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Purpose: We performed this systematic review to summarize the psychometric properties of Face, Legs, Activity, Cry and
Consolability (FLACC) scale in pediatric patients in different settings.

Methods: Two investigators independently searched PubMed, EMBASE, OVID and China National Knowledge Infrastructure
(CNKI) for eligible studies through July 2021. We assessed the psychometric properties using the modified critical appraisal tool
(CAT). Finally, we systematically reviewed the results of the included studies.

Results: A total of 15 studies were eventually included. The overall quality of each eligible study was low to moderate. The FLACC
scale has been available in different versions and in different settings. Although eligible studies have demonstrated significant clinical
benefit in assessing postoperative pain in pediatric patients aged 0 to 10 years from post-anesthetic care unit (PACU), pediatric
intensive care unit (PICU) and inpatient unit, and in assessing procedural pain in pediatric patients aged 0.5 to 7 years from emergency
unit, immunization center and PICU, mostly without test-retest analysis.

Conclusion: Although the absence of a gold standard of pain assessment, the currently available data support the usefulness of the
FLACC from the perspective of criterion validity. Therefore, the FLACC scale can be considered for measuring observational pain in
infants and children. However, further studies are still needed to provide more robust evidence.
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Introduction

In the pediatric unit, pediatric intensive care unit (PICU), or emergency unit, infants and children undergoing medical
examinations and treatments often experience all kinds of pain, especially procedural pain, including pain from blood
collection, venipuncture, injections and even surgery.' However, infants and children often lack the verbal and cognitive
skills to complete self-reports of physical discomfort or pain intensity, leading to inadequate pain assessment and
subsequent treatment in infants and children.” Therefore, it is critical to have effective and reliable instruments for
timely and accurate assessment of pain in infants and children.

Currently, more than 40 multidimensional observational scales for assessing pain intensity have been developed,
some of which have been adapted and applied to different populations and clinical settings.> ® Generally, these scales are
combinations of specific distressing behaviors, including crying, facial expression, body movement, and more. The Face,
Legs, Activity, Cry and Consolability (FLACC) scale was published in 1997 to assess postoperative pain in children and
is currently one of the most commonly used scales.” The FLACC scale contains 5 behaviors, including face, legs, activity,
consolability, and cry, and each behavior is scored from 0 to 10. Compared with other scales assessing pain in infants and
children, the FLACC scale is more convenient and practical in identifying and recording pain.® '’

Although the original study that developed the FLACC scale analyzed psychometric properties, the study was at risk
of bias because raters were not blinded to the use of analgesics.” To date, numerous studies have attempted to evaluate
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the reliability and validity of this scale. Specifically, some focus on the application of different groups of people such as
neonates, preschool children, and children with cognitive impairment, and some focus on the application in different
settings, such as acute pain, postoperative pain, and procedural pain.'''* Studies published before 2015 have been
included in 3 independent systematic reviews.® '® Based on the currently available evidence, all 3 systematic reviews
temporarily recommended the use of the FLACC scale for the assessment of pain in children. However, the conclusions
of these previous 3 systematic reviews should be interpreted cautiously because these systematic reviews did not
differentiate the clinical setting in which the FLACC scale was applied or define age ranges for pediatrics. In addition,
several new methodological studies have been published since the publication of the latest systematic review.

Therefore, to provide more accurate and robust evidence for the clinical use of the FLACC scale by addressing the
limitations of all previous systematic reviews, the present systematic review was performed to include currently available
studies to further comprehensively summarize the reliability, validity, responsiveness, and feasibility of the FLACC scale
for assessing pain in infants and children without cognitive impairment for a specific age range (0—12 years) in different
settings through including currently available studies.

Materials and Methods

This systematic review was designed according to the Cochrane Collaboration (CC). Findings were reported according to
the preferred items for systematic review and meta-analysis (PRISMA) checklist.'> Ethic approval was not required for
this study as it was a systematic review of published studies.

|dentification of Citations

Two investigators searched four electronic databases, including PubMed, Embase, OVID and China National Knowledge
Infrastructure (CNKI) for relevant studies through July 2021. Search results are updated weekly to find any potential
studies. The search strategy was designed using “Face, Legs, Activity, Cry and Consolability”, “child”, “neonate” and
“infant”. The search strategy of PubMed is shown in Table S1. Meanwhile, we manually checked the references of all
included studies and topic-related reviews. Finally, we managed all records with EndNote X7.

Selection Criteria

We included only original methodology articles that primarily confirmed the psychometric evidence for both original and
culturally adapted versions of the FLACC scale, such as its reliability, validity, responsiveness, or feasibility in infants
and children aged 0—12 years and had no cognitive impairment. Studies that included children over the age of 12 years
were not included. Meanwhile, we excluded the clinical controlled trials, animal experiments, reviews, guidelines,
commentaries, and unpublished manuscripts. We also excluded other descriptive articles when the FLACC scale was
the reference scale for examining the convergent validity. Only studies published in English or Chinese were considered
eligible.

Data Extraction

Two investigators independently extracted the first author’s name, publication year, country, sample size, pain type and
setting, the psychometric properties including reliability, validity, responsiveness and feasibility, and the index related to
pain diagnosis. Any conflicts regarding data extraction were resolved through discussion with a third investigator.

Assessment of Methodological Quality

We assessed psychometric evidence for the FLACC scale using 8 items from the critical appraisal tool (CAT) developed
by Brink et al in 2012.'® The evaluation was the part of the scope of this systematic review, not the exclusion criterion of
studies and the evaluation of the validity of the results of each included studies. Given that there is no gold standard for
observational pain assessment, therefore we excluded all items which were developed to focus on this aspect from our
methodological quality assessment. In addition, using the unified procedure for data collection in different studies is
impossible. Therefore, a total of 5 items, including item 3, 6, 7, 9, and 10, were excluded. Eventually, we used 8 items to
assess the psychometric properties of the FLACC scale, including item 1 (if human subjects were used, did the authors
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give a detailed description of the sample of subjects used to perform the test?), item 2 (did the authors clarify the
qualification, or competence of the raters who performed the test?), item 4 (if inter-rater reliability was tested, were raters
blinded to the findings of other raters?), item 5 (if inter-rater reliability was tested, were raters blinded to their prior
findings of the test under evaluation?), item 8 (was the stability of the variable being measured taken into account when
determining the suitability of the time interval between repeated measures?), item 10 (was the execution of the test
described in sufficient detail to permit replication of the test?), item 12 (were withdrawals from the study explained?),
and item 13 (were the statistical methods appropriate for the study?).

Assessment of Validity and Reliability Data

We performed a systematic review to assess the essential information of the FLACC scale from the following 2 aspects:
psychometric assessment and target population. For psychometric properties assessment, we systematically evaluated the
results of each eligible study from the following four aspects, reliability, validity, responsiveness, and feasibility.
Specifically, Cronbach’s alpha (a) coefficient, test-retest reliability coefficient, intra-class correlation coefficient (/CC),
and Kappa coefficient higher or equal to 0.75 were considered good.'”'® The content validity index of the overall scale
(S-CVI)>0.90 and an item’s content validity index (I-CVI)>0.78 indicated that content validity in this study was
satisfactory in the instrument.'” The convergent validity was low, moderate, and large if the relationship coefficient ()
was <0.4, 0.4 to 0.7, and >0.7, respectively.”’ In addition, separate systematic reviews were designed according to
different kinds of pain, including postoperative and procedural pain. In addition, we graphically displayed the metho-
dological quality of each included study using Microsoft Excel. According to the actual information each eligible
reported, the quality of each item was rated as “yes”, “not applicable”, or “no”. By referencing the criteria of the
Cochrane risk of bias assessment, the overall quality of a study was rated as “high” if it was rated “yes” in all items; as
“low” if it was rated “no” in at least one item; as “moderate” if it was rated “not applicable” in at least one item but was

not rated “low” in anyone.

Results

Result of ldentification
By searching 4 electronic databases, we captured 1685 records. After the first selection and further full-text selection, 15
records were included in this study.®”'""'**'"?* The flow diagram of article retrieval and selection is displayed in

Figure 1.

Characteristics of Included Studies

Five studies were performed in America, 3 in China, 2 in Australia, and the remaining in other countries such as Japan,
Sweden, Greece, France, and Thailand. All studies were published between 1997 and 2021. The FLACC scale was translated
into different languages such as Chinese, Thai, Japanese, Swedish and Greek. The sample size of the 15 included studies
ranged from 20 to 170. Four of the 15 included studies used the FLACC scale to assess procedural pain in immunization
center, emergency unit and PICU.%**72° Only one study assessed acute pain in the emergency unit.>® Ten other studies
assessed postoperative pain in different setting, such as post-anesthetic care unit (PACU), PICU, cardiac intensive care unit
(CICU), inpatient unit, and burns/surgical/trauma unit.”''~'*2'242% A1l 15 included studies demonstrated the reliability and
12 studies demonstrated the validity. Nine studies provided evidence of responsiveness, and only 3 studies examined the
feasibility of the FLACC scale. The basic characteristics of the 15 studies are displayed in Table 1.

Assessment of Psychometric Properties
The overall methodological quality of the 15 included studies were rated as moderate because most of all included
studies had insufficient test-retest reliability analyses, and most did not assess intra-rater reliability. More details of the

assessment results are presented in Figure 2.
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Figure | Flow diagram of retrieval and selection of eligible studies.

Systematic Review of Psychometric Properties of the FLACC Scale

Reliability

Assessment of Postoperative Pain in Different Settings

Ten studies examined reliability in infants and children with postoperative pain, including interrater reliability, intra-rater
reliability, internal consistency, or test-retest reliability. Only 2 studies reported test-retest reliability.'***

Merkel et al in 1997 developed the original scale and they assessed reliability in 89 postoperative infants and children
aged 2 months to 7 years.” Psychometric test showed good inter-rater reliability of 0.97. Suraseranivongse et al in 2001
used the videotapes of 167 children aged 1 to 5 years from PACU to perform the psychometric test, indicating good inter-
rater reliability of 0.949 and good intra-rater reliability among four observers ranged from 0.950 to 0.991.>' In 2003,
Manworren et al enrolled 147 infants and children aged 0 to 3 years from 5 units including PICU, PACU, surgical/trauma
unit, hematology/oncology unit, and infant unit, indicating a moderate interrater reliability of 0.61 among 19 nurse
volunteers.>? Willis et al found 100% agreement among 6 pairs of observations, the limited quality of the study could not
support good inter-rater reliability.”®> Bringuier et al in 2009 completed the psychometric evaluation by video records
from 148 infants and children aged 1 to 7 years in inpatient unit, suggesting good interrater reliability (/CC>0.86) and
internal consistency (Cronbach’a = 0.93)."" Meanwhile, Johansson et al in 2009 only evaluated the inter-rater reliability
by surveying 40 intubated and ventilated infants and children aged 0 to 10 years from PICU, revealing moderate kappa
coefficient of 0.63.'2 In 2012, Bai et al tested the inter-rater reliability, indicating the ICC value was 0.84 by surveying
two investigators among 4 critically ill children aged 0 to 10 years in CICU."? Jia et al enrolling 20 infants and children
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Table | Basic Characteristics of Included Studies

Reference Country | No. | Age Circumstances Scales Diagnosis of Pain Psychometric Properties
Cut-off Sen Spe Reliability Validity Responsiveness Feasibility
Merkel 19977 America 89 2m-7y Postoperative pain, Original NA NA NA Interrater Convergent validity Difference of pain scores | NA
PACU after surgery FLACC reliability (OPS) before and after analgesia
Suraseranivongse Thailand 167 -5y Pain after awakening Orriginal 2 88% 86% Interrater Content validity, Difference of pain scores Use in clinical
2001%' from general anesthesia | FLACC reliability, intra- convergent validity between immediately in situations, ease of
until 24 h after surgery | translated rater reliability (OPS, TPPPS, the PACU and several use, ability of the
into Thai CHEOPS) hours later on the ward) scales to help assess
and between age group pain, and general
(<3 and >3y) satisfaction with the
scales
Manworren America 147 | 0-3y Acute and Orriginal NA NA NA Interrater NA Difference of pain scores NA
20032 postoperative pain, 5 FLACC reliability before and after analgesia
units including PICU,
PACU, surgical /trauma
unit, hematology/
oncology unit, and
infant unit
Willis 2003% America 30 3-7y Postoperative pain, Orriginal NA NA NA Interrater Convergent validity NA NA
inpatient unit FLACC reliability (FACES)
Bringuier 2009"' France 148 1-7y Postoperative pain, Orriginal 3 77% 96% Interrater Face validity, Difference of pain scores NA
inpatient unit FLACC reliability, internal construct validity, at four times
consistency convergent validity
(CHEOPS, CHIPPS,
OPS), discriminant
validity (VAS-
anxiety)
Johansson 2009'? | Sweden 40 0-10y Postoperative pain in Original NA NA NA Interrater Convergent validity NA NA
intubated and FLACC reliability (COMFORT-B,
ventilated children, translated VASobs)
PICU into
Swedish

(Continued)
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Table | (Continued).

Reference Country | No. | Age Circumstances Scales Diagnosis of Pain Psychometric Properties
Cut-off Sen Spe Reliability Validity Responsiveness Feasibility
Bai 20123 China 170 | 0-7y postoperative pain in Orriginal 2 98% 88% Interrater Convergent validity NA NA
critically ill children, FLACC reliability (test (COMFORT-B,
CIcU translated before study) VASobs)
into
Chinese
Jia 2012"* China 20 0-5y Pain after children with | Original NA NA NA Interrater Convergent validity Difference of pain scores NA
burns, surgical/trauma FLACC reliability, internal | (COMFOR, POCIS) in the different process
unit translated consistency, test- dealing with burn wound
into retest reliability
Chinese (a second
assessment after 2
months)
Liu 2012%* China 100 | 0-3y Postoperative pain in Orriginal NA NA NA Interrater Content validity, Difference of pain scores NA
children with cleft lip LACC reliability, internal construct validity before and after analgesia
and palate, inpatient translated consistency, test-
unit into retest reliability
Chinese
Gomez 2013% Australia 29 12—-18m Procedural pain, Original NA NA NA Interrater NA NA NA
immunization center FLACC reliability,
interrater
reliability
Kochman 2017% America 101 6m-5y Acute pain, emergency | Original NA NA NA Interrater NA Difference of pain scores NA
unit FLACC reliability at different times
Crellin 2018% Australia 100 | 6-42m Procedural pain, Orriginal 2 94.90% | 72.50% | Interrater Convergent validity Differences-in-difference Assessment of how
emergency unit FLACC reliability, (VASobs- pain and (DID) between FLACC easy the scale is to
interrater VASobs- distress) score for painful vs non- use and how well it
reliability painful procedure performs
Matsuishi 2018 Japan 24 38m Postoperative pain, Orriginal NA NA NA Interrater Convergent validity NA NA
PICU FLACC reliability (VASobs)
translated
into
Japanese
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unit

consistency

administration phases

Tamvaki 2020° Greece 30 4.1y Procedural pain, PICU Original NA NA NA Interrater Convergent validity NA NA
FLACC reliability, internal (Comfort-B, BPS,
translated consistency VASobs)
into
Greek
Tsze 20217 America 20 1-7y Procedural pain, Original NA NA NA Interrater Convergent validity Difference of pain scores NA
pediatric emergency FLACC reliability, internal (OSBD-R, CHEOPS) | during baseline and

Abbreviations: No, sample size; NA, no report; PICU, pediatric intensive care unit; PACU, post-anesthetic care unit; CICU, cardiac intensive care unit; OPS, the Objective Pain Scale; TPPPS, Toddler Preschool Postoperative Pain Scale;
CHEORPS, Children’s Hospital of Eastern Ontario Pain Scale; C-BIIP; OSBD-R, the Observational Scale of Behavioral Distress—Revised; Comfort-B, Comfort Behavior scale; BPS, the Behavioral Pain Scale; VASobs, Visual Analogue Scale

observer scale; POCIS, Pain Observation Scale for Young Children; FACES, Wong-Baker FACES Pain Rating Scale; Sen, sensitivity; Spe, Specificity.
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Figure 2 Assessment of reliability and validity of all the included studies (A) assessment graph and (B) assessment summary. In this figure, “yes (green)” indicates a study

reported sufficient information required by an item, “no (red)” indicates a study did not report information required by an item, and “NA (yellow)” indicates that a study did
not insufficient information to judge whether it meet the requirement of an item.

aged 0 to 5 years in burns/surgical/trauma unit and Liu et al enrolling 100 infants and children with cleft lip and palate
aged 0 to 3 years in inpatient unit both finished the psychometric test including interrater reliability, internal consistency,
and test-retest reliability.'*** The internal consistency in the study by Jia et al and Liu et al was not high, with
a Cronbach’a of 0.790 and Cronbach’a of 0.745, respectively, and the test-retest reliability was » = 0.645 and r =
0.946, respectively. Liu et al only reported the interrater reliability was statistically significant and did not offer specific
data. Jia et al showed the interrater reliability was 0.82. In 2018, Matsuishi et al involving 24 children in PICU only
displayed excellent interrater reliability (Kappa value = 0.95).%%

Assessment of Procedural Pain in Different Settings and Acute Pain
Only one study assessed acute pain in children, while 4 included studies assessed procedural pain in different
settings. >3 27

Gomez et al recruited 29 infants aged 12 to 18 months in immunization center and reported near-perfect inter-rater
reliability ranging from 0.81 to 0.97 and intra-rater reliability ranging from 0.40 to 0.95 at different phases. Crellin et al
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in 2018 surveyed 100 infants and children aged 6 to 42 months in the emergency unit by reviewing videos. They found
high inter-rater reliability at different phases ranging from 0.79 to 0.94 and equally high intra-rater reliability (/CC =
0.87). Tamvaki et al in 2020 surveyed 30 children in PICU and Tsze et al in 2021 surveyed 20 children aged 1 to 7 years
in pediatric emergency unit. Both offered high inter-rater reliability (/CC > 0.96 and ICC = 0.98, respectively) and high
internal consistency (Cronbach’a > 0.88 and Cronbach’a = 0.97, respectively.

In 2017, Kochman et al assessed acute pain in 101 infants and children aged 6 months to 5 years in the emergency
unit. They revealed strong inter-rater reliability (Kappa value ranged from 0.85 to 0.96).

Validity

Assessment of Postoperative Pain in Different Settings

Total 9 included studies reported convergent validity, content validity, face validity, and discriminant validity in infants
and children with postoperative pain.

Merkel et al found a high correlation between the FLACC scale and OPS (+ = 0.800).” In contrast, Suraseranivongse
et al found moderate correlation between the FLACC scale and OPS (» = 0.721), the FLACC scale and CHEOPS (» =
0.696), and the FLACC scale and TPPPS (r = 0.621), but good content validity assessed by the experts.?' Willis et al also
provided evidence of moderate convergent validity because the correlation between FLACC and FACES was r = 0.584.%
Bringuier et al reported equivocal evidence for the validity of the FLACC scale. FLACC was highly correlated with 3
scales, CHEOPS, CHIPPS and OPS (r = 0.88-0.94) and FASS (r = 0.71-0.78). However, the FLACC score was also
moderately correlated with VAS-anxiety, suggesting a limited ability to distinguish pain from anxiety.'' Johansson et al
found a moderate correlation between FLACC and VASobs (» = 0.50), but a good correlation between FLACC and
COMFORT-B (r = 0.76).'* Different from Johansson et al, Bai et al found a correlation between FLACC and the two
scales including VASobs and COMFORT-B (with a » = 0.86 and » = 0.51, respectively).'® Jia et al found an excellent
correlation between FLACC and the two scales including COMFORT and POCIS (with a » = 0.958 and » = 0.872,
respectively).'* Similarly, Matsuishi et al found a high correlation between FLACC and VASobs (r = 0.96).%® Liu et al
revealed a good content validity through expert assessment, with the overall content validity index of 1.000 and the
average of content validity indices of 1.000 for individual items.**

Assessment of Procedural Pain in Different Settings
Only 3 included studies reported convergent validity in infants and children with procedural pain.®*’-*°

Crellin et al found that the correlation between the FLACC scale and VASobs pain and VASbs distress was higher for
distress (+ = 0.89) and pain (r = 0.74), respectively.”” Tamvaki et al found that the correlation between FLACC scale and
the 3 scales including Comfort-B, BPS and VASobs was high (+ > 0.71).° Similar results were obtained by Tsze et al that
the correlation between the FLACC scale and 2 scales including OSBD-R, CHEOPS was high (with a » = 0.88 and r =
0.96, respectively).?’ Overall, these 3 studies revealed good convergent validity for the use of FLACC in infants and

children with procedural pain.

Responsiveness
A total of 9 studies of all included studies reported the assessment of responsiveness. A total of 6 studies assessed the
responsiveness in infants and children with postoperative pain, 2 studies assessed procedural pain in infants and children,

7,11,14,21,22,24,26,

and 1 study assessed acute pain in infants and children. 2729 The results of 9 studies provided proper

evidence for the responsiveness of the FLACC scale, which were summarized in Table 1.

Feasibility

Two studies of all included studies tested the feasibility of the FLACC scale. Suraseranivongse et al evaluated the
duration of rating, ease of use, ability of pain evaluation, and satisfaction with the FLACC scale. They found that
FLACC scale tool less time to assess pain and was feasible for clinicians.?' Crellin et al found the FLACC scale was
easy to understand and use, but not very useful to assess assessing pain using a 0-2 point score out of 5
categories.”’
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Discussion

The FLACC scale is commonly used in infants and children for the measurement of three types of pain, including
procedural pain, postoperative pain and acute pain. The original FLACC scale has been culturally adapted into different
versions for use in different clinical settings. However, the reliability and validity of the FLACC scale have not been well
confirmed in infants and children in different clinical settings. The current systematic review to further summarize the
reliability and validity of the FLACC scale by only including studies primarily assessing the psychometric properties of
the FLACC scale and excluding clinical studies, reviews and the descriptive studies which FLACC scale was utilized to
assess the convergent validity of other pain scales. In the current systematic review, we captured 15 studies examining the
psychometric properties of the FLACC scale in different populations and settings. For the assessment of postoperative
pain, 10 studies explored the reliability of the FLACC scale. Five studies revealed -near-perfect reliability in infants and
children aged 0 to 10 years from PACU, intensive care unit (ICU) and inpatient unit. The remaining 5 studies showed
moderate reliability for infants and children in cleft lip and palate unit, and burns/surgical/trauma unit. For the assessment
of procedural pain, 4 studies tested good reliability in infants and children aged 6 months to 7 years from emergency unit,
immunization center and PICU.

Due to the absence of a gold standard for pain assessment, the criterion validity of the FLACC scale could not be
tested.*>*' The 15 included studies all used different pain scales as reference standard to assess convergent validity,
leading to the significant difference of findings. For assessment of postoperative pain, overall correlation with other pain
scales were moderate to high in PACU, PICU and inpatient unit, and were high in cleft lip and palate unit, and burns/
surgical/trauma unit. For procedural pain assessment, the overall correlation with other pain scales was excellent in
emergency unit, immunization center and PICU.

Examining the responsiveness of the FLACC scales suggested that pain intensity could vary over time. Hence, it is
important to perform the test-retest analysis. However, only 2 studies in China completed test-retest analysis and one
reported satisfactory test-retest reliability.'*** Inadequate test-retest analysis would be the main reason of decreasing the
overall quality of all the included studies in the present study. Hence, further studies with test-retest analysis are strongly
recommended.

Some limitations in this study must be acknowledged. First and foremost, we only searched PubMed, EMBASE,
OVID and CNKI, no other databases were searched. Therefore, some studies may be missed. Notably, only 4 new
publications were synthesized into the present systematic review since the last systematic review was published.
However, due to the searching in accordance with Cochrane handbook for performing systematic review, we still
convince that the minor limitation may not significantly impair the findings. We then included only studies published
in English and Chinese; therefore, some potentially eligible studies in other languages were also missed. Second, the
present systematic review included different language versions of the FLACC, and findings related to a language version
are not necessarily generalizable to the other languages version. Third, we also admitted that we performed the present
systematic review only following the standard procedures the Cochrane collaboration recommended rather than referen-
cing the methodological framework developed by the consensus-based standards selecting of health status measurement
instruments (COSMIN) group. Notably, the COSMIN methodological framework has been extensively recommended as
the standard for performing a systematic review of psychometric assessment. Therefore, the future systematic review
should be performed based on the COSMIN framework when further studies on this topic are available. Finally,
responsiveness was assessed by discriminative capability in 9 included studies rather than using standard error of
measurement (SEM) and the smallest detectable change (SDC).

Conclusions

In summary, although there is no gold standard for observational pain assessment, the data to date suggest that scores on
the FLACC capture pain behaviors similar to other observational pain measures, supporting to use the FLACC from the
perspective of criterion validity. Therefore, the FLACC scale can be considered for measuring observational pain in

infants and children; however, further studies are still needed to provide more robust evidence.
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