
ORIGINAL ARTICLE
Child Health Nurs Res, Vol.27, No.2, April 2021;27(2):137-145
https://doi.org/10.4094/chnr.2021.27.2.137

ISSN(Print) 2287-9110

ISSN(Online) 2287-9129

CHNR

Copyright © 2021 Korean Academy of Child Health Nursing  | 137

An electronic medical record-based fall risk assessment tool for pediatric inpatients in 
South Korea: Improved sensitivity and specificity

Eun Joo Kim1, Ji Young Lim2, Geun Myun Kim1, Junghyun Min3

1Associate Professor, Department of Nursing, Gangneung-Wonju National University, Wonju; 2Professor, Department of Nursing, Inha University, Incheon; 
3Nursing Team Leader, Bundang Jesaeng Hospital, Seongnam, Korea

Purpose: To develop a fall risk assessment tool to predict fall risk in pediatric inpatients. 
Methods: Three tools widely used in clinical practice (Humpty Dumpty Fall Scale, General 
Risk Assessment for Pediatric Inpatient Falls, and Seoul National University Hospital 
Pediatric Fall Risk Scale) were examined, and assessment items were extracted. 
Employing a case-control design, 29 children who experienced falls during hospital stays 
were selected as the "fall" group, and a control group (93 children) was selected based on 
age and sex matching. The sensitivity, specificity, and positive and negative predictive 
values of the newly developed tool (Newfs-PI) were analyzed. Results: The Newfs-PI 
consisted of seven items: age, activity, history of falls, length of hospital stay, and 
medication. The total score ranged from 0 to 15. Its sensitivity and specificity were 62.07% 
and 74.19%, respectively. Conclusion: The Newfs-PI has high specificity and sensitivity, 
which are essential for a fall risk assessment tool that complements existing tools. These 
values are high relative to those of existing assessment tools and satisfy both sensitivity 
and specificity criteria. As the EMR enables monitoring of the components of the 
Newfs-PI, the tool can be used as a fall risk assessment and prevention scale for pediatric 
inpatients. 
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INTRO D U CTIO N

Falls of inpatient children are an important issue as part of 
initiatives to prevent inpatient safety accidents. Falls ac-
counted for the second-highest number, with 61 cases (24%), of 
254 inpatient children's safety accidents reported to the Korea 
Patient Safety Education System (KOPS) in 2016-2017 [1]. This 
is reportedly because 1- to 3-year-old children's physical func-
tion and cognitive development are still premature, fore, they 
have low judgment and coping skills to protect themselves 
[2,3]. In a survey by 26 US agencies, the fall frequency of pedia-
tric patients within 6 months was high, ranging from 0.4 to 3.8 
per 1,000 individuals. Of these, 68% occurred in the presence 
of medical staff or family members [4-6]. However, the most 
notable finding of this survey was that fall prevention pro-
grams were actually in place in most of these hospitals. No-
netheless, the incidence of falls did not decrease.

The sensitivity of an assessment tool is the proportion of 

people with a positive test result among those with the rele-
vant disease; thus, sensitivity is an important concept for eval-
uating the role of tests, symptoms, and signs in the diagnosis of 
a disease. On the one hand, if certain symptoms, signs, or tests 
are highly sensitive, a negative result can rule out certain 
diseases. On the other hand, the specificity of a test refers to the 
proportion of people whose test results are negative among 
those without a target disease, and this concept is used to eval-
uate the role of tests, symptoms, and signs in the diagnosis in 
conjunction with sensitivity. If a certain symptom, sign, or test 
shows high specificity and the result is positive, it is highly 
likely that the diagnosis of a specific disease will be confirmed. 
Therefore, the sensitivity and specificity of tools are utilized to 
predict the occurrence of events such as diseases.

Although the Humpty Dumpty Fall Scale (HDFS) is widely 
used in clinical practice as a tool to assess the risk of falls in pe-
diatric inpatients, its markedly low specificity is problematic 
and causes 80% of studied children to be classified as high- 
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risk [6]. Although the General Risk Assessment for Pediatric 
Inpatient Falls (GRAF-PIF) is believed to be useful for pedia-
tric wards, a report suggested that it requires computerization 
and exhibits accuracy issues [1]. Consequently, issues have 
been raised regarding the assessment tools that have been 
widely used in the past [1], as confirmed by the results of a 
meta-analysis of tools for evaluating fall risk in pediatric inpa-
tients. For example, when testing the combined sensitivity 
and specificity of existing fall risk assessment tools, the sensi-
tivity was found to be as high as 80%, while the specificity was 
as low as 36% [7]. This outcome seems to indicate that the 
widely used fall risk assessment tools lack sufficient discrim-
inant power to predict fall risks.

The HDFS, which is one of the most widely used tools, pla-
ces a large weight on age and sex; for age, it gives 4 points to 
those 3 years old or under and 3 points for those 3-7 years old. 
However, this age classification is not appropriate when con-
sidering the large proportion of children who are 3-5 years 
old. In addition, when assessing environmental aspects, 4 
points are given for "in bed," whereas 3 points are given for "in 
crib" without any scientific basis, creating confusion among 
nurses who actually use the tool in clinical practice [2]. There-
fore, when an aspect of the assessment is ambiguous, nurses 
tend to give a higher score, which leads to a stricter evaluation 
[1]. The fall risk assessment tool used by Franck et al. [8], 
which assessed four items (age, mobility, elimination, and sta-
tus of medication usage), had a low sensitivity, but a very high 
specificity of 97%(with a cut-off score of 3 points). The ability 
to accurately classify high-risk children with just four items 
seems to be an advantage of using this tool, but its low sensi-
tivity remains a problem. The fall risk assessment tool used 
for inpatient children at Seoul National University Hospital 
(Seoul National University Hospital Pediatric Fall-risk Scale, 
SNUFS), which was developed in Korea in 2014, assesses 
eight areas: age, cranial nerve disease, hospital stay, danger-
ous drugs, physical function, use of assistive devices, and 
physical and cognitive development. The sensitivity of this 
tool was found to be 76.6%, and its specificity was 30.3%.

To accurately identify high-risk children through fall risk 
assessment, both sensitivity and specificity should be prop-
erly considered. Tools with low specificity must appropri-
ately reflect the characteristics of pediatric inpatients, and 
those with low sensitivity must subdivide the criteria for clas-
sifying scores while minimizing items that could be impacted 
by nurses' subjective biases. Regarding the sensitivity of a fall 
risk assessment tool, it would be helpful to objectively eval-
uate the clinical situations in which fall risk is reportedly high 
(i.e., involving a male child aged 3 to 5 with a level of cognitive 
development according to his developmental stage and me-
dical conditions such as surgery or sedation). Meanwhile, it 

seems possible to complement specificity by including sit-
uations such as a history of falls, the use of assistive devices, 
and elimination status. 

Moreover, for such assessments to be objectively and accu-
rately evaluated without the subjective judgments of nurses, a 
system in which an automatic scoring system is linked to the 
fall risk assessment tool in the electronic medical record (EMR) 
system may be considered. Given these points, it is necessary 
to develop a tool that can increase sensitivity and specificity 
by analyzing existing tools to improve the predictability of 
falls. Considering that only falls that led to injury were count-
ed in reports during the development of the existing fall risk 
assessment tools, it may be helpful to design an objective and 
accurate assessment tool by including falls that did not lead to 
injuries in the development process. 

Screening with a fall risk measurement tool is a very effec-
tive intervention for maintaining and developing a fall pre-
vention program. Fall risk screening for pediatric inpatients 
should also be discussed in depth to prevent falls, and the ef-
fectiveness of the newly developed tool should be tested with 
a focus on sensitivity and specificity. Therefore, the aim of this 
study was to develop a new tool for fall prediction by extract-
ing elements of the HDFS from the HDFS, GRAF-PIF, and 
SNUFS based on electronic nursing records and fall reports of 
inpatients in the pediatric ward at a general hospital, and to 
evaluate its specificity and sensitivity in comparison to the 
HDFS, GRAF-PIF, and SNUFS. The goals of this study were 
(1) to develop an assessment tool with appropriate sensitivity 
and specificity that can efficiently predict the fall risk of pedia-
tric inpatients, and (2) to confirm the validity of the newly de-
veloped assessment tool by comparing it with existing ones. 

METHODS

Ethics statement: This study was approved by the Institu-
tional Review Board of Bundang Jesaeng Hospital (No. DMC 
2020-01-003). Only EMR records were used after approval 
from the Institutional Review Board.

1. Study Design

Using fall reports and electronic nursing records from a 
general hospital, this study investigated the statistics of fall in-
cidence as well as general and clinical characteristics of inpa-
tients. This retrospective case-control study was conducted to 
propose a highly valid fall risk assessment tool for pediatric 
inpatients by comparing patients who experienced falls (here-
after, the "fall" group) to a control group (the "no fall" group).
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2. Participants

Participants in this study were below age 19 years and were 
admitted to a general hospital in G Province during the 3-year 
period between January 1, 2016 and December 31, 2019. A to-
tal of 29 patients reported in the patient safety management 
system as having experienced a fall during hospitalization 
were selected as the "fall" group; 93 patients were selected as 
the control group according to age and sex matching among 
pediatric inpatients during the same period. The number of 
controls was matched 1:3 according to the criteria in a prior 
study [9].

3. Study Tools

The fall risk assessment tools were the HDFS, GRAF-PIF, 
SNUFS, and New Fall Risk Scale-Pediatric Inpatient (Newfs-PI).

1) Humpty Dumpty Fall Scale 
The HDFS was developed in 2009 to predict pediatric in-

patients' risk of falls [10]. Pediatric inpatients were classified 
as being at low or high risk of falls and were separated by age, 
sex, diagnosis, cognitive impairment, environment, drug use, 
surgery, anesthesia, and response to sedation and scored 
accordingly. The total score of the HDFS ranges from 7 to 23 
points, and those who score 12 or more are considered to be at 
high risk of falls. In terms of age, 4 points are given to those 
under 3, and 3 points are given to those between 3 and 6. Two 
points are given to those between 7 and 12, and 1 point is giv-
en to those aged 13 years or older. Furthermore, 2 points are 
given to boys, and 1 point is given to girls. Four points are as-
signed for a neurological diagnosis, and 4 points are given for 
diagnoses that cause changes in oxygenation, such as respira-
tory system issues, dehydration, anemia, anorexia, syncope, 
and dizziness. Two points are given for mental and behav-
ioral abnormalities, and 1 point is given for other diagnoses. 
In terms of cognitive impairment, 3 points are assigned to 
those aware of their limitations, 2 points are assigned for those 
who forget their limitations, and 1 point is assigned for those 
aware of their own abilities. As for environmental factors, 4 
points are given to those with a history of falls or infant-tod-
dlers placed in bed, 3 points are given for patients using assis-
tive devices or an infant-toddler in a crib, 2 points are given 
for patients in bed, and 1 point is given for outpatients. 
Moreover, 3, 2, and 1 points are given to those with a history of 
surgery, sedation, and anesthesia within the last 24 hours, 
within the last 48 hours, and prior to the last 48 hours, re-
spectively. As for medication use, 3 points are given for the us-
age of multiple sedatives (e.g., hypnotics, barbiturates, pheno-
thiazines, antidepressants, laxatives, diuretics, and narcotics) 

except for intensive care unit (ICU) patients who are sedated 
or paralyzed, 2 points are given for the usage of one medi-
cation, and 1 point is given for other medications or not hav-
ing used medication. 

2) General Risk Assessment for Pediatric In-patient Falls 
Graf [11] reported a retrospective case-matched control 

study in hospitalized children, and developed the GRAF-PIF. 
The fall risk assessment scale of the GRAF-PIF is composed of 
seven items, and the total score ranges from 0 to 10. The first 
item is the length of hospital stay: 0 is given for those who 
have stayed from 1 to 4 days, 1 is given for 5-9 days, and 2 is 
given for 10 days or longer. The second item is related to an 
intravenous (IV) heparin lock. One point is given if there is 
no IV/heparin lock, while 0 points are given if there is one. 
Next, 1 point is given for participants who had physical ther-
apy or an operation (in the recent past, currently, or expected 
in the near future), and 0 points are given for those who were 
not. Additionally, 1 point is given for those prescribed seiz-
ure medications (given for any reason), and 0 points are giv-
en otherwise. Finally, 1 point is given for acute or chronic or-
thopedic or musculoskeletal diagnoses, and 0 or 2 points are 
given for those with a history of falling within the past month. 
Two points are also given to those who had fallen during hos-
pitalization. A total score of 2 or more is considered high-risk.

3) Seoul National University Hospital Pediatric Fall-risk Scale 
The SNUFS was developed to validate a fall-risk assess-

ment tool for hospitalized children by Shin et al. [12]. This 
scale consists of seven items with a total score ranging from 0 
to 23. Three points are given to children under 36 months of 
age or those with cranial nerve diseases (including epilepsy). 
One point is given to those with a hospital stay of 7 days or 
less. Three points are given to those prescribed three or more 
high-alert medications (e.g., antidepressants, antipsychotics, 
hypnotic sedatives, analgesics, nerve contractions, laxatives, 
diuretics, heart medications, hypoglycemic medications, and 
antihypertensive medications) or for activities and physical 
functions that require assistance (independent or bedridden). 
The use of assistive devices (wheelchair, crutches, etc.) is giv-
en 1 point, but children with normal physical development 
are given 7 points, and, finally, 1 point is given for children 
with normal cognitive development or whose environments 
(transfusion, catheterization, oxygen, etc.) are also considered 
normal. In this study, the scores were retrospectively calcu-
lated after the doctor's instructions and nursing records were 
checked via the patients' EMRs.

4) New Fall Risk Scale-Pediatric Inpatient 
The Newfs-PI tool was developed in the present study, and 



140 | An electronic medical record-based fall risk assessment tool for pediatric inpatients www.e-chnr.org

CHNR Child Health Nurs Res, Vol.27, No.2, April 2021: 137-145

Table 1. Sensitivity and Specificity According to the Cut-off Score of the New Fall-Risk Scale-Pediatric Inpatient 

Cut-off score Sensitivity 95% CI* Specificity 95% CI† PLR NLR
PPV
(%)

NPV
(%)

≥0 100.00 88.1-100.0 0.00  0.0-3.9 1.00 - 23.8 -

＞0 96.55 82.2-99.9 12.90  6.8-21.5 1.11 0.27 25.7 92.3

＞1 96.55 82.2-99.9 16.13  9.3-25.2 1.15 0.21 26.4 93.7

＞3 62.07 42.3-79.3 74.19 64.1-82.7 2.41 0.51 42.9 86.2

＞4 44.83 26.4-64.3 88.17 79.8-93.9 3.79 0.63 54.2 83.7

＞5 31.03 15.3-50.8 90.32 82.4-95.5 3.21 0.76 50.0 80.8

＞6 31.03 15.3-50.8 91.40 83.8-96.2 3.61 0.75 52.9 81.0

＞7 27.59 12.7-47.2 91.40 83.8-96.2 3.21 0.79 50.0 80.2

＞8 3.45  0.1-17.8 94.62 87.9-98.2 0.64 1.02 16.7 75.9

＞9 3.45  0.1-17.8 97.85 92.4-99.7 1.60 0.99 33.3 76.5

＞11 0.00  0.0-11.9 100.00 96.1-100.0 - 1.00 - 76.2

*New Fall-Risk Scale-Pediatric Inpatient; †General Risk Assessment for Pediatric In-patient Falls; CI, confidence interval; NLR, negative likelihood 
ratio; NPV, negative predictive value; PLR, positive likelihood ratio; PPV, positive predictive value.

data analysis was conducted for five factors that could be ex-
tracted from patients' EMRs. The fall risk assessment tool 
for new pediatric inpatients consisted of seven items: age (3 
points for children aged 36 months or under), activity (1 point 
for children without an IV or heparin lock, 3 points for chil-
dren receiving rehabilitation therapy), prescription (3 points 
for children taking three or more high-alert medications), his-
tory (3 points for a history of falling), and length of hospital 
stay (0 points for a hospital stay of 1-4 days, 1 point for 5-9 
days, and 2 points for 10 days or more). The total score ranged 
from 0 to 15 (Table 1). 

4. Data Collection 

For this study, data were collected from December 15, 2019, 
to January 30, 2020, after obtaining Institutional Review Board 
(IRB) approval to access data from hospital EMRs. EMR data 
were processed by creating a structured data collection tool, 
and all personally identifying data were coded. The struc-
tured data collection tool had birth date, sex, admission date, 
discharge date, department, state of consciousness, diag-
nosis, whether the patient had an operation or was receiving 
rehabilitation therapy, whether the patient used an assistive 
device, whether the patient had an IV/heparin lock, history 
of fall, and HDFS score at admission. The scores of the 
Newfs-PI and other tools were measured by nursing records 
and physician prescriptions. The following items were iden-
tified in the patient safety accident reports to evaluate the 
characteristics of the fall group: date of fall event, time of fall 
event, and harm level (no risk, recovery after treatment with-
out complication, temporary damage, long-term damage, 

death, or unclear). 

5. Data Analysis

The collected data were entered and statistically processed 
using SPSS version 24.0 (IBM Corp., Armonk, NY, USA) and 
MedCalc version 18.5 (MedCalc Software, Ostend, Belgium). 
To evaluate the validity of each tool, its sensitivity, specific-
ity, positive predictive value (PPV), and negative predictive 
value (NPV) were analyzed. The cut-off score to distinguish 
between the fall and non-fall groups was determined as the 
score that maximized the sum of sensitivity and specificity. 
The area under the curve (AUC) was compared and analyzed 
based on a receiver operating characteristic (ROC) curve in or-
der to compare the predictive ability (diagnostic accuracy) for 
the fall/ non-fall group based on the assessment score of each 
tool.

6. Ethical Considerations

To protect the human rights of the study participants, the 
study was approved by the Institutional Review Board (No. 
DMC2020-01-003). The collected data were used for research 
purposes only. No personal information was collected other 
than the general data and information related to falls required 
for the survey. During the data-extraction process, any per-
sonally identifying patient information was destroyed, en-
coded, and entered into the computer by the first researcher. 
All data were stored and analyzed on one main computer 
with a set password.
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RESULTS

1. Development of the New Fall Risk Scale-Pediatric 

Inpatient 

The tool was developed through a literature review, and 
data analysis was conducted for the factors that could be ex-
tracted by EMR to enhance the validity of the above three in-
patient fall risk assessment criteria. A meta-analysis of diag-
nostic test accuracy was conducted on fall risk measurement 
studies published as of 2018 to determine the items of those 
tools [8]. In the 10 studies included in the meta-analysis, 
there were a total of five children's hospitalization fall risk 
assessment tools, with 14 items [8]. Our research team se-
lected seven items and the content validity index (CVI) was 
calculated for all individual items (I-CVI). To determine the 
CVI, a panel of experts was asked to rate each scale item in 
terms of its relevance to the underlying construct. The panel 
consisted of three nursing professors and one clinical nursing 
professional. A 4-point scale was used to avoid a neutral point. 
The I-CVI was 0.80. We provided each tool's cut-off score and 
three different models for scoring each item before checking 
its specificity and sensitivity. The Newfs-PI consisted of seven 
items: age (3 points for children aged 36 months or under), ac-
tivity (1 point for children without an IV or heparin lock, 3 
points for children receiving rehabilitation therapy), pre-
scription (3 points for children taking three or more high-alert 
medications), history (3 points for a history of falling), and 
length of hospital stay (0 points for a hospital stay of 1-4 days, 
1 point for 5-9 days, 2 points for 10 days or more). The total 
score ranged from 0 to 15. Table 1 shows the sensitivity and 
specificity according to the cut-off score of the Newfs-PI. A cut- 
off score of 3 points, which maximized the sum of sensitivity 
and specificity, was selected as the cut-off score (Table 1). 

2. Evaluation of New Fall Risk Scale-Pediatric Inpatient 

1) Participants' characteristics
The average age of the fall group was 21.1±15.4 months; 20 

out of 29 were boys (69.0%), and 20 were being treated in the 
pediatric unit (69.0%), while nine were rehabilitation patients 
(31.0%). The average age of the non-fall group was 24.5±13.6 
months old; 66 were male participants (70.9%), and 82 were 
being treated in the pediatric unit (88.0%) (Table 2). 

The mean scores and standard deviation for fall risk in the 
fall and non-fall groups for each tool were evaluated. The 
HDFS score was 12.73±1.71 in the non-fall group and 14.17
±3.73 in the fall group, and the GRAF-PIF score was 0.70± 

1.44 in the non-fall group and 1.93±1.98 in the fall group. The 
SNUFS score was 11.33±1.43 in the non-fall group and 11.03± 

1.61 in the fall group, and the Newfs-PI score was 3.08±1.78 in 
the non-fall group and 4.31±1.73 in the fall group. 

2) Sensitivity, specificity, PPV, NPV, and cut-off score for each 
fall risk assessment tool
Table 3 shows the sensitivity, specificity, PPV, NPV, and 

AUC values for each tool. The HDFS cut-off score was 12 
points, which is similar to that of the original tool. Its sensi-
tivity was 75.86%, while its specificity was 30.11%, and the 
AUC was 0.614. The GRAF-PIF cut-off score was 2 points. It 
had a sensitivity of 37.93%, a specificity of 89.25%, and an 
AUC of 0.685. The SNUFS cut-off score was 12 points. Its sen-
sitivity was 44.83%, its specificity was 86.02%, and its AUC 
was 0.676. The Newfs-PI cut-off score was 3 points. Its sensi-
tivity was 62.07%, specificity was 74.19%, and AUC was 0.711 
(Table 3). As the AUC approaches 1, higher sensitivity and 
specificity indicate a stable diagnostic tool. The sensitivity and 
specificity of the HDFS were not statistically significant (z= 
1.90, p=.058), whereas those of the Newfs-PI, GRAF-PIF, and 
SNUFS were statistically significant (Table 4). The ROC curve 
for each tool is shown in Figure 1.

DISCUSSION

This study developed the Newfs-PI as a fall risk assessment 
tool with satisfactory sensitivity and specificity for pediatric 
inpatients. The Newfs-PI was developed by reviewing exist-
ing fall risk assessment tools. Children under 36 months are 
given 3 points, which is similar to the score given in HDFS [10] 
and SNUFS [12]. The assessment of whether a heparin lock is 
used is the same as that of the GRAF-PI [11]. Whether three or 
more dangerous drugs are administered is an item measured 
in the HDFS, GRAF-PI, and SNUFS. The number of hospital-
ization days is a measure used in the GRAF-PI and SNUFS, 
and fall history is a measure used in the GRAF-PI. 

The Newfs-PI also excluded some measurement items used 
in previous tools, such as sex, diagnosis, and cognitive impair-
ment used in the HDFS, physical therapy and operation used 
in the GRAF-PI, and physical development and assistive de-
vice used in SNUFS. As a result, a simpler and more objective 
fall risk assessment tool for pediatric inpatients was devel-
oped that consists of items that can be measured objectively 
through the hospital's EMR system and excludes measure-
ment items that may involve subjectivity of the evaluator.

The purpose of developing the Newfs-PI was to address the 
problem that in several previous studies, including that of 
Kim et al. [1,7], the sensitivity of an existing fall risk assess-
ment tool for pediatric inpatients was found to be high, while 
the specificity was relatively low. For example, the HDFS is 
widely used in clinical settings because it is easy to use, but it 
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Table 2. Participants' Characteristics (N=122)

Characteristics Categories Median (range)
Fall group (n=29) Non-fall group (n=93)

n (%) or M±SD n (%) or M±SD

Sex Male
Female

20 (69.0)
 9 (31.0)

66 (70.9)
27 (29.1)

Age (month) - Fall group: 17.0 (0.0-84.0)
- Non-fall group: 22.0 (0.0-49.9)

21.1±15.4 24.5±13.6

Department Ped
RM

20 (69.0)
 9 (31.0)

82 (88.2)
11 (11.8)

Hospital days - Fall group: 21.0 (1.0-80.0)
- Non-fall group: 24.0 (0.0-78.0)

23.7±0.4 8.0±15.9

Location of fall Bed
Hallway 
Treatment room
Playroom

21 (72.5)
 6 (20.7)
1 (3.4)
1 (3.4)

Harmfulness of fall None 
Temporary damage
Recovery without 
aftereffects

15 (51.8)
 5 (17.2)
 9 (31.0)

Max, maximum; Min, minimum; Ped, pediatrics; RM, rehabilitation medicine.

Table 3. Sensitivity, Specificity, PPV, NPV, and AUC by Scales

Scales Cut-off score Sensitivity Specificity
PPV
(%)

NPV
(%)

AUC z p

HDFS 12 75.86 30.11 25.3 80.0 0.614 1.90 .058

GRAF-PIF  2 37.93 89.25 52.4 82.2 0.685 3.37 ＜.001

SNUFS 12 44.83 86.02 50.0 83.3 0.676 3.38 ＜.001

Newfs-PI  3 62.07 74.19 42.9 86.2 0.711 4.01 ＜.001

AUC, area under the curve; GRAF-PIF, general risk assessment for pediatric in-patient falls; HDFS, Humpty Dumpty fall scale; Newfs-PI, new fall risk 
scale-pediatric inpatient; NPV, negative predictive value; PPV, positive predictive value; SNUFS, Seoul National University Hospital pediatric fall-risk 
scale.

has been suggested that more than 80% of the targets are clas-
sified as being high-risk for falls, indicating the low specificity 
of the tool [8]. In other words, this tool forces medical staff, 
who are in charge of pediatric patients at a high risk of falling, 
to paradoxically view most pediatric inpatients as high-risk, 
which may result in losing the opportunity to closely monitor 
and care for pediatric patients who are actually at a dispro-
portionately high risk of falling and need medical attention. 

The sensitivity of the Newfs-PI developed in this study was 
62.07%, while its specificity was 74.19%, showing similar sen-
sitivity and significantly higher specificity compared to the 
HDFS [10]. Compared to the GRAF-PIF [11], it showed similar 
specificity and much higher sensitivity. Compared to the 
third tool, the SNUFS, it also showed similar specificity and 
much higher sensitivity. In other words, the Newfs-PI is sat-

isfactory in terms of both sensitivity and specificity, as it drew 
upon the strengths of existing tools and supplemented their 
weaknesses. Therefore, the Newfs-PI developed in this study 
can be effectively used to create a safer ward environment and 
to improve fall risk management by overcoming the weak-
nesses of existing fall risk assessment tools for pediatric inpa-
tients.

The Newfs-PI showed higher specificity than the HDFS be-
cause it excludes items with low discriminant power and 
items that may involve subjective judgments made by evalu-
ators. For example, in the HDFS, 3 points are given for a diag-
nosis that causes changes in oxygenation. However, since the 
tool includes a wide range of symptoms in this diagnostic cat-
egory, such as respiratory symptoms, dehydration, anemia, 
loss of appetite, fainting, and dizziness, almost all pediatric 
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Table 4. Differences between the Receiver Operating Characteristic (ROC) Curves of Scales 

Scales Values GRAF-PIF SNUFS Newfs-PI

HDFS Difference between areas 
SE
95% CI
Z statistic
p

0.07
0.06

-0.05-0.19
1.17
.244

0.06
0.06

-0.06-0.18
1.02
.310

0.10
0.06

-0.02-0.21
1.68
.093

GRAF-PIF Difference between areas 
SE
95% CI
Z statistic
p

0.01
0.04

-0.07-0.09
0.22
.829

0.03
0.02

-0.01-0.06
1.39
.165

SNUFS Difference between areas 
SE
95% CI
Z statistic
p

0.04
0.04

-0.03-0.11
0.99
.320

CI, confidence interval; GRAF-PIF, general risk assessment for pediatric in-patient falls; HDFS, Humpty Dumpty fall scale; Newfs-PI, new fall risk 
scale-pediatric inpatient; SE, standard error; SNUFS, Seoul National University Hospital pediatric fall-risk scale.

Figure 1. Receiver operating characteristic curves of the four fall risk assessment scales. GRAF-PIF, general risk assessment for 
pediatric in-patient falls; HDFS, Humpty Dumpty fall scale; Newfs-PI, new fall risk scale-pediatric inpatient; SNUFS, Seoul 
National University Hospital pediatric fall-risk scale.

inpatients are given 3 points, resulting in low discriminant 
power. Moreover, the scale gives 3 points to those who are not 
aware of their limitations under the cognitive impairment 
category. This allows room for subjective assessment by the 

evaluator, which is significant in that evaluators tend to unin-
tentionally give high scores to pediatric inpatients because 
they subconsciously classify them as being high-risk for falls, 
thus resulting in the belief that they need intensive care. 
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Moreover, the category of those under 3 years of age overlaps 
with infants and toddlers placed in cribs. Each item receives 3 
points despite the overlap, which diminishes the specificity of 
the HDFS.

The Newfs-PI showed higher sensitivity than the GRAF- 
PIF and SNUFS because the existing tools define comparison 
items by subdividing them, while the Newfs-PI defines them 
as comprehensively applicable. For example, in the GRAF- 
PIF, scores are given according to specific conditions, such as 
1 point for patients receiving physical therapy or have under-
gone surgery, 0 points for non-physical therapy/surgical pa-
tients, and 1 or 0 points according to whether anti-seizure 
medication was administered. The SNUFS also presents spe-
cific conditions such as 3 points for neurological diseases 
(including epilepsy) and 1 point for the use of assistive de-
vices (wheelchair, crutches, etc.). However, the Newfs-PI is in-
clusive, such that it embraces all pediatric inpatients at high 
risk of falls without exclusion (by assigning 3 points for chil-
dren aged 36 months or under and those taking three or more 
high-alert medications). 

Another benefit of using the Newfs-PI is that, when this tool 
is linked with a hospital's EMR system, all assessment items 
consist of indices that can be extracted from the EMR, leaving 
no room for the subjectivity of the evaluator. Furthermore, the 
tool allows continuous 24-hour monitoring and streaming. In 
most hospitals, an assessment tool is to evaluate the fall risk of 
pediatric inpatients. The nurse-in-charge usually assesses the 
risks once for each duty shift, writes down the results on a re-
cord sheet, and then either attaches a fall risk notice or pro-
vides training for fall prevention. However, since it is impos-
sible to fully foresee when, where, and how falls are likely to 
occur, this monitoring method is imperfect as a preventive 
management system because of its lack of continuity.

Furthermore, the validity of the fall risk assessment results 
may be affected by the subjectivity of the nurse performing the 
evaluation. Since the currently available HDFS, GRAF- PIF, 
and SNUFS include assessment items such as cognitive impair-
ment or cognitive development, there is a limit to the accuracy 
of the fall risk assessments of target patients within the system 
based on information that is regularly accessible through the 
EMR. Given the high assessment validity of the Newfs-PI and 
the ability to monitor and manage the fall risk of pediatric in-
patients 24 hours a day through the system, in addition to its 
high specificity and sensitivity, this study proposes the use of 
the Newfs-PI as a fall risk assessment and fall prevention man-
agement tool for pediatric inpatients in the future.

In the process of evaluating the sensitivity and specificity of 
Newfs-PI, EMR data from one hospital were used. Therefore, 
a careful interpretation is needed when generalizing the re-
sults of this study. In addition, in the development process of 

the Newfs-PI, the existing fall risk assessment tools were ex-
tensively reviewed to take advantage of their strengths; how-
ever, it is necessary to regularly conduct multi-hospital appli-
cation studies to verify the validity of the Newfs-PI measure-
ment items.

CONCLUSION

This study aimed to develop a new fall risk assessment tool 
that could complement existing fall risk assessment tools, 
which did not meet the sensitivity and specificity criteria to re-
duce fall incidence among pediatric inpatients. The Newfs-PI 
developed in this study showed superior sensitivity and spe-
cificity when compared to existing fall risk measurement tools. 
This means that the efficacy of identifying pediatric patients at 
high risk of falling was improved by applying the Newfs-PI. 
Consequently, we propose applying the Newfs-PI to assess 
the fall risk of pediatric inpatients to compensate for the short-
comings of existing tools and to improve the specificity of 
screening for high-risk fall groups. This will contribute to pre-
venting fall accidents among pediatric inpatients and lay the 
foundation for establishing a more effective fall risk manage-
ment system in clinical practice.
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