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Introduction: There is shortage of specialists for the diagnosis of children with neuro-
motor impairments (NMlIs), especially in resource limited settings. Existing International
Clinical Epidemiology Network (INCLEN) instrument for diagnosing NMI have been
validated for children aged 2-9 years. The current study modified the same including
wider symptomatology and age group (1 month to 18 years).

Methods: The Modified INCLEN diagnostic tool (INDT) was developed by a team of
experts by modifying the existing tool to widen the age range (1 month to 18 years)
and include broader symptomatology (inclusion of milestones from the first 2 years of
life and better elucidation of cerebellar and extrapyramidal features) in a tertiary care
teaching hospital of North India between January and April 2015. A trained medical
graduate applied the candidate tool, which was followed by gold standard evaluation by
a Pediatric Neurologist (both blinded to each other).

Results: A total of 197 children (102 with NMI and 95 without NMI) were enrolled for
the study. The sensitivity, specificity, positive and negative predictive values, positive and
negative likelihood ratio of the modified NMI tool were 90.4% (82.6-95.5), 95.5% (88.7—
98.7), 95.5% (88.9-98.7), 90.3% (82.4-95.5), 19.9 (12.1-32.6), and 0.13 (0.08-0.12),
respectively.

Conclusion: The All India Institute of Medical Sciences modified INDT NMI tool is a
simple and structured instrument covering a wider symptomatology in the 1 month to
18 years age group with acceptable diagnostic accuracy.

Keywords: All India Institute of Medical Sciences, International Clinical Epidemiology Network, INCLEN diagnostic
tool, neuromotor impairment, tool
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WHAT THIS PAPER ADDS?

In resource constrained settings like India, there is a dearth
of specialists who can appropriately manage children with
neuromotor impairments (NMIs). To empower primary care
physicians to diagnose, manage, and refer these children cor-
rectly, International Clinical Epidemiology Network (INCLEN)
developed and validated the INCLEN Diagnostic tool (INDT)
for NMI in 2- to 9-year-old children with good diagnostic prop-
erties. The current study has modified this tool including wider
age range (1 month to 18 years) and symptomatology. The latter
includes elucidation of salient milestones in the first 2 years of life
and a more comprehensive description of movement disorders.
This will help in identification of disorders, which are fatal early
in life and genetic counseling is of paramount importance and
also those conditions in which early appropriate intervention
can have optimal long-term outcome.

INTRODUCTION

Neuromotor impairments include cerebral palsy (CP), progressive
acquired or inherited neuromuscular disorders (NMDs), and other
NMI (not satisfying the definition of either CP or NMD), which are
a continuum of disorders that affect body functions, activities, and
quality of life (1). The World Health Organization (WHO) report
showed prevalence of neurodevelopmental disorders (NDDs) to
the tune of 1-20% globally (2). The NMlIs are among the most
common NDDs affecting children and contribute to significant
morbidity (3). The commonest form of NMI is CP, with a preva-
lence of 1.2-2.5 per 1,000 live births (4). There is variability seen in
reported prevalence, which is partly attributed to lack of validated
operational identification measures (5). Although there are many
tools for classifications into subtypes based on topography and
severity of impairment and disability, there is a dearth of structured,
validated instruments for diagnosis of NMIs in children, which can
be used by primary or secondary level health-care professionals.
Hence, there is need to develop valid and socio-culturally appro-
priate diagnostic instruments, particularly in resource constrained
settings, in order to enable primary and secondary level health-care
professionals (without formal training in pediatric neurology) to
diagnose NMIs with good accuracy. Toward this, the INCLEN
developed and validated INCLEN Diagnostic tool for NMIs
(INDT-NMI) between 2 and 9 years of age (1). The current study
was planned to develop a modified version of INDT-NMI tool to
cover wider range of symptomatology and age range (1 month
to 18 years) compared to the first tool. This would facilitate early
institution of appropriate diagnostic, treatment, and rehabilitation
measures in this group of children.

METHODOLOGY

The study was conducted at a tertiary care teaching hospital in
northern India from January to April 2015. This center receives
referred cases for complex medical problems as well as simple ail-
ments seen at primary carelevel from entire Indiaand neighboring
middle and southeast Asia. Children aged 1 month to 18 years,
of either gender, attending the Pediatric outpatient clinics were

eligible for inclusion in the study. Children who had poor general
condition requiring admission (viz., respiratory distress requiring
supplemental oxygen, altered sensorium, peripheral circulatory
collapse, suspected sepsis), those who were not accompanied by
a primary caregiver and when care provider refused consent to
participate were excluded from the study. The study was done in
two phases. In the first phase, the All India Institute of Medical
Sciences (AIIMS) modified version of INCLEN Diagnostic Tool
for Neuromotor impairments (INDT-NMI) diagnostic tool for
children was developed and the second step involved internal
validation of the same. Ethical approval was obtained from
Institute Ethics Committee.

First Step: Development of the Tool

The AIIMS Modified INDT-NMI tool was developed as a modi-
fication of existing validated INDT for NMIs in children aged
2-9 years with the aim to cover a wider age group from 1 month
to 18 years and a wider symptomatology. New questions were
developed describing important developmental motor mile-
stones for less than 2 years. Old questions were reframed and
new questions were added to elicit extrapyramidal and cerebel-
lar disorders with more accuracy. Diagnosis of CP using AIIMS
modified INDT-NMI tool is based on the definition proposed
by the Executive Committee on Definition and Classification of
Cerebral palsy (6) and consensus clinical criteria for diagnosing
CP and NMIs by the Technical Advisory Group consisting of
pediatricians, pediatric neurologists, developmental pediatri-
cians, child psychiatrists, pediatric clinical psychologists, special
educators, and specialist nurses.

Questions of the tool eliciting information from parents
were translated into Hindi and back translated to English as
per protocol of the study. The modified tool in English has been
represented in supplement. The Hindi tool was pretested in 10
children. A team of pediatric neurologists (two) with at least
3 years experience in the diagnosis and management of children
with NMIs, MBBS graduate physicians (two), and one study
coordinator participated in the study.

Step 2: Internal Validation of AIIMS

Modified INDT-NMI Tool
Sampling Method and Enroliment
Enrollment was done by the method of systematic random
sampling. Computer generated two random numbers were
provided to the study coordinator daily in a sealed envelope
by the principal investigator. Starting point was decided by the
first random number (between 1 and 9) and the second random
number (between 5 and 15) determined the nth number (sample
interval) to be sampled starting from the first random number.
Every nth child from 1 month to 18 years of age visiting Pediatric
outpatient’s clinic was assessed for eligibility and enrolled after
obtaining written, informed consent from the primary caregiver
until the final sample size was achieved based on the diagnosis by
gold standard. If the caregiver was not willing to give consent or
inclusion criterion was not fulfilled (n + 1)th child was enrolled.
After enrollment, subjects were first evaluated through
candidate test (AIIMS modified INDT-NMI tool) administered
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by the Bachelor of Medicine and bachelor of surgery (MBBS)
graduate physician. Administration of AIIMS modified INDT-
NMI tool took approximately 20-25 min and the information
was filled in predesigned structured pro forma, enclosed in a
separate sealed opaque envelop bearing unique identification
number, and handed over to the study coordinator. Later, the
same subjects underwent gold standard evaluation (an expert
team of two pediatric neurologists). Findings and final diagnosis
by gold standard were handed over to the study coordinator in
a structured format in opaque envelops. The sealed envelopes
were opened at the end of day by the coordinator, who did not
participate in the assessment of study subjects.

Sample Size

The previous study showed sensitivity of 75% and specificity
of 86% for the first INCLEN diagnostic instrument for NMI in
children aged 2-9 years (1). As the age group was widened and
the tool modified in the current study, it was proposed to have
atleast a sensitivity of 85% and a specificity of 90%. Hence with a
relative precision of +:10% at 95% confidence level, it was required
to enroll 51 children with NMI and 36 children with no NMI for
AIIMS modified INDT-NMI tool for children aged 1 month to
18 years. To account for drop outs, it was planned to enroll at least
60 children with NMI and 45 children with no NML

Training for Administration of Candidate Tests

The MBBS graduate physicians were trained by pediatric neu-
rologists in a comprehensive, hands on, structured workshop.
The physicians were taught in detail about the administration of
the diagnostic instrument (AIIMS modified INDT-NMI tool)
using case vignettes and demonstration of methods of clinical
examinations. Subsequently, the two candidates were evaluated
for independent assessments on five patients each.

Quality Assurance

The team of pediatric neurologists (gold standard) was blinded
to the assessment of the MBBS physician (candidate test) and
vice versa. The study coordinator at the site assessed children
attending the out-patient clinic for eligibility and enrolled
them after taking written, informed consent from the primary
caregiver, but did not take part in any of the assessments. Ethical
approval was obtained from Institute Ethics Committee. The flow
of the study has been depicted in Figure 1.

Statistical Analysis

The data were analyzed using STATA v.11. The diagnostic
properties of AIIMS modified INDT-NMI were ascertained
in comparison with the assessments by the team of pediatric
neurologists as gold standard. The sensitivity, specificity, positive

Children attending Pediatric OPD on Tuesdays and Fridays

v

Every Nth* child aged 1 month to 18 years assessed for eligibility ((n=211)

Excluded-14
Refused consent-7

Not accompanied by primary

No. of enrolled children: 197

caregiver-4
Acute illness-3

v

Written, informed consent by primary caregiver

v

Step I: Assessment by graduate physician (Candidate test)

A 4

FIGURE 1 | Flow of the study.
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and negative predictive values were expressed as percentages with
95% confidence interval (CI).

RESULTS

A total of 211 children were assessed for eligibility, of which, 197
children were enrolled for the study as 14 did not match the inclu-
sion criteria. Of the 197 children, 102 were diagnosed as having
“NMI” and 95 were diagnosed as “No NMI” by the gold standard
(Figure 1). Clinico-demographic characteristic are depicted in
Table 1.

Of the 102 children with NMI as per gold standard assessment,
57 children had “NMI only;” and 45 children had “NMI with other
NDDs.” Among the 102 children with NMI, 61 had CP, 25 had
NMDs, and 15 had other NMIs. Among 95 children with “No
NMI” as per gold standard assessment, 34 children were neuro-
logically normal (“No NDD”), whereas 61 children had “Other
NDDs,” i.e., NDDs other than NMI, including epilepsy, intel-
lectual disability, autistic spectrum disorders, attention-deficit/
hyperactivity disorder, hearing impairment, vision impairment,
and speech and language disorders.

Primary Outcome Measure

Diagnostic Accuracy of AlIMS-Modified

INDT-NMI Tool for NMIs

The overall sensitivity and specificity of AIIMS modified INDT-
EPI tool was 90.5% (95% CI: 82.6-95.53) and 95.5% (95% CI:
88.75-98.75), respectively. Positive and negative predictive value
of the instrument was 95.5% (95% CI: 88.9-98.76) and 90.3%
(82.42-95.5), respectively. Likelihood ratio of positive and
negative results by instrument was 19.9 (12.16-32.55) and 0.13
(0.08-0.12), respectively (Table 2).

In subgroup analysis for children aged 1 month to 2 years,
this instrument showed sensitivity of 89.00 (75.95-96.29)
and specificity of 88.50 (95% CI: 70.84-97.65), which is sum-
marized in Table 3. Current instrument showed sensitivity of
93.7% (95% CI: 71.7-98.9) and specificity of 96.1% (95% CI:
81.1-99.3), respectively in children aged 9-18 years (Table 4).

TABLE 1 | Characteristics of study subjects with NMls.

Total patients having NMls 102
With other NDDs 45 (40%)
Without any NDDs 57 (60%)

Male 583 (62%)

Female 49 (48%)

Age (in months) median (IQR) 35 (18.88)
Mean + SD 53.24 + 43.18

Categories of NMI
Cerebral palsy 61
Neuromuscular disorders 26
Other NMls 15

Total no. children without NMI 95
With other NDDs 61 (65%)
Without other NDDs 34 (35%)

NMI, neuromotor impairments; NDDs, neurodevelopmental disorders, which included
epilepsy, intellectual disability/global developmental delay, autism, attention-deficit/
hyperactivity disorder, hearing impairment, vision impairment and speech and language
disorders; IQR, interquartile range.

TABLE 2 | Diagnostic utility of All India Institute of Medical Sciences modified
International Clinical Epidemiology Network diagnostic tool NMI tool for NMls.

Gold standard

NMmI No NMI Total

Test result NMI 88 06 94
No NMI 09 88 97
Total 97 94 191
Parameters Values (CI)

Sensitivity % 90.43 (82.6-95.53)

(
Specificity % 95.45 (88.75-98.75)
PPV % 95.51 (88.9-98.76)
NPV % 90.32 (82.42-95.5)
LR+ 19.9 (12.16-32.55)
LR- 0.13(0.08-0.12)
Kappa 0.86 (0.71-1.0)

NMI, neuromotor impairment; PPV, positive predicitive value; NPV, negative predicitive
value; LR, likelihood ratio; Cl, confidence interval.

TABLE 3 | Diagnostic utility of All India Institute of Medical Sciences Modified
International Clinical Epidemiology Network diagnostic tool-NMI tool in children
aged 1 month to 2 years.

Gold standard

NMI No NMI Total
Test result NMI 40 03 43
No NMI 05 21 26
Total 45 24 69
Parameters Values (Cl)
Sensitivity % 89.00 (75.95-96.29)
Sensitivity % 88.50 (70.84-97.65)
PPV % 93.02 (80.94-98.32)
NPV % 80.77 (64.23-94.75)
LR+ 7.11 (3.7-13.75)
LR- 0.13 (0.08-0.19)
Kappa 0.75 (0.51-0.99)

NMI, neuromotor impairment; PPV, positive predicitive value; NPV, negative predicitive
value; LR, likelihood ratio; ClI, confidence interval

TABLE 4 | Diagnostic utility of All India Institute of Medical Sciences Modified
International Clinical Epidemiology Network diagnostic tool-NMI tool in children
aged 9-18 years.

Gold standard

NMI No NMI Total
Test result NMI 15 01 16
No NMI 01 25 26
Total 16 26 42
Parameters Values (Cl)
Sensitivity % 93.7 (71.7-98.9)
Specificity% 96.1 (81.1-99.3)
PPV % 93.7 (71.6-98.9)
NPV % 96.1 (81.1-99.3)
LR+ 24.3 (3.4-178.4)
LR+ 0.06 (0.009-0.5)
Kappa 0.89 (0.59-1.2)

NMI, neuromotor impairment; PPV, positive predicitive value; NPV, negative predicitive
value; LR, likelihood ratio; Cl, confidence interval.
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Tool administrator had put six cases under “indeterminate”
category, out of which, five were diagnosed as NMI and one
no NMI by gold standard. The rate of false positivity and false
negativity of AIIMS Modified INDT-NMI tool were 9 and 6.3%,
respectively.

DISCUSSION

The diagnosis of NMIs is essentially clinical. Although there are
many tools for classification of diagnosed NMIs into subtypes
based on topography and severity of impairment and disability,
none of them are structured or validated to diagnose NMIs. An
ideal diagnostic instrument should be acceptable, affordable,
accurate, and reliable. The AIIMS modified INDT-NMI tool for
children aged 1 month to 18 years has shown good diagnostic
accuracy when applied by the MBBS physician. The acceptability
and reliability of the current tool can be evaluated when it is exter-
nally validated in a community setting. There are no affordability
issues as it is freely available.

There is unmet need for more number of Pediatric Neuro-
logists in developed countries (7-9). Although there are no reli-
able estimates of the same in developing countries, this need is
likely to be even higher. The current instrument is a “stand alone”
instrument for whole pediatric age group, which can be used
independently by a primary care physician to diagnose NMIs in
children, which will facilitate early diagnosis, management, and
appropriate referral.

The sensitivity of AIIMS modified INDT-NMI is 90.5%
compared to 75.4% for the original INDT-NMI tool. This may be
attributed to the fact that in the current study a wider age range
was used and the descriptors were improved in the cerebellar
and extrapyramidal parameters compared to the previous tool
(Table 1). This study also showed a sensitivity and specificity of
92 and 95.5%, respectively in the 2-9 years age group compared to
75.4 and 86.8% of the original INDT NMI tool (1). Even in the age
groups 9-18 years and 1 month to 2 years, the current modified
tool showed sensitivity of 93.7 and 89%, respectively. Studies with
larger sample size in each subgroup are desirable for conclusive
validation in each age subgroup.

Cerebral palsy is essentially a clinical diagnosis. The WHO
has proposed a two-staged approach involving initial community
screening followed by diagnosis by an expert for characterizing
NDDs in epidemiological studies. Some Indian studies have fol-
lowed this protocol and used validated questionnaire to screen
the populations for presence of various neurological disorders
including NMIs (10-12). Studies have also used questionnaire
based on motor developmental milestones to screen for delays
and identify children with CP in a group of high-risk, prematurely
born children below 2 years of age (13-15). In a multi-centric
epidemiological study, an algorithm was developed based on
selected components from standard neurological examination to
identify CP in 2-year-old children who were born at extremely
low gestational age (5). Recently, the Chinese version of INFANIB
(Infant Neurological International Battery) for assessing infants
with neuromotor abnormalities has been validated in primary
care setting (16). The AIIMS modified INDT NMI tool is unique
in the fact that it is an one step diagnostic tool for identifying

children with the entire spectrum of NMI encompassing a very
wide age range from 1 month to 18 years. Further, a robust study
design, with an adequate sample size with a mix of normal chil-
dren and children with other comorbid NDDs make this a good
instrument for testing in future community-based epidemiologi-
cal studies.

The American Academy of Pediatrics mentions the utility of
developmental screening tools based on parent reporting like
Ages and Stages Questionnaire (ASQ) and direct observation-
based tools like Denver-II test. These are screening tools for
developmental assessment and include evaluation of motor
milestones as well (17). The Indian adaptation of ASQ has
shown a sensitivity and specificity of 83.3 and 75.4%, respec-
tively (18). In a cluster community study, The Denver-II battery
showed a sensitivity of 83% with a modest specificity of 43%
(19). However, these are developmental screening tools and can
only predict children at risk of having developmental delay. The
Alberta Infant Motor scale predicts gross motor skills of at risk
infants and has a sensitivity and specificity of 80-90% across
various age points in infancy (20). The INFANIB has a sensitiv-
ity and specificity of 75-90% across infancy (increasing values
with advancing age) (16). In a community validation study, the
Trivandrum Developmental Screening Chart for children up to
6 years of age demonstrated a sensitivity and specificity of 85
and 90%, respectively (21). The current tool has comparable and
good psychometric properties across all age groups with respect
to the other tools described above. The AIIMS modified INDT
NMI tool is unique because it amalgamates motor developmen-
tal milestones with objective neurological clinical findings to
not only identify children at risk of NMIs but also attempts to
give them a label, which has significant diagnostic, prognostic,
therapeutic, and rehabilitative implications. However, the
current study has only developed the tool and conducted an
internal validity. It now merits application at the community and
primary health-care settings for external validation and wider
application.

In low- and middle-income countries including India, up to
60% of children miss out the critical window of opportunity for
early intervention for their optimum development due to low
awareness among parents, inadequate sensitization of health-
care providers, and lack of early intervention (22). The current
tool by including milestones in the age group of 1 month to
2 years has tried to fill this gap to some extent. Early diagnosis of
NMIs has two advantages. First, it will facilitate early institution
of appropriate therapy and rehabilitation leading to each child
achieving their maximal potential. Second, disorders that are
rapidly progressive and are fatal in early life like spinal muscular
atrophy type 1, early identification can help in appropriate genetic
diagnosis and subsequent antenatal counseling. The commonest
NMI is CP, upto 20% of which is comprised of dyskinetic and
ataxic variants (23). The inclusion of questions addressing cer-
ebellar and extrapyramidal features in the current tool would
further help in identifying and managing these variants better.

The strengths of this study include an appropriate study
design and an adequate sample size for development and modi-
fication of a diagnostic tool. There are certain limitations of the
present study. The study set up is not truly representative of the
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community and the MBBS physicians (first year postgraduates at
a tertiary care teaching hospital) do not truly represent primary
care physicians in the country. However, the initial promising
results call for application and validation at the primary and sec-
ondary health-care levels after health care providers are trained.

To conclude, AIIMS modified INDT-NMI tool is a diagnostic
instrument with acceptable psychometric properties to diagnose
different NMIs spanning age range from 1 month to 18 years. This
instrument can be applicable for future epidemiological studies
on NMIs. Correct diagnosis and prompt referral by primary
health-care providers in resource limited settings can reduce the

REFERENCES

1. Gulati S, Aneja S, Juneja M, Mukherjee S, Deshmukh V, Silberberg D,
et al. Inclen diagnostic tool for neuromotor impairments (INDT-NMI) for
primary care physician: development and validation. Indian Pediatr (2014)
51:613-9. doi:10.1007/s13312-014-0463-3

2. World Health Organization. Concept Paper: World Report on Disability and
Rehabilitation. (2006).

3. Grantham-McGregor S, Cheung YB, Cueto S, Glewwe P, Richter L, Strupp B,
et al. Developmental potential in the first 5 years for children in developing
countries. Lancet (2007) 369:60-70. doi:10.1016/S0140-6736(07)60404-8

4. Paneth N, Hong T, Korzeniewski S. The descriptive epidemiology of cerebral
palsy. Clin Perinatol (2006) 33:251-67. doi:10.1016/j.clp.2006.03.011

5. Kuban KC, Allred EN, O’Shea M, Paneth N, Pagano M, Leviton A, et al. An
algorithm for identifying and classifying cerebral palsy in young children.
J Pediatr (2008) 153:466-72. doi:10.1016/j.jpeds.2008.04.013

6. Mutch L, Alberman E, Hagberg B, Kodama K, Perat MV. Cerebral palsy
epidemiology: where are we now and where are we going? Dev Med Child
Neurol (1992) 34:547-51. doi:10.1111/j.1469-8749.1992.tb11479.x

7. Letourneau MA, MacGregor DL, Dick PT, McCabe EJ, Allen AJ, Chan VW,
et al. Use of a telephone nursing line in a pediatric neurology clinic: one
approach to the shortage of subspecialists. Pediatrics (2003) 112:1083-7.

8. Bradley WG. Neurology in the next two decades: report of the Workforce Task
Force of the American Academy of Neurology. Neurology (2000) 54:787-9.
doi:10.1212/WNL.54.4.787

9. Polsky D, Weiner J, Bale JF Jr, Ashwal S, Painter MJ. Specialty care by child
neurologists: a workforce analysis. Neurology (2005) 64:942-8. doi:10.1212/01.
WNL.0000154462.34536.CB

10. Gourie-Devi M, Gururaj G, Satishchandra P, Subbakrishna DK. Neuro-
epidemiological pilot survey of an urban population in a developing country.
A study in Bangalore, south India. Neuroepidemiology (1996) 15:313-20.
doi:10.1159/000109921

11. Gourie-Devi M, Gururaj G, Satishchandra P, Subbakrishna DK. Prevalence
of neurological disorders in Bangalore, India: a community-based study with
a comparison between urban and rural areas. Neuroepidemiology (2004)
23:261-8. doi:10.1159/000080090

12. Das SK, Biswas A, Roy T, Banerjee TK, Mukherjee CS, Raut DK, et al. A ran-
dom sample survey for prevalence of major neurological disorders in Kolkata.
Indian ] Med Res (2006) 124:163-72.

13. Allen MC, Alexander GR. Using motor milestones as a multistep process
to screen preterm infants for cerebral palsy. Dev Med Child Neurol (1997)
39:12-6. d0i:10.1111/§.1469-8749.1997.tb08198.x

burden on tertiary health-care systems and allow appropriate,
judicious, and cost-effective use of available resources.

AUTHOR CONTRIBUTIONS

SG, HP, and BC: conceptualization and conduct of the study,
writing and reviewing manuscript. RD, VA, and AM: conduct
of the study and reviewing manuscript. NA, RP, and VP:
conceptualization and conduct of the study and reviewing
manuscript. KR: conceptualization of the study and reviewing
manuscript.

14. Allen MC, Alexander GR. Screening for cerebral palsy in preterm infants:
delay criteria for motor milestone attainment. J Perinatol (1994) 14:190-3.

15. Nickel RE, Renken CA, Gallenstein JS. The infant motor screen. Dev Med
Child Neurol (1989) 31:35-42. doi:10.1111/j.1469-8749.1989.tb08409.x

16. Liao W, Wen Y, Li C, Chang Q, Lv KL, Yang Y, et al. Predicting neurodevel-
opment outcomes for at-risk infants: reliability and predictive validity using a
Chinese version of the INFANIB at 3, 7 and 10 months. BMC Pediatr (2012) 12:72.
doi:10.1186/1471-2431-12-72

17. Committee on Children With Disabilities, American Academy of Pediatrics.
Developmental surveillance and screening of infants and young children.
Pediatrics (2001) 108:192. doi:10.1542/peds.108.1.192

18. Juneja M, Mohanty M, Jain R, Ramji S. Ages and stages questionnaire as a
screening tool for developmental delay in Indian children. Indian Pediatr
(2012) 49:457-61. doi:10.1007/s13312-012-0074-9

19. Glascoe FP, Byrne KE, Chang B, Strickland B, Ashford LG, Johnson KL.
Accuracy of the Denver-II in developmental screening. Pediatrics (1992)
89:1221-5.

20. DarrahJ, Piper M, Watt MJ. Assessment of gross motor skills of at-risk infants:
predictive validity of the Alberta Infant Motor Scale. Dev Med Child Neurol
(1998) 40:485-91. doi:10.1111/j.1469-8749.1998.tb15399.x

21. Nair MKC, Nair GSH, George B, Suma N, Neethu C, Leena ML, et al.
Development and validation of Trivandrum development screening chart for
children aged 0-6 years [TDSC (0-6)]. Indian J Pediatr (2013) 80(S2):S248-55.
do0i:10.1007/s12098-013-1144-2

22. Pollit E. Forcasting the Development Impact on Early Childhood Programmes.
Washington: World Bank, The Consultative Group on Early Childhood Care
and Development (1998).

23. Sankar C, Mundkur M. Cerebral palsy-definition, classification, etiology
and early diagnosis. Indian ] Pediatr (2005) 72:865-8. do0i:10.1007/
BF02731117

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Copyright © 2017 Gulati, Patel, Chakrabarty, Dubey, Arora, Pandey, Paul, Ramesh,
Anand and Meena. This is an open-access article distributed under the terms of the
Creative Commons Attribution License (CC BY). The use, distribution or reproduc-
tion in other forums is permitted, provided the original author(s) or licensor are
credited and that the original publication in this journal is cited, in accordance with
accepted academic practice. No use, distribution or reproduction is permitted which
does not comply with these terms.

Frontiers in Public Health | www.frontiersin.org

November 2017 | Volume 5 | Article 313


http://www.frontiersin.org/Public_Health
http://www.frontiersin.org
http://www.frontiersin.org/Public_Health/archive
https://doi.org/10.1007/s13312-014-0463-3
https://doi.org/10.1016/S0140-6736(07)60404-8
https://doi.org/10.1016/j.clp.2006.03.011
https://doi.org/10.1016/j.jpeds.2008.04.013
https://doi.org/10.1111/j.1469-8749.1992.tb11479.x
https://doi.org/10.1212/WNL.54.4.787
https://doi.org/10.1212/01.WNL.0000154462.34536.CB
https://doi.org/10.1212/01.WNL.0000154462.34536.CB
https://doi.org/10.1159/000109921
https://doi.org/10.1159/000080090
https://doi.org/10.1111/j.1469-8749.1997.tb08198.x
https://doi.org/10.1111/j.1469-8749.1989.tb08409.x
https://doi.org/10.1186/1471-2431-12-72
https://doi.org/10.1542/peds.108.1.192
https://doi.org/10.1007/s13312-012-0074-9
https://doi.org/10.1111/j.1469-8749.1998.tb15399.x
https://doi.org/10.1007/s12098-013-1144-2
https://doi.org/10.1007/
BF02731117
https://doi.org/10.1007/
BF02731117
http://creativecommons.org/licenses/by/4.0/

	Development of All India Institute of Medical Sciences-Modified International Clinical Epidemiology Network Diagnostic Instrument for Neuromotor Impairments in Children Aged 1 Month to 18 Years
	What This Paper ADDS?
	Introduction
	Methodology
	First Step: Development of the Tool
	Step 2: Internal Validation of AIIMS Modified INDT-NMI Tool
	Sampling Method and Enrollment
	Sample Size
	Training for Administration of Candidate Tests

	Quality Assurance
	Statistical Analysis

	Results
	Primary Outcome Measure
	Diagnostic Accuracy of AIIMS-Modified INDT-NMI Tool for NMIs


	Discussion
	Author Contributions
	References


