
UCSF
UC San Francisco Previously Published Works

Title
The Impact of Trauma-Center Care on Mortality and Function Following Pelvic Ring and 
Acetabular Injuries

Permalink
https://escholarship.org/uc/item/3fp277h4

Journal
Journal of Bone and Joint Surgery, 97(4)

ISSN
0021-9355

Authors
Morshed, Saam
Knops, Simon
Jurkovich, Gregory J
et al.

Publication Date
2015-02-01

DOI
10.2106/jbjs.n.00008
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/3fp277h4
https://escholarship.org/uc/item/3fp277h4#author
https://escholarship.org
http://www.cdlib.org/


The Impact of Trauma-Center Care on Mortality
and Function Following Pelvic Ring

and Acetabular Injuries
Saam Morshed, MD, PhD, MPH, Simon Knops, MD, Gregory J. Jurkovich, MD,

Jin Wang, PhD, Ellen MacKenzie, PhD, and Frederick P. Rivara, MD, MPH

Investigation performed at the Orthopaedic Trauma Institute, Departments of Orthopaedic Surgery and of Epidemiology and Biostatistics, San
Francisco General Hospital and University of California, San Francisco, California, and University of Washington School of Medicine, Seattle, Washington

Background: Lower mortality and improved physical function following major polytrauma have been associated with
treatment at level-I trauma centers compared with that at hospitals without a trauma center (nontrauma centers). This
study investigated the impact of trauma-center care on outcomes after pelvic and acetabular injuries.

Methods: Mortality and quality-of-life-related scores were compared among patients treated in eighteen level-I trauma
centers and fifty-one nontrauma centers in fourteen U.S. states. Complete data were obtained on 829 adult trauma patients
(eighteen to eighty-four years old) who had at least one pelvic ring or acetabular injury (Orthopaedic Trauma Association [OTA]
classification of 61 or 62). We used inverse probability of treatment weighting to adjust for observable confounding.

Results: After adjusting for casemix, we found that, for patients with more severe acetabular injuries (OTA 62-B or 62-C),
in-hospital mortality was significantly lower at trauma centers compared with nontrauma centers (relative risk [RR], 0.10;
95% confidence interval [CI], 0.02 to 0.47), as was death within ninety days (RR, 0.10; 95% CI, 0.02 to 0.47) and within
one year (RR, 0.21; 95% CI, 0.06 to 0.76). Patients with combined pelvic ring and acetabular injuries treated at a trauma
center had lower mortality at ninety days (RR, 0.34; 95% CI, 0.14 to 0.82) and at one year (RR, 0.30; 95% CI, 0.14 to
0.68). Care at trauma centers was also associated with mortality risk reduction for those with unstable pelvic ring injuries
(OTA 61-B or 61-C) at one year (RR, 0.71; 95% CI, 0.24 to 0.91). Seventy-eight percent of included subjects discharged
alive were available for interview at twelve months. For those with more severe acetabular injuries, average absolute
differences in the Short Form-36 (SF-36) physical function component and the Musculoskeletal Function Assessment at
one year were 11.4 (95% CI, 5.3 to 17.4) and 13.2 (1.7 to 24.7), respectively, indicating statistically and clinically
significant improved outcomes following treatment at a trauma center for those patients.

Conclusions: Mortality was reduced for patients with unstable pelvic and severe acetabular injuries when care was provided in
a trauma center compared with a nontrauma center. Moreover, those with severe acetabular fractures experienced improved
physical function at one year. Patients with these injuries represent a well-defined subset of trauma patients for whom our
findings suggest preferential triage or transfer to a level-I trauma center.

Level of Evidence: Therapeutic Level III. See Instructions for Authors for a complete description of levels of evidence.

A commentary by James P. Stannard, MD,
is linked to the online version of this article
at jbjs.org.
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C
ritically injured trauma patients benefit from an orga-
nized trauma service and integrated multidisciplinary
care1. Efforts at regionalization of trauma care have been

based on the premise that the concentration of resources for the
delivery of this complex specialty care will result in improved
outcomes2,3. However, the majority of studies supporting this
notion have been retrospective studies of registry data4. The
National Study on Costs and Outcomes of Trauma (NSCOT)
is a prospective study that was initiated to examine variations in
care across level-I trauma centers and hospitals without a trauma
center (nontrauma centers), to identify predictors of outcomes,
and to estimate cost-effectiveness of trauma care5. The study (by
E.M., F.P.R, G.J.J., and colleagues), showed that the risk of death
was significantly lower when care to critically injured patients
was provided in a level-I trauma center than when provided in
a nontrauma center6. Although this study also demonstrated
modest benefits associated with treatment at a level-I trauma
center in terms of the physical functioning of patients with a
major lower-limb injury, a similar benefit in terms of mortality
was not found among patients across the broad spectrum of
orthopaedic injuries7.

Patients with pelvic and acetabular injuries compose a
subset of trauma patients with particularly high morbidity and
mortality8-10. These injuries typically result from high-energy
trauma and are often accompanied by severe hemorrhage and

other potential life-threatening injuries. Given the complexity
and multimodal needs of trauma patients with pelvic and ac-
etabular injuries compared with other extremity trauma, we
hypothesized that such patients would show significant mor-
tality and functional benefits from trauma-center care. We
conducted a secondary analysis of the NSCOT data to assess
both the effect on mortality and functional outcomes among
patients who received trauma-center care, specifically those
with pelvic and acetabular injuries.

Materials and Methods

The NSCOT was conducted in fifteen regions, defined by contiguous Met-
ropolitan Statistical Areas in fourteen states, using sampling procedures that

have been previously described
5
. The Metropolitan Statistical Areas were selected

from among the twenty-five largest such areas in nineteen states; excluded were
those in which large nontrauma centers collectively treated annually fewer than
seventy-five patients with major traumatic injury (an Injury Severity Score of >15
derived by ICD-9-CM [International Classification of Diseases, Ninth Revision,
Clinical Modification] diagnostic codes)

4
. Within each Metropolitan Statistical

Area, all level-I trauma centers and large nontrauma centers were identified, as
were large nontrauma centers that annually treated at least twenty-five patients
with major traumatic injury. Of the trauma centers included, thirteen were
designated as such by the state and ten were verified by the American College of
Surgeons Committee on Trauma (ACSCOT); five were recognized by both the
state and ACSCOT. Level-II and level-III centers were not included. Ultimately,
eighteen trauma centers and fifty-one nontrauma centers agreed to participate
and received institutional review board approval to do so.

Fig. 1

Flow of subject inclusion and follow-up. ED = emergency department, and MFA = Musculoskeletal Function Assessment.
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TABLE I Patient Characteristics*

Before Adjustment After Adjustment

No. of
Patients

(Unweighted)

Nontrauma
Center
N = 278
(N = 638
Weighted)

Trauma
Center
N = 551
(N = 2006
Weighted) P Value

Nontrauma
Center
N = 278
(N = 2331
Weighted)

Trauma
Center
N = 551
(N = 2520
Weighted) P Value

Age (yr)

Mean, SD 58.3 ± 33.4 40.0 ± 31.1 <0.0001 42.3 ± 63.3 42.2 ± 37.8 0.96

<55 494 35.6% 81.9% <0.0001 68.2% 77.1% 0.17

55-64 81 12.6% 8.9% 9.6% 9.2%

65-74 114 17.3% 5.7% 9.0% 7.5%

75-84 140 34.5% 3.5% 13.2% 6.2%

Sex <0.0001 0.003

Male 451 33.5% 63.7% 41.8% 62.4%

Female 378 66.5% 36.3% 58.2% 37.6%

Race 0.09 0.87

Hispanic 107 9.1% 17.9% 14.0% 16.2%

Non-Hispanic, white 594 81.9% 61.8% 70.5% 64.9%

Non-Hispanic, non-white 128 9.0% 20.3% 15.5% 18.9%

Insurance <0.0001 0.21

None 162 10.7% 30.6% 18.4% 27.5%

Medicare only 183 38.2% 6.9% 16.3% 10.5%

Medicare and private 104 15.2% 6.3% 7.0% 7.2%

Private 295 26.4% 46.3% 41.5% 45.4%

Medicaid 52 4.7% 5.3% 10.0% 4.8%

Other 33 4.9% 4.6% 6.8% 4.6%

Injury mechanism 0.24 0.44

Penetrating 35 3.1% 5.5% 7.4% 4.8%

Blunt 794 96.9% 94.5% 92.6% 95.2%

First ED motor GCS 0.0002 0.24

6 636 93.3% 75.5% 73.3% 78.5%

4, 5 50 3.0% 7.3% 4.3% 6.7%

2, 3 13 0.4% 1.8% 1.6% 1.6%

1 (not paralyzed) 49 0.8% 4.2% 1.5% 3.9%

1 (paralyzed) 81 2.5% 11.2% 19.3% 9.3%

Injury Severity Score

Mean, SD 11.3 ±14.7 22.5 ± 22.3 <0.0001 22.3 ± 44.8 21.0 ± 25.0 0.80

<16 348 77.4% 34.6% <0.0001 42.0% 40.8% 0.06

16-24 206 12.7% 27.5% 22.7% 25.8%

25-34 165 5.3% 22.9% 10.3% 20.5%

>34 110 4.6% 14.9% 25.0% 12.9%

Maximum AIS <0.0001 0.44

£3 551 89.2% 63.6% 65.0% 67.4%

4 187 7.7% 24.6% 17.1% 22.1%

5, 6 91 3.1% 11.8% 17.9% 10.5%

Maximum AIS ‡3
Head region 164 8.2% 24.0% <0.0001 28.0% 21.7% 0.54

Face region 23 1.0% 3.3% 0.05 3.0% 3.0% 0.98

Thoracic region 319 14.7% 42.0% <0.0001 40.9% 37.9% 0.75

continued
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Patients
Patients were included if they were between the ages eighteen and eighty-four years
and were treated for amoderate-to-severe injury (defined by at least one injury with a
score of‡3 on theAbbreviated Injury Scale [AIS])11 between July 2001 andNovember
2002. Patients who presented with no vital signs and were pronounced dead within
thirtyminutes of arrivalwere excluded, aswere patientswhodelayed seeking treatment
for more than twenty-four hours, were sixty-five years of age or older and had a first-
listed diagnosis of hip fracture, had major burns, did not speak English or Spanish,
were not a U.S. resident, or were incarcerated or homeless at the time of injury.

Patient selection and eligibility was determined in two stages, and for the
present study, a third-stage query was used to identify and include only those
subjects with pelvic and/or acetabular injuries (Fig. 1). In the first stage, admin-
istrative discharge records and emergency department logs were prospectively re-
viewed to identify patients with a principal ICD-9-CM diagnostic code of 800
to 959 (excluding those due to late effects, foreign bodies, complications, burns,
and—among patients sixty-five years of age or older—hip fracture). A computer
program was then used to map ICD-9-CM diagnoses to AIS scores to identify
patients with at least one diagnosis involving an AIS score of ‡312. A total of 18,198
patients satisfied these initial eligibility criteria.

In the second stage, all 1438 patients who died in the hospital and a sample
of 8021 of the patients who were discharged alive were selected. A quota sampling
strategy was used with the goal of enrolling approximately 3000 patients who were
eighteen to sixty-four years of age and 1200 patients who were sixty-five to eighty-
four years of age, evenly distributed across trauma centers and nontrauma centers
and across categories of injury severity and principal region injured. Completed
medical records were obtained for 1391 of the patients who died in the hospital.
After exclusion of 287 who did not meet eligibility criteria, 1104 eligible deceased
subjects were identified and theirmedical-record datawere abstracted. Patients who
were discharged alive and selected for the study were contacted at three months by
mail and then by telephone, and informed consent was obtained to access their
medical records and interview them at three and twelve months after injury. Of
these 8021 patients who were selected for the study, 4866 were enrolled, and 4087
were ultimately found eligible; their complete medical-record data were abstracted.

For the purposes of this study, a third stage involved the inclusion only
of patients with a traumatic pelvic ring and/or acetabular injury from among
the emergency department and hospital deaths and the live discharges found
eligible in stage 2. Patients with at least one ICD-9 diagnostic code in the range

of 808.0 to 808.9 (fracture of pelvis, open/closed) and/or 805.6 to 806.79
(fracture of sacrum and coccyx, open/closed) and an Orthopaedic Trauma
Association (OTA) fracture classification

13
of 61 or 62 were selected for in-

clusion in the final cohort of this study. This resulted in the inclusion of 278
patients from nontrauma centers and 551 patients from level-I trauma centers.

It was necessary to weight data on these 829 participants with pelvic/
acetabular injury and complete medical records to the population of eligible
patients for two reasons: the sampling protocol selected all patients who died in
the hospital but only a proportion of patients who were discharged alive, and
not all patients selected for inclusion in the study were enrolled. The resulting
“sampling” weights consist of the reciprocal product of two probabilities: the
conditional probability of being selected and the probability of being enrolled
and having data abstracted from the medical record given that the patient was
selected. The target population for whom inferences were made in this sec-
ondary analysis of the NSCOT data consists of 2644 patients with a pelvic and/
or acetabular injury who were projected to meet the inclusion criteria.

Outcomes
Outcomes of primary interest were death in the hospital and death within
ninety days following injury. Deaths that occurred after discharge were iden-
tified either by interviewing a proxy or through a match with the National
Death Index. Secondary outcomes were twelve-month follow-up functional
assessments as measured with the Short Form-36 (SF-36)

14
and the Muscu-

loskeletal Function Assessment (MFA)
15
.

Statistical Analysis
All analyses were performed with use of data weighted to the population of eligible
patients (n = 2644). To adjust for potential confounding bias by observable factors
explaining differences in patients treated at trauma centers and those treated at
nontrauma centers, the inverse probability of treatmentweighting approach described
by Robins et al.

16
was used. Robust standard errors were computed to account for

clustering within hospitals. We compared mortality risk both in-hospital and within
ninety days; effects attributable to level of care were hypothesized to exist within this
period of time from injury. Quality-of-life outcomes (SF-36 physical and mental
component summary scores and MFA results) at one-year after injury were com-
pared. We used SAS version 9.2 (SAS Institute, Cary, North Carolina) and R version
2.1.1 (R Foundation for Statistical Computing, Vienna, Austria) for all analyses.

TABLE I (continued)

Before Adjustment After Adjustment

No. of
Patients

(Unweighted)

Nontrauma
Center
N = 278
(N = 638
Weighted)

Trauma
Center
N = 551
(N = 2006
Weighted) P Value

Nontrauma
Center
N = 278
(N = 2331
Weighted)

Trauma
Center
N = 551
(N = 2520
Weighted) P Value

Abdominal region 170 4.4% 24.4% <0.0001 11.8% 21.3% 0.02

Upper-extremity region 111 7.7% 15.4% 0.002 12.8% 14.8% 0.53

Lower-extremity region 487 39.5% 70.5% <0.0001 50.7% 68.9% 0.01

Neck region 2 0% 0.7% NA 0.0% 0.3% NA

Spine region 55 1.7% 8.9% 0.001 2.9% 8.0% 0.02

External region 3 0.4% 0.4% 0.90 0.7% 0.3% 0.58

Charlson Comorbidity Index <0.0001 0.07

0 535 50.5% 76.0% 69.9% 72.5%

1 136 17.5% 16.0% 12.0% 16.7%

2 75 13.6% 4.5% 9.3% 6.3%

‡3 83 18.4% 3.5% 8.8% 4.5%

*SD = standard deviation, ED = emergency department, GCS = Glasgow Coma Scale, AIS = Abbreviated Injury Scale, and NA = not applicable.
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Source of Funding
Funding for NSCOT came from a grant (R49/CCR316840) from the National
Center for Injury Prevention and Control of the Centers for Disease Control and
Prevention, and a grant (R01/AG20361) from the National Institute on Aging of the
National Institutes forHealth.No fundingwas received for the present investigation.

Results

On the basis of data weighted to the target population of 2644
eligible patients (1727 pelvic, 297 acetabular, and 620 com-

bined injuries), 92% survived at least twelve months after injury.
Compared with trauma-center patients, nontrauma-center pa-
tients were older, carried more comorbidities, and were more
likely to be female and insured (Table I). Patients treated at a
trauma center had a higher Injury Severity Score (ISS) and a
lower motor score of the Glasgow Coma Scale (GCS) at the time
of admission (Table I). Patients treated at a trauma center had
higher AIS scores for nearly every anatomical region. After in-
verse probability of treatment-weighted adjustment of the popu-
lation for reduction of confounding bias due to imbalances in
covariates, the two groups were found to be similar (Table I).
Only the sex of patients and AIS maximum scores for the ab-
dominal, lower-extremity, and spine regions significantly differed
between the two groups in the reweighted population, and these
variables were subsequently adjusted for in the statistical analysis.

The unadjusted in-hospital mortality rate was higher for
trauma centers (6.1% compared with 2.5%; p < 0.0001) but was

lower within one year after injury (7.2% compared with 11.5%;
p = 0.03) (see Appendix). These results were no longer signifi-
cant after adjustment for case mix, although the relative risk
(RR) reduction and 95% confidence interval (CI) suggested a
trend toward lower overall one-year mortality with treatment at
a trauma center (RR, 0.67; 95% CI, 0.44 to 1.01) (Table II).
Stratification revealed that those with combined pelvic and ac-
etabular injuries, unstable pelvic ring injuries (an OTA classifi-
cation of 61-B or 61-C), or more severe acetabular fractures
(OTA 62-B or 62-C) benefitted from trauma-center care.

Patients with combined pelvic ring and acetabular injuries
treated at a trauma center had lower mortality at ninety days
(RR, 0.34; 95% CI, 0.14 to 0.82) and at one year (RR, 0.30; 95%
CI, 0.14 to 0.68) (Table II). In-hospital mortality was signifi-
cantly lower at trauma centers compared with nontrauma cen-
ters (RR, 0.10; 95% CI, 0.02 to 0.47), as was death within ninety
days (RR, 0.10; 95% CI, 0.02 to 0.47) and one year (RR, 0.21;
95% CI, 0.06 to 0.76), for patients with more severe acetab-
ular injuries (OTA 62-B or 62-C) (Table III).

The results for subjects with pelvic injuries or single-
column acetabular fractures were mixed. Although patients
with stable pelvic ring injuries (OTA 61-A) had a higher hospital
mortality risk when treated at a trauma center compared with
a nontrauma center, this association was reversed and favored

TABLE II Adjusted Mortality Effect (Trauma Center vs.
Nontrauma Center) by OTA Classification*

Outcomes Relative Risk (95% CI)

Hospital death

All subjects 1.39 (0.59-3.28)

Pelvis only 1.89 (0.75-4.76)

Acetabulum only 2.20 (0.26-18.63)

Combined injury 0.51 (0.15-1.72)

Death within 90 days

All subjects 0.96 (0.64-1.46)

Pelvis only 1.18 (0.60-2.31)

Acetabulum only 4.04 (0.53-30.86)

Combined injury 0.34 (0.14-0.82)

Death within 1 year

All subjects 0.67 (0.44-1.01)

Pelvis only 0.71 (0.43-1.16)

Acetabulum only 5.80 (0.80-42.01)

Combined injury 0.30 (0.14-0.68)

*Among total cohort of patients with pelvic injuries (weighted
number of patients = 1727), acetabular injuries (weighted number
of patients = 297), or combined injuries (weighted number of pa-
tients = 620). Values calculated with use of a propensity score-
based adjustment model including the following covariates: all
demographic and injury characteristics listed in Table I aswell as ED
(emergency department) first shock, first ED assessment of pupils,
midline shift, flail chest, open skull fracture, obesity, and paralysis
along with relevant two-way interaction terms.

TABLE III Adjusted Mortality Effect (Trauma Center vs.
Nontrauma Center) by OTA Subclassification*

Outcomes Relative Risk (95% CI)

Hospital death

Pelvic A-Type 3.40 (1.23-9.39)

Pelvic B or C-Type 0.90 (0.22-3.67)

Acetabular A-Type 2.66 (0.32-22.15)

Acetabular B or C-Type 0.10 (0.02-0.47)

Death within 90 days

Pelvic A-Type 1.08 (0.51-2.30)

Pelvic B or C-Type 0.69 (0.23-2.06)

Acetabular A-Type 5.17 (0.72-37.02)

Acetabular B or C-Type 0.10 (0.02-0.47)

Death within 1 year

Pelvic A-Type 0.48 (0.26-0.91)

Pelvic B or C-Type 0.71 (0.24-0.91)

Acetabular A-Type 5.17 (0.72-37.02)

Acetabular B or C-Type 0.21 (0.06-0.76)

*A-Type is stable with regard to pelvic ring disruption and involves a
single column with regard to acetabular injury. B-Type is partially un-
stable with regard to pelvic ring disruption and includes a transverse
component with regard to acetabular injury. C-Type is unstable with
regard to pelvic ring disruption (complete disruption of the posterior
arch) and involves complete articular injury of both columns with regard
to the acetabulum. The weighted number of pelvic A-Type injuries was
1240; of pelvic B or C-Type, 941; of acetabular A-Type, 209; and of
acetabular B or C-Type, 152. Thirty pelvic and eight acetabular injuries
were not subclassified and were excluded from the stratified analysis.

269

THE JOURNAL OF BONE & JOINT SURGERY d J B J S .ORG

VOLUME 97-A d NUMBER 4 d FEBRUARY 18, 2015
IMPACT OF TRAUMA CARE ON MORTAL ITY AND FUNCTION

FOLLOWING PELV IC AND ACETABULAR IN JUR IES



trauma centers at one year (Table III). There was no association
between trauma-center care and mortality among subjects with
single-column (OTA 62-A) acetabular fractures. Patients with
unstable pelvic ring injuries (OTA 61-B or 61-C) had RR re-
ductions associated with trauma-center care that reached sig-
nificance by one year (RR, 0.71; 95% CI, 0.24 to 0.91).

Seventy-eight percent of the patients who were dis-
charged alive, eligible for inclusion in NSCOT, and included
in the present study were successfully located and interviewed
at twelve months (Fig. 1). For those with more severe acetab-
ular injuries, mean differences in scores of the SF-36 physical
component and the MFA at one year were 11.4 (95% CI, 5.3 to
17.4) and 213.2 (95% CI, 224.7 to 21.7), respectively, indi-
cating statistically and clinically significant improved outcomes
following treatment at a trauma center (Table IV).

Discussion

We studied the effects of trauma-center compared with
nontrauma-center care on mortality and functional out-

comes among patients in NSCOT who had experienced major
traumatic injuries, including pelvic and/or acetabular injuries. It
is important to note that the inferences drawn from the findings
of the present study pertain only to the comparison of level-I
compared with nontrauma centers. Conclusions about the rela-
tive performance of level-II and level-III centers cannot be drawn
from these data. Despite treating more severely injured patients,
trauma centers were associated with reduced risk of mortality for
patients with combined pelvic and acetabular injuries and those
with severe acetabular injuries. Moreover, the most critically in-
jured patients experienced improved physical functioning at one
year when care was provided in a trauma center.

These findings are consistent with a growing body of lit-
erature examining the effect of trauma-center care on mortality

and functional outcome. One reason for the benefits of dedicated
trauma-center care is the concentration of expertise cultivated by
high volumes of severely injured patients17. Much work has fo-
cused on elucidating which subsets of severely injured trauma
patients benefit most from trauma-center care given the ramifi-
cations that this knowledge would have on improving triage. An
analysis of National Trauma Data Bank (NTDB) data including
only those patients with severe cardiovascular, neurological, liver,
or complex pelvic injuries demonstrated mortality and disable-
ment benefits associated with level-I trauma-center care18. Patients
with complex pelvic injuries had significantly better functional
outcomes when treated at a level-I center. Similarly, a retrospective
cohort analysis of data from 18,103 primary trauma admissions
from the State of Ohio Trauma Registry demonstrated improved
survival associated with level-I trauma-center care19. This survival
advantage was present among those with an ISS of >15 as well as
those with head and pelvic injuries.

Given that injuries to the pelvis and acetabulum rep-
resent among the most life-threatening of orthopaedic in-
juries, these injuries have been implicated as indicators of
patients most likely to benefit from the expertise, experience, and
multidisciplinary resources available at trauma centers. Injuries to
the pelvis are associated with high rates of blood loss, mor-
bidity, and mortality20-24, although relatively little has been
written about these severe complications in the management of
high-energy acetabular fracture. Magnussen et al. found that,
when evaluating 289 high-energy isolated pelvic or acetabular
injuries, similar rates of subjects required blood transfusion25.
However, patients with combined pelvic and acetabular in-
juries among this cohort required transfusions at a significantly
higher rate (57%) compared with that for either isolated pelvic
(24%) or acetabular (35%) injuries. In the present study, we
benefitted from the increased granularity of NSCOT data by

TABLE IV Twelve-Month Adjusted Differences in Functional Outcomes (Trauma Center vs. Nontrauma Center)*

SF-36 Physical Component† SF-36 Mental Component† MFA‡

Unstratified sample 0.8 (22.1 to 3.7) 1.3 (21.4 to 4.1) 13.8 (22.1 to 29.7)

Pelvic-only injury 2.3 (20.8 to 5.3) 2.1 (21.9 to 6.0) 7.9 (211.3 to 27.2)

Acetabular-only injury 22.8 (29.7 to 4.0) 20.5 (27.5 to 6.5) 12.5 (210.5 to 35.5)

Combined injury 1.7 (23.2 to 6.6) 0.5 (26.7 to 7.6) 14.7 (210.2 to 39.6)

OTA subclassification

Pelvic A-Type§ 1.5 (21.8 to 4.7) 2.3 (21.0 to 5.7) 10.4 (26.6 to 27.3)

Pelvic B or C-Type# 2.9 (27.1 to 12.9) 20.7 (28.5 to 7.1) 16.3 (210.3 to 42.8)

Acetabular A-Type§ 22.8 (210.5 to 4.8) 24.1 (211.2 to 3.1) 9.4 (213.3 to 32.1)

Acetabular B or C-Type# 11.4 (5.3 to 17.4) 3.8 (21.7 to 9.3) 213.2 (224.7 to 21.7)

*Propensity score-based adjustment model including the following covariates: all demographic and injury characteristics listed in Table I aswell asED
(emergency department) first shock, first ED assessment of pupils, midline shift, flail chest, open skull fracture, obesity, and paralysis along with
relevant two-way interaction terms. Values are presented as the mean difference with the 95% confidence interval in parentheses. †A positive score
implies improved quality of life. ‡Standardized Musculoskeletal Functional Assessment mobility subscale. A negative score implies less functional
impairment. §A-Type is stable with regard to pelvic ring disruption and involves a single column with regard to acetabular injury. #B-Type is partially
unstable with regard to pelvic ring disruption and includes a transverse component with regard to acetabular injury. C-Type is unstable with regard to
pelvic ring disruption (complete disruption of the posterior arch) and involves complete articular injury of both columns with regard to the acetabulum.
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which pelvic and acetabular injuries were classified according
to the OTA classification scheme, enabling us to make more
precise comparisons than would have been possible with use of
NTDB and registry data. The large risk reductions for mortality
associated with trauma-center care that we noted among those
with combined pelvic and acetabular injuries, more severe ace-
tabular fractures, and unstable pelvic ring injuries are consistent
with the notion that patients with the most devastating pelvic
injuries benefit from the resources and expertise available at a
trauma center.

Fewer studies have been conducted on the benefit of
trauma-center care with respect to functional outcomes or
health-related quality of life. Demetriades et al. used NTDB
data to show that patients with complex pelvic fractures (de-
fined by ICD-9 codes 808.43 to 808.53) had significantly better
functional outcomes (functional independence measure at
discharge) when care was provided at a level-I trauma center
compared with lower-level trauma center18. Unfortunately,
measurement of function at the time of discharge is a prob-
lematic and inconsistent time point for analysis26. Gabbe and
colleagues27 used twelve-month functional outcomes (Glasgow
Outcome Scale-Extended) to show longer-term benefits of
level-I trauma-center care among survivors of blunt major
trauma (an ISS of >15). Although they reported inferior
function associated with orthopaedic injuries, no subgroup
analysis was conducted to assess whether patients with specific
skeletal injuries benefitted more or less from trauma-center
care. E.M. and colleagues analyzed functional outcomes among
those with major lower-extremity trauma and found greater
improvement in the physical component of the SF-36 and the
MFA for those treated at a trauma center7. NSCOT patients
with at least one injury to a lower limb (including the pelvis and
acetabulum) with an AIS score of ‡3 points were included for
analysis. In that substudy, as well as the parent NSCOT study6,
there were trends toward relative trauma-center benefit for
those with more severe trauma. However, the functional out-
come of patients with specific pelvic and acetabular fractures
was not explored separately. In the present study, we report
improvement in prospectively obtained physical function
measurements at one year associated with trauma-center care,
specifically among those with the most severe acetabular in-
juries, a finding that is consistent with these prior studies.

Regarding subjects with less severe injuries, such as a
stable pelvic ring injury (61-A) or a single-column acetabular
injury (62-A), the findings were less consistent. For the latter,
there was no significant trauma-center mortality effect at any
time point, whereas for stable pelvic ring injuries, the associ-
ation reversed from favoring nontrauma centers in-hospital to
favoring trauma centers at one year. Adjustment for case mix
was studied by Nathens et al. and—at least with respect to
mortality outcomes—the consideration of ISS, age, systolic
blood pressure at emergency department arrival, presence of a

severe head injury or severe abdominal injury (as measured by
AIS), mechanism of injury, and sex have been regarded as
sufficient28. Still, one possible reason for the inconsistent effects
over time for patients with stable pelvic injuries is incomplete
confounding adjustment for the disproportionately more se-
vere injuries at trauma centers and older subjects with more
comorbidities at nontrauma centers (Table I). The findings
presented here do not support recommendations to preferen-
tially triage patients with stable A-Type pelvic or acetabular
injuries to trauma-center care.

This study had several potential limitations. First, it was
observational and, despite sophisticated sampling and con-
founding adjustment to enhance causal inferences, it is still prone
to bias from unknown or unmeasured confounding. Second,
multiple subgroup analyses were run, which could have inflated
the possible false-positive rate for the hypothesis tests we con-
ducted. Still, this study used high-quality, prospectively gathered
data for what we believe is the largest study of its kind to assess
the relationships between trauma-center versus nontrauma-
center care and outcomes.

Appendix
A table showing unadjusted mortality rates is available
with the online version of this article as a data supplement

at jbjs.org. n
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