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Abstract
Background: While there is much evidence about pain management for orthopedic patients in the
immediate perioperative setting, little is known about how opioids are used during inpatient rehabilitation
in the days and weeks that follow, particularly in older adults. A safe upper limit of 50 oral morphine
equivalents (OME) is frequently cited in guidelines. This study’s objective is to characterize the use of
opioids in an older adult population undergoing orthopedic rehabilitation.

Methods: This is a retrospective observational study of adults aged ≥50 years old admitted for
orthopedic rehabilitation between November 2019 and June 2021 at an academic rehabilitation hospital
in Toronto, Canada. Acute care admissions preceding rehabilitation were for either a surgical or non-
surgical orthopedic indication. Participants were divided into opioid-naïve individuals who received
opioids, opioid-naïve individuals who did not receive opioids, and pre-existing chronic users of opioids.
Demographic, clinical, and medication administration data were collected through the electronic health
record and manual chart review. Average daily opioid dose for the �rst seven days of each stay was
characterized using OME. Linear regression was used to assess for variables independently associated
with opioid dose.

Results: A total of 643 patients undergoing orthopedic rehabilitation were included: 125 (19.4%) involved
chronic opioid users, 416 (64.7%) were opioid-naïve patients who received opioids, and 102 (15.9%) were
opioid-naïve patients who did not receive opioids, with median age respectively of 72, 79, and 83. Median
daily OME over the �rst week for chronic users was 30.3 and for opioid-naïve users was 6.9. Opioid dose
was signi�cantly positively associated with reported pain as de�ned by day 3 pain score and knee
replacement; it was inversely associated with admission for a non-surgical indication and age.

Conclusions: Opioids are frequently but heterogeneously used in older adults undergoing orthopedic
rehabilitation. Median OME use in this cohort of older adults was substantially lower than the 50 OME
threshold suggested in guidelines. Dedicated guidance for opioid use is warranted for this unique patient
population. 

Introduction:
Opioids are frequently used in the post-operative period as part of a comprehensive analgesia strategy
(1). Of surgeries performed in Canada, orthopedic surgeries are among the most common (2). New opioid
prescriptions originating in this setting have been shown to be an important contributor to the ongoing
opioid crisis (3). Characteristics of the initial prescribing episode such as high dose, long duration, and
use of long-acting formulations are strongly associated with the development of chronic use (4). Older
adults, who are highly represented in the orthopedic population (5), are not immune to this phenomenon
(6). They are also more vulnerable to developing opioid-related adverse drug events, such as changes in
cognition, respiratory depression, falls, urinary retention, and constipation (7, 8).
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Findings such as these have prompted the publication of guidelines delineating best practices for opioid
prescribing, including recommendations for limiting the daily dose to less than 50 oral morphine
equivalents (OME) per day due to substantial risk of harms above this level (9–12). Detailed
recommendations for pain management and opioid stewardship exist for the spectrum of perioperative
care, from the preoperative phase through to discharge from acute care (13, 14). However, guidance is
lacking for patients discharged to a post-acute setting such as inpatient orthopedic rehabilitation (IOR),
who comprise around 15% of patients undergoing orthopedic surgery (15). Many of these patients are
older and frailer than those who return home directly from acute care (16–18). Therefore, post-acute
settings such as orthopedic rehabilitation are highly relevant for the pain management of complex, older
post-surgical patients (19), and may be an ideal opportunity to deprescribe opioids and optimize the
analgesic regimen prior to discharge home.

Unfortunately, little research exists about opioid prescribing in IOR patients. While some studies have
reported on patterns of opioid use for older adults in the immediate postoperative period (20–21), we
were not able to identify any such reports for post-acute patients, or for IOR in particular. We therefore
conducted this retrospective study to investigate characteristics of patients in IOR and their patterns of
opioid use.

Methods:

Setting:
This is a single-center retrospective study of opioid use in IOR patients admitted to Bridgepoint Active
Healthcare (BAH), an academic rehabilitation hospital which is part of Sinai Health in Toronto, Canada.
Prescribers at BAH are typically family medicine-trained hospitalists experienced in treating the
orthopedic rehabilitation population. Care team members included medical specialists, nurses,
physiotherapists, occupational therapists, and other allied health providers.

Rehabilitation activities:
The primary goal of inpatient rehabilitation was for the patient to regain function and mobility su�cient
to safely return to the home environment. Patients in the high-intensity rehabilitation stream usually
performed daily rehabilitation activities for a length of stay of two to three weeks. Patients with an
anticipated poorer activity tolerance or barriers to rehabilitation were admitted under a low-intensity
rehabilitation stream with therapy distributed over a longer length of stay.

Patient population:
We included all patients aged 50 and above participating in orthopedic rehabilitation between November
2019 and June 2021. The focus of the study was on older adults (65+) but a younger cohort (50-64) was
included to maximize generalizability as these individuals also receive clinical care on the units under
study.
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Patient encounters were excluded if:

1. The patient was admitted for a non-orthopedic indication.
2. The indication was orthopedic but involved malignancy such as sarcoma or metastases.
3. The patient had fractures in more than two body regions, typically as a result of traumatic injury.
4. The patient was well enough to be discharged to the community in less than seven days, since this

was the period selected for assessment of opioid use and follow-up pain scores.
5. The patient was not admitted directly from acute care (e.g. they had spent some weeks in

convalescence prior to orthopedic rehabilitation admission due to non-weight bearing status.)
�. The admission was part of a chain of admissions for the same patient and for the same indication

(e.g. a patient requiring a series of surgeries with intervals in rehabilitation between them). In such
cases, only the �rst encounter in the chain was included.

7. The patient was a chronic user of high-potency opioids including intravenous drugs, methadone,
buprenorphine, or fentanyl.

In cases of uncertainty, inclusion was adjudicated by the senior team members (R.N. and A.B.).

Data collection:
Data was collected by a combination of automated reporting from the electronic health record and
manual review of electronic charts. A.B., R.N., S.C., and C.T. performed manual data extraction using a
standardized review algorithm. An adjudication procedure was established to address discrepancies in
coding.

See Supplement 1 for full details of the data collection. In brief, this included: demographic information;
Charlson Comorbidity Index (22); health conditions associated with likelihood of conversion to chronic
opioid use (1, 23); baseline functional status for basic activities of daily living; the original indication for
surgical or non-surgical treatment; the referring hospital where care was provided; and length of stay
(LOS) in the referring hospital prior to arrival at rehabilitation. The following measures were recorded on
admission to rehabilitation: EGFR (by the CKD-EPI equation) (24); Functional Independence Measure
(FIM), a measure of mobility and function widely used in the rehabilitation setting to document a patient’s
progress (psychometric properties have been described in detail by Cournan) (25); and highest pain score
on day 3 at rehabilitation (shown to be a useful initial time point for predicting the effect of pain on
rehabilitation outcomes) (26).

Opioid use was measured as the type and dose of opioid administered to each patient averaged over the
�rst seven days in rehabilitation, with doses converted to oral morphine equivalents (OME) to facilitate
comparison. Complications commonly associated with opioids were also monitored.

Outcomes included LOS at rehabilitation, maximal pain score on day 7, FIM score on discharge, FIM
change and FIM e�ciency (FIM change divided by length of stay), and proportion discharged to a
community setting at the end of their rehabilitation stay. Patients requiring an acute hospital stay of less
than 72 hours were considered to have had a program interruption and continued in the study upon return
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to rehabilitation, while patients absent from rehabilitation for more than 72 hours were considered to
have been discharged to acute care (in line with de�nitions from the American Uniform Data System for
Medical Rehabilitation) (27).

Statistical analysis:
Patients were divided into three groups of interest: (A) chronic opioid users (those with a home opioid
medication listed on the admission pharmacy report, or with a listed diagnosis of chronic opioid use), (B)
opioid-naïve patients who did receive opioids during the orthopedic rehabilitation admission, and (C)
opioid-naïve patients who did not receive any opioids during the orthopedic rehabilitation admission.

The three groups were compared using the non-parametric Kruskal-Wallis test for continuous variables,
while the Chi-square test was used for categorical variables.

The motivation of this research was to better understand the use of opioids in naïve users with an eye for
prevention of de novo chronic opioid use in these patients. Higher initial opioid dose has been previously
linked to the development of chronic use (4). We therefore developed univariable and multivariable linear
regression models for opioid-naïve patients to test for associations between opioid dose and the
measured factors described above. In addition to age and sex, we included BMI (28), pre-existing
dementia (29, 30), and pre-existing psychiatric or substance-use disorder (23) regardless of statistical
signi�cance because of previous association of these factors with opioid use. Backward stepwise
selection and interaction checking was used to develop a parsimonious model. An additional linear
regression model was developed to investigate how covariates of the primary model might be re�ected in
reported day 3 pain score.

Results:
We reviewed a total of 947 patient encounters of which 304 were excluded: 78 were not admitted for an
orthopedic indication, 72 were for multiple visits by the same patient, 68 were cancer-related, 32 were for
fractures in more than two body areas, 23 were not admitted directly from acute care, 11 were discharged
to the community in less than 7 days, 10 were for individuals who previous used high-potency opioids,
and 9 where the patient returned to acute care before assessments could be completed.

Of 643 included patient encounters, 125 (19.4%) involved chronic opioid users, 416 (64.7%) were opioid-
naïve patients who received opioids during orthopedic rehabilitation, and 102 (15.9%) were opioid-naïve
patients who did not receive opioids during orthopedic rehabilitation. Table 1 presents the patient
characteristics for these three groupings. Chronic users were younger, had a higher BMI, and had a higher
rate of psychiatric comorbidity. They were typically admitted for surgery and had a high proportion of
elective joint replacements. Opioid-naïve users were older, had a lower BMI, and had a lower rate of
psychiatric comorbidity. They were slightly less likely to have been operated on, with substantially less
elective surgery. Non-users of opioids were older, had lower BMIs, and had a higher rate of dementia and
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baseline functional impairment. They were less likely to have undergone surgery, with only a minority of
these surgeries being elective in nature.

 
Table 1

Patient Characteristics

  Chronic
user

Opioid
naive

Non-
opioid
user

p

n 125 416 102  

Age (median (IQR)) 72 (65,
76)

79 (71,
87)

83 (73,
90)

<0.001

Female Sex (%) 78 (62.4) 293 (70.4) 64 (62.7) 0.124

BMI (median (IQR)) 27.6 (23.4,
33.7)

25.3 (22.1,
29.7)

22.5 (19.8,
26.5)

<0.001

Dementia (%) 1 (0.8) 22 (5.3) 15 (14.7) <0.001

Anxiety or Depression (%) 49 (39.2) 108 (26.0) 22 (21.6) 0.005

History of Substance Use (%) 14 (11.2) 28 (6.7) 14 (13.7) 0.044

Charlson Comorbidity Index (median (IQR)) 3 (3, 4) 4 (3, 5) 4 (3, 5) 0.003

Independent in All Basic Activities of Daily Living
(%)

101 (80.8) 341 (82.6) 73 (71.6) 0.043

Admitted Following Surgery (%) 113 (90.4) 337 (81.0) 64 (62.7) <0.001

Elective Surgery (%) 78 (62.4) 162 (38.9) 16 (15.7) <0.001

Admitted Following Non-Surgical Treatment 14 (11.2) 79 (19.0) 38 (37.3) <0.001

Surgery Type (%)       <0.001

Hip Fracture 21 (16.8) 147 (35.3) 38 (37.3)  

Hip Replacement 44 (35.2) 76 (18.3) 10 ( 9.8)  

Knee Replacement 30 (24.0) 75 (18.0) 5 ( 4.9)  

Other Surgery 16 (12.8) 39 (9.4) 11 (10.8)  

Length of Stay in Acute Care Prior to
Rehabilitation in Days (median (IQR))

4 (2, 7) 4 (3, 7) 5 (3, 8) 0.286

EGFR (median (IQR)) 87 (63,
100)

83 (61,
96)

80 (64,
90)

0.029

FIM on Admission (median (IQR)) 80 (75,
86)

80 (74,
85)

80 (75,
89)

0.583



Page 7/15

Table 2summarizes patient outcomes. Chronic users had a higher median opioid dose than naïve-users
(30.3 mg vs 6.9 mg OME daily) and used long-acting formulations more frequently. The distribution of
opioid medications and formulations used are detailed in Supplement 2. Median lengths of stay were
slightly less in chronic users, with similar functional and discharge outcomes between groups. Maximal
pain on day 3 was highest in chronic users and lowest in non-users. Pain did not materially change from
day 3 to 7 in any group. Opioid-related side-effects were distributed similarly among the groups, with
constipation being the most common. Nausea was more common in chronic users versus naïve users,
with non-users reporting the least nausea. Severe adverse events including acute kidney injury, injurious
fall, and respiratory complications were rare and without signi�cant intergroup differences (data not
shown). Only 11 (1.7%) patients experienced a program interruption and 42 (6.5%) patients returned to
acute care, with only 2 of these complications deemed potentially related to opioid use on retrospective
chart review. 
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Table 2
Outcomes

  Chronic
user

Opioid
naive

Non-opioid
user

p

n 125 416 102  

Median Opioid Use Daily in mg OME
(median (IQR))

30.3 (7.4,
72.0)

6.9 (2.4,
16.1)

n/a <0.001

Proportion Receiving Long Acting Opioid
Formulations (%)

45 (36.0) 42 (10.1) n/a <0.001

Maximum Pain Reported on Day 3 (median
(IQR))

5 (3, 7) 4 (2, 6) 3 (2, 4) <0.001

Maximum Pain Reported on Day 7 (median
(IQR))

5 (3, 7) 4 (2, 6) 2 (0, 4) <0.001

Opioid-Related Complications        

Urinary Retention (%) 8 (6.4) 37 (8.9) 5 (4.9) 0.328

Constipation (%) 71 (56.8) 238 (57.2) 53 (52.0) 0.627

Confusion or Delirium (%) 9 (7.2) 20 (4.8) 6 (5.9) 0.573

Nausea (%) 40 (32.0) 94 (22.6) 19 (18.6) 0.039

Rehabilitation Length of Stay in Days
(median (IQR))

20 (12, 28) 22 (14, 35) 23 (14, 35) 0.109

FIM on Discharge (median (IQR)) 111 (107,
115)

110 (103,
114)

111 (106,
115)

0.031

FIM Change (mean (SD)) 29 (9) 28 (9) 27 (8) 0.371

FIM E�ciency (median (IQR)) 1.75 (1.27,
2.20)

1.46 (1.08,
2.07)

1.43 (0.95,
2.00)

0.044

Discharged to a Community Setting (%) 111 (88.8) 388 (93.3) 89 (87.3) 0.075

Univariable regression results for factors correlating with opioid dose are shown in Supplement 3. Results
of multivariable regression modeling for opioid dose can be seen in Table 3. In the �nal multivariable
model, age was inversely correlated with amount of opioid administered. Reported pain, as de�ned by
day 3 pain score, was associated with increased opioid use. Knee replacement was associated with
increased opioid use while admission for a non-surgical indication was associated with lower opioid
requirements.

Univariable and multivariable regression modeling results examining the factors contributing to day 3
pain scores can be seen in Supplement 4. The multivariable model identi�ed underlying dementia as
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being negatively associated with reported pain and a history of psychiatric illness as being positively
associated with reported pain.

A separate tabulation examining the amount of daily opioid administered over the �rst week, speci�cally
to opioid naïve users (i.e. excluding chronic users and non-opioid users) by age showed that those aged
50-64 received a median of 19.4 mg daily, 65-74 received 12.6 mg, 75-84 received 6.0 mg and 85+
received 3.4 mg.

Table 3 

Multivariable Regression Associations with Opioid Dose in Oral Morphine Equivalents (OME) (Final
Model)

  Coe�cients (CI) p

Age -2.348 (-3.251, -1.437) <0.0001

Female Sex 0.832 (-18.1, 24.2) 0.938 0.938

BMI 1.121 (-0.425, 2.691) 0.157

Dementia -17.9 (-44.3, 21) 0.32

Psychiatric Disorder 8.884 (-13.7, 37.3) 0.473

Elective Surgery 40.7 (-7.94, 115) 0.115

Admitted Following Non-Surgical Treatment -36.3 (-50.9, -17.4) <0.001

Hip Replacement 8.141 (-33.8, 76.6) 0.755

Knee Replacement 71.2 (4.039, 182) 0.035

Other Surgery 12.8 (-22.4, 64.1) 0.527

Maximum Pain Reported on Day 3 19.2 (14.6, 24) <0.0001

Discussion:
Many challenges exist in orthopedic rehabilitation when it comes to opioid stewardship, including
signi�cant variability in indications for admission, patient heterogeneity and variability in prescribing
practices between referring hospitals. Furthermore, existing guidelines do not provide recommendations
speci�c to managing opioid use in IOR patients. Notably, advice is often focused on the immediate
postoperative period, with little guidance for the days and weeks that follow.

Our data reveals different pro�les of IOR patients with disparate patterns of opioid use. Chronic users
were on average younger and with a higher BMI, had a higher rate of prior psychiatric comorbidity and
were typically admitted following elective joint replacement. They consumed 4.5-fold the amount of
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opioid when compared to the naïve users. Opioid-naïve users tended to be older and had a lower
proportion of elective surgeries. Non-users of opioids were the oldest group and had an even lower
proportion of elective surgeries. These patients had more markers of frailty such as lower baseline
functional independence and a higher rate of dementia, which likely impacted their perceived candidacy
for both surgery and opioids.

Prior work has shown that higher initial opioid dose is related to the development of chronic use (4).
Therefore, knowledge of what factors are associated with prescribing high initial doses of opioids in
orthopedic rehabilitation is central to minimizing the number of patients who leave orthopedic
rehabilitation with a new opioid prescription. The regression model for opioid administration
demonstrated that day 3 pain scores, reason for admission, and age were independently associated with
opioid dose. The correlation of pain scores with opioid dose is unsurprising. In our cohort, knee
replacement was associated with higher opioid dose but not with higher pain. It has previously been
observed that knee replacement is more painful than hip replacement and is associated with higher
opioid consumption in the immediate post-operative period (31–32). One interpretation is that providers
may be pre-emptively administering larger doses of opioids in anticipation of pain in this group.
Conversely to knee replacement, rehabilitation following a non-operative reason for orthopedic admission
(e.g. pelvic or vertebral compression fracture) was associated with lower opioid use. It may be that
patient factors such as older age or frailty predominate in this group, particularly given their
overrepresentation in the cohort that did not receive opioid therapy (Table 1). This observation may also
re�ect the fact that these individuals likely bypass protocolized perioperative analgesia orders or
assessment by pain specialists given that they did not undergo surgery.

The inverse relationship of opioid administered with age, particularly in opioid-naïve individuals, is of
clinical relevance both for frontline care and when developing guidance for care of these patients.
Guidelines often cite a cautious upper limit of 50 morphine equivalents daily (9–12). Our data
demonstrate that opioid-naïve older patients in IOR typically require far less opioid: of patients aged 75+
in our cohort who used opioids, only 19% used >10 mg OME and only 8.5% used >20 mg OME per day
(data not shown). While opioid pharmacokinetics are largely similar to younger patients,
pharmacodynamic changes have been demonstrated in older patients such that an 80-year-old person
needs 50% less opioid than a 40-year-old to achieve the same analgesic effect (33). Together this would
support a downward adjustment of the expected dosing window for older adults undergoing orthopedic
rehabilitation. Prescriber discretion may also be playing a role when faced with offering higher opioid
doses to individuals perceived to be more vulnerable to adverse effects. The vast majority of older adults
in our cohort also did not require long-acting opioids, resonating with calls to eschew use of these
formulations due to higher risk of adverse events and dependence (34).

While psychiatric comorbidity (23) and cognitive impairment (29, 30) have previously been linked to
opioid use, they were not found to be signi�cant in our model of opioid use (Table 3). One potential
explanation is that their impact may be mediated through pain reporting or experience; indeed, the
regression model for day 3 pain revealed these factors to be independently associated. Psychiatric
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comorbidity is a well-known risk factor for the development of chronic post-surgical pain (35). The
inverse association of dementia with reported pain could potentially re�ect di�culty with self-reporting of
pain in people with moderate-to-severe cognitive impairment or perhaps may re�ect undertreatment (29,
30). While characterization of pain was not the focus of this work, these observations do support the idea
that opioid prescribing should be tailored with a holistic understanding of an individual patient’s needs,
particularly in older adults who are more likely to have pre-existing neuropsychiatric comorbidity.

This study had several limitations. We could not quantify opioid use in the acute setting prior to
orthopedic rehabilitation nor baseline opioid use prior to hospitalization (beyond presence or absence of
a pre-existing opioid prescription), both factors potentially pertinent to the analysis. The pain scores used
here were collected as part of clinical care and so may re�ect variability of individual provider practice; we
do not have data on interrater reliability speci�c to our institution. The generalizability of these �ndings
may also be limited because this is a single-centre study.

Conclusions And Implications:
Our research provides new data on how opioids are used in an older orthopedic rehabilitation population
and which factors may predict opioid use. We emphasize that older patients may require lower doses of
opioid than typically described in guidelines, although orthopedic rehabilitation patients also have
heterogeneous clinical pro�les which may impact their opioid use patterns. Prescriber and institutional
practices for the use of opioids should recognize this heterogeneity, for example by having guidance
speci�c to the management of pain in older adults. This work also highlights that opioid use as part of a
pain management strategy in orthopedic rehabilitation is distinct from pain management in the
immediate perioperative setting and deserves individualized attention.

Abbreviations
BAH – Bridgepoint Active Healthcare; BMI – body mass index; EGFR – estimated glomerular �ltration
rate; FIM – functional independence measure; IOR – inpatient orthopedic rehabilitation; OME – oral
morphine equivalent. 
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