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Abstract
Study design Prospective, quality-improvement.
Objectives To evaluate pain management following posterior spinal fusion (PSF) for adolescent idiopathic scoliosis (AIS) 
and Scheuermann’s Kyphosis (SK) determine the optimal opioid and benzodiazepine prescription amounts, and implement 
a multimodal post-operative pain regimen.
Summary of background data The incidence of prescription opioid abuse is increasing in the United States. Orthopedic 
spine surgeons often prescribe large quantities of opioids post-operatively for pain control. Previous efforts on pain control 
have focused on in-patient post-operative regimens after PSF.
Methods Between 2/1/17 and 5/30/18 patients with AIS or SK were sent home with pain diaries after discharge to document 
daily narcotic, benzodiazepine, non-steroidal anti-inflammatory drugs (NSAIDs), acetaminophen and gabapentin use follow-
ing PSF. Diaries were collected at the 4 week post-operative visit. Data from two cohorts were reviewed: pre-intervention 
and post-intervention. Our prescription intervention went into effect 9/1/17.
Results Twenty-four (30%) patients returned pain diaries. The pre-intervention cohort consisted of 12 patients (7 female; 5 
males; 14.9 years (range 12–19)). Patients were prescribed on average 80 × 5 mg tabs (26–140) of oxycodone but used on 
average 45 tabs (12–129) over an average of 17.5 days (9–33). They were prescribed an average of 30 × 2 mg tabs (0–150) 
of diazepam, used on average 4.8 (0–105) tabs over 12.5 (5–25) days. The post-intervention cohort consists of 12 patients 
(9 female; 3 male; 14.8 years (12–19)). They were prescribed on average 50 × 5 mg tabs (35–80) of oxycodone, used 20.5 
(0–39.5) tabs over 8.5 days (3–16). They were prescribed on average 18 × 2 mg tabs of diazepam (0–43), used 5.4 tabs (0–19) 
over 10 days (5–14).
Conclusions This analysis has directly impacted clinical practice. Prescribed opioid and benzodiazepine doses have been 
decreased by over 50%, and more resources are being directed towards determining the disparity between the amount of 
medications prescribed and consumed in our post-operative patients.
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Introduction

The incidence of prescription opioid use and misuse has 
been increasing in the United States over the past few dec-
ades. From 1976 to 2015, a Monitoring the Future (MTF) 
survey identified peak prescription opioid use by high school 
seniors in 1989 (20.4%) and 2002 (20%). These percent-
ages remained stable until 2013 and declined through 2015 
(~ 15%). During the same time period, the percentage of 
teens reporting nonmedical use correlated with medical pre-
scription opioid use. Additionally, the decline in opioid use 
from 2013 to 2015 coincided with similar declines in opioid 
prescriptions [1], likely due to increased awareness [2].
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Excess medication not properly disposed of can increase 
the risk for illicit use, prescription opioid misuse disorder, 
overdose, and death. In 2012, the incidence of hospitaliza-
tions for opioid poisoning was 3.71 per 100,000 children: 
specifically 2.62 for ages 1–4 and 10.17 for ages 15–19, 
which was nearly double from 15 years prior [3].

Adolescents are highly susceptible to prescription opioid 
misuse and their first exposure is often following an orthope-
dic injury or surgery. For example, legitimate opioid use prior 
to high school graduation is associated with a 33% increased 
risk of future misuse [4], and 36.9% of high school seniors 
from the MTF cohort admitted to using their own prior pre-
scriptions [5]. Patients receive prescriptions from providers in 
the ambulatory setting or the emergency department. Between 
2005 and 2007, adolescents were prescribed a controlled med-
ication (opioids, sedative-hypnotics, stimulants) at 14.5% of 
visits. Adolescents received a prescription at 23.4% of vis-
its for back pain, 12.9% of visits for musculoskeletal issues, 
and 16.6% of visits for other injuries [6]. Similarly, recent 
studies have demonstrated that high contact athletes are more 
likely to misuse opioids, with injury speculated as the driving 
factor. In a study that compared 16 competitive high school 
sports, weightlifting, wrestling and football were identified as 
sports that increase the odds of opioid misuse [5, 7, 8]. A 2018 
study found that 44% of ambulatory narcotic prescriptions 
were written by orthopedic departments. When comparing 
opioid use in surgical vs. nonsurgical patients, 4.8% of surgi-
cal patients used opioids for 90 + days compared to 0.1% of 
nonsurgical patients. Risk factors for prolonged opioid use 
included older age, female gender, chronic pain, preoperative 
opioid prescription and previous substance use disorders [2].

Orthopedic spine surgeons often prescribe large quantities 
of opioids post-operatively for pain control. Previous efforts 
on pain control have focused on decreasing variability between 
patients in the in-patient post-operative pain regimen, and 
decreasing the length of hospital stay after posterior spinal 
fusion (PSF). Current consensus guidelines for post-operative 
pain management include a post-operative PCA pump, a goal 
of transitioning to PO pain medication on a targeted date (e.g., 
POD1 or POD2), use of a muscle spasm medication (e.g., diaz-
epam), and use of perioperative gabapentin and ketorolac to 
decrease opioid needs [9, 10]. Additionally, the use of keta-
mine and magnesium intraoperatively has also shown a signifi-
cant decrease in morphine consumption post-operatively [11].

There is very little literature on the optimal post-opera-
tive pain regimen following discharge after PSF. This study 
focuses on pain management following PSF for adolescent 
idiopathic scoliosis (AIS) and Scheuermann’s Kyphosis 
(SK). The objectives of this study were to analyze the out-
patient pain management regimen to avoid over prescribing 
opioid medications, determine the optimal opioid and ben-
zodiazepine prescription amounts, and implement a multi-
modal post-operative pain regimen. Our goal was to find the 

balance between effectively managing pain and minimizing 
excess medication, ultimately decreasing the risk of abuse 
and harm without affecting patient care and comfort.

Materials and methods

Data were collected between 2/1/17 and 5/30/18 from 
patients with a spine deformity (AIS or SK) who were sent 
home with detailed pain diaries after discharge following 
PSF. PSF was performed by one of three surgeons at a sin-
gle institution. The pain diaries documented daily narcotic, 
benzodiazepine, NSAID, acetaminophen and gabapentin 
use. Patients also recorded average daily pain score, activ-
ity level, and pain control satisfaction. Diaries were collected 
at the 4 week post-operative visit.

Data from two cohorts were reviewed: pre-intervention 
(surgeries from 2/1/17 to 8/31/17) and post-intervention 
(surgeries from 9/1/17 to 5/30/18). For the pre-intervention 
cohort, there was variability in the amount of narcotic and 
benzodiazepine medication prescribed and no standardized 
pain regimen education. Prescription intervention went into 
effect on 9/1/17. The intervention was multifactorial. First, 
all patients discussed post-operative pain expectations with 
an orthopedic nurse at a pre-operative clinic visit. Second, 
all patients had a standardized medication education and 
instruction session with a member of the pain team prior to 
discharge where the details of the pain regimen were reiter-
ated. At this time the medications prescribed were standard-
ized to alternating scheduled naproxen and acetaminophen 
for primary pain control, daily gabapentin, and only using 
oxycodone for breakthrough pain and diazepam for muscle 
spasms. All patients were to be prescribed no more than 
50 × 5 mg of oxycodone and 20 × 2 mg tabs of diazepam. 
The post-intervention prescription amounts were determined 
from the pre-intervention pain diary responses.

IBM Statistical Package for Social Sciences (SPSS) soft-
ware v24 was used for statistical analysis. Normalization 
was confirmed with both the Shapiro–Wilk and Levene’s 
tests. Normal continuous data were analyzed with a one way 
ANOVA, while nonparametric data were analyzed with the 
Mann–Whitney U test. Categorical data were assessed by 
Chi-square analysis.

Results

Eighty pain diaries were distributed over the course of the 
study. Forty-eight diaries were distributed prior to interven-
tion and 32 diaries following intervention. The mean age in 
the pre-intervention cohort was 15 ± 2.1 years (11–20 years), 
while the mean age for the post-intervention cohort was 
14 ± 2.8 (12–26 years). There were 34 females (71%) and 14 
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males (29%) in the pre-intervention cohort and 23 females 
(72%) and 9 males (28%) in the post-intervention cohort. 
Prior to intervention, the median oxycodone prescription 
was 80 ± 44 × 5 mg tablets (12–210 tabs) and the median 
diazepam prescription was 30 ± 37.6 × 2 mg tablets (10–150 
tabs). Following the intervention, the median oxycodone 
prescription was 50 ± 16.4 × 5 mg tablets (0–80 tabs) and 
the median diazepam prescription was 25 ± 14 × 2 mg tab-
lets (6–75 tabs). Prior to intervention, 89.5% of patients 
received a gabapentin prescription, compared to 90.1% fol-
lowing intervention. Before intervention 14.6% of patients 
requested a refill of their prescription for oxycodone or diaz-
epam, and 12.5% requested a refill post-intervention. There 
were statistically significant differences in both the amount 
of oxycodone and diazepam prescribed between groups 
(both p < 0.001). There were no significant differences in 
age, gender, gabapentin prescription, or refill requests.

Twelve pain diaries were returned in the pre-intervention 
group (25% return rate). Of those who returned pain diaries, 
the average patient age was 14.9 ± 2.4 years (12–19 years) 
and there were 7 females (58.3%) and 5 males (41.7%). The 
median amount of 5 mg oxycodone tabs used was 45.4 ± 34 
(12–129 tabs), while the median amount of 2 mg diazepam 
tabs used was 4.8 ± 30.0 (0–105 tabs). Oxycodone was used 
for a median of 17.5 ± 7.2 days (9–33 days), while diaze-
pam was used for a median of 12.5 ± 7.8 (5–25 days). The 
median oxycodone prescription was 80 ± 35.7 × 5 mg tabs 
(26.6–140 tabs) and patients utilized 58.3 ± 27% (22–97%) 
of their oxycodone prescription on average. The median 
diazepam prescription was 30 ± 38.5 × 2 mg tabs (0–150 
tabs) and patients consumed an average of 46.3 ± 41.3% 
(0–100%) of the prescription. On the last day of opioid use, 
the average pain level recorded was 3.4 ± 2.1 (0–7.5) on a 
10 point scale and 83.3% of patients were satisfied with 
pain control. The pre-intervention cohort was satisfied with 
pain control 97.1 ± 16.1% (55–100) of the time during diary 
documentation.

Twelve pain diaries were returned in the post-inter-
vention group (38% return rate). The average patient 
age was 14.8 ± 2.1 years (12–19 years) and there were 9 
females (75%) and 3 males (25%). The median amount of 
5 mg oxycodone tabs used was 20.5 ± 12.6 (0–39.5 tabs), 
while the median amount of 2 mg diazepam tabs used was 
5.4 ± 5.5 (0–19 tabs). Oxycodone was used for a median of 
8.5 ± 4 days (3–16 days), while diazepam was used for a 
median of 10 ± 3.2 days (5–14 days). The median oxycodone 
prescription was 50 ± 10.3 × 5 mg tabs (35–80 tabs) and 
patients utilized 33.4 ± 24% (0–79%) of their oxycodone pre-
scription on average. The median diazepam prescription was 
17.5 ± 6.5 × 2 mg tabs (0–42.5 tabs) and patients consumed 
an average of 39 ± 30.6% (0–85%) of the prescription. On the 
last day of opioid use, the average pain level recorded was 
4.8 ± 1.5 (3–8) on a 10 point scale and 100% of patients were 

satisfied with pain control. The post-intervention cohort was 
satisfied with pain control 100 ± 16% (57–100%) of the time 
during diary documentation.

After intervention implementation, there was a statis-
tically significant decrease in the amount of oxycodone 
prescribed (p = 0.010), amount of oxycodone consumed 
(p = 0.008), percentage of prescribed oxycodone used 
(p = 0.026), days of medication used for pain control 
(p = 0.003) and amount of diazepam prescribed (p = 0.045). 
There was no significant difference between groups in age 
(p = 0.856), gender (p = 0.667), diazepam used (p = 0.755), 
percentage of diazepam prescription consumed (p = 0.643), 
days of diazepam use (p = 0.573), pain on last day of oxyco-
done use (p = 0.148), satisfaction on last day of oxycodone 
use (p = 0.545) or percentage of pain control satisfaction 
documented by the diaries (p = 0.536).

Discussion

Following pain medication prescription intervention, the 
final discharge pain regimen consisted of a baseline of 
NSAIDs (ibuprofen or naproxen) alternating with aceta-
minophen, daily gabapentin, an opioid for breakthrough 
pain (ex: 50 × 5 mg oxycodone), and a benzodiazepine (ex: 
20 × 2 mg of diazepam) for muscle spasms. Prior to dis-
charge from the hospital, all patients received a standard-
ized set of verbal and written instructions reinforcing that 
NSAIDs, acetaminophen, and gabapentin were to be used 
as the primary method of scheduled pain control, benzodi-
azepine should be taken as needed for muscle spasms, and 
oxycodone should only be used for breakthrough pain.

Although the diary return rate was low, there were no 
significant differences between the pre and post-intervention 
cohorts in terms of patient demographics, oxycodone pre-
scription, diazepam prescription, gabapentin prescription, or 
refill requests. The intervention undertaken in this study suc-
cessfully decreased the amount of narcotics prescribed, total 
amount used, and post-operative days of use. The amount 
of oxycodone used decreased from 45.4 × 5 mg tabs pre-
intervention to 20.5 × 5 mg tabs post-intervention. Opioids 
(oxycodone) were used for 17.5 days pre-intervention and 
decreased to 8.5 days post-intervention. Additionally, the 
amount of oxycodone prescribed decreased from 80 × 5 mg 
tabs to 50 × 5 mg tabs. Despite the decrease in oxycodone 
prescription, patients still only used 33.4% of their prescrip-
tion in the post-intervention cohort compared to 58.3% used 
in the pre-intervention cohort. The median oxycodone use 
decreased by 54.8%, while the days of use decreased by 
51.4% following intervention. Despite this decrease, there 
was no difference in pain control on the last day of opioid 
use (3.4/10 vs. 4.8/10) or satisfaction with pain control on 
the last day of opioid use (83.3% vs. 100%). On average, the 
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pre-intervention cohort was satisfied with pain control 97% 
of the time while the post-intervention cohort was satisfied 
with pain control 100% of the time.

Unlike opioid use, there was no significant decrease in 
benzodiazepine use. The only significant decrease was in 
the amount of diazepam prescribed: 30 × 2 mg tabs pre-
intervention and 17.5 × 2 mg tabs post-intervention. Patients 
used 4.75 × 2 mg tabs of diazepam pre-intervention and 
5.4 × 2 mg tabs post-intervention. Benzodiazepines were 
used for 12.5 days pre-intervention and 10 days post-inter-
vention. There was also no difference in the percentage of 
benzodiazepine prescription consumed (46.3% vs. 39%).

Multiple studies have highlighted the importance of a 
multi-modal pain regimen post-operatively in the hospi-
tal following PSF. This study continues to emphasize the 
importance of a multi-modal pain regimen following dis-
charge. Patients consumed significantly less opioids when 
the predominant pain medications were scheduled NSAIDs 
and acetaminophen. It is not surprising that there was no 
significant difference in benzodiazepine use because it is 
used for muscle spasms, which are not controlled by any 
of the other medications provided. Patient pain was well 
controlled on a regimen of scheduled naproxen or ibuprofen 
and acetaminophen, daily gabapentin, a benzodiazepine for 
muscle spasms, and an opioid for breakthrough pain.

In this study, we began educating patients pre-opera-
tively in clinic and prior to discharge post-operatively on 
pain expectations and proper management, which played 
an important role in decreasing the amount of opioids pre-
scribed. There are no studies specifically showing that pre-
operative counseling on pain expectation and management 
decreases post-surgical opioid use after PSF, but there are 
studies demonstrating that preoperative mental health, pain 
and expectations are predictive of post-surgical satisfaction 
in patients with AIS [12]. In a study focusing on anxiety 
in AIS patients undergoing PSF, it was found that patients 
who underwent preoperative intervention (discussion of 
care, explanation of the surgical procedure, and tour of the 
hospital’s preoperative area, ICU, and patient floors) had 
slightly increased anxiety post-operatively but higher patient 
satisfaction scores [13]. Additionally, an orthopedic trauma 
study found that adult patients counselled preoperatively 
on the amount of pain medication to be prescribed and an 
expected cessation at 6 weeks were 1.14 times more likely 
to stop using opioids at 6 weeks compared to those who 
received no counseling [14]. Patients would highly benefit 
from a preoperative class on pain management and expecta-
tions with subsequent reinforcement prior to discharge after 
surgery.

Although this study produced statistically significant 
results, there were study limitations. The sample size was 
relatively small; however, it is comparable to previously 
published studies utilizing pain diaries. The significant and 

substantial decrease in opioid use allows generalization to a 
greater population. A larger sample may lead to significance 
of other variables. There was also a low return rate in both 
the pre- and post-intervention cohorts. Only one previously 
published study out of Sweden was found, which utilized 
pain diaries post PSF in AIS patients to better understand 
patient experiences and the trajectory of self-reported pain. 
In that study only 18 of 37 patients (48.6%) completed dia-
ries [15]. Other studies looking at post-operative pain diaries 
after appendectomy, tonsillectomy, and wrist arthroscopy 
had response rates ranging from 69 to 83% [16–19]. Studies 
have shown the difficulty of pain diary compliance in adoles-
cents. A multinational study using pain diaries for patients 
with sickle cell crises showed that patients over the age of 12 
or those living in America had lower diary compliance and 
completion rates [20]. A headache pain diary study demon-
strated that paper diaries had significantly more missing data 
than electronic diaries [21]. Future studies would benefit 
from the use electronic diaries to increase patient participa-
tion. Similarly, data was dependent on patient compliance 
with documentation, with the distinction mainly between 
those who chose to participate versus not participate in pain 
diary completion. Of the patients who used the pain diaries, 
there were only a handful of days among all the pre and 
post-intervention diaries where the patient skipped docu-
mentation of a single day. Finally, multiple interventions 
were implemented at the same time, which could lead to 
inconsistent application of the interventions. Although this 
is a risk, the over-arching message was cohesive and consist-
ent from patient to patient and the only variables were the 
prescription amounts.

This analysis has directly impacted clinical practice. 
There has been a significant decrease in opioid consump-
tion with maintained patient satisfaction. This indicates that 
the amount prescribed can be decreased further. There is 
still significant work to be done on decreasing opioid over-
prescription. This is an ongoing initiative and continued 
feedback will be used to direct resources to further delineate 
the disparity between the amount of medications prescribed 
and consumed in our post-operative patients and to deter-
mine an optimal prescription dose with the ultimate aim of 
decreasing the risk of future opioid addiction. The issue of 
opioid prescriptions is not unique to PSF and future work 
can look into the ideal pain regimen for other orthopedic and 
non-orthopedic surgical procedures.

Key points

• Opioids are often overprescribed by orthopaedic sur-
geons and continued research will help determine opti-
mal post-operative opioid prescription doses.
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• Multimodal pain regimens based on scheduled NSAIDs, 
acetaminophen and gabapentin with benzodiazepines 
for breakthrough muscle spasms and opiates for break-
through pain are highly effective.

• Pre and post-operative counseling on pain medication 
regimens and patient pain expectations greatly decreases 
post-operative opioid consumption.
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