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Background: Students, especially young ones, predominantly rely on handwriting. Children
spend 31 to 60% of their school day performing handwriting and other fine motor tasks, and
difficulty in this area can interfere with academic achievement. The purpose of the review was
to consolidate the evidence for the association between grip pressure and head position on
handwriting fluency and legibility in young children. Method: A thorough literature search
for RCTs was conducted using keywords such as handwriting, composition, head position,
grip pressure, and young children across PubMed Central, Google Scholar, EBSCO, ProQuest,
and Clinical Key databases with “AND”, “OR”, and “NOT” boolean operators. Six research
articles met the criteria and were found to be appropriate for the review. Study Selection:
Randomised clinical trials were included if they were full-text English articles with dependent
variables like head position, fluency, grip pressure and Legibility as outcome measures.
Exclusion criteria comprised articles which did not meet the inclusion criteria, those with
direct access denied and those that did not align with the keywords. Results: Analysis of the
included Randomised Controlled Trials (RCTs) highlighted two main conclusions. First, a
major limitation across the literature is the lack of a single, universal outcome measure,
despite the use of diverse tools like handwriting scales and digital applications. Second,
despite this assessment heterogeneity, a consistent positive correlation was found between
neck posture and handwriting legibility. Conclusion: Future efforts must prioritise developing
a comprehensive, standardised assessment tool for crucial ergonomic factors (head position,
grip pressure) in schools, enabling early identification and intervention to improve
handwriting and associated psychosocial outcomes.

Keywords: Handwriting; Composition; Head position; Head control; Grip pressure;
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INTRODUCTION

mathematics and text composition, even in a digital

environment’™.

Handwriting is a fundamental, essential skill for school-

aged children, promoting academic progression and

participation! 3.
handwriting

deficits  often

underachievement, typically assessed through students’

performance on writing tasks*®. It remains a foundational
competence supporting various school tasks, including

As a pivotal component of success,

Effective handwriting requires the orchestration of
perceptual, cognitive, motor, and linguistic skills!0-12.
Studies suggest a visual and sensorimotor coupling of
letter shape, noting that writing movements (like tracing
letter outlines) have aided subjects with reading

difficulties!3-10,
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Transcription, a fundamental subprocess in cognitive
writing models, converts linguistic ideas into a physical
product by integrating spelling and handwriting/typing. Its
automation frees up working memory for higher-level
functions, thereby enhancing compositional quality!’-19.
Additionally, children require muscle/nerve control and

eye-hand coordination and must ultimately recognize
writing's utility for expressing thoughts2?.

Handwriting  development progresses from  skill
acquisition (5-6 years) to functional mastery (9-10
years)2!. Since written tasks consume over half of
instructional time, the 10-30% prevalence of Handwriting
Difficulties (HD) is a serious educational issue. HD causes
poor legibility and fluency in timed assessments, strongly
correlating with academic underachievement and long-

term negative effects on self-esteem, attainment, behavior,

and attitude?22. Learning difficulties further impair
legibility through struggles with letter formation, spacing,
word size, writing, and alignment?’.

Kinesthesia/proprioception is the non-visual, non-auditory
ability to sense the position, amplitude, and direction of

body movements?®. This crucial sensory input influences
handwriting by affecting pencil grip, writing pressure,

boundary maintenance, and directional letter formation?”.

During early development, novice writers often struggle

with modulating pressure on the writing tool?”. This
motor control challenge is complicated by ergonomic
factors - body posture, pencil grip, positioning, and grip

consistency that affect handwriting! !> 3% 31, Precise pencil
pressure control is essential; excessive force causes rapid

muscle fatigue and diminished writing endurance32.

Notably, there are two types of relevant pauses: pen stops
—the pen is immobile on paper, and pen lifts pen
movements in the air to initiate subsequent pen
movements>>. Furthermore, poor writers typically exert
more pressure on paper which might impede smooth pen

movements and impair handwriting development3*: 33,

Handwriting is primarily driven by the forearm, powered

by the shoulder, with minimal finger/wrist motion, fine

motor control ensures fast, precise, legible results!>: 39,

Moreover, body posture and the angular positions of the
upper limb joints (shoulder to hand) influence maximal
grip strength and, consequently, handwriting performance.
Notably, head flexion and positioning correlate directly

with legibility and fluency! !> 3137, 38,

Research on handwriting proficiency often isolates
influencing factors, ignoring the interplay of crucial
ergonomic variables. A significant gap is the lack of a
comprehensive review linking the combined effect of head
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position and grip pressure to a child's legibility and
fluency. This scoping review aims to synthesize the
literature on this relationship, advocating for the holistic
integration of head posture and grip strength analysis in
paediatric therapy.

METHODOLOGY

1) Search and Selection Guidelines

A highly sensitive and systematic search was conducted
across five electronic databases: PubMed, Google Scholar,
ProQuest, Clinical Key, and databases accessible via the
EBSCO platform (e.g., CINAHL). The literature search
was performed between August 1, 2024, and September
30, 2025. The search strategy combined core terms
(Handwriting, Composition, "head position", "Grip
pressure", "Grip Strength", Children) using Boolean
operators (AND/OR). The initial inclusion criteria focused
on English-language, Randomized Controlled Trials
(RCTs) published within the last year.

2) Study Selection

The study selection focused on empirical trials
investigating the impact of biomechanical factors (such as
head position and grip pressure) on children's handwriting,
encompassing studies of typically developing school-aged
children as well as comparative trials involving children
with cognitive, motor, or learning difficulties. While the
initial focus was on RCTs published within the most
recent year, the evidence base was expanded to include
highly relevant RCT reference articles from the previous
years due to the limited initial yield of recent trials on this
specific topic, thereby maximizing the comprehensiveness
of the evidence synthesis.

3) Extraction of Data and Quality Evaluation

Data were independently retrieved and extracted by two
reviewers using a standardized form based on predefined
criteria. Any disagreements between reviewers were
resolved through discussion and consensus. The
methodological quality of the included studies was
systematically evaluated by documenting critical risk of
bias components. This evaluation was likely performed
using a recognized tool (e.g., the Cochrane Risk of Bias
tool, RoB), assessing domains such as: eligibility
requirements, adequacy of randomization and blinding,
allocation, concealment, baseline group similarity,
variation in co-interventions, use of intention-to-treat
analysis, and patient attrition (loss to follow-up).

4) Summary of Quantitative Data

The quantitative data extracted for analysis focused on
both process-based and product-based handwriting
outcomes. Process and kinematic outcomes included
measures of automaticity and fluency, specifically the
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Number of Inversions in Velocity (NIV), alongside other
key metrics such as grip pressure, pen stops, and pen lifts.

Writing Chronometric Measures were also captured,
including Reaction Times (RTs), Inter-Letter Interval
means (ILIs), and Whole Response Duration (WRD). The
Experimental Protocols from which this data was drawn
encompassed diverse graphomotor tasks, such as Tracing
Single Semicircles, Tracing Composite Figures, and
Repetitive Handwriting of a Cursive Letter.

Instrumentation relied on a Digital graphic tablet
(Wacom{R}Intuos 4 XL) with a cordless pen to capture
both on-surface and in-air handwriting, utilizing
customized acquisition software (LabHand 0.7) for precise
determination of pen position and pressure.

Legibility was primarily assessed using the Handwriting
Legibility Scale, often incorporating the 9-point scale
from the Test of Legible Handwriting (TOLH; Larsen &
Hammill, 1989), and the Penmanship Objective
Evaluation Tool (POET) was also utilized for product
assessment.

Ninan et al.

Identification of studies via Database |

Records identified from:

Databases: Pubmed, Gogele scholar, Clinical
Key. ProQuest, EBSCO (n=23,634)

I Records Screened (n=1339) I I Records excluded (n=1300) |

| Reports sought for retrieved (n=39) I — I Reports ot retrieved (n=29) |
Reports excluded:

Reports assessed for eligibility (2=10) — Reason 1: Studies not on handwriting,
erip pressure, head position
Reason 2: Studics that had two groups
l but did not carry RCT

Reason 3: articles which are not RCT

Studies included in review (n=6)

Reports of included studies (n=6)

Fig. 1: Flow diagram of the study process

RESULTS

Six randomized control trials were included for the
literature analysis. All the analyzed studies showed
different levels of changes following interventions.

SI Author(s) Findings

No

1. Poonetal., Computerized training program focusing on visual perception and visual-motor integration training
(2010) appeared to be effective in enhancing the handwriting time among children with handwriting

difficulties

2. Dzepina et al.,
(2005)

Kinematic handwriting analysis, when combined with machine learning techniques, offers a
promising tool to support objective recognition of psychomotor speed, providing insight into

psychomotor retardation in youth with depression.

3. Sundaramurthy The highest maximal grip strength obtained at H-N rotated to left, showed that for accurate

etal., (2012)

Lopez &
Douret, (2021)

assessment and rehabilitation, the H-N should be positioned opposite to the tested extremity which
could be due to the influence of ATNR

The results conclude that the absence of visual feedback (and thus visual control) in children results
in decreased letter quality and increased strokes duration, dysfluence (discontinuity of movement),

letter size, and pen pressure.
5. Cerni & Job,

Different pattern of processing for handwriting, the automatized process for our participants, and

(2023) for typing, for which stronger lexical and sublexical effects emerged.

6. Truxius et al., Importance of considering different kinematic aspects when investigating typically developing
(2024) beginning handwriters.

DISCUSSION Handwriting is a multifaceted task that requires the

Previous research has established a connection between

handwriting quality and body posture®!. In line with this,
our scoping review focused specifically on investigating
the effect of head position and grip pressure on
handwriting legibility and fluency in children.

integration of motor, sensory, perceptual, praxis, and
cognitive functions. An essential motor aspect involves
the precise control of pencil pressure and pressure of the
lead on the paper, as excessive pressure on the pen when
writing can cause muscle fatigue. A survey of 2000
German teachers revealed that sustained writing was a
problem for >60% of children in elementary or secondary
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school, most often based on handwriting-associated
cramps (73%) and incorrect pencil grip (68%). Another
study by Lin ef al, observed that children exhibit
difficulties in pressure adjustment when learning

graphomotor skills23.

"A follow-up study on writing posture and writing
movement of young children" by Bléte and Van der
Heijden (1988) demonstrated that forward and upright
posture was considered as important discriminating factor
in the writing behavior of children between 5-7 years.
Grip posture is another discriminating factor wherein grip
is classified as tripod grip when there is more flexion on
the index finger secondly a grip that are less distal than the
tripod posture, there is no opposition of thumb and index
and the pencil rests on the second phalanx of the middle
finger instead on the third and lastly a grip that is more
distal than the tripod grip, tip of the middle finger

sometimes the ring finger lies on the pencil shaft>”.

The developmental trajectory of handwriting behavior has
long been recognized as a process of shifting motor
strategies, moving from high effort to increased efficiency.
De Ajuriaguerra et al., (1979) famously delineated this
process into two primary, sequential tendencies. The
initial phase is characterized by a paradoxical
combination: a seemingly relaxed, low forward lean in the
body posture (including a lowered head, likely for
enhanced visual-perceptual feedback) co-occurs with
marked heightened muscular tension and constrained,
awkward progression in the primary movers of the hand
and arm. This suggests that the generalized body

relaxation is offset by localized, intense effort at the

writing interface*”.

Conversely, the transition toward motor maturity and
fluency is marked by the establishment of an optimized
kinematic base. This is evidenced by an expansion of the
functional writing area on the desk, the partial resting of
the forearm on the support surface for enhanced proximal
stability, and a transition from a parallel to an oblique
forearm alignment. Critically, the second tendency aligns
with the increased frequency and successful adoption of
the mature dynamic tripod grip, indicating a shift toward a
more stable, yet highly mobile, fine motor configuration

necessary for sustainable, efficient handwriting*'.

Additionally our review also tried to analyze the
correlation between motor involvement and grip pressure
on handwriting which is supported by a study of Raut et
al., (2021) Assess the correlation between scapular muscle
endurance and handwriting legibility assessed by using
Scapular Muscle Endurance Test (SMET) and the
Handwriting Legibility Scale (HLS) respectively in school
children they found a significant positive correlation: as
participants' scapular muscle endurance scores increased,

their handwriting legibility concurrently improved*”.
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Furthermore, in a study by Gesell et al, (1947)
established a foundational tenet of motor development,
positing that the smooth acquisition of fine motor skills is
fundamentally dependent on the concurrent maturation of
gross motor (large muscle) skills. This developmental
progression typically adheres to a cephalo-caudal (head-
to-toe) pattern and, more relevant to skill progression, a
proximal-distal pattern, where control motor moves from
the central body parts (trunk and shoulder girdle) outward
to the extremities.

Moreover, the above study was supported by
Alizadehkhaiyat et al., (2011) conducted a study on 16
healthy subjects (9 male and 7 female) to study the
Activity and fatigue of the shoulder muscles in a
controlled hand grip they used Electromyography of
scapulothoracic muscles during grip task the results

showed that grip increases the activity of both muscles®*!.

A highly relevant recent intervention by Wang et al.,
(2024) utilized the WriteUpRight system to regulate
children's handwriting posture through an Error
Amplification (EA) Strategy. This study demonstrated that
the WriteUpRight system is a promising tool for the
unobtrusive regulation of both head roll angle and head-
screen distance. The intervention not only yielded
significant improvement in these postural factors but also
led to a significant improvement in the kinematic

dimensions of handwriting®®. This evidence strongly
supports the objectives of the current review by
demonstrating that head position regulation can indirectly
yet significantly enhance the biomechanical factors,
dexterity, and dynamics of a child's handwriting
performance.

A study on the usability of the SensoGrip system by
Rettinger (2024) reinforces the findings of our review. The
SensoGrip is a pressure-measuring pen that provides
personalized, real-time feedback on pressure modulation.
The study concluded that this system effectively helps
children with handwriting difficulties adjust their pressure
application during a task. This evidence directly supports
our review's objective that maintaining proper grip
pressure is a crucial factor influencing handwriting quality

and performance in young children’!.

Several studies have presented computer-based
handwriting assessments that utilize spatial and temporal
measurements, as well as assessing pen-tip force via tablet
systems (Alamargot & Morin, 2015; Bisio et al., 2016;
Chang & Yu, 2014; Lee et al., 2016).

Over the last four decades, numerous tests have been
created to diagnose and assess handwriting difficulties.
These evaluations typically gauge overall handwriting
quality in two ways: by rating the legibility of a final,
static writing sample or by scoring pre-defined criteria
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like letter form, size, spacing, line-straightness, pencil
grasp, pencil pressure, and body posture.

A study in a traditional pen-and-paper handwriting test
used by healthcare professionals is limited by several
factors. Its effectiveness is compromised by time-
consuming scoring, subjectivity in evaluation, and a lack
of precise dynamic measures such as pen tilt and pressure.
Moreover, the use of standardized text leads to limited
ecological validity, and the process often causes delays

between initial concern and expert assessment*2.

Despite the availability of existing tools, such as
established handwriting scales and digital apps for posture
analysis, the field of handwriting assessment faces critical
limitations. The core issue is the lack of a universal
assessment standard that comprehensively integrates the
three crucial biomechanical factors: head position, table
distance, and grip pressure. This is compounded by many
students' unawareness of how to modulate the correct grip
pressure and the limited research that simultaneously
evaluates the combined effects of all these factors. These
deficiencies collectively emphasize the urgent need for
more efficient and accessible assessment methods.
Therefore, this review advocates for shifting handwriting
evaluations into school settings to facilitate early
identification and intervention in a familiar, effective
environment.

CONCLUSION

This scoping review, investigating the effects of head
position and grip pressure on children's handwriting,
revealed a critical finding: a positive correlation exists
between regulating these two biomechanical factors and
significant improvements in handwriting fluency and
legibility. Crucially, these physical gains were shown to
have a direct positive impact on students' self-esteem and
self-confidence. However, despite the acknowledged
importance of these factors and the availability of various
scales and digital applications, the analysis identified a
major gap: there is currently no universal, "gold standard"
assessment that comprehensively integrates and evaluates
head position and grip pressure across the reviewed
Randomized Controlled Trials (RCTs).

LIMITATION

The primary challenge in this field is the absence of
standardized assessment methods for all critical physical

factors (e.g., head posture, grip pressure). This
methodological gap introduces significant variation
(heterogeneity) across studies, hindering reliable

comparison and meta-analysis. Crucially, the evidence
base suffers from a scarcity of high-level research;
Randomized Controlled Trials (RCTs) specifically
examining the causal impact of head position on
handwriting are extremely rare. The available literature is

Ninan et al.

predominantly correlation or observational which, while
suggesting associations, fails to establish clear cause-and-
effect (causality). This foundational limitation prevents
the development of precise, evidence-based intervention
protocols for clinical practice.
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