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Abstract

Background—The misuse of opioid analgesics is a major public health concern, and guidelines 

regarding postoperative opioid use are sparse. We examined the use of opioids following 

outpatient upper extremity procedures. We hypothesized that opioid use varies widely by 

procedure and patient factors.

Methods—We studied opioid prescriptions among 296,452 adults ages ≥ 18 years who 

underwent carpal tunnel release, trigger finger release, cubital tunnel release, and thumb 

carpometacarpal (CMC) arthroplasty from 2009 to 2013. We analyzed insurance claims drawn 

using Truven Health MarketScan Commercial Claims and Encounters, which encompasses over 

100 health plans in the United States. Using multivariable regression, we compared the receipt of 

opioids, number of days supplied, indicators of inappropriate prescriptions, and number of refills 

by patient factors.
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Results—In this cohort, 59% filled a postoperative prescription for opioid medication, and 8.8% 

patients had an indicator of inappropriate prescribing. The probability of filling an opioid 

prescription declined linearly with advancing age. In multivariate analysis, patients who had 

previously received opioids were more likely to fill a postoperative opioid prescription (66% vs. 

59%), receive longer prescriptions (24 vs. 5 days), receive refills following surgery (24% vs. 5%), 

and have at least one indicator of potentially inappropriate prescribing (19% vs 6%).

Conclusions—Current opioid users are more likely to require postoperative opioid analgesics 

for routine procedures, and more likely to receive inappropriate prescriptions. More evidence is 

needed to identify patients who derive the greatest benefit from opioids in order to curb opioids 

prescriptions when alternative analgesics may be equally effective and available.
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The inappropriate use of opioid prescription medications is a national health crisis.1 

Overprescribing opioid analgesics by medical providers has been shown to be a major 

contributor to the morbidity and mortality associated with opioid abuse.2,3 Deaths related to 

opioid prescriptions have increased 4-fold over recent years, and are now far more common 

than deaths related to other substances, such as sedative hypnotics, heroin and cocaine.4,5 In 

addition, the incidence of non-fatal prescription opioid overdoses has risen over 50% in the 

United States from 2001 to 2010.5,6 In spite of this, opioid prescriptions continue to increase 

annually, and more opioids are prescribed per capita in the United States than any other 

country in the world.7–9 Notably, hydrocodone-based analgesics are the most commonly 

prescribed medication in the United States, with over 130 million prescriptions per year.10

Guidelines have been established for clinicians who care for patients suffering from chronic 

pain in order to curb the prescription of opioids and offer algorithms for the use of 

alternative analgesics.11–13 However, far less is known regarding appropriate prescribing 

practices following routine elective surgery.14 Inadequately managed perioperative pain 

causes difficulty with postoperative rehabilitation, prolonged length of stay, and may be 

associated with the development of chronic post-surgical pain.15–17 Despite their risks, 

opioids are effective at alleviating postoperative pain, and remain the standard of care for 

treating moderate to severe acute post-surgical pain.18 Therefore, identifying safe practices 

for opioid management is an important priority for all surgeons in practice.

Recent studies demonstrate that the prevalence of opioid use and dependence among patients 

undergoing orthopedic surgery procedures is rising.19 To date, there is little evidence 

regarding prescribing patterns following outpatient elective surgery. Hand procedures are 

among the most commonly performed outpatient surgeries in the United States. For 

example, over 500,000 carpal tunnel releases are performed each year, and the incidence of 

upper extremity surgery is expected to increase with the aging population.20–23 Therefore, 

understanding differences in the receipt of opioid narcotics can inform future clinical 

guidelines regarding their use. In this context, the purpose of this study is to define the rate 

at which opioid prescriptions are filled following four common, outpatient, elective hand 
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surgery procedures, the type of opioid analgesics that are filled, the variation in opioid use 

by patient factors, and potential indicators of inappropriate use.

Methods

Data source and study cohort

We analyzed the Truven Health MarketScan® Research Databases, including the 

MarketScan Commercial Claims and Encounters Database and the Medicare Supplemental 

and Coordination of Benefits Database. These databases capture patient-level utilization of 

medical services, payment, and enrollment across inpatient, outpatient and prescription 

drugs. They represent the healthcare utilization of approximately 50 million active 

employees, early retirees, Medicare-eligible retirees with employer-provided Medicare 

Supplemental plans, and their dependents each year. We examined the outpatient services 

claims from patients who underwent one of the following four procedures between 2009 to 

2013: 1) carpal tunnel release (CTR), 2) cubital tunnel release (CuTR), 3) surgical treatment 

for thumb carpometacarpal (CMC) joint arthritis, including CMC joint arthroplasty and 

arthrodesis, 4) and trigger finger release (TFR). We identified these procedures using 

International Classification of Disease 9th revision codes (ICD-9 diagnosis codes) for the 

indication (primary diagnosis) and Current Procedural Terminology codes (CPT codes) for 

the procedure description. (Appendix 1)

To ensure that opioid use was related to pain after surgical procedures rather than other types 

of pain (e.g. chronic pain), we included patients who did not carry a pre-existing diagnosis 

of chronic pain (ICD-9 diagnosis codes: 33821, 33822, 33228, 33829, 3384, 3384x).24,25 In 

addition, we categorized “opioid naïve” patients as those who had not filled an opioid 

prescription within 6 weeks prior to the procedure and required that the first opioid 

prescription following the procedure to be an original prescription rather than a refill. In 

contrast, we classified patients who were currently receiving opioids, or “opioid exposed,” 

as those who had filled a prescription for an opioid within 6 weeks of the procedure, or 

whose prescription was a refill rather than a new prescription. We specifically excluded all 

patients who underwent multiple simultaneous surgical procedures on the same day.

Utilization of opioid medications

We followed each patient for 6 weeks following the four procedures to determine 1) the 

number of patients who filled a prescription for opioid medications (Appendix 2), 2) the 

type of opioid medication filled, 3) the number of days the opioid was prescribed, 4) the 

number of refills, and 5) indicators of potentially inappropriate prescription.

We used generic drug names to identify prescriptions from the MarketScan files. We 

categorized opioid prescriptions into 5 categories: hydrocodone and hydrocodone-

combination medications, oxycodone and oxycodone-combination medications, tramadol 

and tramadol-combination medications, codeine phosphate and codeine-combination 

medications, and other opioid medications.

Daily opioid dosage was calculated using outpatient pharmaceutical claims data. To 

determine the daily dose prescribed, the total amount of prescribed medicine was divided by 
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the corresponding days of supply. This was converted to a standard unit of comparison, 

Morphine Milligram Equivalent (MME) units, by using a morphine equivalent conversion 

factor per milligram.24,25 (Appendix 3)This approach allowed us to compare daily doses of 

opioid across prescription types and patients.24,26

We identified indicators for potentially inappropriate prescribing of opioid analgesics.24,25 

These indicators include (1) opioid prescriptions with at least one overlap (defined as the 

“days supply” for two opioid prescriptions in the postoperative period that overlap by seven 

days or more); (2) overlapping opioid and benzodiazepine prescriptions (defined as the 

“days supply” for an opioid and benzodiazepine prescriptions in the postoperative period 

that overlap by seven days or more): (3) long-acting/extended-release (LA/ER) opioid 

prescriptions for acute pain; and (4) high daily opioid doses, defined as a daily dosage of 

100 morphine milligram equivalent (MME) or higher.

Independent variables

We examined patient sociodemographic factors, including age (18–34 years, 35–44 years, 

45–54 years, 55–64 years, and 65 years and older), gender, metropolitan statistical area 

(MSA), type of insurance plan, and geographic region of residence. The MSA describes 

geographical regions with a relatively high density of population at its core with adjacent 

communities with similar degree of social and economic factors as the core. We linked the 

MSA identifier for each patient to the 2010 census data and obtained median household 

income of each area where the patients resided. We then categorized regional median house 

income into five categories for the patient cohort: less than $40,000, $40,000 – $50,000, 

$50,000 – $60,000, $60,000 – $70,000, and greater than $70,000. We categorized insurance 

plan type into five groups: comprehensive health insurance, health maintenance organization 

(HMO) plans, preferred provider organization (PPO) plans, point of service (POS) plans and 

other (e.g. Medicare). Finally, we included geographic region of the United States 

(northeast, north central, south and west regions) into the analysis.

Statistical analysis

We performed descriptive analysis to examine the distribution of patient characteristics by 

whether or not they filled a prescription for opioids following surgery and procedure type 

(CTR, CuTR, CMC arthroplasty/arthrodesis and TFR). We used multivariable logistic 

regression to determine the effect of patient factors on whether or not an opioid prescription 

was filled and the receipt of an opioid refill among ‘opioid naive’ patients. We used 

multivariable linear regression to predict the average number of days of supply and the 

average number of refills provided after adjusting for patient factors. We reported odds ratios 

with 95% confidence interval for each of the independent variable, with an alpha error set at 

5%. We compared utilization of opioid between ‘opioid naive’ patients and ‘opioid exposed’ 

patients by performing multivariate regression models with whether received opioid before 

surgery as the primary predictor, controlling for all other patient factors and type of 

procedure underwent. We then calculated adjusted rate of opioid use, refill and days of 

supply between the two groups. We used logistic regression to identify the prevalence of 

indicators of inappropriate use of opioid prescriptions among patients who were using 
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opioid medications preoperatively and those who were not. All analyses were conducted 

using SAS 9.3 and Stata 13.0 (Statacorp; College Station, Texas).

Results

The demographic characteristics of the study population are detailed in Table 1. We 

identified 296,452 patients who underwent one of four common, elective, outpatient 

procedures from 2009 to 2013: primary CTR (n=185,589 patients), CuTR (n=16,086 

patients), CMC arthroplasty/arthrodesis (n=19,808 patients), and TFR (n=74,969 patients). 

The majority of patients were ages 45 and older across all procedures. Women more 

commonly underwent CTR (65%), CMC arthroplasty/arthrodesis (78%), and TFR (64%) 

compared with men. There were no significant differences in the distribution of median 

income across each of the procedures. The majority of patients held PPO-based insurance 

plans, and had few comorbid conditions. Across all procedures, 58.5% (n=135,869) filled a 

prescription for opioid analgesics in the postoperative period. On average, prescriptions were 

filled for 7.3 days, and 4.5% of patients received a prescription refill. In this cohort, 8.1% of 

patients received prescriptions for 2 or more opioid analgesics. Finally, 21.5% of patients 

had filled a previous prescription for opioid analgesics within 6 weeks prior to surgery.

Table 2 details the overall opioid utilization by procedure type. Patients who underwent 

CMC arthroplasty/arthrodesis most commonly filled a prescription for opioid analgesics 

following surgery (74%), followed by CuTR (71%), CTR (62%), and TFR (51%). 

Hydrocodone-based opioids were the most commonly filled type of opioid ranging from 

52% (CMC arthroplasty/arthrodesis) to 61% (TFR). The average number of days of 

prescription supply was longest for patients who underwent CMC arthroplasty/arthrodesis 

(15.4 days), compared to 10.1 days (TFR), 14.8 days (CuTR) and 12.0 days (CTR) for other 

procedures. Refill prescriptions were highest among patients who underwent CMC 

arthropasty/arthrodesis (12%), followed by CuTR(11%), CTR (9%), and TFR (7%). In this 

sample, 21.5% of patients who underwent CMC arthroplasty/arthrodesis filled 2 or more 

different opioid prescriptions in the postoperative period, followed by CuTR (11.7%), CTR 

(7.2%), and TFR (5.2%).

We examined the relationship between type of surgery and the receipt of opioid prescription 

medication, adjusting for patient characteristics. (Figure 1) Patients who underwent CMC 

arthroplasty/arthrodesis had the highest rates of filling an opioid prescription following 

surgery (75%), followed by CuTR (69%). In contrast, patients who underwent CTR and 

TFR filled opioid prescriptions less frequently (60% and 51% respectively).

Table 3 details the factors correlated with filling an opioid prescription following surgery 

among patients who were opioid “naïve”. We observed a linear decline in the odds of filling 

an opioid prescription following surgery with patient age. Compared with patients 18 to 34 

years, patients ages 65 and older were less likely to fill an opioid prescription (OR=0.47; 

95%: 0.45 – 0.50), as were patients ages 55 to 64 (OR=0.65; 95%CI: 0.62 – 0.68), and 

patients ages 45–54 (OR=0.76; 95% CI: 0.72 – 0.79). Additionally, we observed that 

patients with more restrictive coverage through HMO insurance plans were less likely to fill 
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a prescription for opioids compared with patients who had PPO plans (OR=0.85, 95% CI: 

0.83–0.87, p<0.001).

We examined the patient factors correlated with receiving a refill of opioids following 

surgery (Table 4). Patients who underwent CMC arthroplasty/arthrodesis (OR=1.41, 95% 

CI: 1.32–1.50) or CuTR (OR=1.24, 95% CI:1.15–1.33) were more likely to receive refills 

compared with patients who underwent CTR. Additionally, the probability of receiving a 

refill declined with advancing age. For example, compared with patients who were 18 to 34 

years old, patients 65 or older were less likely to receive refill of opioids (OR=0.77, 95% CI: 

0.69–0.85,p<0.001). The odds of receiving a refill was also correlated with socioeconomic 

status, and patients who resided in areas with the highest median household income were 

less likely to receive refills (OR=0.57, 95% CI: 0.49–0.67, p<0.001) compared to patients 

residing in areas of lower median household income.

We compared differences in the utilization of opioids following surgery between individuals 

who had received opioid prescriptions within 6 weeks prior to surgery and those who had 

not (Table 5). After adjusting for other patient characteristics, patients who had previously 

received opioids were more likely to receive a prescription for opioids following surgery 

(65.6% vs. 58.5%, p<0.001), receive longer prescriptions (23.5 days vs. 4.5 days, p<0.001), 

and receive refills following surgery (23.9% vs. 4.5%, p<0.001).

Finally, we examined indicators of inappropriate opioid use (Table 6). Approximately 8.8% 

in this cohort had at least one indicator of potentially inappropriate prescribing, most 

commonly daily doses of 100 MMEs or higher (6.9%). In multivariate analysis, preoperative 

opioid exposure was the strongest predictor of overlapping opioid prescriptions (OR=18.4; 

95% CI: 17.00–19.93); overlap of opioid and benzodiazepine prescriptions (OR=20.2; 95% 

CI: 19.16 – 22.37), and high daily opioid doses (OR=2.1; 95% CI: 2.01 – 2.15).

Discussion

Over half of patients who undergo common, outpatient, elective hand surgery procedures 

receive prescriptions for opioid analgesics, most commonly hydrocodone-based 

medications. In contrast, less potent opioid analgesics, such as tramadol or codeine-based 

medications, are infrequently filled. Up to 16% of patients receive high doses of opioids 

following routine, outpatient hand procedures, and inappropriate prescribing patterns are 

seen more commonly among patients who are using opioid medications preoperatively. 

Opioid prescriptions are less commonly filled by older individuals, and the typical length of 

opioid therapy prescribed is shorter and the number of refills is lower compared with 

younger patients. Finally, patients who have recently filled a prescription for opioids prior to 

surgery are more likely to fill postoperative prescriptions of longer durations, receive 

additional refills of opioid medications, and have much higher proportion of opioid overlap 

incidents, opioid and benzodiazepine overlap incidents, and high daily opioid doses 

incidents.

Previous studies demonstrate wide variation in analgesic prescribing practices following 

hand surgery procedures.27,28 Similar to our findings, Rodgers et al. reported that opioid 
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needs were higher among patients who underwent bony-related procedures, and lower 

among Medicare beneficiaries.28 Although this study was conducted within a single center, 

the authors noted that nearly two-thirds of the pills in a single prescription went unused, 

which underscores the need for appropriate prescribing practices to prevent excess opioid 

medications reaching unintended users. In addition, our study highlights the important 

influence of patient characteristics on opioid prescribing. We identified that the need for 

opioid analgesics is closely associated with patient age, the type of procedure that is 

performed, and the pre-existing use of opioid medications. Previous studies have also 

demonstrated that patients’ psychosocial stressors and coping skills have a significant effect 

on postoperative pain management.29,30 Furthermore, patients with pre-existing pain 

syndromes, such as fibromyalgia, are more likely to consume opioid analgesics following 

surgery.31,32 Therefore, identifying patients prior to surgery who are expected to require 

increased doses or prolonged courses of opioid analgesics could help providers tailor their 

prescribing practices more effectively toward those patients who will derive the greatest 

benefit with the lowest risk.33

Our study has several notable limitations. First, this study is an analysis of administrative 

claims data, which lacks sufficient specificity to determine the extent of pain that patients 

experience following surgery or more granular patient factors that could be influencing 

opioid consumption. Therefore, we cannot know if the prescription rates are overly high or 

inappropriately low compared with patient-reported pain scores. From claims data, it is also 

difficult to discern technical nuances of procedures. For example, we cannot determine if 

patients underwent in situ cubital tunnel release or if additional neurolysis and transposition 

was performed. Additionally, we did not include the use of non-opioid alternative 

prescriptions as these are readily available, and patients may have purchased these 

medications over the counter without insurance coverage. Therefore, the extent to which 

these alternatives influence the utilization of opioids following common hand surgery 

procedures cannot be discerned from this data. This analysis includes only patients who 

filled prescriptions, and it is possible that patients the received a prescription but did not fill 

the prescription is actually much higher. Finally, we observed that patients who were 

covered by HMO plans were less likely to receive refills of opioid medications compared 

with patients covered by PPO plans. However, the extent to which finer aspects of insurance 

coverage influence utilization, such as co-payment, remain uncertain.

Achieving acceptable pain control is considered a key indicator of healthcare quality across 

many conditions. Opioid prescriptions in the United States have risen dramatically in recent 

years, and surgeons prescribe over 35% of all dispensed opioid medications.34,35 In the 

United States, there is a keen awareness of pain as a component of health status, and has 

been termed the “5th vital sign.”36 The expectation of postoperative pain remains the most 

common fear among patients undergoing surgery, and achieving adequate pain control 

following surgery remains elusive. For example, a recent survey of a random sample of 250 

adults who recently underwent surgical procedures revealed nearly 70% experienced 

moderate-to-severe pain following surgery.37,38 Poorly managed pain is a common reason 

for readmission, and is correlated with poor patient satisfaction and experience.3940 

Nonetheless, clear evidence to guide clinicians regarding the utilization of opioid analgesics 

and their alternatives is sparse, which likely contributes to variable and inappropriate 
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prescribing patterns.41–43 Geographic differences further highlight the important role that 

providers play in opioid prescribing, and previous studies have shown that educational 

interventions to tailor prescribing practices are effective in reducing opioid prescriptions.2244 

Our findings underscore the importance of identifying patients who may be at risk of poor 

pain control preoperatively in order to avoid inappropriate, and potentially dangerous, 

prescribing practices following surgery. Given recent evidence regarding the risk of opioid 

use, this analysis highlights an opportunity for surgeons to include opioid use as a risk factor 

when for considering patients for surgery and identify strategies to curb use with alternatives 

whenever possible.2 Future studies that examine the provider-level factors that are associated 

with opioid prescribing can offer greater insight regarding areas to target educational 

initiatives and provide clinical guidelines for providers who commonly manage 

postoperative pain.

Opioids are commonly prescribed following hand surgery procedures, but less potent opioid 

analgesics, such as codeine or tramadol, are infrequently used. Patients who are younger, 

undergo bony procedures, and are currently using opioid analgesics may be likely to require 

a longer supply of postoperative opioids for pain control. Beyond these patient 

characteristics, the regional variation in opioid utilization underscores the need for rigorous 

evidence to discern appropriate prescribing practices and curb the excess availability of these 

potent analgesics.
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Figure 1. Receipt of opioid prescription by type of surgery performed, adjusted for patient 
characteristics. (N=296,452)
Adjusted rates by procedure were calculated from multivariable logistic regression model, 

controlling for all patient characteristics including age, sex, median house income, region, 

insurance type and comorbidity conditions. Carpal tunnel cases was used as the reference 

group. P<0.001 for each of the comparison.
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Table 1

Characteristics of the study cohort by procedure type (N=296,452)

Patient characteristics Carpal Tunnel Release Cubital Tunnel release CMC arthroplasty/arthrodesis Trigger Finger Release

Age

18–34 10354 (6%) 1848 (11%) 50 (0%) 993 (1%)

35–44 25115 (14%) 2739 (17%) 471 (2%) 3916 (5%)

45–54 52007 (28%) 4554 (28%) 4677 (24%) 18991 (25%)

55–64 58703 (32%) 4799 (30%) 10429 (53%) 33632 (45%)

65 and older 39410 (21%) 2146 (13%) 4181 (21%) 17437 (23%)

Sex

Male 65218 (35%) 8605 (53%) 4135 (21%) 26874 (36%)

Female 120371 (65%) 7481 (47%) 15673 (79%) 48095 (64%)

Quartile of median house income

<=$40,000 5181 (3%) 464 (3%) 500 (3%) 1979 (3%)

$40,000–$50,000 50799 (27%) 4217 (26%) 5471 (28%) 19934 (27%)

$50,000–$60,000 63685 (34%) 6031 (37%) 7296 (37%) 27333 (36%)

$60,000–$70,000 17450 (9%) 1438 (9%) 2242 (11%) 8485 (11%)

>$70,000 5968 (3%) 535 (3%) 750 (4%) 2934 (4%)

Missing 42506 (23%) 3401 (21%) 3549 (18%) 14304 (19%)

Region

Northeast 34926 (19%) 2574 (16%) 3268 (16%) 13226 (18%)

North Central 55208 (30%) 4725 (29%) 5270 (27%) 21314 (28%)

South 66443 (36%) 6170 (38%) 7144 (36%) 26169 (35%)

West 26218 (14%) 2370 (15%) 3802 (19%) 13178 (18%)

Missing 2794 (2%) 247 (2%) 324 (2%) 1082 (1%)

Insurance Plan

PPO 105810 (57%) 9499 (59%) 11607 (59%) 42105 (56%)

Comprehensive 19361 (10%) 1196 (7%) 1837 (9%) 8463 (11%)

HMO 22762 (12%) 1996 (12%) 2414 (12%) 10127 (14%)

POS 13210 (7%) 1294 (8%) 1341 (7%) 5477 (7%)

Other 11513 (6%) 1159 (7%) 1392 (7%) 4665 (6%)

Missing 12933 (7%) 942 (6%) 1217 (6%) 4132 (6%)

Comorbidity score

0 76691 (41%) 6362 (40%) 7161 (36%) 31886 (43%)

1–3 19911 (11%) 1751 (11%) 2243 (11%) 7190 (10%)

4–8 44061 (24%) 3868 (24%) 5037 (25%) 17227 (23%)

>8 44926 (24%) 4105 (26%) 5367 (27%) 18666 (25%)

Filled a prescription for 
opioid analgesics within 
6 weeks prior to surgery

Yes 41557 (22%) 4557 (28%) 5737 (29%) 12515 (17%)

No 144032 (78%) 11529 (72%) 14071 (71%) 62454 (83%)
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Table 2

The utilization of opioid analgesics following four common outpatient upper extremity surgical procedures. 

(N=296,452)

Opioid following surgical procedures† Proportion of patients 
who filled a 

prescription for opioid 
analgesics

Proportion of each 
type of opioid filled

Average number 
of days supply

Proportion of patients 
who refilled 
prescription

Carpal Tunnel Release

Hydrocodone 42% 66% 9.1 11%

Oxycodone 12% 17% 11.5 6%

Tramadol 2% 6% 19.3 13%

Codeine phosphate 4% 7% 6.5 6%

Other 2% 3% 27.9 10%

Total 62% 100% 12.0 9%

Cubital Tunnel release

Hydrocodone 42% 61% 11.2 15%

Oxycodone 23% 27% 11.2 7%

Tramadol 1% 5% 19.9 9%

Codeine phosphate 2% 3% 8.5 8%

Other 3% 5% 27.3 10%

Total 71% 100% 14.8 11%

CMC arthroplasty/arthrodesis

Hydrocodone 33% 52% 11.7 19%

Oxycodone 34% 34% 9.5 7%

Tramadol 1% 6% 21.6 18%

Codeine phosphate 1% 3% 10.2 11%

Other 5% 6% 15.3 9%

Total 74% 100% 15.4 12%

Trigger Finger Release

Hydrocodone 36% 67% 7.7 8%

Oxycodone 8% 14% 11 5%

Tramadol 2% 7% 18.2 11%

Codeine phosphate 4% 9% 5.9 4%

Other 1% 3% 26.5 8%

Total 51% 100% 10.1 7%
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Table 3

Correlates of filling a prescription for opioid analgesics following elective, outpatient upper extremity surgery 

among opioid naïve patients. (N=232,086)

Patient characteristics Odds ratio of opioid use (95% CI)¥ P values

Type of surgery*

CTR (reference group) 1 –

CuTR 1.40 (1.34–1.46) <0.001

CMC arthroplasty or arthrodesis 1.91 (1.84–1.99) <0.001

TFR 0.68 (0.67–0.70) <0.001

Age

18–34 1

35–44 0.94 (0.89–0.99) 0.02

45–54 0.76 (0.72–0.79) <0.001

55–64 0.65 (0.62–0.68) <0.001

65 and older 0.47 (0.45–0.50) <0.001

Sex

Male 1

Female 0.94 (0.92–0.96) <0.001

Quartile of median house income

<=$40,000 1

$40,000–$50,000 0.93 (0.89–0.98) 0.006

$50,000–$60,000 0.86 (0.81–0.90) <0.001

$60,000–$70,000 1.02 (0.96–1.08) 0.54

>$70,000 0.86 (0.81–0.92) <0.001

Insurance type

PPO 1

Comprehensive 0.97 (0.94–1.01) 0.10

HMO 0.85 (0.83–0.87) <0.001

POS 1.02 (0.99–1.06) 0.19

Other 1.06 (1.02–1.10) 0.001

Comorbidity score

0 1

1–3 1.21 (1.17–1.25) <0.001

4–8 1.10 (1.07–1.14) <0.001

>8 0.83 (0.80–0.85) <0.001

¥
Odds ratios were calculated from multivariable logistic regression model using whether used opioid within 6 weeks after the surgery as the 

dependent variable and all variables in this table as the covariates.

*
CTR: carpal tunnel release; CuTR: cubital tunnel release; CMC arthroplasty or arthrodesis: thumb carpometacarpal joint arthroplasty or 

arthrodesis; TFR: trigger finger release
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Table 4

Correlates of receiving a refill for opioid analgesics after elective upper extremity surgery among opioid naïve 

patients (N=232,086)

Patient characteristics Odds receiving refill of opioid prescription following surgery (95% CI) P values

Type of surgery*

CTR (reference group) 1 –

CuTR 1.24 (1.15–1.33) <0.001

CMC arthroplasty or arthrodesis 1.41 (1.32–1.50) <0.001

TFR 0.75 (0.71–0.79) <0.001

Age

18–34 1

35–44 0.97 (0.88–1.07) 0.53

45–54 0.98 (0.90–1.07) 0.70

55–64 0.90 (0.82–0.98) 0.02

65 and older 0.77 (0.69–0.85) <0.001

Sex

Male 1

Female 1.08 (1.03–1.12) 0.001

Quartile of median house income

<=$40,000 1

$40,000-$50,000 0.96 (0.88–1.06) 0.46

$50,000-$60,000 0.87 (0.79–0.96) 0.006

$60,000-$70,000 0.52 (0.46–0.58) <0.001

>$70,000 0.57 (0.49–0.67) <0.001

Insurance type

PPO 1

Comprehensive 1.06 (0.99–1.15) 0.09

HMO 0.93 (0.88–0.99) 0.02

POS 0.94 (0.87–1.01) 0.10

Other 0.87 (0.80–0.94) <0.001

Comorbidity score

0 1

1–3 1.51 (1.40–1.63) <0.001

4–8 1.44 (1.34–1.56) <0.001

>8 1.41 (1.30–1.52) <0.001

*
CTR: carpal tunnel release; CuTR: cubital tunnel release; CMC arthroplasty or arthrodesis: thumb carpometacarpal joint arthroplasty or 

arthrodesis; TFR: trigger finger release
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Table 5

Utilization of opioid after surgery between patients who used opioid before surgery and patients without 

opioid use before surgery

“Opioid-exposed” patients “Opioid-naïve” patients P values

Adjusted rate of opioid use after surgery* 65.6% 58.5% <0.001

Adjusted average days of opioid supply† 23.5 4.5 <0.001

Adjusted rate of opioid refill after surgery* 23.9% 4.5% <0.001

*
Adjusted rates were calculated from multivariable logistic regression models controlling for all patient characteristics and procedure received. 

Reference group was the patients who did not use opioid before surgery.

†
Adjusted average days were calculated from multivariable linear regression model controlling for all patient characteristics and procedure 

received. Reference group was the patients who did not use opioid before surgery.
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