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Abstract
Objective: To explore patient and treatment factors explaining the association between spine injury and opioid misuse.

Design: Prospective cohort study.

Setting: Level I trauma center in a Midwestern city.

Participants: English speaking patients aged 18 to 75 on Trauma and Orthopedic Surgical Services receiving opioids during
hospitalization and prescribed at discharge.

Exposure: Spine injury on the Abbreviated Injury Scale.

Main outcome measures: Opioid misuse was defined by using opioids: in a larger dose, more often, or longer than
prescribed; via a non-prescribed route; from someone other than a prescriber; and/or use of heroin or opium. Exploratory factor
groups included demographic, psychiatric, pain, and treatment factors. Multivariable logistic regression estimated the association
between spine injury and opioid misuse when adjusting for each factor group.

Results:Two hundred eighty-five eligible participants consented of which 258 had baseline injury location data and 224 had follow
up opioid misuse data. Most participants weremale (67.8%), white (85.3%) and on average 43.1years old. One-quarter had a spine
injury (25.2%). Of those completing follow-upmeasures, 14 (6.3%) developedmisuse. Treatment factors (injury severity, intubation,
and hospital length of stay) were significantly associated with spine injury. Spine injury significantly predicted opioid misuse [odds
ratio [OR] 3.20, 95% confidence interval [CI] (1.05, 9.78)]. In multivariable models, adjusting for treatment factors attenuated the
association between spine injury and opioid misuse, primarily explained by length of stay.

Conclusion: Spine injury exhibits a complex association with opioid misuse that predominantly operates through treatment
factors. Spine injury patients may represent a subpopulation requiring early intervention to prevent opioid misuse.

Keywords: abbreviated injury scale, length of stay, opioid-related disorders, risk factors, spine
1. Introduction
Opioid medications are often used in acute care settings to treat
moderate to severe pain resulting from trauma or surgical
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interventions. Such use of opioid pharmacotherapy is frequently
justified to relieve suffering and address pain, which can have
negative consequences on health and recovery. However, opioid
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exposure through prescription medications creates an opportu-
nity for the development of opioid misuse. In 2019, approxi-
mately 10.1 million people in the United States reported
misusing prescription opioids,[1] and prescription opioids have
contributed significantly to overdose deaths.[2]

Survivors of traumatic injury are at increased risk of
prolonged opioid use, misuse and addiction.[3] Among adults
admitted to the hospital with traumatic injury, as many as 50%
receive an opioid prescription at discharge[4] and up to 35% are
still on opioid medications at 4months after injury.[5] Short term
opioid prescribing after injury can lead to long term opioid use
and dependence, with significant consequences for individual
health and societal costs.[6–10] Recent research suggests the rate
of opioid misuse and addiction after traumatic injury may be as
high as 5%.[11] Identifying risk factors for prolonged opioid use
and opioid misuse and addiction can help clinicians and health
systems risk stratify patients as they develop treatment plans
following traumatic injury.
Spine injury may represent a significant risk factor for the

development of prolonged opioid use.[9,12,13] A high proportion
of persons living with traumatic spine injury use chronic
prescription opioids, and their likelihood of using chronic
opioids is significantly higher thanmatched controls.[14,15]While
traumatic injuries are associated with pre- and post-injury risk
factors for opioid misuse, these risk factors have yet to be
disentangled in observational studies.[5,8–10,13,16–24] Identifying
why patients with spine injury have a higher incidence of opioid
misuse could inform opioid misuse prevention.
This paper explores the ways in which spine injury may

contribute to the development of opioidmisuse. First, we estimate
the associationbetween spine injury andopioidmisuse in a sample
of Level 1 adult trauma patients. Second, in exploratory analyses
we sequentially examine whether 4 exploratory factor groups
explain the association between spine injury and opioid misuse:
demographic characteristics, preexisting psychiatric conditions,
pain indicators and treatment factors. In this way, we aim to
elucidate the relationship between spine injury and opioidmisuse,
and indicate directions for future research.
2. Materials and methods

Data for this analysis come from the Screening in Trauma for
Opioid Misuse Prevention (STOMP) study,[3] reviewed and
approved by the University of Wisconsin’s Health Sciences
Institutional Review Board. STOMP is a prospective cohort
study of victims of traumatic injury recruited at an American
College of Surgeons Level I trauma center. The primary aims of
the study were to collect data on risk factors for and the
development of opioid misuse and addiction in order to develop
a novel opioid risk screening tool for pilot implementation at
American College of Surgeons Level I and II trauma centers in
Wisconsin. STOMP was funded by the University of Wisconsin
School of Medicine from the Wisconsin Partnership Program.
The sponsor had no role in the design and conduct of the study,
or in the decision to submit this article for publication.
Additional details about the background and methodology of
STOMP can be found in the published protocol paper.[3]

2.1. Participants

Participants (n=295) were enrolled from the University of
Wisconsin Hospital Emergency Department and Trauma and
Orthopedic Surgery services from February 2017 to December
2

2018. Of these, 285 eligible participants gave informed consent.
Eligibility criteria included: primary admission diagnosis of
traumatic injury, age 18 to 75, fluency in English language,
anticipated need for post-discharge opioid analgesia, and
anticipated post-discharge self-management of medications.
Exclusion criteria included active opioid use disorder (OUD),
ongoing participation in a treatment program for another
substance use disorder, cancer diagnosis, inability to consent due
to incapacitating injury or sedation, or planned discharge to a
facility of any kind where medications are managed by people
other than the participant.

2.2. Data collection

Data was collected at baseline (during hospitalization or within
1week of discharge) and at 3 follow-up points: 4, 12, and 24
weeks after hospital discharge. Collected information included
sociodemographic and health characteristics hypothesized to
impact risk of OUD as well as indicators of opioid misuse or
OUD. Baseline data were collected in person. Follow-up data
were collected via mail, in person and/or by telephone.
Participants received financial compensation for completion of
each visit. Additional administrative data were collected from
the electronic health record and the UW Health Trauma
Registry. Data were managed using REDCap electronic data
capture tools hosted at the University of Wisconsin-Madison,
Department of Family Medicine and Community Health.[25]

REDCap (Research Electronic Data Capture) is a secure, web-
based software platform designed to support data capture for
research studies.
2.3. Measures

The presence of a spine injury was assessed using the
Abbreviated Injury Scale, an anatomical injury coding system
that classifies each individual injury by body region and
severity.[26] Using the abbreviated injury scale (AIS) classifica-
tion system, participants with spine injuries were identified by
AIS codes beginningwith the number 6.[27,28] Opioidmisuse was
assessed at the final follow-up visit at 24weeks by staff-
administered survey items. Participants were asked if they had
used opioids since hospital discharge (1) in larger amounts than
prescribed, (2) more often than prescribed, (3) for longer than
prescribed, (4) when not prescribed, (5) via a different route than
prescribed (crushed, chewed, snorted, smoked, or injected), or if
they had used (6) heroin or (7) opium. A positive response to 1 or
more of these 7 items was defined as opioid misuse (dichoto-
mized as yes/no).
The exploratory measures in this study fall into 4 groups. (1)

Demographic factors:Demographic data including age, sex, and
race/ethnicity were collected at baseline. (2) Psychiatric factors:
To assess for preexisting symptoms of anxiety, depression and
post-traumatic stress disorder (PTSD), the following validated
self-report instruments were collected at baseline: the General-
ized Anxiety Disorder-7 (GAD-7),[29] a 7-item measure of
generalized anxiety symptoms and severity; the Patient Health
Questionnaire-9 (PHQ-9),[30] a 9-item measure of depression
symptoms and severity; and the Post-Traumatic Stress Disorder
Checklist-5 (PCL-5),[31] a 20-item measure of PTSD symptoms
and severity. Scores from the GAD-7 and PHQ-9 were
operationalized as continuous variables while the PCL-5 was
converted to a dichotomous variable at ≥33 to indicate
likelihood of PTSD.[31] (3) Pain factors: Perceived pain was
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Table 1

Characteristics of adult Level 1 trauma patients with and without
spine injuries.

Factor
All

N=258

No spine
N=193
(74.8%)

Spine
N=65
(25.2%) P

N (%) or m (SD)

Sociodemographic factors
Age 43.1 (16.2) 43.3 (16.2) 42.3 (16.3) .650
Sex

Male 175 (67.8) 126 (65.3) 49 (75.4) .176
Female 83 (32.2) 67 (34.7) 16 (24.6)

Race
White 220 (85.3) 166 (86.0) 54 (83.1) .764
People of color 35 (13.6) 25 (13.0) 10 (15.4)

Psychiatric factors
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assessed using the Brief Pain Inventory[32,33] at study intake and
hospital discharge. This 7-item scale asks respondents to rate
their current, average, minimum and maximum pain severity
from 0 to 10. Responses are then averaged to yield a single score.
To assess catastrophizing, the Pain Catastrophizing Scale
(PCS)[34] was used, which consists of 13 items divided into 3
subscales each representing a unique dimension. The PCS was
dichotomized at ≥30, consistent with thresholds used in the
literature to indicate a clinically meaningful level of catastroph-
izing.[34] (4) Treatment factors: Injury severity was assessed
using the Injury Severity Score, calculated from AIS codes, and
dichotomized at �15 and >15 to match the literature.[4,26,35]

Intubation was evaluated as an alternative measure of severity,
and dichotomized as yes/no ever intubated during the index
hospitalization. Hospital length of stay was calculated and then
transformed into a dichotomous variable (<7 or ≥7days) due to
moderate skew.
GAD7 3.7 (4.8) 3.7 (4.5) 3.6 (5.4) .804
PHQ 3.9 (4.6) 3.9 (4.4) 3.7 (5.2) .779
PCL5

<33 228 (88.4) 172 (89.1) 56 (86.2) .734
≥33 27 (10.5) 19 (9.8) 8 (12.3)

Pain factors
BPI Intake 6.5 (2.5) 6.5 (2.5) 6.5 (2.5) .988
BPI discharge 4.0 (2.4) 4.2 (2.3) 3.6 (2.4) .134
Pain catastrophizing

<30 241 (93.4) 180 (93.3) 61 (93.8) 1.000
≥30 16 (6.2) 12 (6.2) 4 (6.2)

Treatment factors
Length of stay

<7 180 (69.8) 148 (76.7) 32 (49.2) <.001
≥7 78 (30.2) 45 (23.3) 33 (50.8)

Injury severity score
�15 189 (73.3) 159 (82.4) 30 (46.2) <.001
>15 69 (26.7) 34 (17.6) 35 (53.8)

Intubated
no 238 (92.2) 183 (94.8) 55 (84.6) .017
yes 20 (7.8) 10 (5.2) 10 (15.4)

Opioid misuse at 24 weeks
∗

No 210 (81.4) 160 (82.9) 50 (76.9) .037
Yes 14 (5.4) 7 (3.6) 7 (10.8)

BPI = Brief Pain Inventory; GAD7 = Generalized Anxiety Disorder-7; PCL5 = Post-Traumatic Stress
Disorder Checklist-5; PHQ9 = Patient Health Questionnaire-9; SD = standard deviation.
∗
Thirty-four respondents did not have follow-up data on opioid misuse.
2.4. Statistical analysis

All analyses were conducted using R.[36] Demographic and
baseline characteristics are summarized as mean (standard
deviation) or N (%) for the full sample and by presence of a spine
injury. Characteristics were compared between those with and
without a spine injury using t tests, Chi-square tests, or Fisher
exact tests. A bivariate generalized logistic model estimated the
relationship between spine injury and opioid misuse. In a
subsequent series of multivariable models (generalized logistic
models), groups of factors (demographic, psychiatric conditions,
pain, and treatment factors) were entered sequentially to
determine the impact of adjusting for each factor group on
the relationship between spine injury and opioid misuse.

2.5. Role of the funding source

This research was funded by the University of Wisconsin School
of Medicine and Public Health from the Wisconsin Partnership
Program,which played no role in the analysis of data, the writing
of this article or its submission for publication. In its utilization
of REDCap, this project was supported by the Clinical and
Translational Science Award program, through the National
Institutes of Health (NIH) National Center for Advancing
Translational Sciences, grant UL1TR002373. The content is
solely the responsibility of the authors and does not necessarily
represent the official views of the NIH.

3. Results

A total of 1785 patients were examined for eligibility, of which
561 were deemed eligible. Two hundred ninety-five participants
enrolled of which 10 withdrew consent or were screened out
leaving 285 participants. Some participants (n=27) did not have
data on injury location and, therefore, could not be assessed for
spine injury. Of the remaining 258, 224 participants completed
survey items on opioid misuse at 24-week follow-up. Descriptive
characteristics and results of bivariate tests are presented in
Table 1. A total of 65 (25.2%) participants had a spine injury. Of
participants completing follow-up, 14 (6.3%) developed opioid
misuse. The sample was mostly male (67.8%), white (85.3%)
and in their mid-40s (average age 43.1). Mean score on the
GAD-7 and PHQ-9 were 3.7 and 3.9, respectively. Just over
10% reported enough symptoms on the PCL-5 to suggest likely
diagnosis of PTSD. As expected, mean Brief Pain Inventory score
on intake was higher than at hospital discharge (6.5 vs 4.0). Only
3

6%of the sample reported high pain catastrophizing on the PCS.
Participants with a hospital length of stay of 7days or more
represented 30.2% of the sample. Only 7.8% of the sample
required intubation during the index hospitalization but 26.7%
had an Injury Severity Score of >15.
No demographic characteristics, pain factors or psychiatric

comorbidities differed between participants with and without
spine injury (Table 1). All 3 treatment factors exhibited a
significant relationship with spine injury in bivariate analyses.
Over 50% of patients with spine injuries experienced a long
length of stay compared with less than 1-quarter of those
without spine injuries (50.8% vs 23.3% with length of stay ≥7
days, P< .001). Participants with spine injuries also exhibited a
greater percentage of high Injury Severity Scores compared with
those without spine injuries (53.8% vs 17.6% with injury
severity >15, P< .001). Finally, patients with spine injury were
more likely to be intubated compared with patients without
spine injuries (15.4% vs 5.2%, P= .017).
The results of multivariable logistic regression predicting

opioid misuse are presented in Table 2. Model 1 shows the

http://www.otainternational.org
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Table 2

Multivariable regression models exploring the sequential effect of 4 factor groups on the association between spine injury and opioid
misuse.

Model 1: Spine only Model 2: Demographic factors Model 3: Psychiatric factors Model 4: Pain factors Model 5: Treatment factors
Factors OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Spine injury 3.20 (1.05,9.78)
∗

3.20 (0.95,10.89) 4.23 (1.14,16.78)
∗

3.36 (1.05,10.82)
∗

2.50 (0.73,8.59)
Sociodemographic

Age 1.00 (0.96,1.04)
Female 0.71 (0.17,2.49)
People of color 11.20 (3.42,39.28)

∗∗∗

Psychiatric
GAD7 0.79 (0.62,.97)

∗

PHQ9 1.37 (1.14,1.69)
∗∗

PCL5 ≥ 33 9.25 (1.66,55.17)
∗

Pain
BPI intake 1.27 (0.97,1.76)
BPI discharge 1.19 (0.93,1.55)
PCS ≥ 30 2.71 (0.48,11.96)

Treatment
Length of stay ≥7 2.78 (0.83,9.53)
ISS>15 0.85 (0.22,2.97)
Intubated 1.04 (0.14,5.21)

BPI= Brief Pain Inventory; GAD7= Generalized Anxiety Disorder-7; ISS= Injury Severity Score; PCL5= Post-Traumatic Stress Disorder Checklist-5; PCS= Pain Catastrophizing Scale; PHQ9= Patient Health
Questionnaire-9.
∗
P< .05.

∗∗
P< .01.

∗∗∗
P< .001.
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baseline relationship between spine injury and opioid misuse.
Spine injury significantly increased the odds of having opioid
misuse (odds ratio [OR] 3.20, 95%confidence interval [CI]: 1.05–
9.78; P= .037). Models 2 to 4 sequentially introduced the 4
exploratory factor groups into the baseline model to test for
attenuation of the effect of spine injury on opioidmisuse.Model 2
results show that adding demographic factors did attenuate the
effect of spine on misuse. However, the odds ratio of spine injury
remained stable, suggesting that the attenuation was due to a
decrease inpower inamodelwithadditionalcovariates rather than
an explanatory role for race in the spine-misuse relationship.
Models 3 and 4 introduced psychiatric and pain factors,

respectively. While a higher score on the GAD7, PHQ9, and
PCL5 was associated with higher odds of misuse, adding these
factors did not attenuate the effect of spine on opioid misuse. In
contrast, adding pain factors did not predict misuse nor
attenuate the spine-misuse relationship.
Finally, Model 5 incorporated treatment factors into the base

spine-misuse model, which eliminated the statistically significant
effect of spine injury on opioid misuse. Further analyses
examined the individual impact of each treatment factor on
the relationship between spine injury and opioid misuse.
Adjusting for either intubation or injury severity only modestly
attenuated the spine-misuse relationship, and neither factor
alone predicted opioid misuse. In contrast, adjusting for length
of stay substantially attenuated the spine-misuse relationship,
and alone significantly predicted opioid misuse (OR 3.49, 95%
CI:1.17, 11.03; P= .026).
4. Discussion

In a prospective cohort of adult victims of traumatic injury, spine
injury increased the likelihood of developing opioid misuse at
24-week follow-up. Subsequently, we examined whether 4
exploratory factor groups explained the higher rates of opioid
4

misuse among patients with traumatic spine injury. These
multivariable regression models demonstrated that the differ-
ence in rates of opioid misuse between patients with and without
spine injury was explained by treatment factors but not
demographic factors, preexisting psychiatric conditions or pain
measures. These findings suggest that the origins of opioid
misuse for patients with spine injury may lie in the early
treatment period following traumatic injury.
Further interpretation of these findings requires consideration

of the individual treatment factors examined in this study: Injury
Severity Score, hospital length of stay and intubation. We found
that patients with spine injuries were more likely to have a long
length of stay, a high Injury Severity Score and to be intubated
compared with patients without spine injuries, and that these
factors explained the spine-misuse relationship. These 3 factors
align to suggest that patients with spine injuries experienced
more severe injuries than those without spine injuries, and,
therefore, that injury severity may explain the increased rates of
opioid misuse among patients with spine injury. However, when
evaluating their individual effects, we found that hospital length
of stay explained substantially more of the spine-misuse
relationship than injury severity or intubation. Furthermore,
neither intubation nor injury severity alone predicted opioid
misuse. One possible explanation is that these 3 factors—length
of stay, Injury Severity Score and intubation—represent different
aspects of related phenomena. For example, intubation may
represent global criticalness of injury while the Injury Severity
Score may represent the severity of coincident non-spine injuries
or global injury burden. Beyond severity, hospital length of stay
may reflect care complexity or logistical complexity (with
regards to disposition after discharge). Longer length of stay
could also increase exposure to intravenous and/or high potency
opioids thereby creating a unique risk factor for opioid misuse.
Additional research is needed to explore the pathways by which
early treatment elements impact risk of opioid misuse and
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addiction. In this vein, understanding the impact of distinct
treatment elements by spine injury type will be important.
In linewithprior literature,we foundthatpreexisting symptoms

of psychiatric conditions including anxiety, depression and PTSD
predicted riskof opioidmisuse.[19,37–39]However, thesediagnoses
did not explain the spine-misuse relationship suggesting that
increased risk of opioid misuse among spine injury patients is not
due to underlying psychological vulnerability.
Interestingly,measures of pain and pain catastrophizing did not

predict riskofopioidmisuse.Furthermore, theydidnotexplain the
spine-misuse relationship. These findings align with literature
suggesting that pain severity does not predict opioid misuse[20]

despite contributing to prolonged opioid use.[5,40] The irrelevance
of pain to the spine-misuse relationshipmayalso reflect the unique
nature of pain associated with spine injuries: limited evidence
demonstrates efficacy of opioid medications in treating neuro-
pathicpaindisorders.[41]Alternatively,ourdataonlyassessedpain
and pain catastrophizing during the index hospitalization, while
understanding therelationshipbetweenpainandsubstancemisuse
mayrequireattentiontothemorecomplexand longitudinalnature
of pain trajectories after trauma.
While other research has demonstrated associations between

demographic characteristics, like age and sex, and traumatic
injury[22,23] and prolonged opioid use,[9,13,21,42] we found that
these factors did not predict opioid misuse or explain the spine-
misuse relationship. One explanation might be that pathways to
misuse varymore than risk across these groups. For example, age
may operate through prolonged use in older patients[9,21] but
prior substance use in younger patients.[43] Being of color did
predict opioid misuse, but did not explain the spine-misuse
relationship. However, our data are limited by the small sample
size of participants of color. Given well-documented racial
disparities in access to adequate pain treatment[44] and OUD
addiction services,[45] it is important that future research
examine how opioid misuse develops after traumatic injury in
communities of color.
An important limitation of this study is the low event rate of

developing opioid misuse. Inadequate variation in opioid misuse
across the exploratory factors of interest could disguise their true
relationship. The low event rate also limited our ability to build
more complex models to control for potential confounders. In
particular, we were not able to control for, or investigate, medical
comorbidity. A second limitation pertains tomisusemeasurement.
This study relied on self-reported opioidmisuse, which could have
contributed to underreporting.[46] However, self-report via time-
line follow-back has been shown to be an acceptable method for
assessing illicit substance use in clinical research, including for
opiates, specifically.[47] Additional research is needed to assess the
validity of self-reported prescribed and illicit opioidmisuse. Third,
we do not distinguish between specific spine injury types such as
spinal cord injuries, bony fractures, or contusions, among others.
Understanding how and why spine injuries impact risk of opioid
misusemay require further spine injury characterization. Fourth, a
substantial proportionof eligible patients did not participate in the
study. It is possible that risk factors for misuse operate differently
among individuals who choose not to participate in research
studies. Finally, analyses were limited by missing baseline data on
body injury location andmissing follow up data on opioidmisuse.
However, STOMP’s prospective cohort design represents a
unique strength in this field. Results from this study should be
taken as preliminary, and future research should aim to replicate
thesefindings inother samples toconfirmtheassociationsobserved
here.
5

While opioid medications offer potent and effective means of
controlling pain following traumatic injury, opioid misuse and
addiction pose a national health crisis that continues to rise.[48] It
is critical that we better understand risk factors for misuse in
settings where exposure to opioids is often required, such as after
traumatic injury. This study demonstrates that traumatic spine
injury may increase risk for opioid misuse. In this way, injury
body region may offer a novel lens through which to risk stratify
patient populations and deliver targeted interventions to prevent
opioid misuse. Furthermore, features of the early treatment
period captured by hospital length of stay explain the higher rate
of opioid misuse in this patient population. These findings
suggest that the origins of opioid misuse may lie in the early
treatment period for patients with spine injury. These explor-
atory findings call for additional research on the way
management of spine injuries may translate into risk of opioid
misuse. Confirming the role of treatment-related factors could
provide an exciting opportunity for hospital systems to mitigate
risk for opioid misuse while the patient is still in acute care.
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