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Abstract

Objective: To develop a disability metric for motor vehicle crash (MVC) thoracic injuries and
compare functional outcomes between pediatric and adult populations.

Methods: Disability risk (DR) was quantified using Functional Independence Measure (FIM)
scores within the National Trauma Data Bank (NTDB) for the top 95% most frequently occurring
AIS 2, 3, 4, and 5 thoracic injuries in NASS-CDS 2000-2011. The NTDB contains a truncated
form of the FIM score, including three items (self-feed, locomotion, and verbal expression), each
graded from full functional dependence to full functional independence. Pediatric (ages 7-18),
adult (19-45), middle-aged adult (46-65), and older adult (66+) MVC occupants were classified
as disabled or not disabled based on the FIM scale. The DR was calculated for each injury within
each age group by dividing the number of patients who were disabled that sustained the specific
injury by the number of patients who sustained the specific injury. To account for the impact of
more severe co-injuries, a maximum AIS (MAIS) adjusted DR (DRpas) Was also calculated. DR
and DRyas could range from 0 (0% disability risk) to 1 (100% disability risk).

Results: The mean DRy s for MVC thoracic injuries was 20% for pediatric occupants, 22% for
adults, 29% for middle-aged adults, and 43% for older adults. Older adults possessed higher
DRpmais values for diaphragm laceration/rupture, heart laceration, hemo/pneumothorax, lung
contusion/laceration, rib fracture, and sternum fracture compared to the other age groups. The
pediatric population possessed a higher DRy a s Vvalue for flail chest compared to the other age
groups.

Conclusions: Older adults had significantly greater overall disability than each of the other age
groups for thoracic injuries. The developed disability metrics are important in quantifying the
significant burden of injuries and loss of quality life years. Such metrics can be used to better
characterize severity of injury and further the understanding of age-related differences in injury
outcomes, which can impact future age-specific modifications to AlS.
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INTRODUCTION

Thoracic injuries rank second only to head injuries in terms of the number of fatalities and
serious injuries in motor vehicle crashes (MVCs) in the United States!. There are age-related
differences in both thoracic injury risk and mortality risk22, with adults (ages 19+) having
significantly greater mortality risk compared to pediatric occupants aged 5-14 years old.
Although mortality risk is a useful measure for threat to life, it does not accurately capture
the significant burden of injury or the severity of non-fatal injuries. This is especially critical
for pediatric patients where mortality rates tend to be very low. In an effort to supplement
data on mortality rates, a metric quantifying the disability of specific injuries was developed
using Functional Independence Measure (FIM) scores within the National Trauma Data
Bank-Research Data Set (NTDB-RDS) for the top 95% most frequently occurring AlS 3, 4,
and 5 MVC injuries?. This previously developed disability risk ranged from 0 to 90%
disability for AIS 3, 4, and 5 thoracic injuries across the pediatric and adult age groups. The
objective of this study was to further explore the disability metric for thoracic injuries by
developing a disability metric for AIS 2, 3, 4, and 5 thoracic injuries and comparing the
functional outcomes between the pediatric and adult populations.

METHODS

Disability Risk (DR)
The top 95% most frequently occurring AlS 2, 3, 4, and 5 thoracic injuries in MV Cs were
identified using the National Automotive Sampling System—Crashworthiness Data System
(NASS-CDS) years 2000-2011°. MVC occupants were grouped into four age groups:
pediatric (ages 7-18), adult (19-45), middle-aged (46-65), and older adult (66+). For
pediatric occupants, the top 95% most frequently occurring AlS 2-5 thoracic injuries
consisted of a list of 18 unique AIS codes. For the stratified adult age groups, the top 95%
most frequently occurring AIS 2-5 thoracic injuries consisted of a list of 32 unique AIS
codes.

Disability risk (DR) was calculated using the largest aggregation of trauma registry data, the
NTDB-RDS version 7.1 years 2002—2006, as described in the previous study*6. Briefly,
MVC cases were selected using the ICD-9 external cause of injury codes (E-codes) 810-819
with post dots of 0 or 1, and an AlIS-98 to ICD-9 mapping approach was used to match each
of the patient’s ICD-9 codes with its corresponding AIS code’. The Functional
Independence Measure (FIM) scores, which measures the level of disability and amount of
assistance required to carry out daily living activities, were used to calculate DR8. The FIM
instrument has been validated for use in children 7 years and older®-11, The FIM instrument
in the NTDB-RDS contains a validated truncated form of the measure with 3 items
evaluating the areas of self-feed, locomotion, and verbal expression, each graded on a scale
of 1 (full functional dependence) to 4 (full functional independence)11-18, Patients in each of
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the four age groups were classified as disabled if any of the three items (self-feed,
locomotion, or verbal expression) possessed a FIM score of 1 or 2, indicating full functional
or modified dependence.

Within each age group, for each of the top 95% most frequently occurring AlS 2, 3, 4, and 5
MVC thoracic injuries, the DR was calculated by dividing the number of patients who were
disabled that sustained a specific injury by the number of patients who sustained the specific

injury (Eq. (1)).

# Patients who were disabled that sustained a given injury 1)

Disability Risk (DR) = # Patients that sustained a given injury

To account for the impact of higher severity co-injuries, a MAIS-adjusted DR (DRpas) Was
also calculated for each injury. The calculation of the DRya s for each injury includes only
occupants with a MAIS equal to the AIS severity of the given injury (Eq. (2)). For example,
if the given injury was an AIS 2, then occupants with AIS 3+ injuries would be excluded
from the calculation. DR and DRy s for each injury within each age group resulted in
possible values ranging from 0 (0% disability risk) to 1 (100% disability risk).

MAIS — Ad justed Disability Risk (DRy; ) )

Patients who were disabled that sustained a given injury

and had a MAIS = AIS severity of the given injury
Patients that sustained a given injury

and had a MAIS = AIS severity of the given injury

DR and DRya s Values for injuries on each of the respective top 95% lists were compared
across the four age groups. One-way analysis of variance was used to examine group
differences between age groups. Pairwise comparisons were also evaluated, using a
conservative Bonferroni adjustment to account for multiple comparisons. All statistical
analyses were performed using SAS 9.4 (SAS Institute, Cary, NC) and JMP Pro 12.0 (SAS
Institute, Cary, NC) and a p-value less than 0.05 was considered statistically significant.

The DR and DRpa s for the given injuries ranged from 0 (0% disability risk) to 0.9 (90%
disability risk). The mean, standard deviation, and median DR and DRyas Values with
interquartile ranges (IQR) for the AIS 2, 3, 4, and 5 thoracic injuries on the top 95% lists for
each age group are reported in Table 1. For the DR values, pairwise comparisons
demonstrated that older adults had significantly greater overall disability than each of the
other age groups (older adult (50.0 + 15.4%) vs. pediatric patients (29.0 £ 13.7%), vs. adult
(30.9 + 9.1%) vs. middle-aged (34.7 + 13.1%); all p<0.0001). The DR values ranged from
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12.5% to 70% for pediatric occupants, 20% to 53% for adults, 0% to 67% for middle-aged
adults, and 0% to 90% for older adults. For the DRyas Values, pairwise comparisons also
demonstrated that older adults had significantly greater DRy s Values than each of the
other age groups (older adult (42.9 + 19.5%) vs. pediatric patients (19.6 + 15.8%), vs. adult
(22.4 + 12.5%), vs. middle-aged (28.6 £ 15.7%); all p <0.01). The DRy s Values ranged
from 0% to 64% for pediatric occupants, 0% to 48% for adults, 0% to 64% for middle-aged
adults, and 0% to 90% for older adults.

Further analysis was performed using the DRy s metric as it is a better estimate of the
disability of an individual injury since it excludes the influence of occupants with higher
severity co-injuries from the calculation. The DRy s for each injury was compared to its
corresponding MAIS-adjusted mortality risk (MR s) for pediatric and adult patients
(Figure 1)319. The thoracic injuries across all the age groups had mortality risks values less
than 50%, however, the associated disability risk ranged upwards to 90%. For low MRyas
values (0 — 5%), there were large variations in DRyais With some injuries having high
disability risks (0 — 38%). Linear regression models were fit to the data with R? values of
0.239 for pediatric patients, 0.509 for adults, 0.445 for middle-aged adults, and 0.635 for
older adults.

To compare the differences in disability for individual thoracic injuries between the pediatric
cohort and stratified adult groups, the DRy s for each thoracic injury in the pediatric group
is plotted for the same injury in each adult age group (Figure 2). Injuries appearing above
the equivalency line demonstrate a greater DRy s for pediatric patients than for the given
adult age group. Comparing pediatric patients with the adult group, the disability values
across each of the AIS severity values were very similar, as the majority of injuries fell along
the equivalency line. This pattern shifted when comparing the pediatric patients to the
middle-aged adult group. The middle-aged adult group tended to have higher DRyals
values across each of the AIS severity values. In comparing the older adult group and
pediatric patients, the older adult group tended to have much higher DRy a s values for each
AIS severity value.

DISCUSSION

MV C-induced thoracic injuries can result in varying levels of mortality and morbidity
depending on the age of the occupant. Supplementation of mortality and AIS severity
information with information regarding disability and functional outcomes can better
characterize the severity of injuries especially for injuries with low mortality rates. In this
study, a disability metric was quantified for the most frequently occurring AIS 2, 3, 4, and 5
MV C-induced thoracic injuries across the pediatric population, adults, middle-aged adults,
and older adults using FIM scores from the NTDB-RDS. Overall, for both DR and DRyas,
older adults had significantly higher disability risks in comparison to pediatric patients,
adults, and middle-aged adults for thoracic injuries.

To observe the varying levels of mortality and morbidity, a comparison of DRya|s and the
mortality equivalent MRy a1s Was analyzed for each age group. Across all the age groups,
low mortality risk thoracic injuries resulted in varying levels of disability spanning the range

Traffic Inj Prev. Author manuscript; available in PMC 2019 October 04.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Weaver et al. Page 5

of 0 to 38%. The wide variability in disability risk for injuries of a given mortality risk
highlights the ability of disability metrics to supplement mortality metrics to provide more
information regarding the severity of injury.

The differences in disability for individual thoracic injuries across age groups were analyzed
by comparing the pediatric cohort to each stratified adult age group. The disability risks
across each AIS severity between the pediatric cohort and adult occupants were very similar.
Middle-aged and older adults tended to have higher disability across each AlS severity in
comparison to the pediatric occupants. An interesting injury comparison included an AlS 4
rib cage flail chest injury with lung contusion that resulted in higher disability for the
pediatric occupants (64%) in comparison to the adults (35%), middle-aged adults (37%), and
older adults (60%). Clinically, pediatric occupants often sustain lung injuries without the
presence of rib fractures, while adults almost always sustain lung injuries in conjunction
with rib fractures. When rib fractures are present in pediatric occupants, this often indicates
severe trauma and thus can result in more debilitating outcomes as indicated by the higher
disability risk20:21,

In conclusion, a disability-based metric was computed for the most frequently occurring
MV C-induced thoracic injuries for different age groups. Similar to varying levels of
incidence and mortality associated with thoracic injuries, there were age-related differences
in disability risk and injury outcomes. These differences across age groups highlight the
effects of development and aging on the risk of morbidity. This information supplemented
with AIS severity and mortality risk can lead to a better characterization of the severity of
injury and better capture the significant burden of non-fatal injuries. The characterization of
injury severity by age can help further the understanding of age-related differences in injury
outcomes, which can impact future age-specific modifications to AlS.

ACKNOWLEDGEMENTS

The authors would like to acknowledge the National Science Foundation (NSF) Center for Child Injury Prevention
Studies at the Children’s Hospital of Philadelphia (CHOP) for sponsoring this study and its Industry Advisory
Board (IAB) members for their support, valuable input and advice. This publication was also supported by the
National Institutes of Health (NIH), Eunice Kennedy Shriver National Institute of Child Health and Human
Development, grant KOBHDO073241. The views presented are those of the authors and not necessarily the views of
CHOP, the NSF, the IAB members, or the NIH.

NTDB data was provided by the Committee on Trauma, American College of Surgeons (ACS). NTDB Version 7.1
Chicago, IL, 2007. The content reproduced from the NTDB remains the full and exclusive copyrighted property of
the American College of Surgeons. ACS is not responsible for any claims arising from works based on the original
data, text, tables, or figures.

REFERENCES

1. Cavanaugh JM Biomechanics of Thoracic Trauma Accidental Injury: Springer; 2002:374-404.

2. Morris A, Welsh R, Hassan A. Requirements for crash protection of older drivers. Annu Proc Assoc
Adv Automot Med. 2003;47:165-179. [PubMed: 12941224]

3. Doud AN, Weaver AA, Talton JW, et al. Mortality risk in pediatric motor vehicle crash occupants:
accounting for developmental stage and challenging Abbreviated Injury Scale metrics. Traffic Inj
Prev. 2015;16(sup2):S201-S208. [PubMed: 26436233]

4. Schoell SL, Weaver AA, Talton JW, et al. Functional outcomes of motor vehicle crash head injuries
in pediatric and adult occupants. Traffic Inj Prev. 2016;17(sup1):27-33. [PubMed: 27586099]

Traffic Inj Prev. Author manuscript; available in PMC 2019 October 04.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Weaver et al.

Page 6

. National Highway Traffic Safety Administration. National Automotive Sampling System:

Department of Transportation; 2011.

. American College of Surgeons. National Trauma Data Bank - Research Data System. Vol RDS 7.1.

Chicago, IL: American College of Surgeons Committee on Trauma; 2007.

. Barnard RT, Loftis KL, Martin RS, Stitzel JD Development of a robust mapping between AIS 2+

and ICD-9 injury codes. Accid Anal Prev. 3 2013;52:133-143. [PubMed: 23333320]

8. Uniform Data System for Medical Rehabilitation. The FIM System 2007.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

. Aitken ME, Jaffe KM, DiScala C, Rivara FP Functional outcome in children with multiple trauma

without significant head injury. Arch Phys Med Rehabil. 1999;80(8):889-895. [PubMed: 10453764]
. Winthrop AL, Brasel KJ, Stahovic L, Paulson J, Schneeberger B, Kuhn EM Quality of life and
functional outcome after pediatric trauma. J Trauma Acute Care Surg. 2005;58(3):468-474.
Arthurs ZM, Starnes BW, Sohn VY, Singh N, Martin MJ, Andersen CA Functional and survival
outcomes in traumatic blunt thoracic aortic injuries: an analysis of the National Trauma Databank.
J Vasc Surg. 2009;49(4):988-994. [PubMed: 19341888]

Ottenbacher KJ, Hsu Y, Granger CV, Fiedler RC The reliability of the functional independence
measure: a quantitative review. Arch Phys Med Rehabil. 1996;77(12):1226-1232. [PubMed:
8976303]

Martin MJ, Mullenix PS, Steele SR, et al. Functional outcome after blunt and penetrating carotid
artery injuries: analysis of the National Trauma Data Bank. J Trauma Acute Care Surg.
2005;59(4):860-864.

Martin MJ, Weng J, Demetriades D, Salim A. Patterns of injury and functional outcome after
hanging: analysis of the National Trauma Data Bank. Am J Surg. 2005;190(6):838-843.
Spaniolas K, Velmahos GC, Alam HB, De Moya M, Tabbara M, Sailhamer E. Does improved
detection of blunt vertebral artery injuries lead to improved outcomes? Analysis of the National
Trauma Data Bank®. World J Surg. 2008;32(10):2190-2194. [PubMed: 18648873]

Brown JB, Stassen NA, Cheng JD, Sangosanya AT, Bankey PE, Gestring ML Trauma center
designation correlates with functional independence after severe but not moderate traumatic brain
injury. J Trauma Acute Care Surg. 2010;69(2):263-269.

Haider AH, Crompton JG, Oyetunji T, et al. Mechanism of injury predicts case fatality and
functional outcomes in pediatric trauma patients: the case for its use in trauma outcomes studies. J
Pediatr Surg. 2011;46(8):1557-1563. [PubMed: 21843724]

Haider AH, Chang DC, Haut ER, Cornwell EE, Efron DT Mechanism of injury predicts patient
mortality and impairment after blunt trauma. J Surg Res. 2009;153(1):138-142. [PubMed:
18805554]

Weaver AA, Barnard RT, Kilgo PD, Martin RS, Stitzel JD Mortality-based quantification of injury
severity for frequently occuring motor vehicle crash injuries. Annu Proc Assoc Adv Automot Med.
2013;57:235-245.

Garcia VF, Gotschall CS, Eichelberger MR, Bowman LM Rib fractures in children: a marker of
severe trauma. J Trauma Acute Care Surg. 1990;30(6):695-700.

Holmes JF, Sokolove PE, Brant WE, Kuppermann N. A clinical decision rule for identifying
children with thoracic injuries after blunt torso trauma. Ann Emerg Med. 2002;39(5):492-499.
[PubMed: 11973556]

Traffic Inj Prev. Author manuscript; available in PMC 2019 October 04.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Weaver et al. Page 7

® Pediatric W Adult 2 Middle-Aged @ Older Adult

0.9 - @
08 -
0.7 - . .
2 ¢ ¢ “
=06 & £
s .
% 0.5 4 :0 L 2
* & L
0.4 A * n A
"ase [
0.3 - “’ [ ]
R e e
0.2 ¢ =
01 8 »
0 i—o P : . .
0 0.1 0.2 03 0.4 0.5
MRy s

Figure 1.
MAIS-adjusted disability risk (DRpmars) Vs MAIS-adjusted mortality risk (MRpays) for the

top 95% list AIS 2, 3, 4, and 5 thoracic injuries by age group.
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Figure2.
DRpals for AIS 2, 3, 4, and 5 thoracic injuries for pediatric patients versus adults (top),

middle-aged (middle), and older adults (bottom). DRpa s for each injury in the pediatric
group is plotted against the DRy a s Of that injury for the adult age groups. Injuries are
categorized by AIS severity as noted in the legend. Injuries appearing above the equivalency
line demonstrate a greater DRya s for pediatric patients than for the given adult age group.
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Mean, standard deviation, and median disability risk (DR) and MAIS-adjusted disability risk (DRpas) with

interquartile ranges (IQR) for the top 95% AIS 2, 3, 4, and 5 thoracic injuries in each age group. Values are
expressed as percentages.

DR (%) DRuais (%)
AgeGroup Mean | 39 [ Median | 1QR | Mean | 39 [ Median | 1QR
Pediatric (7-18 YO) 200 | 137 | 266 | 201352 | 196 | 158 | 167 | 108270
Adult (19-45 YO) 309 | 91 [ 202 | 235368 | 224 | 125 | 206 [ 138207
Middle-Aged (46-65YO) | 347 | 131 | 328 | 254-410 | 286 | 157 [ 278 | 194361
Older Adult (66+ YO) 500 | 154 [ 500 | 403608 | 429 | 105 | 444 | 274589
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