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Objective

The authors investigate predictors of morbidity and mortality in patients after
fall-related Traumatic Brain Injury (TBI) in a retrospective cohort study of patients
presenting to a single emergency department.

Methods

This study analyzed the predictors of a subset of patients who come to the emergency
department (ED) of a Level 1 trauma center who sustained a TBI after a fall. The study
also examines the utility of head Computed Tomography (CT) scan as a predictor in
determining outcomes such as hospital admission, in-hospital death, and Intensive Care
Unit (ICU) admission. Demographic variables such as age, sex, race, and marital status, as
well as symptoms associated with the TBI injury such as seizures, vomiting, loss of
consciousness (LOC), post-trauma amnesia (PTA), alteration of consciousness (AOC),
were all variables included in the multivariate model. Statistical analysis was conducted

in JMP Pro 17 for the Macintosh.

Results

The cohort was composed of 1439 patients, of which 833 (57%) patients were male. The
median Glasgow Coma Scale (GCS) score for the cohort was 15, and 87% of the patients
experienced mild TBI. Statistically significant predictors of in-hospital death, both in the
presence and absence of abnormal head CT in the multivariate model, were age in years,
loss of consciousness, and diastolic blood pressure. Predictors that were statistically
significant for hospital admission both in the presence and absence of abnormal head CT
in the multivariate model were loss of consciousness, age in years, and patient diastolic
blood pressure. Finally, predictors for ICU admission that were significant in the presence
and absence of abnormal head CT in the multivariate model were GCS score and loss of
consciousness.

Conclusion

The presence of an abnormal head CT increased the R2 value in all 3 of the outcomes of
in-hospital death, hospital admission, and ICU admission. This suggests that a head CT

of the patient plays an important role in predicting various health outcomes,
emphasizing the importance of early interventions.

INTRODUCTION

Traumatic brain injury (TBI) is one of the leading causes
of death in the United States, with about 1.7 to 3.8 million
instances of TBI occurring each year.! Falls are one of the
most common causes of non-penetrating TBI, and account
for 35.2% of TBI-related cases.2 A review of emergency de-
partment visits for fall related TBI noted an increase in in-

cidence from years 2002-2017 and noted that there is a sig-
nificantly higher risk in women and older patients.>
Understanding predictors of poor outcomes in TBI is
necessary to develop preventative measures in patients and
provide greater insight into how to effectively care for and
manage TBI in patients. Factors such as age, sex, race and
ethnicity, pre-existing medical conditions, medications, in-
jury severity, and intent or mechanism of injury may impact
a patient’s post-trauma recovery and outcomes.? In this
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study, the authors evaluate the effect of such predictors on
the morbidity and mortality of patients who have suffered
from fall related TBI. Furthermore, the study seeks to de-
termine the effects of the presence of an abnormal head CT
as a predictor in determining outcomes such as hospital ad-
mission, in-hospital death, and ICU admission.

METHODS

This study is a subset analysis of an emergency depart-
ment-based traumatic brain injury registry.> This analysis
is limited to the subset of patients who sustained a TBI
from a fall. Other mechanisms such as motor vehicle colli-
sions, or assault were not included in this analysis.

Data were abstracted from the electronic medical record
using an a priori-designed data abstraction form. Indepen-
dent variables included patient demographics, and peri-
injury symptomatology, including loss of consciousness
(LOC), vomiting or seizure following the head injury, the
presence of post traumatic amnesia (PTA), or alteration in
consciousness (AOC). PTA was defined as being present if
the patient had difficulty remembering events immediately
after the head injury. AOC was defined as feeling dazed or
confused, having difficulty thinking, or if the neurologic
exam revealed a decreased mental status.

TBI severity was categorized using the Glasgow Coma
Scale (GCS), with severe defined as a GCS score of 3-8, mod-
erate as a GCS score of 9-12, and mild as a GCS score of
13-15. It is important to note that it has been written that
there is actually nothing “mild” about TBI with GCS 15.6
Dependent variables included having an abnormal post-in-
jury head CT, being admitted to the hospital, being admit-
ted to the intensive care unit (ICU), and death in the hospi-
tal.

Statistical analyses were performed in JMP 17.0 for the
Macintosh. Descriptive statistics are reported for cohort
characteristics. Medians and interquartile ranges are re-
ported for non-normally distributed variables. Multivariate
logistic regression models were built for each of the four
outcomes.” Odds ratios were used to express the strength of
association from logistic regression in studies with a binary
outcome such as sex or the presence or absence of a symp-
tom such as AOC, PTA, LOC or Vomiting.8 The coefficient of
variance (R%) was used to assess the extent to which inde-
pendent variables explained the dependent variable in each
of the regression models.’

Data was entered into our institution’s REDCap (Re-
search Electronic Data Capture) database. REDCap is a se-
cure, browser-based, metadata-driven EDC software and
workflow methodology for designing clinical and transla-
tional research databases. This study was approved by the
Institutional Review Board (IRB) as an expedited study with
a Health Insurance Portability and Accountability Act
(HIPAA) waiver (study # 1882011).

RESULTS

The cohort consisted of 1439 patients, of which 57% were
male. The median age was 50 years old, and the interquar-

Table 1. Table detailing various CT findings and their
associated frequency.

CT finding Frequency
257 (17%)
151 (10%)
122 (8%)

58 (4%)

Extracalvarial soft tissue swelling
Fracture of skull +/- through FM or CC
Fracture of Maxillofacial bones
Subfalcine herniation

Upward trans-tentorial herniation
Downward trans-tentorial herniation
18 (1%)

7 (1%)

53 (4%)
289 (20%)
212 (15%)
34 (2%)
254 (18%)

Uncal herniation
Tonsillar herniation
Epidural hematoma

Subdural hematoma

Subarachnoid hemorrhage

Intraventricular hemorrhage

Parenchymal or Hemorrhagic contusion

tile range was 28 to 71 years old. The overall age range of
the patients was 18-101 years old. The racial breakdown
was as follows: 82% white, 12% black, 3% Hispanic, and less
than 5% represent other races. The majority of the cohort
had mild TBI, with the median GCS being 15. 268 patients
reported using medications of which 19% were on antico-
agulants.

The frequency of symptoms was as follows: vomiting at
7%, loss of consciousness (LOC) at 50%, post-trauma am-
nesia (PTA) at 26%, and alteration of consciousness (AOC)
at 37%. A brain CT was performed in 1356 (94%) of the co-
hort. The table lists the various abnormalities seen in neu-
roimaging along with their frequencies (Table 1).

A multivariate model that demonstrates the outcome of
in-hospital death correlated with various predictors of the
patient without abnormal head CT (Figure 1). The vari-
ables that resulted in a statistically significant effect on in-
hospital death included the GCS score (P < 0.0001), age in
years (P = 0.0002), diastolic blood pressure (P = 0.0024),
pre-hospital glucose (P = 0.048), and loss of consciousness
(P = 0.02056). The in-hospital death of the patient is not
remarkably affected by PTA or anticoagulants. This robust
model had a coefficient of determination (R%) of 72%, sug-
gesting that the variables in the model can explain the out-
come to a large degree [Figure 1].

Another multivariate model was created with in-hospital
death as the outcome, but in this model, abnormal head
CT was included as a predictor. The variables that resulted
in a statistically significant effect on in-hospital death in
this model were the age in years (P = 0.0031), the diastolic
blood pressure (P = 0.007), and loss of consciousness (P =
0.029). This model showed a higher, more robust relation-
ship between the predictor variables and the outcome with
an R%-value of 77%. The increase in the R2-value from 72%
to 77% indicates that abnormal head CT assists as a predic-
tor for the outcome of in-hospital death [Figure 2].
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Effect Summary

PValue
0.00000
0.00022
0.00357
0.02056
0.04819
0.12166
0.12683
0.33444
0.48664
0.51636
0.86577
0.91438
0.92748

Source
ed_gcs_score_1
age_in_years
bp_dia_1
loss_consciousness
pre_glu

bp_syst_1
asso_vomit

Logworth
8.891
3.658
2.447
1.687
1.317
0.915
0.897
0.476
0.313

asso_seizure 0.287

alcohol_bf_injury 0.063

arr_meds 0.039

pta 0.033

IConverged in Gradient, 10 iterations
Iterations

Whole Model Test

Model -LogLikelihood DF ChiSquare Prob>ChiSq
Difference 40.539801 17 81.0796 -
Full 15.243982
Reduced 55.783783

RSquare (U) 0.7267
AlCc 69.6546
BIC 128.761
Observations (or Sum Wgts) 235

Figure 1. Multivariate Model Examining the
Association between In-hospital death and various
predictors without abnormal head CT.

Effect Summary

PValue
0.00000
0.00311
0.00734
0.02926
0.05433
0.18859
0.21611
0.37644
0.56942
0.57029
0.70027
0.79725
0.91250
0.97495

Source
ed_gcs_score_1
age_in_years
bp_dia_1
loss_consciousness
Head_CT_ABNORMAL_NEW
pre_glu 0.724
bp_syst_1 0.665
aoc 0.424
sex 0.245
asso_seizure 0.244
alcohol_bf_injury 0.155
arr_meds 0.098
pta 0.040
asso_vomit 0.011
FDR

Logworth
6.177
2.507
2.134
1.534
1.265

[Converged in Gradient, 24 iterations
Iterations

Whole Model Test

Model -LogLikelihood
Difference 42.548306 18
Full 12.698304
Reduced 55.246611

DF ChiSquare Prob>ChiSq

85.09661 <.0001*

RSquare (U) 0.7702
AlCc 67.0681
BIC 128.471
Observations (or Sum Wgts) 227

Figure 2. Multivariate Model Examining the
Association between In-hospital death and various
predictors with abnormal head CT.

A total of 646 (45%) patients were admitted to the hos-
pital. A multivariate model for hospital admission without
abnormal head CT was constructed with various predictor
variables as shown in Figure 3. The variables that resulted
in a statistically significant effect on hospital admission
were the GCS score (P = 0.00023), age in years (P = 0.00241),
LOC (P = 0.00121), seizures (P = 0.01343), and pre-glucose
levels (P = 0.02160). This model had an R2-value of 29%, in-
dicating that the data shows a moderately strong correla-
tion between patients with TBI after a fall and hospital ad-

mission [Figure 3].

Effect Summary

PValue
0.00023
0.00121
0.00241
0.01343
0.02160
0.05029
0.06277
0.13842
0.18687
0.30290
0.32619
0.60574
0.74752

Source
ed_gcs_score_1
loss_consciousness
age_in_years
asso_seizure
pre_glu

bp_dia_1

ed_glu 1.202
arr_meds 0.859
pta 0.728
bp_syst_1 0.519
aoc 0.487
asso_vomit 0.218
alcohol_bf_injury 0.126

Logworth
3.642
2917
2.618
1.872
1.666
1.299

[Converged in Gradient, 6 iterations
Iterations

Whole Model Test

Model -LogLikelihood
Difference 24.253696 17
Full 58.025147
Reduced 82.278843

DF ChiSquare Prob>ChiS
48.50739

RSquare (U) 0.2948
AlCc 156.971
BIC 207177
Observations (or Sum Wgts) 158

Figure 3. Multivariate Model Examining the
Association between Hospital Admission and various
predictors without abnormal head CT.

Effect Summary

PValue
0.00000
0.00514
0.02167
0.04080
0.04808
0.14634
0.17962
0.18301
0.23625
0.34810
0.41997
0.55971
0.60896
0.80599

Source
Head_CT_ABNORMAL_NEW
loss_consciousness
asso_seizure
bp_dia_1 1.389
age_in_years 1.318
pta 0.835
asso_vomit 0.746
aoc 0.738
ed_gcs_score_1 0.627
bp_syst_1 0.458
alcohol_bf_injury 0.377
pre_glu 0.252
ed_glu 0.215
arr_meds 0.094
FDR

Logworth
11.896
2.289
1.664

IConverged in Gradient, 23 iterations
Iterations

Whole Model Test

Model -LogLikelihood
Difference 47.908070 18
Full 32.586042
Reduced 80.494112

DF ChiSquare Prob>ChiSq
95.81614

RSquare (U) 0.5952
AlCc 108.76
BIC 161.119
Observations (or Sum Wgts) 156

Figure 4. Multivariate Model Examining the
Association between Hospital Admission and various
predictors with abnormal head CT.

A multivariate model for hospital admission with abnor-
mal head CT was constructed with various predictor vari-
ables as shown in Figure 4. The variables that resulted in
a statistically significant effect on hospital admission were
the presence of an abnormal head CT scan (P < 0.0001),
loss of consciousness (P = 0.00514), associated seizures (P =
0.022), diastolic blood pressure (P = 0.04), and age in years
(P = 0.048). This model had an R%-value of 59%, indicating
that the data shows a strong correlation between patients
with TBI after a fall and hospital admission.

A multivariate model for ICU admission as the outcome
without an abnormal head CT was constructed with various
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Effect Summary

Source
ed_gcs_score_1
loss_consciousness
alcohol_bf_injury
pta

bp_dia_1

pre_glu

bp_syst_1
age_in_years

sex
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Logworth

6.709

onverged in Gradient, 6 iterations

Iterations

Whole Model Test

Model -LogLikelihood
Difference 32.14349
Full 70.22597
Reduced 102.36946

RSquare (U)

AlCc

BIC

Observations (or Sum Wgts)

DF ChiSquare Prob>ChiSq
12 64.28699 <.0001*

0.3140
169.168
205.416

148

PValue
0.00000
0.03015
0.06096
0.14801
0.17722
0.32954
0.55725
0.64613
0.82021

Figure 5. Multivariate Model Examining the
Association between ICU Admission and various
predictors without abnormal head CT.

Effect Summary

PValue
0.00000
0.00003
0.03268
0.04001
0.21683
0.44082
0.59327
0.64661
0.73301
0.95580

Source
Head_CT_ABNORMAL_NEW
ed_gcs_score_1
loss_consciousness 1.486
alcohol_bf_injury 1.398
pta 0.664
bp_dia_1 0.356
pre_glu 0.227
bp_syst_1 0.189
sex 0.135
0.020
FDR

Logworth
5.452
4.567

age_in_years

IConverged in Gradient, 6 iterations
Iterations

Whole Model Test

Model -LogLikelihood DF ChiSquare Prob>ChiSq
Difference 41.85742 13 83.71484 <.0001*
Full 58.99934
Reduced 100.85675

RSquare (U) 0.4150
AlCc 149.205
BIC 187.769
Observations (or Sum Wgts) 146

Figure 6. Multivariate Model Examining the
Association between ICU Admission and various
predictors with abnormal head CT.

predictor variables as shown in Figure 5. The variables that
resulted in a statistically significant effect on ICU admis-
sion were the GCS score (P < 0.0001) and loss of conscious-
ness (P = 0.03). This model had an RZ-value of 32%, indi-
cating that the data shows a moderately strong correlation
between patients with TBI after a fall and ICU admission.

This multivariable model illustrates the association be-
tween abnormal head CT and other predictors of the pa-
tient’s admission into the ICU. Abnormal head CT (P <
0.0001), GCS score (P = 0.00003), loss of consciousness (P =
0.03268), and the usage of alcohol before injury (P = 0.04)
showed significance in this model. Overall, this model was
robust and showed an R2 value of 41% [Figure 6].

DISCUSSION

This study demonstrates the association between various
predictors and outcomes of patients with a TBI after a fall.
Falling is a significant source of morbidity and was esti-
mated to represent about 695,771 global deaths in 2017.10
Various preventative measures can be implemented to re-
duce the risk of sustaining a fall-related TBI injury. Adding
grippers on socks, using a night light to enhance visibility
in low light, adding a gripper mat to the shower, and elim-
inating any slippery carpeting in favor of less slippery car-
pet material are some practical measures that could have
the potential to decrease the number of falls that occur in a
domestic setting. The geriatric population should be espe-
cially cautious as age was found to be a key predictor asso-
ciated with hospital admission, ICU admission, and in-hos-
pital death.

The Glasgow Coma Scale (GCS) was specifically signif-
icant in predicting every outcome, with a low score most
likely associated with higher mortality and ICU admission
rate.1l A low GCS score indicates a more severe injury to
the brain, which could increase the chances of herniation,
different types of hematoma, hemorrhage resulting in sec-
ondary brain injury, and inadequate clinical results such
as death and re-admission to the hospital.1! Moreover, pa-
tients with a low GCS score are at a higher risk of having
cardiovascular and respiratory complications, which could
result in a higher possibility of early mortality.12

All the multivariate models, except for ICU admission
with/without an abnormal head CT, indicated that age is
one of the significant predictors in TBI patients. The ma-
jority of elderly patients have some pre-existing medical
conditions including hypertension, diabetes mellitus, car-
diac arrhythmias, and fluid and electrolyte disorders.!3 A
greater medical comorbidities conditions in older patients
are associated with longer rehabilitation. As such, for el-
derly patients, pre-existing medical conditions, as well as
injury severity and mechanism, must be taken into con-
sideration when attempting to predict outcomes for older
trauma patients.!3

Abnormal head CT findings in TBI patients show a robust
significance with worse outcomes, such as hospital admis-
sion and ICU admission, emphasizing the necessity of neu-
roimaging in TBI patients to help medical professionals
predict outcomes and provide proper care. Previous studies
have suggested that brain region specificity is thought to
play a crucial role in identifying TBI patient’s outcome type
and severity.!! Through neuroimaging, medical profession-
als could identify any subsequent secondary brain injury
pattern and develop a treatment plan in order to improve
patient outcomes.!2

LIMITATIONS

This investigation has several important limitations that
should temper the interpretation of its findings. First, its
retrospective single-center design introduces selection
bias: only patients who reached our Level 1 trauma center
and had complete electronic documentation were eligible,

Orthopedic Reviews 4


https://orthopedicreviews.openmedicalpublishing.org/article/143281-predictors-of-morbidity-and-mortality-after-fall-related-traumatic-brain-injury/attachment/298132.png
https://orthopedicreviews.openmedicalpublishing.org/article/143281-predictors-of-morbidity-and-mortality-after-fall-related-traumatic-brain-injury/attachment/298133.png

Predictors of Morbidity and Mortality After Fall-related Traumatic Brain Injury

potentially excluding out-of-hospital deaths, transfers, or
patients treated at non-tertiary facilities. Second, many
clinical variables—particularly symptoms such as loss of
consciousness, post-traumatic amnesia, and alteration of
consciousness—were abstracted from routine clinical notes
rather than collected prospectively, making them vulner-
able to misclassification and information bias stemming
from inconsistent charting.

Third, we relied on radiology reports rather than a stan-
dardized research re-read of head CT images; inter-ob-
server variability among radiologists and the absence of ad-
vanced imaging modalities (e.g., MRI or CT perfusion) may
have resulted in under- or over-estimation of intracranial
pathology. Fourth, several potentially relevant covariates—
for example, anticoagulant type and dose, frailty indices,
detailed comorbidity burden, pre-injury functional status,
and in-hospital therapeutic interventions—were either un-
available or incompletely documented; consequently, the
multivariable models are at risk of residual confounding
and may have omitted key effect modifiers.

Fifth, we examined outcomes only through index hos-
pitalization; longer-term sequelae such as 30-day mortal-
ity, functional recovery, or readmission were not captured,
thereby limiting insight into sustained morbidity. Sixth, al-
though the overall cohort size was adequate, some pre-
dictor subgroups (e.g., seizures, herniation patterns) were
small, which may have reduced statistical power and pro-
duced unstable estimates. Seventh, the study period pre-

dates the widespread use of contemporary neuro-trauma
care protocols (e.g., direct oral anticoagulant reversal
agents, precision blood-pressure targets), so temporal
changes in management could affect external validity.

Finally, because all data originated from a single emer-
gency department in an urban academic hospital, gener-
alizability to community hospitals, pediatric or geriatric
specialty centers, and international health-care systems re-
mains uncertain. Multicenter prospective studies with stan-
dardized imaging review, comprehensive confounder cap-
ture, and extended follow-up are warranted to validate and
refine the present findings.

CONCLUSION

The study demonstrates the correlation between the pre-
dictors in TBI patients who suffered from a fall and their
outcomes after the fall. In the data set, the comparison be-
tween models that included abnormal head CT as one of
the predictors suggests that abnormal head CT has a strong
connection with the outcome of the patients, increasing the
RZ in each of the models.

Submitted: July 31, 2025 EST. Accepted: August 02, 2025 EST.
Published: August 20, 2025 EST.

Orthopedic Reviews 5



Predictors of Morbidity and Mortality After Fall-related Traumatic Brain Injury

REFERENCES

1. Ganti L, Daneshvar Y, Ayala S, Bodhit AN, Peters
KR. The value of neurocognitive testing for acute
outcomes after mild traumatic brain injury. Mil Med
Res. 2016;3:23. doi:10.1186/s40779-016-0091-4

2. National Institute of Neurological Disorders and
Stroke. Traumatic brain injury (TBI).
www.ninds.nih.gov. 2023. Accessed March 18, 2025.
https://www.ninds.nih.gov/health-information,
disorders/traumatic-brain-injury-tbi

3. Cusimano MD, Saarela O, Hart K, Zhang S, McFaull
SR. A population-based study of fall-related
traumatic brain injury identified in older adults in
hospital emergency departments. Neurosurg Focus.
2020;49(4):E20. doi:10.3171/2020.7.FOCUS20520.
PMID:33002878

4. Miller GF, Daugherty J, Waltzman D, Sarmiento K.
Predictors of traumatic brain injury morbidity and
mortality: Examination of data from the national
trauma data bank: Predictors of TBI morbidity &
mortality. Injury. 2021;52(5):1138-1144. doi:10.1016/
j.injury.2021.01.042

5. Stead L, Bodhit AN, Patel P, et al. TBI surveillance
using the common data elements for traumatic brain
injury: a population study. Int ] Emerg Med. 2013;6:5.
doi:10.1186/1865-1380-6-5

6. Ganti L, Stead T, Daneshvar Y, et al. GCS 15: when
mild TBI isn’t so mild. Neurol Res Pract. 2019;1:6.
doi:10.1186/s42466-018-0001-1

7. Hua Y, Stead TS, George A, Ganti L. Clinical Risk
Prediction with Logistic Regression: Best Practices,
Validation Techniques, and Applications in Medical
Research. Academic Medicine & Surgery. Published
online March 6, 2025. doi:10.62186/001¢c.131964

8. George A, Stead TS, Ganti L. What’s the Risk:
Differentiating Risk Ratios, Odds Ratios, and Hazard
Ratios? Cureus. 2020;12(8):e10047. doi:10.7759/
cureus.10047. PMID:32983737

9. Gupta A, Stead TS, Ganti L. Determining a
Meaningful R-squared Value in Clinical Medicine.
Academic Medicine & Surgery. Published online
October 27, 2024. doi:10.62186/001¢c.125154

10. James SL, Lucchesi LR, Bisignano C, et al. The
global burden of falls: global, regional and national
estimates of morbidity and mortality from the Global
Burden of Disease Study 2017. Inj Prev. 2020;26(Supp
1):i3-i11. doi:10.1136/injuryprev-2019-043286

11. Pastor IS, Para I, Vesa SC, Florian I $. Identifying
predictive factors for mortality in patients with TBI at
a neurosurgery department. | Med Life.
2023;16(4):554-558. doi:10.25122/jml-2023-0114

12. Réa-Neto A, da Silva Junior ED, Hassler G, et al.
Epidemiological and clinical characteristics
predictive of ICU mortality of patients with traumatic
brain injury treated at a trauma referral hospital - a
cohort study. BMC Neurol. 2023;23(1):101.
doi:10.1186/s12883-023-03145-2

13. Depreitere B, Becker C, Ganau M, et al. Unique
considerations in the assessment and management of
traumatic brain injury in older adults. Lancet Neurol.
2025;24(2):152-165. doi:10.1016/
S1474-4422(24)00454-X. PMID:39862883

Orthopedic Reviews


https://doi.org/10.1186/s40779-016-0091-4
https://www.ninds.nih.gov/health-information/disorders/traumatic-brain-injury-tbi
https://www.ninds.nih.gov/health-information/disorders/traumatic-brain-injury-tbi
https://doi.org/10.3171/2020.7.FOCUS20520
https://doi.org/10.1016/j.injury.2021.01.042
https://doi.org/10.1016/j.injury.2021.01.042
https://doi.org/10.1186/1865-1380-6-5
https://doi.org/10.1186/s42466-018-0001-1
https://doi.org/10.62186/001c.131964
https://doi.org/10.7759/cureus.10047
https://doi.org/10.7759/cureus.10047
https://doi.org/10.62186/001c.125154
https://doi.org/10.1136/injuryprev-2019-043286
https://doi.org/10.25122/jml-2023-0114
https://doi.org/10.1186/s12883-023-03145-2
https://doi.org/10.1016/S1474-4422(24)00454-X
https://doi.org/10.1016/S1474-4422(24)00454-X

	Predictors of Morbidity and Mortality After Fall-related Traumatic Brain Injury
	Objective
	Methods
	Results
	Conclusion
	Introduction
	Methods
	Results
	Discussion
	Limitations
	Conclusion
	References


