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Abstract
Background: Pain from rib fractures often requires inpatient management with opioid medication. The
need for ongoing opioid prescriptions following hospital discharge is poorly understood. Harms associated
with long-term opioid use are generally accepted. However, a deeper understanding of current prescribing
patterns in this population at-risk is required.
Methods: A retrospective cohort of adult patients hospitalised in Queensland, Australia between 2014 and
2015 with rib fractures (ICD-10-AM: S22.3, S22.4, S22.5), was obtained from the Community Opioid
Dispensing after Injury (CODI) study, which includes person-linked hospitalisation, mortality and com-
munity opioid dispensing data. Data were extracted 90-days prior to the index-hospitalisation and 720-days
after discharge. Factors associated with long-duration (>90 days cumulatively) and increased end-dose
were examined using multivariable logistic regressions, odds ratios (OR), and 95% confidence intervals
(95% CI).
Results: In total, 4306 patients met the inclusion criteria, and 58.8% had opioids dispensed in the
community within 30 days of hospital discharge. 23.6% had long-duration dispensing and 13.7% increased
opioid end-doses. Pre-injury opioid use was most associated with long-duration (OR = 12.00, 95% CI 8.99–
16.01) and increased end-dose (OR = 9.00, 95% CI 6.75–12.00). Females and older persons had higher odds
of long-duration dispensing (Females OR = 1.75, 95% CI 1.38–2.22; Age 65+ OR = 1.86, 95% CI 1.32–2.61).
Injury severity and presence of concurrent injuries were not statistically significantly associated with
duration or dose (p > .05). Subsequent hospitalisations and death during the follow-up period had sta-
tistically significant associations with long-duration and increased end-dose (p < .001).
Conclusion: Opiate prescribing following rib fractures is prolonged in older, and female patients, beyond
the traditionally reported recovery time frames requiring analgesia. Previous opioid use (without de-
pendence) is associated with long-duration opioid use and increased end-dose in rib fracture patients.
These results support the need for a collaborative health system approach and individualised strategies
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for high-risk patients with rib fractures to reduce long-term opiate use.
Level of Evidence: Level III, Prognostic/Epidemiological.

Keywords
Blunt chest trauma, cohort study, data linkage, opioids, rib fractures

Background

Rib fractures are common injuries and are recognised to
cause considerable pain both acutely and longer-term.1

The provision of analgesia for the management of pain
associated with rib fractures may reduce potential
complications, chronic pain and mortality. This concept
is supported by extensive literature from the acute
hospitalisation phase reporting reduced length of stay
and reduced complications when multimodal analgesic
regimes are adopted.2–4 Recognising the importance of
appropriate analgesia, studies have attempted to describe
the relationship between rib fracture severity, pain level,
and other patient factors to explain escalating analgesia
requirements in the acute setting.4

Analgesia requirements for rib fracture pain after
discharge from hospital have been associated with
similar factors: in-hospital analgesia use, the severity of
rib fractures and premorbid conditions.5 The recovery
timeframe from rib fractures is often presumed to be
short. However, observational studies have demon-
strated prolonged pain and disability lasting beyond
6 months, for both single and complex rib fracture
patterns.6–9 This discrepancy may influence patient
expectations, analgesia prescribing and overall care of
these patients beyond the hospitalisation phase.

Many countries, including the USA, have reported
high rates of opioid use and misuse after trauma, with
concern that opioid prescribing in the acute setting
contributes to these outcomes.2 Understandably, ap-
prehension regarding the direct impact of prescribing
habits on opioid-related deaths has led to renewed
interest in acute pain management utilising opioid
sparing strategies including adjunct analgesia and local
anaesthetic techniques.2 These strategies decrease rib
fracture pain and improve function and may then result
in reduced discharge and community prescribing.4

Currently, there is a lack of information examining
the direct relationship between rib fracture-related pain
and opioid use beyond acute hospitalisation.10,11

A new integration of statewide hospitalisation and
scheduled drug monitoring databases in Queensland12

offers a novel, quantitative and efficient means for
examining opioid dispensing in the community, within
the context of individual clinical characteristics and
ongoing health service use. The aim of this paper,

therefore, is to describe community opioid dispensing
patterns and factors associated with long-dispensing
durations and increasing opioid end-doses, after hos-
pitalisation for rib fractures.

Methods

Study design

This is a subgroup analysis from the Community Opioid
Dispensing after Injury (CODI) study, which is a
population-based retrospective cohort study, using
linked administrative health data. CODI includes hos-
pitalisation data for all adults aged 18 years or older,
admitted to any hospital in Queensland, Australia after
sustaining an injury, with hospitalisation records linked
to community opioid dispensing and mortality data
collections. The study protocol and full population co-
hort characteristics have been published elsewhere.12,13

The STROBE cohort guideline was used to ensure
proper reporting of methods, results, and discussion.

Ethics

Ethics approval with a waiver of consent was obtained
from the Royal Brisbane and Women’s Hospital Hu-
man Research Ethics Committee (HREC/2018/
QRBW/48236). Additional approval was obtained for
the release of confidential information for the purposes
of research under the provision of Section 280 of Public
Health Act (PHA) 2005, Queensland (QCOS/033343/
RD007954).

Data sources

CODI included three data sources, (1) Queensland Hos-
pital Admitted Patient Data Collection (QHAPDC),14 (2)
Registry of Births, Deaths andMarriages (BDM)15 and (3)
Monitoring of Drugs of Dependence System (MODDS)16

with these sources person-linked using deterministic and
probabilistic methods by the Statistics and Linkage Unit at
Queensland Health.17

Data obtained from QHAPDC included patient
demographics, diagnostic and procedural information,
hospital type (public or private), admission dates, in-
tensive care unit admission (ICU), length of stay (LOS)
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and separation destination, including hospital transfers
and inpatient deaths. Mortality data from BDM in-
cluded dates and International Classification of Dis-
eases, 10th Revision (ICD-10) coded causes of death.
Data on all prescribed opioids dispensed at community
pharmacies across Queensland were, at the time of the
study, included in MODDS. MODDS contains dis-
pensing information for all Schedule eight drugs, in-
cluding opioids.18,19 Data obtained from MODDS
included the prescribed drug name, formulation,
quantity and dispensing dates.MODDS also contains a
classification code that identifies if a person has ever
been medically diagnosed as drug dependent, or reg-
istered on a formal Opioid Treatment Program
(OTP).20 Inpatient opioid dispensing data are not
captured in MODDS.

Cohort inclusion and exclusion

The full CODI cohort included all hospitalised adults
with any injury-related principal diagnosis (Interna-
tional Classification of Diseases, 10th Revision, Aus-
tralian Modification (ICD-10-AM: S00-S99, T00-
T75, T98 + V00-Y98), with their acute care hospital
episode ending between 1 January 2014 and 31 De-
cember 2015. All public and private hospitalisations
were included. Related, contiguous episodes of care
were grouped to form a hospital encounter with a cu-
mulative LOS.21 The first encounter was called the
index-hospitalisation. Patients were excluded if their
place of residence was outside Queensland, they died
during their index-hospitalisation, the LOS for their
index-hospitalisation was greater than 90 days, they had
a neoplasm diagnosis code at any time during the total
study period, or the cause of death code was a neoplasm
(ICD-10: C00-D48).12,13

For the current analysis of patients hospitalised with
rib fractures, additional exclusions were applied. Pa-
tients were excluded if they had been previously di-
agnosed or formally treated for a drug dependency or
were first dispensed opioids greater than 3 months after
they were discharged from their index-hospitalisation
(as likely to be unrelated to their initial injury). Rib
fracture patients were selected from the full CODI
cohort if they had a principal or other diagnosis code for
rib fractures or flail injury (ICD-10-AM: S22.3, S22.4,
and S22.5).

Follow-up data

Opioid dispensing data was extracted for 90 days before
the index-hospitalisation, through to 720 days following
discharge. Details of any subsequent hospitalisation, for
any cause, were also extracted for 720 days following

discharge. Death data were extracted for the complete
follow-up period, which ended on 31 December 2017.
The study covers a maximum calendar period from
1 October 2013 to 31 December 2017.

Data management and classifications

Hospitalisation data. Rib fractures were classified as (1)
single rib fracture (2) multiple rib fractures and (3) flail
injuries. All other injuries were subclassified as con-
current injuries if not superficial. All demographic and
injury data were recorded at the time of the index-
hospitalisation. Age was categorised as 18–44, 45–64,
and 65+ years. Mechanism (cause) of injury ICD-10-
AM codes were aggregated to three categories (1) falls
(W00-W19, X80, Y01, Y30), (2) transport-related
(V00-V99, X82, Y03, Y32, Y361) and (3) other
cause (all remaining cause codes). Surgical procedures
requiring a general anaesthetic, based on Australian
Classification of Health Interventions (ACHI) codes,22

were identified. The total LOS was dichotomised
as ≤21 days and >21 days. The number of hospital
encounters for each patient, for any cause, was summed
across the entire follow-up period and categorised as 0,
1, 2–4, and 5+.

ICD-based Injury Severity Score. The severity of injury,
based on ICD-10-AM injury-related diagnoses, was
estimated using the ICD-based Injury Severity Score
(ICISS).23,24 The ICISS was dichotomised to low
threat to life (>0.941) and high threat to life (≤0.941).25

Accessibility/Remoteness Index of Australia. Geographic
remoteness using the Accessibility/Remoteness Index of
Australia (ARIA) was assigned to each person in
QHAPDC, based on area of residence.26 ARIAwas then
categorised as Urban (Major Cities), Rural (Inner Re-
gional, Outer Regional) and Remote (Remote and Very
Remote).

Oral morphine equivalents and opioid duration
estimation. The amount of opioid prescribed, and
considering its formulation (e.g. tablet, patch, liquid),
was converted to the equivalent amount of oral mor-
phine, expressed as oral morphine equivalents (OME),
using conversion factors recommended for research.27

Given individual dosing information (e.g. prescribed
number of tablets per day) is not recorded inMODDS,
estimates were required for how long the prescription
was intended to last (i.e. duration of use, e.g. 14 days),
and for daily OME. The estimation of prescription
duration followed a structured approach, prioritising
the time between subsequent scripts for the same drug
type to indicate prescription duration. For patients with
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no repeat scripts, or scripts dispensed intermittently,
dispensing durations were estimated based on pre-
scribing guidelines and clinician input. The calculated
total OME was divided by the estimated duration (in
days) to determine the daily OME for each prescrip-
tion, with extreme values refined. Daily OMEs from
concurrent prescriptions were combined. Detailed in-
formation on the duration estimation steps has been
previously published.13 Based on literature and the
clinical guidelines in place during the timeframe of this
study, cumulative durations greater than 90 days were
considered long-term or chronic use.28–30

Analysis

Initial data management and final analysis were conducted
using SAS9.4 (SAS Institute,CaryNC),with duration and
daily OME calculated using Stata v16.1 (StataCorp, Col-
lege Station TX). Descriptive statistics (frequencies, per-
centages, medians and interquartile ranges) were used to
describe the rib-fractured cohort in terms of demographics,
injury factors (rib fracture type and mechanism of injury)
and index-hospitalisation characteristics (ICU admission,
LOS, surgery performed). Associations were measured
using Chi-squared and Kruskal–Wallis non-parametric
tests, depending on the data type and distribution.

For visual descriptive purposes, daily OMEs were
averaged for each 30-day interval before and after the
index-hospitalisation. In addition, an OME ‘end-dose’
was calculated by summing the OMEs for all opioids
dispensed before the last opioid dispensing date
(considering the duration of the last prescription) and
averaged using the cumulative days duration in those
90 days. Similar methods were used to calculate an
OME ‘start-dose’ based on the average dose in the
90 days before the index-hospitalisation, or the average
dose after the index-hospitalisation (if no opioids were
dispensed in the 90 days prior). Proportions of the
cohort having opioids dispensed, cumulative duration
of dispensing across the study period, and averaged
daily OMEs for the follow-up period were compared,
stratified by rib fracture group. Due to the skewed
distribution of the data, medians are presented. Factors
associated with long-duration dispensing (>90 cumu-
lative days v ≤ 90 cumulative days) and increased dose
(comparing OME start-dose and end-dose; increase v
no increase) were examined in two separate models
using multivariable logistic regression including all
factors described above, with statistical significance set
at 0.05. Both logistic regression models were specified
with a time offset, which accounts for the number of
days an individual was alive and not readmitted to
hospital during the follow-up period.

Results

Cohort characteristics

After exclusions, 4306 patients were identified with rib
fractures in the index-hospitalisation (Figure 1). Most of
the cohorts were male (69.7%), aged below 65 years
(63.0%) and resided in urban areas (59.5%), with 10.4%
dispensed opioids in the 90 days before hospitalisation
(Table 1). Two-thirds of patients had multiple rib
fractures (66.9%), the primary mechanisms of injury
were falls (44.0%) and transport-related (43.3%), and
more than one-third of patients had injuries classified as a
high threat to life, based on their ICISS (35.4%). Rib
fractures occurred in isolation (i.e. no other thoracic
injuries or injuries to other body regions) for 36.3% of
patients with single rib fractures and 25.9% with
multiple-rib fractures. However, for those with flail in-
juries, 95.3% had other concurrent injuries.

Cohort opioid dispensing

In the first 30 days immediately after hospitalisation,
58.8% of patients had opioids dispensed (Figure 2),
and in total, 61.1% of the cohort had opioids dispensed
at least once over the 2-year follow-up period (Table 1).
The proportion of people having opioids dispensed
rapidly decreased in the first 90 days after hospital-
isation but remained at approximately 8% of the cohort
for the entire 2 years post-hospitalisation (Figure 2).

There was no gender difference in the proportion of
patients dispensed opioids post-hospitalisation (fe-
males 59.2% v males 61.9%, p = .09) (Table 1). Pa-
tients from urban (61.9%) and rural areas (62.0%) had
higher proportions of patients dispensed opioids when
compared to patients who resided in remote areas
(37.2%, p < .0001). A higher proportion of patients
dispensed opioids pre-injury had opioids dispensed
post-hospitalisation when compared to patients not
dispensed opioids pre-injury (85.0% v 58.3%, p <
.0001). A higher percentage of patients with multiple
rib fractures (64.1%) and flail injury (68.5%) had
opioids dispensed post-hospitalisation, compared to
patients with single rib fractures (51.6%, p < .0001).

Opioid dispensing patterns by rib
fracture group

For patientswhohadopioids dispensed post-hospitalisation
(n = 2630), the single rib fracture group had a higher
representation of females, persons aged 65+ and fall-related
injuries compared to the other rib fracture groups (Table 2).
Conversely, males, persons aged 45–64 years, and
transport-related injuries were more prevalent for flail
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injuries. Pre-injury opioid dispensing wasmore prevalent in
patients with single rib fractures (18.8%) and multiple rib
fractures (13.9%), compared to flail injuries (6.8%).

Of patients dispensed opioids post-hospitalisation,
76.4% had a cumulative duration ≤90 days (median =
16 days [Table 2]). Within the single and multiple rib
fracture groups, differences in opioid dispensing du-
rations were seen between demographic groups. Fe-
male patients had almost double themedian duration of
opioids than males. Longer median durations of opioid
dispensing were also seen in older age patients. How-
ever, there was little difference in the duration when
stratified by the same demographic characteristics for
flail injuries. Patients with flail injuries had the highest
median end-dose for most demographic, injury, and
hospitalisation characteristics when compared to those
with single and multiple rib fractures (Table 2).

Long-duration opioid dispensing

In total, 620 (23.6%) rib fracture patients had opioids
dispensed for greater than 90-days cumulatively across the

2-year follow-up period (median = 321 days [Table 2]).
The factor most associated with long-duration dispensing
was prior opioid use (Figure 3(a)), with these patients
being 12 timesmore likely than those opioid naı̈ve to have
long-duration opioid dispensing post-hospitalisation
(OR = 12.00, 95% CI 8.99–16.01). Females and older
aged persons continued to have a statistically significant
association with long-duration dispensing in the multi-
variable model (Females OR = 1.75, 95% CI 1.38–2.22;
Age 65+ OR = 1.86, 95% CI 1.32–2.61). While the
severity of injury and presence of concurrent injuries were
not statistically associated with long-duration dispensing
(p > .05), several clinical factors including LOS (OR =
2.07, 95% CI 1.45–2.95), surgery performed during the
index hospitalisation (OR=1.63, 95%CI 1.18–2.24) and
ICU admission (OR = 1.86, 95% CI 1.27–2.74) were
associated with long-duration dispensing. Further hos-
pitalisations, as well as death during the follow-up period,
also had a statistically significant association with long-
duration opioid dispensing (p < .001) (Figure 3(a)).

Increased opioid dose (OME) over time

Of the 2630 patients dispensed opioids post-hospitalisation,
13.7% had an OME end-dose higher than their start-dose
(results not shown). Factors associated with an increased
opioid end-dose were similar to those associated with long-
duration dispensing (Figure 3(b)). The factors most as-
sociatedwith an increased end-dosewere prior opioid usage
(OR= 9.00, 95%CI 6.75–12.00) and older age (Aged 65+
OR=2.03, 95%CI 1.31–3.16). Further hospitalisations, as
well as death during the follow-up period, also had a sta-
tistically significant association with an increased end-dose
(p < .001) (Figure 3(b)).

Sensitivity analyses examined whether starting on a
higher or lower OME dose impacted the odds of an
increased end-dose for each factor. Patients were cat-
egorised into higher or lower start OME doses based on
whether they had a start-dose above or below the total
rib fracture cohort median dose of 20 OMEs. Only
interactions between the start-dose and (1) rib fracture
group, and (2) further hospitalisations were statistically
significant (p < .1).

The sensitivity analysis showed that among patients
with flail injuries, those who started with a higher OME
were 4.8 times more likely to have an increased end-
dose compared to those who started with lower OMEs
(OR = 4.76, 95% CI 1.29-17.64). When compared to
the total rib fracture cohort receiving opioids, this
subgroup had a higher proportion of concurrent in-
juries (94.1% vs 61.0%) (Supplementary Table 1).
Opioid start-dose did not impact the end-dose for the
single or multiple rib fracture groups.

Figure 1. Flow chart for [BLINDED] rib fracture case
extraction and exclusions.
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Table 1. Demographic and injury characteristics, follow-up hospitalisations andmortality for (1) the total rib fracture cohort,
(2) patients with no opioids dispensed, and (3) patients with opioids dispensed, during the 2-year follow-up period (N = 4306).

No opioids dispensed during
follow-up

Opioids dispensed during
follow-up

Chi-square
test

N (row %) N (row %) p-value

Total (N = 4306) 1676 (38.9) 2630 (61.1)
Demographic characteristics
Sex
Female (n = 1306) 533 (40.8) 773 (59.2) 0.09
Male (n = 3000) 1143 (38.1) 1857 (61.9)

Age groups
18–44 (n = 1180) 445 (37.7) 735 (62.3) <0.0001
45–64 (n = 1533) 528 (34.4) 1005 (65.6)
65+ (n = 1593) 703 (44.1) 890 (55.9)

Place of residence (ARIA)a

Urban (n = 2561) 977 (38.1) 1584 (61.9) <0.0001
Rural (n = 1600) 608 (38.0) 992 (62.0)
Remote (n = 145) 91 (62.8) 54 (37.2)

Pre-injury opioid dispensing
No (n = 3858) 1609 (41.7) 2249 (58.3) <0.0001
Yes (n = 488) 67 (15.0) 381 (85.0)

Injury characteristics
Rib fracture group
Single rib (n = 1145) 554 (48.4) 591 (51.6) <0.0001
Multiple ribs (n = 2882) 1034 (35.9) 1848 (64.1)
Flail (n = 279) 88 (31.5) 191 (68.5)

Concurrent injuries
Isolated (n = 1175) 478 (40.7) 697 (59.3) 0.147
Other injuries (n = 3131) 1198 (38.3) 1933 (61.7)

Mechanism of injury
Fall (n = 1895) 749 (39.5) 1146 (60.5) <0.0001
Transport related (n = 1864) 661 (35.5) 1203 (64.5)
Other (n = 547) 266 (48.6) 281 (51.4)

Injury severity (ICISS)
Low threat to life (SRR >0.941) (n =
2780)

1123 (40.4) 1657 (59.6) 0.007

High threat to life (SRR ≤0.941) (n =
1526)

553 (36.2) 973 (63.8)

Index hospitalisation characteristics
Length of stay (LOS) in days
≤21 days (n = 3822) 1443 (37.8) 2379 (62.2) <0.0001
>21 days (n = 484) 233 (48.1) 251 (51.9)

Surgery performed
No (n = 3576) 1404 (39.3) 2172 (60.7) 0.31
Yes (n = 730) 272 (37.3) 458 (62.7)

ICU Admission
No (n = 3925) 1530 (39.0) 2395 (61.0) 0.80
Yes (n = 381) 146 (38.3) 235 (61.7)

Follow-up period characteristics
Number of hospitalisations (all cause)
0 (n = 1926) 830 (43.1) 1096 (56.9) <0.0001
1 (n = 1005) 375 (37.3) 630 (62.7)
2-4 (n = 948) 325 (34.3) 623 (65.7)

(continued)
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The sensitivity analysis also showed that among
patients who had no further hospitalisations, those who
started with higher OMEs had 3.7 times the odds of
having an increased end-dose, compared to those who
started with lower OMEs (OR = 3.69, 95% CI 1.75–
7.83). When compared to the total rib fracture cohort
receiving opioids, this subgroup had a higher propor-
tion of females (43.9% vs 29.4%), older aged persons
(48.8% vs 33.8%), prior opioid use (61.0% vs 14.5%),
injury from a fall (63.4% vs 43.6%), single rib fractures
(31.7% vs 22.5%), isolated fractures (39.0% vs 26.9%)
and higher mortality (21.9% vs 6.9%) (Supplementary
Table 1). Opioid start-dose did not impact the end-
dose for any of the other repeat hospitalisation groups.

Discussion
This study is the first to describe community-based
dispensing of opioid medications following acute rib-

fracture-related hospitalisation using a large, statewide,
whole-of-population cohort. This study adds to a
growing understanding of the impact that acute trauma,
opioid exposure, and prescribing patterns have on long-
term opioid use in the community.

Overall, patients hospitalised with rib fractures were
commonly prescribed opioid medications in the com-
munity immediately post-hospitalisation. Most rib-
fracture patients were male, aged under 65 years of
age and were injured through a fall or transport-related
mechanism. Unsurprisingly, patients who had multiple
rib fractures or a flail injury were more likely to be
dispensed opioids in the community, and continue use.
Compared to the total trauma reference population
from CODI,13 and an international cohort1 the per-
centage of rib-fracture patients dispensed opioids im-
mediately post-hospitalisation was substantially higher,
indicating that acute pain associated with rib fractures
may be greater than pain in the general trauma

Table 1. (continued)

No opioids dispensed during
follow-up

Opioids dispensed during
follow-up

Chi-square
test

N (row %) N (row %) p-value

5+ (n = 427) 146 (34.2) 281 (65.8)
Died (all cause)
No (n = 4009) 1560 (38.9) 2449 (61.1) 0.96
Yes (n = 297) 116 (39.1) 181 (60.9)

aARIA - Accessibility/Remoteness Index of Australia.

Figure 2. Proportion of persons in the rib fracture cohort having opioids dispensed for each 30-day interval, from 90 days
prior to the index injury hospitalisation and from day of hospital discharge up to 720 days after.
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population. However, in the majority of cases, the
opioids were ceased within 90 days post-hospitalisation,
concordant with research from other large Australian
registry data.10

The current study found that opioid-naive rib
fracture patients had considerably shorter durations of
opioid prescriptions, with amedian duration of 23 days.
Consistent with the literature,5,31,32 patients most at
risk of chronic use and increasing opioid doses were
those with pre-injury opioid dispensing. In comparison,
a recent study of opioid-naive rib fracture patients re-
ported a 16-days median duration of opioid dispens-
ing.5 The lower duration reported in this study is likely
due to differing study design factors, including a shorter
duration of data collection post-injury, the exclusion of

additional non-thoracic injuries and surgeries unrelated
to rib fixation, and the inclusion of non-admitted pa-
tients in their sample. Of concern in the current study,
the median duration of opioid dispensing in patients
who were not opioid-naive was significantly longer than
previously reported.5

For the 620 patients (23.6% of the cohort) who were
dispensed opioids for longer than 90 days, the median
duration of prescriptions was 321 days. This finding
builds upon the study byKelderman et al9 who reported
61% of blunt chest trauma patients in their study re-
ported pain at a median of 11 years after the trauma,
18% experienced shortness of breath and 7.7% severe
pain (above 8/10 on the Numerical rating scale). The
current study demonstrated the small, but not

Figure 3. Factors associated with (a) long-duration opioid dispensing (>90 days cumulatively from the day of hospital
discharge up to 720 days after), and (b) an increased OME end-dose, for the rib fracture cohort, usingmultivariable logistic
regression showing Odds Ratios and 95% Confidence intervals.
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insignificant cohort (8%), who were still being dis-
pensed opioids at the study endpoint of 2 years. Opioid
dispensing for longer than 3 months has previously
been reported as being between 2% and 15% for
general trauma populations,1,33,34 with the results of the
current study indicating the additional pain associated
with rib fractures may necessitate a more nuanced
approach to both inpatient and outpatient pain
management.

Factors contributing to chronic pain after rib frac-
tures are likely to be multifactorial. Previous literature
has described that neuropathic pain is both under-
recognised and may contribute to up to one third of
chronic pain presentations at 3 months after rib frac-
tures.35 The current study did not collect data on the
types of pain experienced and so cannot directly
quantify the cohort of patients who may have benefited
from alternate analgesic agents. This is an important
consideration for future studies on pain management in
rib fractures.

The proportion of patients who had opioids dis-
pensed for longer than 3 months was similar in each
category of single rib, multiple ribs, and flail, with only
flail injuries having an increased likelihood for long-
duration dispensing. This finding supports the results
of Gordy et al6 who found that the number of ribs
fractured in isolation was not a risk factor for developing
chronic pain. Changes in the surgical management of
rib fractures, specifically earlier surgical fixation more
commonly used since the timeframe of the current
study may influence the duration of pain experienced
by patients and warrants further investigation.

In the current study, younger patients were less likely
to have long-duration opioid dispensing and less likely
to have an increased end-dose, compared to older
patients, which mirrors previous research33 but is in
contrast to one observational study that reported fewer
opioid prescriptions in the elderly population after
discharge.36 The authors commented that their find-
ings were more related to differences in reporting of
pain, not necessarily the underlying need for analgesia.

Interestingly, female patients were more likely to
have opioids dispensed for longer than 3 months
compared to their male counterparts, after accounting
for injury severity and other factors. Females also had a
higher median duration overall (43 days) than males
(24 days). These findings mirror those of Oelreich
et al31 who also identified female sex, older age, and
previous opioid use as risk factors for chronic use.
Although not statistically significant, females also had
higher odds of an increased opioid end-dose. Overall,
these findings suggest that pre-injury and demographic
risk factors do impact long-term opioid use, and that
use can last for 2 years post-hospitalisation.

Patients with recurrent hospital admissions were
found to have a higher rate and longer duration of
opioid dispensing in the community over the study
period. Any recurrent operative intervention would be
expected to require distinct analgesic prescribing post-
intervention. The current results suggest that pro-
longed continued prescribing occurs in certain patient
groups, increasing their risk of opioid dependence.
However, when starting opioid dose was considered, it
was the patients with no recurrent admissions, who
started on higher doses that were more likely to have an
increased opioid dose by the end. Even though this
subgroup was small (n = 41), the higher opioid dose
should inform discharge planning and closer man-
agement of at-risk patients. It may be that recurrent
hospitalisations are protective of increased opioid
dosing, as patients may be more closely managed.

Recent research has detailed the barriers to de-
prescribing in the community, with reflections that
opioids commenced in the hospital lack a collaborative
weaning plan and do not align with the patient’s ex-
pectation that the medications will continue.37 In ad-
dition, previous research has shown that when a
multimodal analgesia plan was utilised during the in-
patient phase of care, there was a reduction in the daily
OME on discharge.4 Without a collaborative approach
to both in-hospital analgesic planning and post-
discharge weaning, and increasing the available re-
sources for individualised care, ongoing opioid pre-
scribing is likely to continue despite the recognition of
harm.37

Limitations
Some linkage errors may occur as with all studies using
linked administrative data. However, these are mini-
mised by the specialised team at the Statistical Analysis
and Linkage Unit dedicated to conducting routine
linkages.17,38

Using pharmaceutical claims data for pharmacoe-
pidemiological research is often considered the gold
standard data source for ascertaining medication
exposure.39–41 A limitation of this type of data is the
assumption that the dispensedmedication is used in the
manner prescribed, and in full. Actualmedication use is
not known. In the current study, reasons such as a
reduction in pain symptoms or the presence of adverse
effects may lead a patient to discontinue opioid use
before script completion.42,43 However, the concept of
non-adherence applies predominantly to the final dis-
pensed script for a patient in the dataset. Individual
patients who do not consume their entire prescription
are unlikely to request refills, suggesting repeat dis-
pensing indicates full prescription use in the dataset.

Williamson et al. 11



Given the comprehensive statewide coverage and
stringent monitoring of opioid dispensing in Queens-
land, minor deviations in sample behaviour are unlikely
to bias whole-of-population outcomes significantly.

This paper focuses on community opioid dispensing
and has no information on inpatient analgesic man-
agement strategies. Patients were censored at the time
of death. If a person moved out of the State and had
opioids dispensed elsewhere, this was not known and
could result in a small underestimation of findings.
Additionally, the data set was collected before the
widespread adoption of regional analgesic strategies in
the hospital setting44 and opioid stewardship program
implementation.45 However, this study provides strong
baseline data on which future studies can be compared.

Conclusion
Efforts to reduce opioid prescribing and use within the
community are paramount, with increasing recognition
of the negative outcomes associated with long-term and
higher-dose use. Trauma patients, and in particular
patients with rib fractures, are an important focus group
for quality improvement initiatives aimed at improving
outcomes and reducing the reliance on opioid medi-
cations. Further research is required to explore the
effects of opioid stewardship and the role of different
inpatient multimodal analgesia strategies on commu-
nity opioid prescribing practices after sustaining rib
fractures.
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