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Abstract

Background—Because pediatric trauma-related mortality continue to decline, metrics assessing 

morbidity are needed to evaluate the impact of treatment after injury. Based of its value for 

assessing children with traumatic brain injuries and other critical illnesses, Functional Status Scale 

(FSS), a tool that measures function in six domains (communication, feeding, mental, motor, 

sensory and respiratory), was evaluated as an outcome measure for the overall population of 

injured children.

Methods—Children with at least one injury (Abbreviated Injury Scale [AIS] severity ≥1) 

surviving to discharge between December 2011 and April 2013 were identified in a previous study 

of intensive care unit admissions. Morbidity was defined as additional morbidity in any domain 
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(domain FSS change ≥2) and additional overall morbidity (total FSS change ≥3 or ‘new domain 

morbidity’) between preinjury status and discharge. Associations between injury profiles and the 

development of morbidity were analyzed.

Results—We identified 553 injured children, with an average of 2.0 ± 1.9 injuries. New domain 

and overall morbidity were observed in 17.0% and 11.0% of patients, respectively. New domain 

morbidity was associated with an increasing number of body regions with an injury with AIS≥ 2 

(P<0.001), with severe (AIS ≥ 4) head (P=0.04) and spine (P=0.01) injuries and with at 

moderately severe (AIS ≥ 2) lower extremity injuries (P=0.01). New domain morbidity was more 

common among patients with severe spine and lower extremity injuries (55.6% and 48.7%, 

respectively), with greatest impact in the motor domain (55.6% and 43.6%, respectively). New 

domain morbidity was associated with increasing ISS, number of moderately severe injuries and 

number of body regions with more than a moderately severe injury (P<0.001 for all).

Conclusions—Higher morbidity measured by the FSS is associated with increasing injury 

severity. These findings support the use of the FSS as a metric for assessing outcome after 

pediatric injury.
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BACKGROUND

Injuries are the third leading cause of disability-adjusted life years (DALY) among children 

and adolescents.1 Although the health burden of injury-related disability is significant, most 

pediatric trauma outcome studies have focused on mortality as the primary outcome 

measure.2 Mortality, however, is now uncommon (<2%) among children hospitalized after 

injury.3 Because the level of impairment after recovery may now best assess the long-term 

impact of pediatric injuries, several instruments have been used to assess outcomes other 

than mortality (PEDI, PedsQL, CHQ-PF28, OSCHI, Mgos, FIM and GOS-E Peds).4–7 

These instruments have not had general applicability or gained widespread use for several 

reasons including (1) a focus on patients with specific injury types or in specific age groups 

(lack of extension among all injured children); (2) the use of time-consuming instead of 

brief outcome instruments (training and time required for administration); (3) evaluation at 

single sites (uncertain generalizability); (4) performance as part of a research protocol rather 

than in a “real world” setting (need for resources not available at many institutions); and (5) 

the lack of an organization championing its use (need for change motivation).8–9 Given the 

importance and frequency of acquired disability and infrequency of mortality, a need 

remains to develop generalizable methods for assessing functional outcome in multiple 

dimensions that can be performed as standard practice at any institution that treats injured 

children. In the absence of these methods, the ability to identify and address systemic factors 

that influence relevant outcomes after pediatric injury will remain limited.

The Functional Status Scale (FSS) was developed and validated as an age-independent, 

granular measure of functional status suitable for large-scale studies.10 FSS is practical for 
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assessing hospitalized children because values can be obtained in less than five minutes from 

the medical record or from the patient’s health providers. The score is based on the concepts 

of activities of daily living and adaptive behavior and has been validated against the 

Adaptive Behavior Assessment Scale (ABAS)-II, a comprehensive norm-referenced 

assessment of adaptive skills.11 FSS assesses functioning in the domains of mental status, 

sensory function, communication, motor function, feeding and respiratory status. Status in 

each domain is classified as ‘normal’ to ‘very severe dysfunction,’ with total scores ranging 

from 6 (best) to 30 (worst). FSS has been found to be precise and reliable as a predictor of 

morbidity based on physiological profiles, with a three-point change in FSS representing 

significant “new morbidity.”12 Although FSS has been assessed as a metric for measuring 

functional status after pediatric traumatic brain injury,13 its value for assessing outcomes in 

children sustaining injuries in other body regions is not known.

We hypothesized that FSS has applicability as a tool for assessing acquired morbidity in 

children with injuries affecting different body regions. To test this hypothesis, we evaluated 

the association between severity of injury measured by the Abbreviated Injury Scale (AIS) 

and new morbidity measured using FSS. Establishing this association will provide support 

for using FSS as a measure of morbidity in comparison studies of pediatric trauma 

management and as a metric for benchmarking centers treating injured children.

METHODS

Study Design

A centralized IRB approved this study for all participating sites. We analyzed the functional 

outcomes of injured children admitted between December 2011 – April 2013 as part of a 

multicenter prospective study of 10,078 critically ill patients in the Eunice Kennedy Shriver 
National Institute of Child Health and Human Development Collaborative Pediatric Critical 

Care Research Network (CPCCRN). In this study, patients up to 18 years old admitted to the 

intensive care unit were randomly selected and stratified by hospital. Patients with vital signs 

incompatible with life for the first two hours after intensive care unit admission were 

excluded. Only the first intensive care unit admission during a hospitalization was included.
12 We first identified 628 injured children in this cohort who survived to discharge using a 

disease category of ‘trauma’ during enrollment (22 [3.4%] injured children died during 

hospitalization). Among these patients, we excluded six with unavailable ICD-9 codes, two 

with a primary ICD-9 diagnosis code indicating late effects or complications of injury 

(905.0–909.9 or 958.0–958.9) and 19 with a diagnosis of a burn injury, identified by a 

diagnosis assigned at enrollment, primary ICD-9 diagnosis code or E-code indicating this 

injury type. For the remaining 601 children, we identified the AIS severity codes (a scale 

representing severity of injury: 1-minor, 2-moderate, 3-serious, 4-severe, 5-critical, 6-

maximum) of each injury’s ICD-9 code and calculated each patient’s Injury Severity Score 

(ISS) using the ICDPIC (International Classification of Diseases Program for Injury 

Categorization) macro implemented in Stata®.14 Body regions associated with each injury 

were classified using the AIS coding system of nine regions. We excluded from the analysis 

47 children whose maximum AIS severity in all body regions was 0 and one child with an 

injury that had an AIS severity of ‘maximum.’ Our analysis included 553 children who had 
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at least one injury ICD-9 code (800.0–959.9) with an associated AIS severity from ‘minor’ 

(AIS severity=1) to ‘critical’ (AIS severity=5).

Data Analysis

The primary outcome for this study was a change of ≥2 in any FSS domain between pre-

injury and hospital discharge status (‘new domain morbidity’). Secondary outcomes 

assessed included a change in total FSS of ≥3 (‘new morbidity’)15 between the pre-injury 

and discharge status. We represented overall injury severity in three ways: ISS, the number 

of injuries per patient with an AIS severity ≥2 (at least moderately severe injury) and the 

number of body regions affected by at least one injury AIS severity ≥2.16 We selected a 

threshold severity value of ‘2’ because injuries with a severity value of ‘1’ are minor injuries 

(e.g., superficial laceration) with a low likelihood of impact on outcome. In the development 

of a multivariable model, we considered the following covariates: age (categorized as <14 

days, 14 days to <1 month, 1 month to <1 year, 1–17 years), gender, the highest severity 

value across all body regions and the number of body regions (including the ‘unspecified’ 

category) with at least one injury with AIS severity≥2 with the presence of at least one 

injury with AIS severity≥2 and the presence of at least one injury with AIS severity >4 in 

each body region considered separately. A forward selection approach was used, with the 

most significant of any potential variable improving predictive ability (P<0.05 by score test) 

entered at each step. Final model goodness of fit was assessed by the Hosmer-Lemeshow 

test and predictive ability assessed by the c-statistic which quantifies area under the ROC 

curve. All statistical analyses were conducted using SAS Version 9.4.

RESULTS

Most of the 553 injured children were male (n=331, 59.9%), with a median age of 5.7 years 

(Table 1). Most patients had either one or two injuries with AIS severity ≥2. Consistent with 

being treated in an intensive care unit (ICU), most patients (68.7%) were at least moderately 

injured as measured by ISS (>9). Patients had a median length of stay in the ICU of 1.5 days 

and in the hospital of 3 days (Table 1). Almost half of the 1,122 injuries with AIS severity 

≥2 were head injuries (n=485, 43.2%) followed by injuries to the upper or lower extremity 

(n=211, 18.8%) and injuries to the abdomen (n=141, 12.6%) (Tables 1 and 2).

The functional status of most patients (n=536, 96.9%) was normal (FSS 6–7) before being 

injured. Seventeen patients had baseline impairment measured by FSS, 11 having mild 

impairment (FSS 8 or 9) and six having moderate impairment (FSS 10–15). Three patients 

with baseline mild impairment had new domain morbidity at discharge. The level of baseline 

impairment was not associated with the occurrence of either domain or overall new 

morbidity (P>0.05). Similar to findings observed in the entire cohort of ICU patients, 

baseline FSS in the cohort of injured patients was highly correlated with baseline values of 

the pediatric overall performance category (POPC) and pediatric cerebral performance 

category (PCPC) scales (P<0.001, Tables 3 and 4). Although most patients (n=434, 78.5%) 

returned to or remained with ‘good’ functional status at discharge (FSS 6 or 7), we observed 

higher functional impairment at discharge compared to pre-injury baseline status using 

domain and overall new morbidity (Table 1). Overall domain and overall new morbidity 
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occurred in 17% and 11% of patients, respectively. We observed an inverse relationship 

between discharge functional status and injury severity, with new domain morbidity best 

discriminating change in functional status (Figure 1).

In a multivariable logistic regression analysis, new domain morbidity was associated with 

both an increasing number of body regions with at least one injury with AIS severity ≥2 and 

injuries to specific body regions (Table 5). As an example of the former, patients with two 

injured areas were about five times more likely to acquire new domain-related morbidity 

than those with at most one injured area, while those with more than four injuries with AIS 

severity ≥2 were 17 times more likely (P<0.001 for significance of both comparisons via 

Wald test of model coefficients). The presence of a severe (AIS severity ≥4) injury in the 

head or spine region (P=0.04 and P=0.01, respectively) and the presence of a lower 

extremity injury with AIS severity ≥2 (P=0.01) were also independently associated with the 

occurrence of new domain-related morbidity (Table 5). In an evaluation of the domain-

specific effects of covariates in this multivariate model, we observed that an increase in the 

number of body regions with at least one injury with AIS severity ≥2 was associated with a 

higher percentage of patients with impairment, with these morbidities being most common 

in the motor and feeding domains (Table 6). Patients with a severe spine injury (AIS severity 

≥4) or a lower extremity injury with AIS severity ≥2 had a higher percentage of new 

morbidity in the motor domain and the largest change in FSS from baseline than those 

without injuries in these categories (Tables 6 and 7). Patients with at least a severe head 

injury had the greatest percentage difference in new domain morbidity and change in overall 

FSS in the motor domain, with the second largest difference observed in the feeding domain 

(Tables 6 and 7). The model relating the number of body regions with at least one injury 

with AIS severity ≥2 and injuries to specific body regions performed well with an area under 

the curve of 0.80 and a goodness of fit of P=0.79. The 32 patients with only a minor injury 

(AIS severity=1) had similar morbidity rates to those with only one body-region with an 

injury with AIS severity ≥2.

DISCUSSION

Injury prevention and treatment advances have led to substantial declines in mortality in 

children, with a reported decrease in rate from 38 to 12 unintentional deaths/100,000 

children (1981 to 2012).17 This decrease has been paralleled by declines in mortality among 

children treated at trauma centers from 3.4% to 0.9% mortality (1986 to 2015) (data 

obtained from Pennsylvania Trauma Systems Foundation, Camp Hill, PA), making it 

increasingly challenging to detect center differences using this metric. Although pediatric 

trauma mortality is declining, mortality remains the most common outcome measure for 

assessing quality and comparing treatments among hospitalized injured children.18–19 With 

an increasing awareness that mortality is declining in value as a quality of care metric, 

increased focus has been on identifying other measures for assessing quality of life 

outcomes because most children survive their injury. Children hospitalized after injury have 

a three-fold higher risk of long-term functional impairment compared to those who are not 

hospitalized after injury, and more than half will have a residual functional impairment at 12 

months.6, 20 Given the impact of injury on short- and long-term functional status, functional 
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status assessment has the potential to serve as a more effective metric for evaluating the 

outcome of hospitalized children than mortality.

The main purpose of this study was to determine the association between injury severity 

(overall and within different body regions) and change in functional status. Establishing this 

association will allow identification of cohorts of injured children at highest risk for 

functional impairment and their need for prospective functional status assessment. Although 

it is intuitive that functional impairment is related to injury severity and risk of mortality, this 

finding has not always been observed after pediatric injury. A positive association between 

higher impairment and ISS was found using the Functional Independence Measure (FIM)/

WeeFIM among children, but was not consistently found using the physical summary 

component of the Child Health Questionnaire (CHQ).21–22 The body region injured has also 

been associated with the level of short-term functional status, with head and extremity 

injuries having worse outcomes than abdominal and chest injuries.6, 22 These studies, 

however, have weaknesses, including small sample size (populations not representing the 

range of injury types and severity), limited categorization of injury profiles, use of non-

generalizable or complex measures applicable to only specific ages (e.g., FIM, CHQ) and 

performance at single centers (uncertain generalizability).

Although most commonly related to relative mortality risk, AIS severity codes are assigned 

based on several dimensions in addition to threat to life: impacted energy, extent of organ 

damage, permanent impairment and required period of injury management.23 For this 

reason, a useful metric measure of functional status should be expected to detect increasing 

impairment as AIS severity codes and other measures of injury severity relying on these 

codes increase. In this study, we observed a direct association between the level of 

functional impairment and injury severity using several metrics, including ISS, the number 

of injuries with AIS severity ≥2 and the number of body regions with at least one injury with 

AIS severity ≥2. This observation is similar to the general pediatric ICU population in which 

new morbidity is also associated with severity of illness measured by physiological profiles.
12 Although ISS is a commonly used measure of overall injury severity, its value as a 

predictor of long-term functional status has been variable, likely related to calculation of ISS 

being based on the severity measured in at most three body regions. ISS distinguished 

functional status at discharge, with the least differentiation of functional status observed in 

children in lower ISS categories. The number of injury types and number of affected body 

regions have been proposed as severity metrics that may better predict functional status after 

injury.16 These metrics have a conceptual advantage over ISS because they allow 

consideration of the entire profile of injuries sustained and of injuries of lower severity that 

may have a higher impact on functional status than those with higher severity. Our findings 

showed that the spread of functional status change was best distributed across patients based 

on the number of affected body regions, supporting the benefits of using number of affected 

body regions for measuring injury severity in studies of functional status after injury.

Our findings suggest that domain-related new morbidity may be a more sensitive measure of 

functional impairment than overall new-morbidity, an observation that will need to be 

confirmed in follow-up studies. An analysis of the relationship between injury severity and 

domain-specific changes with increasing number of at least moderately severe injured body 
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regions showed that the most dominant changes in FSS were in the feeding and motor 

domains. For this reason, new domain-related morbidity may be more sensitive to change 

than overall new morbidity for injured children, which reflects a composite difference in all 

domains. We also observed that functional status was normal in almost all children before 

injury and returned to or remained normal in most children at discharge as measured by FSS. 

Similar findings were reported in a cohort of injured children admitted to an ICU sustaining 

traumatic brain injuries.13 Injured children differed from the overall cohort of children 

treated in an ICU with the latter having more than 25% functional impairment at baseline 

and more than 35% impairment at hospital discharge.15 These findings suggest that critically 

injured children are by comparison a ‘healthier’ patient population than other children 

requiring ICU treatment and that they often return to baseline function at discharge, despite 

having injuries requiring intensive monitoring.

This study has several limitations. First, this was a secondary data analysis, with injured 

children being categorized retrospectively using available diagnosis codes and disease 

category assignments. Although patients were recruited and assessed by experienced 

research coordinators working within the CPCCRN network, a prospective determination of 

injury profiles would better define injury categorization. Second, these data were obtained 

more than five years ago. The use of more contemporaneous data may better represent the 

current state of trauma care and its outcomes. Third, this study was limited to children 

treated in an ICU at some point during their hospitalization. It is not known if similar 

findings extend to those treated outside of a critical care setting or if the timing of their ICU 

stays influences morbidity. In particular, children with significant orthopedic injuries are 

often treated outside of an ICU setting.24 Fourth, the long-term implications of hospital 

discharge functional status in this cohort are not known. Although changes in functional 

status may be identified at discharge, it is possible that this measured short-term disability 

may not uniformly be associated with long-term changes.

CONCLUSION

Although most injured children who survive to discharge have a ‘good’ FSS at discharge, a 

significant number will acquire new domain-related morbidity or overall new morbidity at 

discharge. New domain-related morbidity in injured children is associated with increasing 

number of body regions with at least one injury with AIS severity ≥2, an injury to the 

extremities with AIS severity ≥2 and severe injury (AIS severity ≥4) to the head and spine. 

The motor domain of the FSS is the most severely affected domain across all injury types, 

while feeding is the second most common for all categories except spine injury where 

sensory is, not surprisingly, second most common. Based on these findings, FSS has utility 

as an outcome measurement tool for the assessment of morbidity in children requiring ICU 

admission with injuries across a range of body regions. Given that it is granular, simple, 

relatively rapid to perform and applicable to all ages, FSS has the potential to be a useful 

metric for large-scale assessment of functional status after pediatric injury. Future studies are 

needed to define the long-term impact of pediatric injury in the domains measured by FSS 

and in other domains relevant to the health status of injured children.
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Figure 1. 
Association of New Overall and Domain Morbidity with Injury Severity A change in 

functional status, measured as either a change in domain morbidity (change ≥2 in any 

Functional Status Scale [FSS] domain) or overall new morbidity (change in FSS ≥3), is 

related to injury severity. Injury severity measured as: A. Injury Severity Score (ISS); B. 

number of injuries with Abbreviated Injury Scale (AIS) severity ≥2; and C. number of body 
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regions with an injury with AIS severity ≥2. P<0.001 for all associations of categorized 

factors with rates and outcomes per Cochran-Armitage trend test.
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Table 1.

Summary Statistics

Variable

Age (years, median, IQR) 5.7 (1.3 – 11.8)

Male (No., %) 331 (59.9)

ISS score (No., %)

 1–8 173 (31.3)

 9–15 189 (34.2)

 16–24 150 (27.1)

 >24 41 (7.4)

No. of injuries/patient with severity≥2 (median, IQR) 1 (1–2)

Injuries with AIS severity ≥2

 Total 1,122

 Head (No., %) 485 (43.2)

 Face (No., %) 70 (6.2)

 Neck (No., %) 7 (0.6)

 Thorax (No., %) 121 (10.8)

 Abdomen (No., %) 141 (12.6)

 Spine (No., %) 81 (7.2)

 Upper extremity (No., %) 86 (7.7)

 Lower extremity (No., %) 125 (11.1)

 Other/unspecified (No., %) 6 (0.5)

Baseline FSS (median, IQR) 6 (6–6)

Discharge FSS (median, IQR) 6 (6–7)

Discharge FSS category (No., %)

 6–7 (good) 434 (78.5)

 8–9 (mildly abnormal) 66 (11.9)

 10–15 (moderately abnormal) 40 (7.2)

 16–21 (severely abnormal) 9 (1.6)

 >21 (very severely abnormal) 4 (0.7)

New domain-related morbidity (≥2 in any domain) 94 (17.0)

New morbidity (≥3 change from baseline) (No., %) 61 (11.0)

Change in FSS from baseline (median, IQR) 0 (0–1)

Intensive care unit length of stay (days, median and IQR) 1.5 (0.8–2.9)

Hospital length of stay (days, median and IQR) 3.0 (1.6–7.7)

SD-standard deviation; No.-number; ISS-Injury Severity Scale; AIS-Abbreviated Injury Scale; IQR-interquartile range
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Table 2.

Number of Injuries by Injury Severity for All Body Regions

AIS Severity

Body Region 1 2 3 4 5

Head 19 160 202 121 2

Face 62 67 3 0 0

Neck 0 2 5 0 0

Thorax 10 22 91 8 0

Abdomen 21 90 34 15 2

Spine 12 59 10 8 4

Upper extremity 8 75 11 0 0

Lower extremity 11 74 50 1 0

Unspecified 267 6 0 0 0

AIS-Abbreviated Injury Scale
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Table 5.

Multivariable Logistic Model Predicting Development of New Domain-related Morbidity

Predictor Odds Ratio (95% CI) P-value

No. of Body Regions with severity ≥2 <0.001

 0 or 1 reference

 2 5.29 (2.83, 9.89)

 3 6.20 (2.63, 14.59)

 4 6.83 (2.53, 18.47)

 >4 16.78 (4.28, 65.71)

Head injury AIS severity ≥4 1.88 (1.03, 3.43) 0.04

Spine injury AIS severity ≥4 6.83 (1.46, 32.04) 0.01

Lower extremity injury AIS severity ≥2 2.29 (1.18, 4.46) 0.01

No.-number; AIS-Abbreviated Injury Scale; c-statistic=80.1%; P=0.79 for Hosmer-Lemeshow test of fit.
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Table 7.

Change in Overall Functional Status Scale (FSS) Based on Factors in Multivariable Model

Variable No. of Patients Change in FSS from 
Baseline (SD)

Change in FSS from Baseline by Domain (SD)

Communication Feeding Mental Motor Sensory Respiratory

No. of body regions with AIS≥2

 0 32 0.4 (1.2) 0.1 (0.2) 0.1 (0.4) 0.1 (0.2) 0.1 (0.5) 0.0 (0.0) 0.1 (0.4)

 1 350 0.5 (1.8) 0.1 (0.3) 0.1 (0.4) 0.1 (0.4) 0.2 (0.6) 0.1 (0.4) 0.0 (0.3)

 2 95 2.1 (3.7) 0.4 (0.9) 0.3 (0.8) 0.3 (0.5) 0.9 (1.1) 0.2 (0.7) 0.1 (0.4)

 3 38 2.0 (3.6) 0.3 (0.8) 0.3 (0.7) 0.2 (0.7) 1.1 (1.1) 0.1 (0.7) 0.1 (0.3)

 4 24 1.9 (2.2) 0.1 (0.3) 0.5 (0.9) 0.1 (0.3) 1.1 (1.2) 0.1 (0.3) 0.1 (0.4)

 >4 14 3.6 (3.7) 0.4 (0.6) 0.9 0.5) 0.4 (0.6) 1.6 (0.9) 0.1 (0.4) 0.3 (1.1)

Head injury AIS≥4

 Absent 439 0.9 (2.4) 0.1 (0.5) 0.2 (0.6) 0.1 (0.5) 0.4 (0.8) 0.1 (0.5) 0.0 (0.4)

 Present 114 1.3 (3.0) 0.2 (0.5) 0.3 (0.7) 0.2 (0.6) 0.4 (1.0) 0.1 (0.5) 0.1 (0.5)

Spine injury AIS≥4

 Absent 544 0.9 (2.5) 0.1 (0.5) 0.2 (0.6) 0.1 (0.5) 0.4 (0.8) 0.1 (0.4) 0.0 (0.4)

 Present 9 3.7 (5.5) 0.6 (1.3) 0.2 (0.7) 0.4 (1.3) 1.6 (1.4) 0.9 (1.5) 0.0 (0.0)

Lower extremity injury AIS≥2

 Absent 475 0.7 (2.3) 0.1 (0.5) 0.1 (0.5) 0.1 (0.5) 0.3 (0.8) 0.1 (0.5) 0.0 (0.3)

 Present 78 2.5 (3.4) 0.3 (0.8) 0.4 (1.0) 0.3 (0.7) 1.3 (0.9) 0.1 (0.6) 0.1 (0.6)

AIS-Abbreviated Injury Scale; SD-standard deviation
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