
Injury 53 (2022) 2795–2803 

Contents lists available at ScienceDirect 

Injury 

journal homepage: www.elsevier.com/locate/injury 

Post-discharge rehabilitation and functional recovery after pediatric 

injury 

Aline B. Maddux 

a , ∗, John M. VanBuren 

b , Aaron R. Jensen 

c , Richard Holubkov 

b , 
Jessica S. Alvey 

b , Patrick McQuillen 

d , Peter M. Mourani a , 1 , Kathleen L Meert e , 
Randall S. Burd 

f , Eunice Kennedy Shriver National Institute of Child Health, Human 

Development Collaborative Pediatric Critical Care Research Network (CPCCRN) Assessment 
of Health-Related Quality of Life, Functional Outcomes after Pediatric Trauma Project 
Investigators 
a Department of Pediatrics, Section of Critical Care Medicine, University of Colorado School of Medicine and Children’s Hospital Colorado, 13121 E 17th Ave, 

MS 8414, Aurora, CO, 80045, United States 
b Department of Pediatrics, University of Utah School of Medicine, 295 Chipeta Way, Salt Lake City, UT, 84108, United States 
c Department of Surgery, University of California San Francisco and UCSF Benioff Children’s Hospital, 1411 East 31st St, Oakland, CA, 94602, United States 
d Department of Pediatrics, Benioff Children’s Hospital, University of California, San Francisco, 1550 Fourth St, San Francisco, CA, 94158, United States 
e Department of Pediatrics, Children’s Hospital of Michigan, Central Michigan University, 3901 Beaubien, Detroit, MI, 48201, United States 
f Division of Trauma and Burn Surgery, Children’s National Hospital, 111 Michigan Avenue NW, Washington, DC 20010, United States 
1 Department of Pediatrics, Section of Critical Care, Arkansas Children’s, 13 Children’s Way, Slot 842, Little Rock, AR, 72202, United States 

a r t i c l e i n f o 

Article history: 

Accepted 15 May 2022 

Key words: 

Pediatrics 

Wounds and injury 

Critical care 

Brain injuries 

Traumatic 

Critical care outcomes 

Patient outcome assessment 

Functional status 

Rehabilitation 

Follow-up studies 

Morbidity 

a b s t r a c t 

Introduction: Variability in rehabilitation disposition has been proposed as a trauma center quality met- 

ric. Benchmarking rehabilitation disposition is limited by a lack of objective measures of functional 

impairment at discharge. The primary aim of this study was to determine the relative contribution 

of patient characteristics and hospitalization factors associated with inpatient and outpatient rehabil- 

itation after discharge. The secondary aims were to evaluate the sensitivity of the Functional Status 

Scale (FSS) score for identifying functional impairments at hospital discharge and track post-discharge 

recovery. 

Patients and methods: We report a planned secondary analysis of a prospective observational study of se- 

riously injured children ( < 15 years old) enrolled at seven pediatric trauma centers. Functional Status Scale 

(FSS) score was measured for pre-injury, hospital discharge, and 6-month follow-up timepoints. Multino- 

mial logistic regression identified factors associated with three dispositions: home without rehabilitation 

services, home with outpatient rehabilitation, and inpatient rehabilitation. Relative weight analysis was 

used to identify the impact of individual factors associated with inpatient or outpatient rehabilitation 

disposition. 

Results: We analyzed 427 children with serious injuries. Functional impairment at discharge was present 

in 103 (24.1%) children, including 43/337 (12.8%) discharged without services, 12/38 (31.6%) discharged 

with outpatient rehabilitation, and 44/47 (93.6%) discharged to inpatient rehabilitation. In multivariable 

modeling, variables most contributing to prediction of inpatient rehabilitation were severe initial Glas- 

gow coma scale (GCS), injured body region, and functional impairment at discharge. Severe initial GCS, 

private insurance, and extremity injury were independently associated with disposition with outpatient 

rehabilitation. Patients discharged without services or with outpatient rehabilitation most frequently had 

motor impairments that improved during the next 6 months. Patients discharged to inpatient rehabili- 

tation had impairments in all domains, with many improving within 6 months. A higher proportion of 

patients discharged to inpatient rehabilitation had residual impairments at follow-up. 

∗ Corresponding author at: Pediatric Critical Care, University of Colorado School of 

Medicine, Children’s Hospital Colorado, Education 2 South, 13121 East 17th Avenue, 

MS 8414, Aurora, CO 80045. 
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Conclusion: Injury characteristi  

rehabilitation. The FSS score id  

improvements after discharge.  

tified by the FSS score. 
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Although mortality after hospitalization for pediatric injury 

ontinues to decline, it remains the most common outcome metric 

or trauma research and for evaluating trauma center quality [1–

] . Because most hospitalized children survive their injuries, eval- 

ation of post-injury impairments and rehabilitation potential can 

arget therapeutic interventions that improve long-term outcomes. 

owever, assessment for entry into rehabilitation services is not 

tandardized, resulting in variable utilization across centers [4–6] . 

bjective measurement of functional impairment at discharge may 

dentify patients who should receive rehabilitation services and fa- 

ilitate more precise benchmarking of trauma center use of reha- 

ilitation services. 

Assessments to identify functional impairment and quantify re- 

overy have been described, primarily for children with traumatic 

rain injuries [7–10] . An instrument that identifies functional im- 

airments associated with recovery potential among children with 

 more diverse range of injuries has not been identified [ 3 , 11 ].

ne potential instrument is the Functional Status Scale (FSS) score, 

hich assesses functional impairments across 6 domains (mental 

tatus, sensory, communication, motor, feeding, and respiratory) 

12–15] . This measure has been validated in pediatric populations 

nd has increasingly been used to track functional impairments af- 

er traumatic injury and in general pediatric intensive care unit 

PICU) populations [ 11 , 16-21 ]. 

The National Institute of Health’s Collaborative Pediatric Critical 

are Research Network (CPCCRN) conducted a prospective study to 

valuate functional impairments after pediatric trauma: the “As- 

essment of Functional Outcomes and Health-Related Quality of 

ife after Pediatric Trauma” study [22] . This report is a planned 

econdary analysis to 1) determine the relative contribution of fac- 

ors associated with discharge to inpatient and outpatient reha- 

ilitation, 2) evaluate the sensitivity of the FSS score to identify 

unctional impairments at hospital discharge, and 3) track post- 

ischarge recovery. 

atients and methods 

atients and setting 

This prospective observational cohort study was conducted at 

even CPCCRN sites between March 2018 and September 2020. 

ach participating site is a level 1 pediatric trauma center. A com- 

lete description of this study has been previously published [22] . 

riefly, children ( < 15 years old) were included who survived a 

erious, severe, or critical injury (Abbreviated Injury Scale [AIS] 

everity score ≥ 3) sustained by a blunt or penetrating mechanism. 

atients admitted for a burn injury, those not surviving to hospi- 

al discharge, and patients whose parents did not speak English or 

panish were excluded from the parent study. Enrollment was tar- 

eted at 50 patients per site per year and designed to oversample 

hildren with less commonly injured body regions (spine > thorax 

 abdomen > extremity > head) and those with injuries in more 

han one body region. Enrollment was adjusted quarterly to en- 

ance the inclusion of patients in each injury category, with a goal 

f 70% with single injured body regions and 30% with multiple re- 

ions. The Institutional Review Board at the University of Utah ap- 
2796 
cs and discharge impairment were associated with discharge to inpatient

entified impairments needing inpatient rehabilitation and characterized

Less severe impairments needing outpatient rehabilitation were not iden-

© 2022 Elsevier Ltd. All rights reserved. 

roved this study through a central mechanism. Written consent 

as obtained from the parents or guardians of subjects and assent 

hen appropriate based on patient age. 

ata collection 

Patient and hospitalization characteristics were obtained from 

he medical record. The parents or guardians self-reported race, 

thnicity, and insurance status. Injury and physiologic data were 

btained from the trauma registry, including injured body re- 

ion, injury type (blunt versus penetrating), injury mechanism, 

nitial Glasgow Coma Scale (GCS), initial systolic blood pressure 

nd heart rate, and intensive care unit (ICU) length of stay. Blunt 

njuries were further classified based on the underlying mecha- 

ism (fall, motor vehicle collision occupant, pedestrian, transport 

ther/motorcycle, pedal cyclist, struck by/against, ‘other’ or ‘un- 

nown’). “Child abuse” was classified based on medical record re- 

iew rather than using diagnosis codes from registry data due to 

nown inconsistencies in trauma registry coding of child abuse 

23] . Severe GCS was defined as a GCS total of < 9 or a GCS mo-

or of < 5 [22] . Vital signs (blood pressure and heart rate) were

tandardized to a z-score using age-based data [24–26] . Discharge 

isposition was obtained from trauma registry data and was clas- 

ified as discharge without services, outpatient rehabilitation, or 

npatient rehabilitation for the primary analyses. Only three pa- 

ients were discharged to skilled nursing care. These subjects are 

escribed but not included in the primary analyses. 

Pre-injury, discharge, and 6-month functional status was evalu- 

ted using the Functional Status Scale (FSS) score. Pre-injury and 

ospital discharge FSS scores were acquired by chart review and 

nterviews with the parent/guardian or clinical care team. The 6 

SS domains are scored 1 (normal) to 5 (severely abnormal), re- 

ulting in a total ranging from 6 to 30. Total FSS scores were cat- 

gorized as normal [6–7] , mildly abnormal [8–9] , and moderately 

o very severely abnormal ( > 9). Post-discharge assessments were 

btained at 6-month follow-up and included FSS scores and proxy 

eports of the PedsQL TM 4.0 quality of life inventory for children 

lder than 2 years and the infant scales for those under 2 years 

f age [27] . Follow-up was conducted by phone, email, or chart re- 

iew when phone contact was not made. PedsQL TM was unable to 

e obtained by chart review. 

tatistical analysis 

Patient and hospitalization characteristics were summarized us- 

ng count and proportion for categorical variables or median and 

nterquartile range (IQR) for continuous variables. The primary out- 

ome was rehabilitation-related discharge disposition: no rehabil- 

tation services, outpatient rehabilitation, or inpatient rehabilita- 

ion. We calculated the sensitivity and specificity of identifying 

 new domain impairment measured by FSS relative to identifi- 

ation of impairment based on rehabilitation disposition. Calcula- 

ions evaluating parameters for inpatient rehabilitation excluded 

atients discharged with outpatient rehabilitation. For outpatient 

ehabilitation calculations, patients discharged with inpatient re- 

abilitation were excluded. We performed a multinomial logistic 

egression to evaluate patient and injury characteristics associated 
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ith discharge to outpatient rehabilitation or inpatient rehabilita- 

ion. Univariate analyses were conducted using Fisher’s exact or 

ruskal-Wallis tests as appropriate. The multivariable models in- 

luded age, race/ethnicity, insurance status, injured body region, 

nitial GCS, and functional status at discharge measured by the FSS 

core. We assessed collinearity using condition indices and vari- 

nce inflation factors and removed colinear variables. We used rel- 

tive weight analysis to measure each variable’s contribution to 

utcomes in each multinomial logistic regression model. We evalu- 

ted functional status and health-related quality of life for patients 

ith 6-month follow-up data available. In patients with abnormal 

unctional status at discharge (FSS score > 7), we characterized the 

requency of domain-specific impairments using a more sensitive 

hreshold of an FSS domain score > 1 to define impairments at dis- 

harge and 6-month follow-up. We defined significance using two- 

ailed tests at p < 0.05. Analyses were completed using SAS version 

.4 (Cary, NC). 

esults 

atient characteristics 

The 427-patient cohort was predominantly male ( n = 271, 

3.5%), White ( n = 277, 64.9%) and included 64 (15.0%) patients 

nder 1 year old and 150 (35.1%) patients over 10 years old 

 Table 1 ). A similar proportion of children had an insurance sta- 

us that was private or commercial (49.9%) and Medicaid or Medi- 

are (46.4%). Most (97.0%) patients had normal pre-injury func- 

ional status (FSS 6-7). Injured body regions included: 115 (26.9%) 

solated extremity injuries, 144 (33.7%) head injuries (including 47 

32.6%) with severe injuries), 30 (7.0%) isolated thorax, 81 (19.0%) 

solated abdomen, 21 (4.9%) isolated spine, and 73 (17.1%) with 
able 1 

emographics by discharge disposition. 

Rehabilitation disposit

Overall 

( n = 427) 

Skilled nursing 

care ( n = 3) 

Age Category, n (%) 

< 1 year 64 (15.0) 0 (0.0) 

1-4 years 102 (23.9) 0 (0.0) 

5-9 years 111 (26.0) 1 (0.9) 

10-14 years 150 (35.1) 2 (1.3) 

Male Sex, n (%) 271 (63.5) 2 (0.7) 

Race, n (%) 

White 277 (64.9) 1 (0.4) 

Black 95 (22.2) 2 (2.1) 

Other 54 (12.6) 0 (0.0) 

Unknown 3 1 (0.2) 0 (0.0) 

Ethnicity, n (%) 

Hispanic or Latino 49 (11.5) 1 (2.0) 

Not Hispanic or Latino 376 (88.1) 2 (0.5) 

Unknown 3 2 (0.5) 0 (0.0) 

Preferred Language, n (%) 

English 412 (96.5) 3 (0.7) 

Spanish 15 (3.5) 0 (0.0) 

Insurance, n (%) 

Private/Commercial 213 (49.9) 0 (0.0) 

Medicaid/Medicare 198 (46.4) 3 (1.5) 

Self-Pay/No Insurance 12 (2.8) 0 (0.0) 

Unknown 3 4 (0.9) 0 (0.0) 

Baseline FSS Score Category, n (%) 

Normal (6-7) 414 (97.0) 3 (0.7) 

Not Normal (8 + ) 13 (3.0) 0 (0.0) 

ercentages in overall column are column percentages; percentages under Rehabilitation 

SS: Functional Status Scale 
1 Two patients had a missing discharge disposition 
2 Fisher’s exact test (Monte Carlo approximation for tables larger than 2 ×2) comparing
3 Not included in p -value calculation. 

2797 
ultiple body region injuries ( Table 2 ). The most common mech- 

nisms of injury were fall (29.3%), followed by motor vehicle col- 

ision (18.0%), and child abuse (10.5%). Nearly half (40.7%) of pa- 

ients were admitted to the ICU with a median ICU length of stay 

f 4 days (IQR 2, 7). The median hospital length of stay was 3 days

IQR 2, 8). 

Post-discharge rehabilitation was prescribed in 85 (19.9%) chil- 

ren, 38 (8.9%) outpatient and 47 (11.0%) inpatient ( Table 1 ). 

mong 337 (78.9%) patients discharged without services, 43 

12.8%) had functional impairment at discharge, including 38 

88.3%) who had impairment classified as mild (FSS 8-9) ( Table 2 ). 

mong patients discharged with outpatient rehabilitation, 12 

31.6%) had impairment at discharge, including mild impairment 

n 7 (18.4%) and moderate impairment in 5 (13.2%) ( Table 2 and 

ig. 1 ). Among patients discharged to inpatient rehabilitation, 44 

93.6%) had functional impairment at discharge, including mild im- 

airment in 21 (44.7%) and moderate impairment in 23 (48.9%). 

 new domain morbidity at hospital discharge (an increase of 

ore than two points in a domain-specific FSS score) was 79% 

asymptotic confidence interval [CI] 67%-90%) sensitive and 92% (CI 

9%-95%) specific for identifying impairments among patients dis- 

harged with inpatient rehabilitation and 16% (CI 4-27%) sensitive 

nd 92% (CI 89-95%) specific for identifying impairments among 

hose discharged with outpatient rehabilitation. 

actors associated with disposition to a rehabilitation program 

Five patients were excluded from the multivariable models 

valuating factors associated with disposition status due to un- 

nown follow-up ( n = 2, 0.5%) and discharge to skilled nursing 

r long-term care facility ( n = 3, 0.7%). Patients with severe head 

njuries were more frequently discharged to inpatient rehabilita- 
ion 1 

No services 

( n = 337) 

Outpatient 

rehabilitation 

( n = 38) 

Inpatient 

rehabilitation 

( n = 47) p -value 

.49 2 

54 (84.4) 4 (6.3) 5 (7.8) 

84 (82.4) 11 (10.8) 7 (6.9) 

87 (78.4) 10 (9.0) 13 (11.7) 

112 (74.7) 13 (8.7) 22 (14.7) 

211 (77.9) 26 (9.6) 30 (11.1) .82 2 

.41 2 

221 (79.8) 28 (10.1) 27 (9.7) 

70 (73.7) 6 (6.3) 15 (15.8) 

45 (83.3) 4 (7.4) 5 (9.3) 

1 (100.0) 0 (0.0) 0 (0.0) 

.17 2 

33 (67.3) 6 (12.2) 8 (16.3) 

302 (80.3) 32 (8.5) 39 (10.4) 

2 (100.0) 0 (0.0) 0 (0.0) 

.48 2 

326 (79.1) 37 (9.0) 44 (10.7) 

11 (73.3) 1 (6.7) 3 (20.0) 

.09 2 

166 (77.9) 25 (11.7) 21 (9.9) 

157 (79.3) 11 (5.6) 26 (13.1) 

10 (83.3) 2 (16.7) 0 (0.0) 

4 (100.0) 0 (0.0) 0 (0.0) 

.66 2 

327 (79.0) 36 (8.7) 46 (11.1) 

10 (76.9) 2 (15.4) 1 (7.7) 

disposition columns are row percentages. 

 no rehabilitation, outpatient, and inpatient prescriptions. 
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Table 2 

Injury characteristics, initial physiology, and hospital-based resource utilization by discharge disposition group. 

Rehabilitation disposition 1 

Overall 

( n = 427) 

Skilled nursing 

care ( n = 3) 

No services 

( n = 337) 

Outpatient 

rehabilitation 

( n = 38) 

Inpatient 

rehabilitation 

( n = 47) p -value 

Injured Body Region, n (%) < .001 2 

Multiple head (severe) 24 (5.6) 2 (8.3) 2 (8.3) 3 (12.5) 16 (66.7) 

Multiple head (not severe) 13 (3.0) 0 (0.0) 9 (69.2) 1 (7.7) 3 (23.1) 

Multiple excluding head 36 (8.4) 0 (0.0) 25 (69.4) 4 (11.1) 7 (19.4) 

Isolated head (severe) 23 (5.4) 0 (0.0) 10 (43.5) 3 (13.0) 9 (39.1) 

Isolated head (not severe) 84 (19.7) 0 (0.0) 75 (89.3) 7 (8.3) 2 (2.4) 

Isolated thorax 30 (7.0) 1 (3.3) 27 (90.0) 2 (6.7) 0 (0.0) 

Isolated abdomen 81 (19.0) 0 (0.0) 77 (95.1) 3 (3.7) 1 (1.2) 

Isolated spine 21 (4.9) 0 (0.0) 14 (66.7) 1 (4.8) 6 (28.6) 

Isolated extremity 115 (26.9) 0 (0.0) 98 (85.2) 14 (12.2) 3 (2.6) 

Number of Body Regions with a Serious Injury, n (%) < .001 2 

1 354 (82.9) 1 (0.3) 301 (85.0) 30 (8.5) 21 (5.9) 

2 46 (10.8) 0 (0.0) 28 (60.9) 6 (13.0) 12 (26.1) 

> 2 27 (6.3) 2 (7.4) 8 (29.6) 2 (7.4) 14 (51.9) 

Injury Type, n (%) .06 2 

Blunt 380 (89.0) 2 (0.5) 303 (79.7) 34 (8.9) 40 (10.5) 

Penetrating 17 (4.0) 1 (5.9) 10 (58.8) 1 (5.9) 5 (29.4) 

Unknown 4 30 (7.0) 0 (0.0) 24 (80.0) 3 (10.0) 2 (6.7) 

Mechanism of Injury, n (%) < .001 2 

Child Abuse 45 (10.5) 0 (0.0) 35 (77.8) 5 (11.1) 4 (8.9) 

Penetrating 11 (2.6) 1 (9.1) 6 (54.5) 0 (0.0) 4 (36.4) 

Fall 125 (29.3) 0 (0.0) 113 (90.4) 10 (8.0) 2 (1.6) 

Motor vehicle collision occupant 77 (18.0) 2 (2.6) 47 (61.0) 10 (13.0) 18 (23.4) 

Pedestrian 30 (7.0) 0 (0.0) 18 (60.0) 3 (10.0) 8 (26.7) 

Transport other/motorcycle 20 (4.7) 0 (0.0) 18 (90.0) 2 (10.0) 0 (0.0) 

Cyclist 23 (5.4) 0 (0.0) 22 (95.7) 1 (4.3) 0 (0.0) 

Struck by/against 31 (7.3) 0 (0.0) 24 (77.4) 2 (6.5) 5 (16.1) 

Other 15 (3.5) 0 (0.0) 14 (93.3) 0 (0.0) 1 (6.7) 

Unknown 4 50 (11.7) 0 (0.0) 40 (80.0) 5 (10.0) 5 (10.0) 

Severe Head Injury 5 , n (%) 45 (10.5) 2 (4.4) 10 (22.2) 8 (17.8) 24 (53.3) < .001 

Unknown 4 37 (8.7) 0 (0.0) 27 (73.0) 3 (8.1) 6 (16.2) 

Age Adjusted Systolic Blood Pressure Category, n (%) .07 2 

Normal 379 (88.8) 2 (0.5) 301 (79.4) 33 (8.7) 42 (11.1) 

Not normal 15 (3.5) 1 (6.7) 8 (53.3) 3 (20.0) 3 (20.0) 

Unknown 4 33 (7.7) 0 (0.0) 28 (84.8) 2 (6.1) 2 (6.1) 

Age Adjusted Pulse Rate 

Category, n (%) 

.73 2 

Normal 277 (64.9) 1 (0.4) 221 (79.8) 23 (8.3) 31 (11.2) 

Not normal 132 (30.9) 2 (1.5) 102 (77.3) 14 (10.6) 14 (10.6) 

Unknown 4 18 (4.2) 0 (0.0) 14 (77.8) 1 (5.6) 2 (11.1) 

ICU Admission, n (%) 174 (40.7) 3 (1.7) 105 (60.3) 23 (13.2) 42 (24.1) < .001 2 

Unknown 4 11 (2.6) 0 (0.0) 8 (72.7) 0 (0.0) 2 (18.2) 

ICU Length of Stay if Admitted to 

ICU , median [IQR] 

4.0 [2.0, 7.0] 13.0 [8.0, 41.0] 2.0 [2.0, 4.0] 5.0 [3.0, 13.0] 10.0 [6.0, 18.0] < .001 3 

Hospital Length of Stay (days) , 

median [IQR] 

3.0 [2.0, 8.0] 33.0 [11.0, 

51.0] 

3.0 [1.0, 5.0] 5.0 [4.0, 12.0] 17.0 [12.0, 

29.0] 

< .001 3 

Discharge Total FSS Score 

Category, n (%) 

< .001 2 

6-7 (normal) 324 (75.9) 1 (0.3) 294 (90.7) 26 (8.0) 3 (0.9) 

8-9 (mildly abnormal) 7 67 (15.7) 0 (0.0) 38 (56.7) 7 (10.4) 21 (31.3) 

> 9 (moderately to very severely 

abnormal) 7 
36 (8.4) 2 (5.6) 5 (13.9) 5 (13.9) 23 (63.9) 

New Domain Morbidities at 

Discharge 8 , n (%) 

No new domain morbidity 353 (82.7) 1 (0.3) 309 (87.5) 32 (9.1) 10 (2.8) < .001 2 

Domains with New Morbidities 8 

Mental status 11 (2.6) 0 (0.0) 0 (0.0) 0 (0.0) 11 (100.0) < .001 2 

Sensory 10 (2.3) 1 (10.0) 0 (0.0) 1 (10.0) 8 (80.0) < .001 2 

Communication 9 (2.1) 1 (11.1) 1 (11.1) 1 (11.1) 6 (66.7) < .001 2 

Motor 60 (14.1) 2 (3.3) 25 (41.7) 3 (5.0) 29 (48.3) < .001 2 

Feeding 23 (5.4) 1 (4.3) 2 (8.7) 1 (4.3) 18 (78.3) < .001 2 

Respiratory 2 (0.5) 1 (50.0) 0 (0.0) 0 (0.0) 1 (50.0) .21 2 

Percentages in overall column are column percentages; percentages under Rehab status columns are row percentages. 

ICU: Intensive Care Unit; FSS: Functional Status Scale. 
1 Two patients had a missing discharge disposition 
2 Fisher’s exact test (Monte Carlo approximation for tables larger than 2 ×2) comparing no rehabilitation, outpatient, and inpatient prescriptions. 
3 Kruskal-Wallis test comparing no rehabilitation, outpatient, and inpatient prescriptions. 
4 Not included in p -value calculation. 
5 Severe Glasgow Coma Scale (GCS) defined as total GCS < 9 or motor GCS < 5. 
6 Normal = z-score -1.96 to 1.96, not normal = < -1.96 or > 1.96. 
7 One patient in this cohort with missing disposition category. 
8 New morbidity defined as an increase in domain-specific FSS score ≥ 2. 
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Fig. 1. Total Functional Status Scale (FSS) Score at hospital discharge is associated with rehabilitation disposition. 
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ion, particularly when these patients had injuries in other body 

egions ( Table 2 ). Most patients with injuries to an isolated body 

egion were discharged without services. Patients with injuries in- 

olving more than two body regions or an injury from a penetrat- 

ng mechanism were more often discharged to inpatient rehabili- 

ation. Intensive care unit and hospital lengths of stay were short- 

st for those discharged without services, intermediate for those 

ischarged with outpatient rehabilitation, and longest for those 

ischarged to inpatient rehabilitation. Patients with impairments 

t discharge as measured by the FSS score were most often dis- 

harged to inpatient rehabilitation. Five patients with moderately 

o severely abnormal FSS scores at discharge were discharged with- 

ut services (Supplemental Table 3). These five patients were char- 

cterized by abnormal pre-illness FSS scores, isolated injuries most 

requently caused by a fall, 4 of 5 were cared for outside of the 

CU, and 4 of 5 had less than a 1-point increase between their pre-

llness and hospital discharge FSS scores. 

In the multivariable model comparing discharge to inpatient re- 

abilitation and home without services, variables most contribut- 

ng to prediction were abnormal FSS score at discharge (40.00%), 

everely abnormal admission GCS (21.34%), and injured body re- 

ion (21.26%) ( Table 3 ). In the multivariable model comparing dis- 

harge to outpatient rehabilitation and home without services, 

ariables most contributing to prediction were severely abnormal 

dmission GCS (35.20%), injured body region (20.58%) weighted 

rimarily on extremity fractures, and insurance status (19.80%) 

 Table 3 ). In a multivariable model comparing discharge to inpa- 

ient rehabilitation and outpatient rehabilitation, variables most 

ontributing to prediction of inpatient rehabilitation were abnor- 

al FSS score at discharge (39.63%), injured body region (21.03%), 

nd severely abnormal admission GCS (18.87%). 

ost-discharge recovery 

Six-month follow-up data were available for 323 (75.6%) pa- 

ients. Among these patients, most ( n = 290, 89.8%) had nor- 

al functional status at 6 months ( Table 4 ). Across all three dis-

osition groups, the proportion of patients with impaired func- 

ional status decreased between discharge and 6-month follow-up 

 Fig. 2 ). This improvement was most notable among patients dis- 
2799 
harged to inpatient rehabilitation (3/47 [6.4%] normal at discharge 

o 25/38 [65.8%] normal at follow-up) ( Tables 2 and 4 ). The ef-

ects of the impairments were also identified using the PedsQL TM 

core ( Table 4 ). Patients discharged without services or with out- 

atient rehabilitation had higher PedsQL TM scores 6 months after 

ischarge compared to those discharged to inpatient rehabilitation 

median 92.9 [IQR 82.6, 98.8] versus 93.5 [82.6, 98.9] versus 81.5 

60.9, 91.3], p < 0.001). 

To characterize recovery in the most severely affected cohort, 

e evaluated the 81 (19.0%) patients who had functional impair- 

ent (FSS > 7) at discharge and completed 6-month follow-up 

Supplemental Tables 1 and 2). For this analysis, we applied a more 

ensitive threshold of an increase of ≥ 1 in an FSS domain-specific 

core to define impairment. Motor impairments were most fre- 

uent among the 33 impaired patients discharged without services 

93.9%, n = 31) ( Fig. 3 ). At 6-month follow-up, only 7 (21.2%) of the

3 patients discharged without services had a residual motor im- 

airment ( Fig. 3 ). Among the 11 impaired patients discharged with 

utpatient rehabilitation, all had motor impairment at discharge. 

t 6-month follow-up, only 3 (27.3%) had a residual motor impair- 

ent. All domains were affected among the 35 impaired patients 

ischarged to inpatient rehabilitation. Mental status, sensory, and 

eeding domains were most frequently impaired. Impairments im- 

roved across all domains in these 35 patients, but residual im- 

airments occurred most often in the motor ( n = 11, 31.4%) and 

ommunication ( n = 11, 31.4%) domains ( Fig. 3 ). 

iscussion 

In this multicenter cohort of children hospitalized after injury, 

e identified patient factors, injury characteristics, and impair- 

ents at discharge associated with rehabilitation disposition. Func- 

ional impairment at discharge was associated with disposition to 

npatient rehabilitation and contributed to about 40% of the predic- 

ion of this outcome. While FSS score was most sensitive in detect- 

ng impairments treated with inpatient rehabilitation, other factors 

uch as severe GCS and injured body region also contributed to the 

redictive model. The FSS score was less sensitive in identifying 

mpairments treated with outpatient rehabilitation. Outpatient re- 

abilitation was associated with patient (e.g., insurance status) and 
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Fig. 2. Functional Status Scale (FSS) score categories at discharge and 6-month follow-up overall and by rehabilitation disposition. 

Fig. 3. Domain-specific improvements in patients with an abnormal functional status scale (fss) score at discharge and complete follow-up data ( n = 81). 

2800 
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Table 3 

Factors associated with discharge disposition to outpatient rehabilitation or inpatient rehabilitation compared to reference of no services or outpatient rehabilitation. 

Outpatient Rehabilitation (versus no 

services) 

Inpatient Rehabilitation (versus no 

services) 

Inpatient Rehabilitation (versus outpatient 

rehabilitation) 

Odds Ratio (95% CI) 

Relative 

weight (%) Odds Ratio (95% CI) 

Relative 

weight (%) Odds Ratio (95% CI) 

Relative 

weight (%) 

Age Category (Reference: 10-14 years old age group) 

< 1 year 0.40 (0.25, 0.63) 3.74 0.03 (0.01, 0.08) 1.50 0.07 (0.02, 0.20) 3.09 

1-4 years 0.47 (0.32, 0.69) 0.42 0.02 (0.01, 0.04) 9.20 0.03 (0.01, 0.09) 11.40 

5-9 years 0.90 (0.64, 1.28) 0.80 0.47 (0.25, 0.88) 0.41 0.52 (0.27, 1.03) 0.50 

Race/Ethnicity (Reference: non-Hispanic White) 

Hispanic/Latino 1.02 (0.65, 1.59) 3.72 0.66 (0.25, 1.73) 1.18 0.65 (0.24, 1.73) 0.65 

Non-Hispanic Black 1.07 (0.73, 1.58) 0.60 5.06 (2.56, 10.02) 2.52 4.72 (2.25, 9.89) 2.10 

Non-Hispanic 

Other 

0.64 (0.39, 1.06) 5.35 20.52 (8.79, 47.89) 1.34 31.89 (12.40, 82.03) 1.75 

Private/Commercial 

Insurance 

2.4 (1.78, 3.22) 19.80 2.35 (1.38, 4.00) 1.30 0.98 (0.56, 1.74) 1.00 

Injured Body Region 

Extremity 2.95 (1.61, 5.40) 11.22 11.12 (4.95, 24.99) 2.10 3.77 (1.52, 9.31) 2.18 

Spine 0.88 (0.25, 3.12) 0.74 80.95 (28.97, 226.17) 12.00 91.53 (20.42, 410.31) 12.66 

Head 2.50 (1.34, 4.67) 3.12 13.28 (5.82, 30.31) 4.69 5.31 (2.10, 13.42) 2.82 

Thorax 0.90 (0.47, 1.70) 2.30 1.44 (0.65, 3.17) 2.05 1.60 (0.65, 3.91) 3.06 

Abdomen 0.92 (0.51, 1.65) 3.20 2.07 (0.95, 4.49) 0.42 2.25 (0.92, 5.49) 0.31 

Severe GCS 1 10.68 (6.65, 17.13) 35.20 146.98 (66.70, 323.89) 21.34 13.77 (6.13, 30.91) 18.87 

Discharge FSS Score Category (Reference: Total FSS Score 6-7 (normal)) 

FSS 8-9 (mildly 

abnormal) 

1.32 (0.89, 1.96) 1.88 42.43 (21.55, 83.52) 19.54 32.08 (15.52, 66.30) 19.92 

FSS > 9 

(moderately to 

very severely 

abnormal) 

1.36 (0.72, 2.57) 7.91 66.05 (28.60, 152.54) 20.42 48.67 (19.52, 121.34) 19.71 

Model includes 383 subjects, patients with missing data elements and those discharged to skilled nursing facilities ( n = 3) were not included. 

CI: confidence interval; FSS: functional status scale. 
1 Severe Glasgow Coma Scale (GCS) defined as total GCS < 9 or motor GCS < 5. 

Table 4 

Six month outcomes. 

Rehabilitation disposition 

Overall 

( n = 427) 

Skilled nursing 

care ( n = 3) 

No services 

( n = 337) 

Outpatient 

rehabilitation 

( n = 38) 

Inpatient 

rehabilitation 

( n = 47) p -value 

FSS Score Category at 6-month Follow-up, n (%) < .001 1 

6-7 (normal) 290 (67.9) 2 (66.7) 236 (70.0) 27 (71.1) 25 (53.2) 

8-9 (mildly abnormal) 22 (5.2) 0 (0.0) 13 (3.9) 1 (2.6) 8 (17.0) 

≥ 10 (moderately to very 

severely abnormal) 

11 (2.6) 1 (33.3) 4 (1.2) 1 (2.6) 5 (10.6) 

Unknown 3 104 (24.4) 0 (0.0) 84 (24.9) 9 (23.7) 9 (19.1) 

PedsQL TM Total Score < .001 2 

Mean (SD) 86.5 (15.0) 58.0 (5.5) 88.4 (13.1) 88.3 (14.1) 74.8 (20.2) 

Median [IQR] 92.0 [79.3, 

97.8] 

58.7 [52.2, 

63.0] 

92.9 [82.6, 

98.8] 

93.5 [82.6, 

98.9] 

81.5 [60.9, 

91.3] 

FSS: Functional Status Scale; SD: Standard deviation; IQR: interquartile range. 
1 Fisher’s exact test with Monte Carlo approximation compare no rehabilitation, outpatient, and inpatient prescriptions. 
2 Kruskal-Wallis test compare no rehabilitation, outpatient, and inpatient prescriptions. 
3 Not included in p -value calculation 
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njury (e.g., injured body region and severe GCS) characteristics. 

dditionally, the FSS score was useful for tracking morbidities and 

dentifying severe discharge impairments and recovery patterns. 

Injury factors including severe GCS and injured body region 

ere key predictors in models comparing disposition to inpatient 

ehabilitation and with outpatient rehabilitation relative to home 

ithout services. When evaluating inpatient rehabilitation relative 

o discharge with outpatient rehabilitation or without services, FSS 

t discharge was also a key predictor suggesting its value as an 

dentifier of the need for inpatient rehabilitation. When evaluat- 

ng outpatient rehabilitation relative to discharge without services, 
2801 
he FSS score contributed less than 10% of the relative weight of 

he model and private or commercial insurance contributed nearly 

0%. These findings suggest that inpatient rehabilitation is allo- 

ated based on impairments at discharge and injury characteristics, 

ut that access to outpatient rehabilitation may differ based on a 

atient’s insurance [28–30] . 

The FSS score at discharge was highly specific for identifying 

ew impairments treated with rehabilitation, but the sensitivity 

aried. The FSS score identified nearly all patients with impair- 

ents discharged to inpatient rehabilitation but was less effective 

n identifying patients with impairments discharged with outpa- 
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[

ient rehabilitation. The low sensitivity of the FSS in identifying pa- 

ients discharged to an outpatient rehabilitation program shows its 

imited value in detecting less severe impairments. As previously 

eported in a pediatric brain injured cohort, application of scores 

ensitive to less severe injury, such as the Pediatric Functional In- 

ependence Measure, in combination with the FSS may provide a 

etter approach that addresses the heterogeneity of impairments 

mong injured children [7] . 

Among patients with functional impairments at discharge, im- 

airments improved across all disposition groups during the 6 

onths after hospitalization. Patients discharged without services 

nd those discharged with outpatient rehabilitation most fre- 

uently had motor impairments. Similar to other reports, a signif- 

cant proportion of the motor impairments improved at 6 months 

ven though full recovery was not observed in all patients [8] . 

mong patients discharged to inpatient rehabilitation, discharge 

mpairments were observed across all domains, most commonly 

ental status, communication, motor, and feeding. During the 6 

onths after discharge, improvements were observed in nearly all 

omains. Similar to findings reported in studies of survivors of pe- 

iatric injury, most gains were identified in the communication, 

otor, and feeding domains [ 31 , 32 ]. Despite overall improvement, 

early one-third of patients with disposition to inpatient rehabil- 

tation had residual communication and motor impairments at 6 

onths. 

This study has several limitations. First, about one-fourth of our 

ohort did not have 6-month follow-up data. These data may not 

e missing at random, leading to bias in applying complete case 

nalysis. Second, follow-up was limited to 6-month outcomes. A 

onger follow-up period may show additional changes in the tra- 

ectory of recovery. Third, we conducted this study at pediatric 

ospitals with level 1 trauma centers. Assessment of rehabilita- 

ion use in other hospital types will be needed to establish the 

eneralizability of these findings. Finally, although relative weight 

nalysis can evaluate contribution of the variable to the prediction 

odel, this approach has several limitations, including how closely 

ampled values represent true population values and residual ef- 

ects arising when variables are highly correlated. Although mul- 

ivariable regression remains the mainstay of evaluating the rela- 

ionship between predictors and outcomes, relative weight analysis 

rovides additional insight into the strength of these relationships 

33] . 

onclusions 

This study identifies that the FSS can be used to identify the 

ost severe impairments at discharge, particularly impairments 

eeding inpatient rehabilitation. However, other injury factors also 

ontributed to the allocation of inpatient rehabilitation. The FSS 

core may be a useful tool for determining the post-discharge re- 

overy of patients with severe impairment but is less useful for 

dentifying less severe impairments requiring outpatient rehabili- 

ation. Future research should focus on identifying impairments in 

he less severely impaired patients and characterizing the trajec- 

ory of recovery over a longer period. 
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