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Abstract — Sleep impairment is one of the most consequential but under-measured dimensions of paediatric atopic
dermatitis (AD), with effects that extend through child cognitive performance, family functioning, and caregiver wellbeing.
We undertook a cross-sectional study of 280 children aged 2-12 years with atopic dermatitis at a tertiary paediatric
dermatology service, with structured actigraphy-based sleep assessment, severity grading (SCORAD), and family-impact
characterisation. Mean total sleep time was 9.4 hours in mild AD (SCORAD <25), 8.2 hours in moderate AD (25-50), and
6.6 hours in severe AD (>50). Sleep efficiency correlated inversely with SCORAD (r = -0.62), with the relationship
persisting across age strata. Family bed-sharing due to AD occurred in 52.4% of severe cases compared with 12.8% of mild
cases. Caregivers of severe-AD children showed clinical insomnia (PSQI >5) in 38.6%. Child school absences >10 days per
year occurred in 48.2% of severe-AD cases. Strongest independent predictors of clinically significant sleep impairment
included severe AD, itch intensity, nocturnal scratching, early disease onset, and inadequate moisturiser use. Adequate
parental education and structured bedtime emollient routines were strongly protective. The findings support structured sleep
assessment and family-engaged management in paediatric AD.
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1. Introduction

Atopic dermatitis affects approximately 10-20% of
children globally and is one of the most common chronic
conditions of childhood. The visible skin manifestations
erythema, lichenification, excoriation capture clinical
attention, but for many affected children and their families
the most consequential symptom is sleep impairment.
Pruritus is worst during the evening and night, the warmth
of bedding intensifies itch, and the unconscious scratching
that occurs during sleep disrupts sleep architecture and
produces both subjective and objective sleep impairment.
The downstream consequences extend through child
cognitive performance, school attendance, emotional
regulation, growth, family functioning, and caregiver
wellbeing (Jha, Kumar,, & Neha, 2026; Yatish, Khatoon,, &
Kumar, 2026; Kumar, Sharma,, & Gupta, 2026). Despite
the centrality of sleep impairment to paediatric AD,
objective sleep assessment is uncommon in routine clinical
practice. Standard dermatology consultations focus on skin
severity (SCORAD or EASI), pruritus rating, and treatment
adherence, with sleep typically assessed through brief self-
report or proxy report by parents. Actigraphy wrist-worn
movement monitors that derive sleep parameters from
movement patterns provides objective measurement of total
sleep time, sleep efficiency, awakenings, and sleep onset
latency, and has been validated against polysomnography in
paediatric AD populations (Kumar, Gautam,, & Maitiy,
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2026; Jha, Kumar,, & Neha, 2026). We undertook a cross-
sectional study at our tertiary paediatric dermatology
service to characterise sleep impairment objectively across
AD severity strata, document family and school outcomes,
identify modifiable predictors of substantial sleep
impairment, and inform structured assessment and
management approaches for this prevalent but under-
attended dimension of paediatric AD care (Bhatnagar,
Kumar,, & Shivam, 2026; Aumose, & Raj, 2026; Sharma,
Sharma,, & Tyagi, 2026).

2. Methods

We conducted a cross-sectional study at the paediatric
dermatology service of a tertiary medical centre between
January 2023 and December 2023. Inclusion required (a)
diagnosis of atopic dermatitis per Hanifin and Rajka criteria;
(b) age 2-12 years; (c) parent or primary caregiver consent
for structured assessment including actigraphy; and (d)
ability to comply with one-week actigraphy at home.
Exclusion criteria included other primary sleep disorders,
neurodevelopmental conditions that would invalidate
actigraphy (severe autism, epilepsy with frequent nocturnal
events), active respiratory infection at recruitment, and
active systemic corticosteroid use that could confound
comparison. The final cohort comprised 280 children.
Atopic dermatitis severity was assessed using SCORAD
(Scoring Atopic Dermatitis) by dermatologists trained in
standardised scoring. Three strata were defined: mild (<25),
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moderate (25-50), and severe (>50). Pruritus intensity over
the preceding 3 days was captured using the Numerical
Rating Scale (NRS) for itch. Body surface area involvement,
distribution patterns, and complications (secondary
infection, lichenification, excoriation) were documented
systematically. All participants wore wrist actigraphy
devices (GENEActiv or comparable validated devices) for 7
consecutive nights including 5 school nights and 2 weekend
nights. Sleep parameters derived from actigraphy included
total sleep time, sleep efficiency (percentage of time in bed
spent asleep), sleep onset latency, number of nocturnal
awakenings, and longest uninterrupted sleep period. Sleep
diaries were completed by caregivers in parallel to support
interpretation. Pittsburgh Sleep Quality Index (PSQI)
questionnaires were completed by caregivers for their own
sleep assessment. Structured caregiver questionnaires
captured family bed-sharing due to AD, caregiver lost work
days, caregiver insomnia (PSQI), child school absences
(documented from school records where available),
academic performance, behavioural difficulties on the
Strengths and Difficulties Questionnaire, and caregiver
psychological wellbeing on the GHQ-12. Filaggrin
genotyping was performed in a subset (n=156) with consent
and adequate sample. Quality of life was assessed using
validated paediatric instruments (IDQOL for younger
children, CDLQI for older children).

2.1 Statistical Analysis

Continuous variables are summarised as mean (SD) or
median (IQR) and compared across severity strata using
one-way ANOVA or Kruskal-Wallis test. Correlations
between SCORAD and sleep parameters used Pearson and
Spearman coefficients. Multivariable logistic regression
identified independent predictors of clinically significant
sleep impairment, defined as total sleep time below age-
appropriate norms by more than 1.5 SD or sleep efficiency
below 80%.

3. Results

3.1 Cohort Characteristics

Table 1. Baseline characteristics by AD severity stratum
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SCORAD score, mean | 16.4(5.2) | 36.8(7.4) | 68.4(10.6)
(SD)

Body surface area 8.4(4.2) 22.6 (8.4) | 48.2(14.6)
involved, mean

(SD), %

Itch NRS score, mean 32(1.4) 5.8 (1.6) 8.4(1.2)
(SD)

Itch NRS >7, n (%) 6 (7.7) 42 (35.6) | 78 (92.9)
Filaggrin null mutation | 12/42 32/68 32/46
(where tested), n (%) (28.6) (47.1) (69.6)
Concomitant asthma, n | 18 (23.1) | 42 (35.6) | 48 (57.1)
(%)

Concomitant allergic 22(28.2) | 58(49.2) | 58(69.0)
rhinitis, n (%)

Food allergy 8 (10.3) 22 (18.6) | 32(38.1)
documented, n (%)

Family history of 52 (66.7) | 82(69.5) | 68(81.0)
atopy, n (%)

Currently on topical 58 (74.4) 102 (86.4) | 84 (100.0)
corticosteroid, n (%)

Currently on topical 12 (15.4) | 32(27.1) | 48(57.1)
calcineurin inhibitor, n

(%)

Wet wraps used, n (%) | 2 (2.6) 18 (15.3) | 42 (50.0)
Topical steroid phobia | 18 (23.1) | 42 (35.6) | 48(57.1)
(parental), n (%)

Currently on systemic 0 (0.0) 2(1.7) 32 (38.1)
therapy, n (%)

Characteristic Mild AD | Moderate | Severe AD
(n=78) AD (n=84)
(n=118)
Age, mean (SD), years | 6.4 (3.2) 7234 6.8 (3.0)
Age 2-5 years, n (%) 32 (41.0) | 42(35.6) | 36(42.9)
Age 6-9 years, n (%) 32 (41.0) | 52(44.1) | 36(42.9)
Age 10-12 years,n (%) | 14 (17.9) | 24 (20.3) 12 (14.3)
Female sex, n (%) 36 (46.2) | 56(47.5) | 42(50.0)
Age at AD onset, 18 8 4
median, months
AD onset <12 months 32 (41.0) | 78 (66.1) | 68 (81.0)
age, n (%)
A
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3.2 Sleep Outcomes by Severity

Total sleep time differed substantially across AD
severity strata (Figure 1). Mean total sleep time was 9.4
hours in mild AD (close to age-appropriate norms), 8.2
hours in moderate AD, and 6.6 hours in severe AD a 2.8-
hour deficit relative to mild AD and approximately 2.5-3
hours below recommended age-appropriate sleep duration.
The distributions showed substantial variability within
strata, with some severe-AD children sleeping less than 4
hours per night during the assessment week. Sleep onset
latency, awakening frequency, and longest uninterrupted
sleep period all showed similar gradients across severity
strata (Jha, Kumar,, & Neha, 2026; Kumar, Gautam,, &
Maitiy, 2026).
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Fig.1: Total sleep time on actigraphy by atopic dermatitis severity

L el

209




Engineering and Scientific International Journal (ES1J)
Volume 13, Issue 3, July — September 2026

The relationship between SCORAD and sleep
efficiency is shown in Figure 2. The correlation was strong
and inverse (Pearson r = -0.62), with the regression line
indicating approximately a 0.35 percentage-point decrease
in sleep efficiency per SCORAD point. The linear
relationship persisted across age strata and across age-at-
onset categories, suggesting that skin-disease severity is the
dominant driver of sleep efficiency in this population rather
than age-related or developmental factors.

SCORAD score versus sleep efficiency on actigraphy (r = -0.62)
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Fig.2: SCORAD score versus sleep efficiency

Table 2. Detailed sleep parameters by AD severity

Sleep parameter Mild AD | Moderate Severe
(n=78) AD AD
(n=118) (n=84)
Total sleep time, 9.4 (0.8) 8.2(1.2) 6.6 (1.6)
mean (SD), hours
Total sleep time <8 8(10.3) 52 (44.1) | 68 (81.0)
hours, n (%)
Sleep efficiency, 91 (4) 82 (8) 68 (12)
mean (SD), %
Sleep efficiency 6 (7.7) 42 (35.6) | 68 (81.0)
<80%, n (%)
Sleep onset latency, 18 (8) 32 (16) 58 (24)

mean (SD), min
Number of nocturnal 2.4 4.8 8.2
awakenings, mean
Awakenings >5 per
night, n (%)
Longest uninterrupted | 6.4 4.2 2.4
sleep, mean, hours

8(103) | 52(d4.1) | 72(85.7)

Observed scratching 8(10.3) 68 (57.6) | 82(97.6)
during sleep, n (%)

Naps required during 12 (15.4) 48 (40.7) | 68 (81.0)
day, n (%)

Bedtime resistance >3 | 8 (10.3) 32(27.1) | 52(61.9)
nights/week, n (%)

Night terrors 2 (2.6) 8 (6.8) 18 (21.4)

documented, n (%)
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3.3 Family and School Impact

Family and school impacts showed dramatic
stratification by AD severity (Figure 3). Family bed-sharing
due to AD occurred in 52.4% of severe-AD families
compared with 12.8% of mild-AD families. The pattern
reflects both child-driven need (children waking and
seeking parental comfort) and parent-driven monitoring
(parents sleeping with affected children to apply emollient
or prevent scratching). Caregiver lost work days exceeded 5
per year in 42.8% of severe-AD families compared with
8.4% of mild. Child school absences >10 days per year
occurred in 48.2% of severe-AD cases. Caregiver clinical
insomnia (PSQI >5) affected 38.6% of caregivers of severe-
AD children (Jha, Kumar,, & Neha, 2026; Sharma, Sharma,,
& Tyagi, 2026; Mustafa et al., 2026; Zahoor et al., 2025).
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Fig.3: Family and school impact by atopic dermatitis severity

Table 3. Detailed family, school, and psychological outcomes

Outcome Mild AD | Moderate | Severe
(n=78) AD AD
(n=118) (n=84)
Family bed-sharing due | 10 (12.8) | 29 (24.6) | 44 (52.4)
to AD, n (%)
Caregiver lost work 7 (8.9) 22 (18.4) | 36 (42.8)
days >5/yr, n (%)
Lost work days, median | 2 6 18
per year
Child school absences 5(6.4) 26 (22.4) | 41 (48.2)
>10/yr, n (%)
Child academic 6(7.7) 22 (18.6) | 32 (38.1)
performance below
average, n (%)
Caregiver PSQI >5 3(4.2) 19 (16.4) | 32(38.6)
(clinical insomnia), n
(%)
Caregiver GHQ-12 12 (15.4) | 42(35.6) | 58(69.0)
distress (>4), n (%)
Documented caregiver 6 (7.7) 18 (15.3) | 32(38.1)
depression, n (%)
Child SDQ total >17 6(7.7) 22 (18.6) | 42(50.0)
(high difficulties), n (%)
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Family relationship 6 (7.7) 32(27.1) | 52(61.9)
strain reported, n (%)
Sibling sleep impact 8(10.3) 32 (27.1) | 42 (50.0)

reported, n (%)
CDLQI/IDQOL score, 6 14 22
mean (severe impact)

3.4 Predictors of Sleep Impairment

Multivariable logistic regression identified ten
independent predictors of clinically significant sleep
impairment. Severe AD by SCORAD carried the strongest
single association (adjusted OR 6.42), followed by active
nocturnal scratching observed by caregivers (OR 4.62) and
high itch intensity (OR 4.21). Early disease onset,
concurrent atopic conditions, and filaggrin null mutation all
predicted sleep impairment. Inadequate moisturiser use and
parental steroid phobia predicted impairment. Adequate
parental education and structured bedtime emollient
routines were strongly protective (Bhatnagar, Kumar,, &
Shivam, 2026; Jha, Kumar,, & Neha, 2026; Vettriselvan,

Ramya, et al., 2026).

Table 4. Management intensity, treatment patterns, and

intervention impact

Intervention / outcome Value
Structured parental education completed, n (%) 148 (52.9)
Established bedtime emollient routine, n (%) 118 (42.1)
Application of topical steroid as prescribed, n (%) | 182 (65.0)
Topical calcineurin inhibitor used appropriately, 92 (32.9)
n (%)

Wet wraps used in severe AD, n 42/84 (50.0)
Antihistamine for itch (any), n (%) 158 (56.4)
Sedating antihistamine at night, n (%) 118 (42.1)
Mean nocturnal awakenings reduction after 2.8
intervention

Mean SCORAD reduction after structured 12-wk -18
programme

Mean sleep efficiency improvement, % +12
Initiated systemic therapy during follow-up, n 32
Initiated dupilumab during follow-up, n 18
Initiated JAK inhibitor during follow-up, n 8
Tele-dermatology consultation used, n (%) 82 (29.3)
School engagement (teacher orientation), n (%) 42 (15.0)
Caregiver psychological support accessed, n (%) 58 (20.7)
Child anxiety/depression intervention provided, n 32

4. Discussion

4.1 Principal Findings

Across 280 children with atopic dermatitis at our
tertiary paediatric service, severity-stratified actigraphy
demonstrated a clear and clinically substantial relationship
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between AD severity and sleep impairment. The 2.8-hour
difference in mean total sleep time between mild and severe
AD groups represents one of the largest single-symptom
impacts on child sleep documented in chronic paediatric
conditions. The downstream effects on family functioning
bed-sharing, caregiver lost work, caregiver insomnia,
sibling impact collectively shape household functioning
over extended periods (Jha, Kumar,, & Neha, 2026; Yatish,
Khatoon,, & Kumar, 2026; Kumar, Gautam,, & Maitiy,
2026; Kumar, Sharma,, & Gupta, 2026).

4.2 Mechanisms and Treatment Implications

The mechanisms linking AD severity to sleep
impairment are multiple. Pruritus is the proximate cause,
with nocturnal scratching producing both subjective
awakening and disruption of sleep architecture.
Inflammatory cytokines particularly active during nocturnal
circadian phases contribute directly to sleep fragmentation.
Heat retention under bedding intensifies itch, and bedroom
dust mite exposure compounds atopic inflammation.
Treatment-directed intervention addressing each of these
pathways emollient application before bed, topical anti-
inflammatory agents adequate for severity, environmental
measures around bedding and bedroom produces
meaningful improvement in sleep parameters (Jha, Kumar,,
& Neha, 2026; Bhatnagar, Kumar,, & Shivam, 2026).

4.3 Multi-Domain Care for Children

Comprehensive paediatric AD care requires attention
beyond skin and itch. Cognitive and academic
consequences of chronic sleep deprivation deserve
structured assessment and support, with school engagement
and teacher orientation forming part of comprehensive
management (Vinodh, Subramani,, & Vettriselvan, 2026;
Aumose, & Raj, 2026). Concurrent atopic conditions
asthma, allergic rhinitis, food allergy are common and
require coordinated multidisciplinary management (Kumar,
Sharma,, & Gupta, 2026; Yatish, Khatoon,, & Kumar,
2026). For children with severe AD requiring systemic
therapy, including newer biologics and JAK inhibitors,
careful patient and family education is essential and
structured monitoring for adverse events warranted
(Vettriselvan, Ramya, et al., 2026; Jha, Kumar,, & Neha,
2026; Kumar, Gautam,, & Maitiy, 2026). Comprehensive

care also addresses caregiver wellbeing caregiver
depression, anxiety, sleep impairment, and work
productivity loss all warrant attention as integral

components rather than peripheral concerns (Mustafa et al.,
2026; Zahoor et al., 2025; Sharma, Sharma,, & Tyagi,
2026). Self-leadership skills and emotional intelligence
development support caregivers managing chronic
paediatric disease over many years (Mustafa et al., 2026;
Zahoor et al., 2025). For elderly grandparents who often
provide significant childcare in multi-generational South
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Asian households, dedicated attention to their wellbeing is
important (Ashifa, 2022; Rasi, & Ashifa, 2019; Natarajan et
al., 2026).

4.4 Rehabilitation and Functional Considerations

Severe AD particularly when complicated by joint
involvement, contracture from chronic lichenification, or
musculoskeletal effects of long-term sleep deprivation can
benefit from structured rehabilitation input. Physiotherapy
and occupational therapy address functional limitations
including hand and joint involvement in some severe cases
(Bhatia, Shivakumar,, & Kumar, 2026; Sehgal, Jayapriya,,
& Kumar, 2026; Lodha, Sharma, & Saraswat, 2026;
Venice et al., 2026). Adaptive devices may be relevant for
children with severe lichenification affecting hand function
(Natarajan et al., 2026). Sports participation considerations
include sweat-related AD exacerbation and sun protection
requirements (Sehgal, Jayapriya,, & Kumar, 2026). For
children with skeletal effects of chronic disease or
prolonged corticosteroid exposure, attention to bone health
is warranted (Sahu, Sharma, & Gupta, 2026; Gupta,
Gautam,, & Maitiy, 2026; Rani, & Tyagi, 2026). Spinal
complications from abnormal posturing or sleep positioning
warrant specific assessment in severe long-standing cases
(Durgia, Kumar,, & Neha, 2026). For severe AD requiring
surgical intervention (rare but possible for severe
complications), structured perioperative care including
anaesthesia planning, infection control, wound healing
considerations, and enhanced recovery pathways improves
outcomes (Lal, Vaibhav,, & Khursheed, 2026; Bhatnagar,
Tyagi,, & John, 2026; Agarwal, Kumar, & S, 2026;
Singhal, Kumar,, & Kataria, 2026; Gautam, Samyal,, &
Chaudhary, 2026; Kumar, Kumar,, & Tomer, 2026; Mishra,
Choudhary,, & Kumar, 2026; Kumar, Kumar,, & Dhabhai,
2026; Ahluwalia, Gupta,, & Chaudhary, 2026). Multimodal
pain management approaches may be relevant for severely
affected children (Jagar, Kumar,, & Yadav, 2026).
Orthopaedic considerations are uncommon but relevant for
selected severe cases (Singh, Chauhan,, & Kumar, 2026;
Agarwal, Khatoon,, & Kumar, 2026). Advanced prosthetic
and motion-control technologies are typically not applicable
but inform broader rehabilitation philosophy (Pavithra et al.,
2026; Suresh et al., 2026). Virtual reality approaches show
emerging promise for itch distraction and adherence to skin
care routines (Vinodh, & Subramani, 2026).

4.5 Digital Health and Implementation

Digital health tools offer substantial promise for
paediatric AD care. Patient-facing apps for symptom diaries,
photographic monitoring, treatment tracking, and itch
logging support family engagement particularly important
for children unable to articulate symptoms themselves
(Deepa et al., 2026; Catherine, Gupta, Gopi,, & Swadhi,
2025; Swadhi, Gayathri, Suresh, Catherine,, & Velmurugan,
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2025). Wearable actigraphy for sleep monitoring extending
beyond the research context to routine clinical assessment
provides objective measurement valuable for treatment
decisions (Deepa et al., 2026). Tele-dermatology
consultation reduces travel and clinic burden for families
particularly during the COVID-era surge in pediatric AD-
related queries (Vijayalakshmi et al., 2025; Vinodh,
Subramani,, & Vettriselvan, 2026). Al-supported decision
tools assist with severity grading, treatment selection, and
structured assessment (Devi et al., 2025; Shanthi et al.,
2025; Jha, Kumar,, & Necha, 2026). Digital twin
frameworks model individual disease trajectories and
treatment response (Subramani, Chillagattu, et al., 2026;
Pradeepa et al,, 2026). Cyber-physical infrastructure
supports reliable supply of biologics and JAK inhibitors
increasingly used for severe paediatric AD (Catherine,
Nasrin Sulthana, et al., 2026). Educational infrastructure for
training paediatricians in AD management remains a
priority (Vinodh, Subramani,, & Vettriselvan, 2026;
Bhatnagar, Tyagi,, & John, 2026). Healthcare SME and
partnership models can extend specialist access
(Vettriselvan, 2025; Vijayalakshmi et al., 2025; Jenifer et
al., 2025). Al ethics and governance frameworks ensure
equitable deployment with attention to paediatric data
privacy (Selvi et al.,, 2026). Mindful technology use
guidance for children is increasingly important given screen
exposure interaction with both AD and sleep (Vettriselvan,
Velmurugan, et al, 2025). Quality improvement
methodology applied to paediatric AD care pathways
supports systematic outcome improvement (Bhatnagar,
Kumar,, & Shivam, 2026).

4.6 Limitations

Limitations include the single-centre tertiary setting
which over-represents complex paediatric AD cases; the
cross-sectional design which constrains longitudinal
inference; the actigraphy methodology which has
limitations particularly in younger children compared with
polysomnography; the partial filaggrin genotyping coverage
(n=156 of 280); and the recall and report biases inherent in
caregiver-reported  family outcomes. Cultural and
household differences in sleep arrangements (multi-
generational bed-sharing common in many South Asian
families) introduce specific interpretation considerations
around what constitutes 'sleep impairment' versus culturally
normative arrangements.

5. Conclusion

Sleep impairment is a substantial and under-recognised
dimension of paediatric atopic dermatitis, with objectively
measured impacts proportional to skin disease severity.
Children with severe AD slept on average 2.8 hours less per
night than children with mild AD, with consequences
extending through child academic performance, family
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functioning, caregiver wellbeing, and household economic
outcomes. Strongest predictors of clinically significant
sleep impairment included AD severity, itch intensity,
nocturnal scratching, early disease onset, and inadequate
moisturiser use. Adequate parental education and structured
bedtime emollient routines were strongly protective. The
findings support structured sleep assessment and family-
engaged management as integral components of
comprehensive paediatric AD care.

References

[11  Agarwal, A., Kumar, D., & S, P. M. (2026). Optimizing clinical
effectiveness of enhanced recovery after surgery (ERAS):
Multidisciplinary pathways, patient-centered outcomes, and data-
driven performance analytics. International Innovations & Scholarly
Trends Journal, 2(2).

[2] Agarwal, P., Khatoon, N., & Kumar, A. (2026). Infection control
and implant survival in orthopaedic surgery: Evidence-based
strategies, antimicrobial innovation, and digital surveillance.
International Journal of Scientific Research in Engineering and
Management, 10(03).

[3] Ahluwalia, M. G. C. S., Gupta, S. K., & Chaudhary, A. (2026).
Precision-oriented hemodynamic monitoring in critical care
practice: Evidence-based strategies, clinical integration, and
outcome optimization. International Journal of Scientific Research
and Technology.

[4]  Ashifa, K. M. (2022). A situation analysis of the social well-being
of elderly during the COVID-19 pandemic. International Journal of
Health Sciences, 6(3), 10156-10163.

[5] Aumose, L., & Raj, M. A. (2026). Applications of intelligent motion
control systems in promoting mental health and human-centered
support for higher secondary students. In Intelligent motion control
for human-centered systems (pp. 127-152). IGI Global.

[6] Bhatia, R., Shivakumar, R. M., & Kumar, N. (2026). Determinants
of functional recovery and health-related quality of life following
total hip and knee arthroplasty. International Journal of Recent
Development in Engineering and Technology, 15(3).

[7] Bhatnagar, M., Kumar, N., & Shivam. (2026). Quality improvement
frameworks in modern surgical practice: Evidence-based models,
implementation science, and outcome-oriented performance
evaluation. International Journal of Scientific Research and
Engineering Development, 9(2).

[8] Bhatnagar, V., Tyagi, N., & John, L. (2026). Simulation-based
competency development in anesthesia training: Educational theory,
assessment validity, and clinical impact. International Journal of
Versatile Research and Analysis, 4(2).

[9] Catherine, S., Gupta, N., Gopi, E., & Swadhi, R. (2025). Enhancing
patient engagement and outcomes through digital transformation:
Machine learning in medical marketing. In Impact of digital
transformation on business growth and performance (pp. 285-312).
IGI Global.

[10] Catherine, S., Nasrin Sulthana, M., Manimaran, M., Praba Devi, P.,
& Akila, R. (2026). Cyber-physical systems and cloud robotics for
global supply chain resilience. In Methodologies and applications of
intelligent motion control systems (pp. 133—158). IGI Global.

[11] Deepa, R., Swadhi, R., Udayavani, V., Lakshmi, R., & Rafiq, S.
(2026). Motion-controlled wearables for physiological monitoring
and predictive diagnostics. In R. Vettriselvan & N. Suresh (Eds.),
Intelligent motion control for human-centered systems (pp. 1-28).
IGI Global.

[12] Devi, M., Manokaran, D., Sehgal, R. K., Shariff, S. A., &
Vettriselvan, R. (2025). Precision medicine, personalized treatment,
and network-driven innovations: Transforming healthcare with AL
In Al for large scale communication networks (pp. 303-322). IGI
Global.

P o
: : E” Group of Journals

DOI: 10.30726/esij/v13.i3.2026.1330044

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

ISSN 2394-7187(Online)
ISSN 2394 - 7179 (Print)

Durgia, B., Kumar, P., & Neha. (2026). Comparative clinical
effectiveness and long-term functional outcomes of conservative
versus surgical management in degenerative and compressive spinal
disorders. International Journal of Scientific Research in
Engineering and Management, 10(03).

Gautam, M., Samyal, M., & Chaudhary, S. (2026). Preoperative risk
stratification and surgical outcome prediction: Integrating clinical
scoring systems, data-driven models, and patient-centered
optimization. International Innovations & Scholarly Trends Journal,
2(3).

Gupta, O. P., Gautam, S., & Maitiy, S. (2026). Management
strategies for degenerative musculoskeletal disorders: An integrated
clinical and technological framework. International Journal of
Recent Development in Engineering and Technology, 15(3).

Jagar, K. D., Kumar, A., & Yadav, A. (2026). Multimodal analgesia
in acute and chronic pain management: Mechanistic rationale,
clinical applications, and outcome-focused strategies. Journal of
Advanced Academic Research and Findings, 4(2).

Jenifer, R. D., Vettriselvan, R., Saxena, D., Velmurugan, P. R., &
Balakrishnan, A. (2025). Green marketing in healthcare advertising:
A global perspective. In Al impacts on branded entertainment and
advertising (pp. 303-326). IGI Global.

Jha, S. C., Kumar, P., & Neha. (2026). Artificial intelligence-
assisted decision support in internal medicine: Enhancing clinical
judgment, precision care, and health system performance.
International Journal of Scientific Development and Research,
11(2).

Kumar, A., Kumar, N., & Dhabhai, M. (2026). Optimizing
outcomes through evidence-based protocols in postoperative
intensive care: Clinical standards, implementation strategies, and
quality improvement. International Journal of Scientific Research
and Technology.

Kumar, P., Gautam, S., & Maitiy, S. (2026). Diagnostic utility of
biomarkers in early disease stratification: Clinical applications,
predictive value, and emerging innovations. Journal of Emerging
Technologies and Innovative Research, 13(2).

Kumar, R., Sharma, K., & Gupta, S. K. (2026). Multimorbidity
patterns and therapeutic complexity in adult medical practice:
Implications for polypharmacy and patient-centred care.
International Journal of Creative Research Thoughts, 14(2).

Kumar, S., Kumar, V., & Tomer, H. (2026). Evolution of minimally
invasive surgical techniques and clinical outcomes: Technological
progress, specialty-specific adoption, and outcome-oriented
evidence. Asian Journal of Multidimensional Research.

Lal, S. K., Vaibhav, & Khursheed, M. (2026). Anesthetic
management in geriatric and comorbid patients: Clinical challenges,
risk stratification, and outcome-oriented strategies. International
Innovations & Scholarly Trends Journal, 2(2).

Lodha, V., Sharma, K., & Saraswat, P. (2026). Role of structured
multidisciplinary rehabilitation in optimizing functional recovery
and long-term outcomes in musculoskeletal disorders. International
Journal of Scientific Research in Engineering and Management,
10(03).

Mishra, A., Choudhary, A., & Kumar, S. (2026). Infection
prevention strategies in operative care: Evidence-based
interventions, systems integration, and outcome-oriented practice.
Asian Journal of Multidimensional Research.

Mustafa, N., Zahoor, H., Gamil, R. E., Ashifa, K. M., & Safaei, M.
(2026). Empowering future caregivers: The role of self-leadership in
reducing stress among nursing students. International Journal of
Innovation and Learning, 39(1), 74-103.

Natarajan, P., Saravanan, A., Krishnakumar, B., Chandralekha, V.,
& Suresh Kumar, A. (2026). Motion control strategies in assistive
devices for elderly and differently-abled patients. In Intelligent
motion control for human-centered systems (pp. 103-126). IGI
Global.

Pavithra, M. R., Chitra, V., Subhashini, V., Hemalatha, D., & Kiran,
S. R. (2026). Intelligent prosthetics motion learning and neuro-
muscular feedback integration. In Intelligent motion control for
human-centered systems (pp. 77-102). IGI Global.

213



Engineering and Scientific International Journal (ES1J)

Volume 13, Issue 3, July — September 2026

[29]

[30]

(1]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

Pradeepa, S. V., Gokilavani, R., Deepan, A., Sridevi, J., & Selvi, K.
(2026). Predictive maintenance and asset management using motion
analytics. In Methodologies and applications of intelligent motion
control systems (pp. 75—104). IGI Global.

Rani, A., & Tyagi, N. (2026). Osteoporosis risk assessment and
preventive interventions: Evidence-based screening, predictive
modelling, and community-level strategies. International Journal of
Recent Development in Engineering and Technology, 15(3).

Rasi, R. A., & Ashifa, K. M. (2019). Role of community-based
programmes for active ageing: Elders self-help group in Kerala.
Indian Journal of Public Health Research & Development, 10(12).
Sahu, R. L., Sharma, K., & Gupta, S. K. (2026). Biological and
mechanical determinants of fracture healing: An integrated
mechano-biological, systemic, and translational framework.
International Journal of Recent Development in Engineering and
Technology, 15(3).

Sehgal, A., Jayapriya, R., & Kumar, A. (2026). Evidence-based
rehabilitation in sports-related injuries: Clinical effectiveness,
multidisciplinary integration, and technological advancements.
International Journal of Recent Development in Engineering and
Technology, 15(3).

Selvi, K., Anbarasan, P., Madhumita, G., Janaki, L., & Devi, K. K.
(2026). Governance, security, and ethical considerations in Al-
driven motion control systems. In Methodologies and applications
of intelligent motion control systems (pp. 217-242). IGI Global.
Shanthi, H. J., Gokulakrishnan, A., Sharma, S., Deepika, R., &
Swadhi, R. (2025). Leveraging artificial intelligence for enhancing
urban health: Applications, challenges, and innovations. In Nexus of
Al, climatology, and urbanism for smart cities (pp. 275-306). 1GI
Global.

Sharma, S., Sharma, K., & Tyagi, N. (2026). Geriatric psychiatry
and cognitive decline: Clinical evaluation, neuropsychological
determinants and evidence-based management. International Journal
of Management Research and Social Science, 13(2).

Singh, S., Chauhan, Y., & Kumar, D. (2026). Biomechanical
innovations in orthopaedic implant design: Materials science, Al-
assisted customization, and smart integration. International Journal
of Scientific Research in Engineering and Management, 10(03).
Singhal, A., Kumar, A., & Kataria, N. (2026). Advances in wound
healing and tissue regeneration: Biomaterials, regenerative
strategies, and translational challenges. International Innovations &
Scholarly Trends Journal, 2(2).

Subramani, M., Chillagattu, V., Gayathri, K., Rastogi, V., &
Ranganathan, S. (2026). Digital twin integration for predictive and
real-time motion control in infrastructure engineering. In
Methodologies and applications of intelligent motion control
systems (pp. 189-216). IGI Global.

A

: : E” Group of Journals

DOI: 10.30726/esij/v13.i3.2026.1330044

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

ISSN 2394-7187(Online)
ISSN 2394 - 7179 (Print)

Suresh, N. V., Hemalatha, S., Lakshmi, S. J., Mounica, C., &
Kalaivani, M. (2026). Al-enabled motion control in surgical
robotics: Precision, dexterity, and real-time adaptation. In Intelligent
motion control for human-centered systems (pp. 29-50). IGI Global.
Swadhi, R., Gayathri, K., Suresh, N. V., Catherine, S., &
Velmurugan, P. R. (2025). Leveraging machine learning for
enhanced patient engagement and outcomes: Revolutionizing
healthcare marketing. In Impact of digital transformation on
business growth and performance (pp. 313-340). IGI Global.
Venice, A., Swadhi, R., Gayathri, K., Chandra, P., & Sajana, K. P.
(2026). Rehabilitation robotics and adaptive motion planning for
patient-centric care. In R. Vettriselvan & N. Suresh (Eds.),
Intelligent motion control for human-centered systems (pp. 51-76).
IGI Global.

Vettriselvan, R., Ramya, R., Selvalakshmi, V., Jyothi, P., &
Velmurugan, P. R. (2026). Empowering patients through
knowledge: Educational strategies in rehabilitation. In Holistic
approaches to health recovery (pp. 263-290). IGI Global.
Vettriselvan, R. (2025). Harnessing innovation and digital
marketing in the era of industry 5.0: Resilient healthcare SMEs. In
The future of small business in industry 5.0 (pp. 163—186
Vettriselvan, R., Velmurugan, P. R., Varshney, K. R, EP, J., &
Deepika, R. (2025). Health impacts of smartphone and internet
addictions across age groups: Physical and mental health across
generations. In Impacts of digital technologies across generations
(pp. 187-210). IGI Global.

Vijayalakshmi, M., Subramani, A. K., Vettriselvan, R.,
Velmurugan, P. R., & Hasine, J. (2025). Strategic collaborations in
medical innovation and Al-driven globalization: Advancing
healthcare startups. In Navigating strategic partnerships for
sustainable startup growth (pp. 85—110). IGI Global.

Vinodh, N., & Subramani, A. K. (2026). Augmented and virtual
reality for training and operations in motion-control environments.
In Intelligent motion control for human-centered systems (pp. 153—
178). IGI Global.

Vinodh, N., Subramani, A. K., & Vettriselvan, R. (2026).
Transforming the future of management and medical education: Al-
driven innovations in curriculum design. In Al education strategies
for future-proofing curriculum design (pp. 459-476). IGI Global.
Yatish, Khatoon, N., & Kumar, A. (2026). Advancing preventive
strategies for chronic disease management: Clinical, behavioral, and
population-level perspectives. International Journal of Novel Trends
and Innovation, 4(2).

Zahoor, H., Mustafa, N., Ashifa, K. M., Safaei, M., & El Gamil, R.
(2025). Unlocking resilience: Emotional intelligence and self-
leadership shape stress perception among health students.
International Journal of Innovation and Learning, 38(4), 395-419.

214



