Outcome measure Method
gender design

13 de Campos et al, Down Syndrome and II Exploratory study Apgar score, Infants were placed on a reclined chair with truncal

201415 Typically developed 4-8 support. Four spherical objects (two large and soft and
mo/ both two soft and small) were placed in infant’s midline at
shoulder height in the line of arm. The object was
presented for seven trials on both sides. Three cameras
were used to record the reaching performance.

14 Fidler et al, 2014%° Down Syndrome and II Observational study Leiter-Scale of performance, child Different objects such as pipe cleaners, wooden beads,
Typically developed Both development and family history, plastic coins, rubbery bracelets, paper cups for baking,

oral and written language scales, straws, miniature pompoms, colored popsicles stick, foam

generativity performance sheets with holes punched around perimeter and lanyard
strings. These objects created ambiguous plays.
Participants’ engagement was coded using Nodulus
Observer XT coding software on following criteria: type
of engagement and novel use of an object.

15 Holzapfel et al, 201527 Intellectual disabilities II Interventional study Modified Snellen chart, Participants completed cycling sessions using modified
17-20 y/ both audiometer, Peabody Picture motorized stationary recumbent bicycling for 30 min

Vocabulary test 4th edition, three times per week for 8 weeks.

16 Jover et al, 20147 Down Syndrome and II Observational study Movement Assessment Battery for The participants were recorded whilst they performed
Typically developed 5-20 Children (M-ABC) two tasks selected from M-ABC with both the hands
y/ both preferred and non-preferred in sitting posture in front of

a table

17 Latash et al, 2002%° Down Syndrome and I Cross-sectional Study Experimental setup using sensor All the participants performed trials of maximum
age-matched typically and piezoelectric effect tapping voluntary contraction test using each finger separately
developed 19-21 y/ both systems for recording a maximum and all four fingers together of the dominant hand. A

voluntary contraction ramp test was done with 12 trails with zero force for 5
sec projecting contraction and then a 30 percent increase
in force for 2 s and repeat.

18 Lobo et al, 20154 Down Syndrome, typically III Exploratory study Observation of various grasping Through various observations, the authors have described
developed and high-risk behaviours typical and atypical characteristics of the grasping
infants 0-6 mo/ both behavior of infants. They have also highlighted stages of

grasping and emphasized shifting of grasping behavior
from general exploration to typical infant grasping and
how it differs in infants with DS

19 Marchal et al, 2016% Down Syndrome 6 I Randomized Controlled Bayley Scale of Infant The participants were recruited right from their birth and

months-10.7 y/ both

Trial

Development, Snijders-Oomen
Nonverbal Intelligence test,
Vineland Adaptive Behavior,
M-ABC 2,

a regular follow up every 2 mo were made. Their
demographic data were recorded and different scales
were used at different age intervals to score for various
activities, such as early mental and motor development,
intelligence at age of 10.7 y, adaptive functioning at age
of 10.7 y, motor skills at age of 10.7 y.

(continued on next page)
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Table 1 (continued)

Sr no Title Study population age & Level of evidence/ study Outcome measure Method
gender design

20 Masumoto et al, Down Syndrome 15-17 y/ II Cross-sectional Edinburgh Handedness Inventory The apparatus consisted of two load cells used for finger

20128 male scale tapping were amplified with a strain amplifier and
displayed on an oscilloscope. Participants were seated
facing load cells and were instructed to perform uni and
bi-manual tapping movements at a target force of 2N.

21 Rigoldi et al, 2015%8 Down Syndrome 21-25 y/ IV Pilot experimental 1Q The NMT was applied over cervical spine bilaterally, over
both study the shoulder and extensors of the hand and fingers of the

same dominant hand. The optoelectric system was used
for graphic picture tracing like squares, circles and
triangles.

22 Schott et al, 2014"! Down Syndrome and II Cross-sectional study Test of gross motor development, Data was collected from gym of schools where the
Typically developed 7-11/ M-ABC, children wore proper sports dresses and running shoes
both and had not been attending any motor activity prior

23 Valvano et al, 2017%° Down Syndrome and II Exploratory study Three-dimensional kinematic Participants began the trial by sitting on a chair and no
Typically developed 6-13 evaluation of RTG (reach-to-grasp) back support, arm on table. The object was placed at the
y/ both end of reach point measuring full arm length. First was a

kaleidoscope, that was kept and the participants had to
reach and grasp it then bring it towards the eye for
viewing. second was a small box to measure trunk and
upper limb coordination.

24 Wang et al, 201236 Down Syndrome and II Cross-sectional study Force plate, GMFM, BOT-2 Participants were supposed to stand on force plates with
age-matched typically eyes open and closed for measuring postural control for
developed 14-17 y/ both 15 s, then they had to concentrate on the visual signal

that was the cue for throwing a ball, GMFM and BOT-2 4
subtests for further evaluation.

25 Herrero et al, 2017°7 Down syndromev 3-5 mo/ II Exploratory study Prechtl method of global and Within GenGM 5 min video recording of the infant’s
both detailed general movement mobility was recorded during the period of wakefulness,

assessment feeding, supine lying.

26 John et al, 201626 Down Syndrome and II Cross-sectional study Jamar hydraulic dynamometer, The students were recruited from two special schools and
age-matched typically B&L gauge pinch dynamometer, grip and pinch strength was measured using a
developed 9-16 y anthropometric measurement of standardized protocol for three trials and the best out

arm using semi-flexible tape three scores were taken as the final score.

27 Girish et al, 201332 Down syndrome, I Review Fingerprints I

Left-handedness,
hypothyroidism
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Records identified through database searching:

PubMed (n=243) ,Cochrane (n=11)
,ScienceDirect (n=41630)

v

NOILVII4ILN3al

Records after duplicates removed (n=41862)

l

Records screened

(n=41856)

Full text assessed for
eligibility (n= 84)

Records excluded
—_—
(n=41772)
Full text articles
excluded (n=55)
—_

Studies included (n= 28)

PRISMA. flow diagram.

Children with DS present motor impairments pertinent for con-
tinued studies on this population, mainly based on appropriate
motor interventions and construction of standardized scales for
populations with DS. An opportunity for sports evaluation and in-
tervention especially in the DS population will aid in enhancing
the skills of hand-eye coordination and perceptual-motor activities.
It will also allow the medical team for providing better guidance
towards an evaluation of manual skills concerning reaction time.
Focus on evaluation of fine motor skills and training them effi-
ciently will help to improve quality of life in the DS population.-?

A lower extremity rhythmical activity such as walking, stim-
ulates peripheral sensory inputs, that reach the motor cortex,
which in turn leads to improvement of grip strength in the DS
population.** Finger coordination through repeated finger tapping
tasks improves fine motor activities, and helps children to have a
carryover effect in their ADLs and perform them with ease. The
NMT (neuromuscular taping) aids by stimulating skin receptors
and thus, creates sensory efference copy.” This intervention re-
duces dependency on external stimuli for functional tasks perfor-
mance.”®

Conclusion

Thus, from this review, we conclude that physical characteristics
of upper limb (such as anthropometric measurements of arm, fore-
arm and hand) have an influence on hand function performance
(like grip and pinch strength, fine motor functions, manual dexter-

ity) in the DS population. Further, a comprehensive evaluation of
upper limb anthropometric measurements and hand function is re-
quired. A correlational study of the upper limb measurements and
hand function will help us design tailored-made rehabilitation in
DS population (PRISMA 1).
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