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Introduction 
The United States accounts for a disproportionate 
amount of the world’s opioid consumption, utilizing 
about 80% of the global supply for less than 5% of the 
global population.1 There are a myriad of potential fac-
tors behind this disproportionate use including cost, drug 
access, and cultural perceptions around pain. Yet, in the 
context of the opioid epidemic, it is important to recog-
nize that the United States is an outlier. 

Orthopaedic surgeons rank third highest of opioid pre-
scribing physicians in the United States.1 Although many 
orthopaedic procedures are inherently painful, considera-
tion must be paid to opioid stewardship and limiting the 
potential for harm to the patient and the community.  

Pediatric patients comprise a small but substantial pro-
portion of orthopaedic surgeries and it is valuable to re-
view their unique position as this group is especially vul-
nerable given their ongoing development. While some 
analgesic control is often necessary after surgery, amid a 
national opioid crisis it is imperative for physicians, sur-
geons, and advanced practice providers to review their 
prescriptive practices with the intent of limiting the po-
tential for opioid misuse and diversion. The purpose of 
this article is to review opioid prescription patterns in 
pediatric orthopaedic surgery patients, specifically as-
sessing variation in prescription volume by provider 
type, opioid utilization, and the efficacy of opioid reduc-
tion interventions. 

Abstract:  
Pediatric patients receiving opioid prescriptions after orthopaedic surgery are an at-risk population amidst the ongoing 
opioid epidemic in the United States. While there is significant literature about opioid prescribing patterns and con-
sumption among the adult population, there is limited data in the pediatric population. As a result of this limited 
knowledge, there remains substantial variation in practice patterns surrounding opioid use. This review evaluates the 
current literature regarding variation in opioid prescribing patterns in pediatric orthopaedic surgery patients with the 
aim of increasing awareness of risks and potential interventions. 

Key Concepts: 
• As rates of surgical treatment of pediatric orthopaedic ailments increase, there is a growing pediatric patient

population receiving opioid medication for analgesia.

• Variation in opioid prescription volume correlates with provider type and years of clinical experience.

• Opioid utilization after many orthopaedic procedures appears to be low, increasing potential risk of misuse and
diversion.

• Orthopaedic surgeons must balance the pain needs of their patients with the practices of opioid stewardship.
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Pediatric Opioid Use 
Coinciding with the opioid epidemic in the United 
States, there is also a trend of increasing surgical treat-
ment for pediatric orthopaedic injuries. Between 2007 
and 2011, the incidence of ACL tear in 10–14 year olds 
increased by 18.9%, whereas surgical reconstruction in-
creased by 27.6%.2 One study of femoral shaft fractures 
in 4–5 year olds identified an increase in surgical fixa-
tion of femoral shaft fractures to be 13.8% and 7.6% 
per year, respectively, between 1997 and 2012.3 The 
rate of surgical treatment of forearm fractures, one of 
the most common pediatric injuries, increased 10.7% 
from 2000 to 2012.4 Increasing surgical management 
may contribute to better clinical outcomes, but it also 
likely means a higher chance of receiving an opioid 
prescription.  

There is limited data regarding the exact amount of opioid 
prescriptions to pediatric patients.5 However, in a large 
study of a nationally representative claims database, 
21.5% of pediatric patients undergoing surgical fracture 
treatment filled one or more opioid prescriptions.6 Since 
fractures are one of the most common injuries in children 
and adolescents7 and fracture surgery is becoming in-
creasingly common, more research is needed to determine 
trends of pediatric opioid prescriptions as well as the trend 
specifically in orthopaedic patients. 

While pain control after surgery is vital, research has 
demonstrated that non-medical use of prescription opi-
oids (NMUPO) is both dangerous and common. As chil-
dren and their families are given medication for legiti-
mate health reasons (e.g., postoperative pain control) and 
high numbers of these pills are not consumed, they may 
remain in the household and carry the risk of potential 
diversion. Thus, understanding the appropriate amount 
of opioids needed after an orthopaedic injury or surgery 
is important in order to minimize the potential for diver-
sion and/or misuse. 

Variation in Prescriptions by Provider 
Several studies have reviewed the variation in opioid 
prescription volume by provider type. Overall, it appears 

that both the role and clinical experience of the provider 
have an important effect on prescribed opioid doses. In a 
study of medication prescribed to pediatric orthopaedic 
surgery fracture patients, Iobst et al. found that residents 
and physician assistants prescribed significantly higher 
opioid doses to pediatric patients than nurse practitioners 
and attending surgeons.8 On average, attending surgeons 
prescribed 25 doses per patient, and nurse practitioners 
prescribed 26.7 doses. However, physician assistants and 
residents prescribed an average of 31.4 doses and 31.7 
doses, respectively. In other studies, those with more 
clinical experience have been found to prescribe fewer 
medication doses across a variety of roles.9 Similarly, 
analysis of prescriptive patterns at one institution 
showed that prescription volume distinctly varied with 
each year of training among plastic and orthopaedic sur-
gery residents.10 Attending surgeons prescribed lower 
morphine milligram equivalents (MME) per patient 
compared to residents as a whole and were more likely 
to believe that patients were disposing of unused opioids 
appropriately. 

While studies consistently demonstrate variation in opi-
oid prescriptions by provider type, they do not account 
for injury type. This co-variable will obviously have 
confounding effects as differing levels of trauma are 
seen and managed by different providers with different 
non-opioid pain strategies. Additionally, the role of pa-
tient race should be considered. One can review the pa-
per by McCarthy et al. in the current edition of JPOSNA; 
they review their experience on pain management in cer-
ebral palsy patients in reference to race.  

Variation in Prescription Types 
The variation in opioid prescription by type of medica-
tion is still under investigation. In a study from the Ad-
vocacy Committee of the Pediatric Orthopaedic Society 
of North America (POSNA), the three most prescribed 
opioid medications overall were hydrocodone, oxyco-
done, and acetaminophen with codeine.11 Similarly, 
Iobst et al. found that 95% of opioid prescriptions to pe-
diatric orthopaedic surgery patients with fractures were a 
hydrocodone-acetaminophen combination  
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Table 1. Prescribed Number of Opioid Doses in Reviewed Studies    
 Fractures Spine Procedure Weight POSNA Category* 

Wrist Forearm Elbow Humerus Femur Tibia Ankle 

Iobst8 24.4 28.8 27.3 28.8 24.4 29.4 37.1 - - <25kg: 
27.6 ± 
10.4 

25-50: 
27.0 ± 
10.4 

50-75: 
31.9 ± 
13.8 
75+: 

36.2 ± 
16.9 

54.4% 
under 
25kg 

n/a 

Nelson15 - - - 19.8 - - - - Closed  
reduction 

23.1 ± 
7.1 

Minor 

Stillwagon 
(14-16)13 

- - - 45 - - - - Closed  
reduction 

23.2 ± 
10.5 

Minor 

Stillwagon 
(17-18)13 

- - - 17.2 - - - - Closed  
reduction 

20.5 ± 
5.2 

Minor 

Meyer16 - - 30.1 - 31.9 - - - Closed  
reduction 

- Minor 

Grant17 - - - - - - - 43.6 Fusion 57.6 ± 
17.2 

Spinal Fusion 

Monitto14 Non-Spine Orthopaedic Surgery – 76 doses 113 - - n/a 

(commonly branded as Vicodin, Lortab, or Norco).8 Ox-
ycodone and oxycodone-acetaminophen were 2% and 
1%, respectively. Furthermore, hydrocodone is the high-
est single cause of opioid exposure as reported by the 
National Poison Data System.12  

On the other hand, oxycodone was chosen for 120/126 
pediatric patients with supracondylar humerus fracture at 
a single Level 1 trauma center in a study by Stillwagon 
et al.13 A report by Monitto et al. also found oxycodone 
to be prescribed most frequently to pediatric surgery pa-
tients.14 These discrepancies demonstrate probable insti-
tution-specific prescribing patterns that are necessary to 
recognize when considering institutional policy changes 
around opioid medications. Iobst et al. also observed 
upon adjusted analysis that patients with tablet pre-
scriptions were prescribed 7.6 times larger doses than 
patients with liquid medications.8 While the route of ad-
ministration sensibly varies by age, and the mean pa-
tient age in this study was less than 9 years old, there is 
yet to be a clear explanation regarding the reason be-
hind the difference. In the study, Iobst et al. posit that 

the liquid doses are more patient specific as more 
weight and age specific calculations are required for 
prescription. This difference in dosage between formu-
lations without any other intervention could be a start-
ing point for future work to identify if this difference 
holds true across other institutions. 

Variation in Prescription Volume 
A large number of pediatric orthopaedic patients receive 
opioid prescriptions for analgesia.6,8,13,14,15,16 Several 
studies have investigated prescription volume by proce-
dure type (Table 1), and while the data is still limited, 
the current results show little correlation between frac-
ture type, sex, and opioid doses. 

Iobst et al. found that the average opioid dose for pa-
tients undergoing ankle surgery was significantly higher 
than any other fracture type besides tibia.8 Patients with 
wrist and forearm fractures received 5.0- and 4.6-times 
smaller doses than patients with elbow fractures (p = 
0.0003). Only prescriptions for wrist fractures varied 
significantly by sex, with males receiving more doses  

*Additional Link 1 
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than females. Beyond these findings, the study identified 
no significant distinctions in opioid prescription volume 
by fracture type or sex. Patients that were older and 
heavier received more doses. The difference between 
fracture type groups in the Meyer et al. study likewise 
did not reach significance.16 Pediatric patients undergo-
ing spinal fusion were prescribed significantly more opi-
oids than non-spine orthopaedic procedures in another 
study by Monitto et al.14  

Given the similarities among doses for distinct diagno-
ses, Iobst et al. express a concern that prescriptions are 
not diagnosis-specific and that it is likely that not every 
fracture requires the same amount of medication.8 Frac-
tures were treated in a universal manner rather than pa-
tient-specific, possibly a function of programmed com-
puter orders, habit, or other factors. Consequently, the 
authors propose that it is reasonable to believe that dif-
ferent fracture types may have different pain control 
needs and that prescriptions should vary by diagnosis. 
More research is needed to determine whether proce-
dures have distinct prescribing requirements. 

A limitation of many of these studies is the inability to 
convert doses to morphine milligram equivalents (MME) 
as much of the required data is unavailable. Thus, pre-
scription doses per fracture type cannot be compared 
across studies for the purpose of this review. Given this 
shortcoming, it is still possible to see trends in each 
study and consider this for future work. 

Notably, POSNA released a quality, safety, and value 
initiative in 2020 promoting evidence-based postopera-
tive opioid prescription guidelines (see Additional 
Links). Other organizations, such as the American 

Academy of Pediatrics also have a wide variety of edu-
cational tools regarding opioid use for patients and 
their guardians. 

Variation in Prescription Use 
While it is important to help families control postopera-
tive pain, it is essential to minimize excess medication 
doses to limit risks of medication diversion and non-
medical use (NMPO). Multiple researchers have studied 
opioid utilization rates particularly focusing on common 
pediatric fractures and spinal fusions/scoliosis (Table 2). 

Outside of patients undergoing spinal fusion, opioid uti-
lization rates demonstrate that as much as 40–77% of 
prescribed medication may remain unused. Spinal fusion 
patients are typically considered outliers in this field due 
to acknowledged high levels of postoperative pain.11,18 
These trends of low utilization rates similarly hold true 
to the field of pediatric surgery. Ray et al. found that 
79.3% of pediatric surgery patients did not use all pre-
scribed opioids.19 When parents were asked in one study 
about why they stopped providing opioids to their chil-
dren before the prescription was finished, 76.4% re-
ported that pain was well-controlled and 18% reported 
stopping due to gastrointestinal and neurologic side ef-
fects.14 Given this information, it is reasonable to con-
clude that non-spine patients require much less medica-
tion to treat postoperative pain than they are currently 
prescribed.  

Prescription Misuse and Diversion 
The non-medical use of diverted prescription opioid medi-
cation has been well-documented in the adolescent popu-
lation. In a study of 2,964 adolescents, 393 received 

Table 2. Opioid Utilization (% used)    

  Fractures   Spine Other orthopaedic    
surgeries 

  
       Mean age 

  Wrist Forearm Elbow Humerus Femur Tibia 
   

Nelson15 - - - 24.10% - - - -           6.1 ± 2.1 years 

          Stillwagon13 - - - 23% - - - -          4.8 ± 1.9 years 

Grant17 - - - - - - 90.16% -       14.9 ± 2.4 years 

Monitto14 - - - - - - 65.49%  60.52%%                n/a 
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legitimate prescriptions in the past year, and 18% of the 
393 reported misuse.20 A different study found that 80% 
of high school seniors with NMUPO used leftover medi-
cation from their own legitimate prescriptions.21 Given 
these statistics, there is a significant risk of misuse of le-
gitimate prescriptions by the child to which they are pre-
scribed. 

Hudgins et al. found that 25.4% of adolescents and 
young adults misusing opioids obtained the medications 
from the healthcare system (55.7% were from family and 
friends).22 Thus, opioids that originate as valid prescrip-
tions may have a broad reach. Even if a child is too 
young to purposefully misuse opioids, there is a risk for 
prescription diversion via family and friends. 

In addition to misuse and diversion, acute opioid poison-
ing is another significant risk of opioid overprescribing. 
From 2005 to 2018, there were 207,543 reported opioid 
poisonings in children according to the United States 
National Poison Data System.23 The rate of poisonings 
has decreased since 2010; however, the topic remains of 
concern as the proportion of suspected suicides among 
this group has increased. There is additional concern that 
increasing opioid prescriptions to adults may contribute 
to this crisis as there is a correlation between the pre-
scription of opioids to an adult and the overdose of a 
family member without an opioid prescription. Given 
this information, it is essential to consider both the risks 
of misuse and diversion of opioids and the risks of pur-
poseful self-harm or accidental poisoning. A wide array 
of literature has demonstrated that many parents and 
guardians do not know how to, or plan to, properly dis-
pose of unused opioid medication prescribed to their 
child.11,14,17,24 In a review of postoperative opioid use 
across specialties, between 9% and 90.8% intended to 
keep unused opioids.18  

To date, limiting excess prescriptions is a challenge. 
Feinberg et al. cite a reluctance among healthcare pro-
viders to require patients to refill their prescriptions for 
adequate pain control.18 Rather, providers may write

more generous prescriptions with the intention of help-
ing patients. They make the argument that this behavior 
should change given the heightened risks during the opi-
oid epidemic. 

Interventions 
Over the past several years, significant literature has 
emerged regarding single institution interventions aimed 
at reducing over prescription of opioids. Interventions 
typically fall into three categories: provider education, 
institutional change, and patient involvement. 

Winslow et al. combined provider and patient education 
during a study of pediatric orthopaedic surgery patients 
with supracondylar humerus fractures.25 After requesting 
self-appraisal for a theoretical supracondylar humerus 
fractures case, hypothetical prescription volumes were 
shared with the department. Outlier prescribing provid-
ers were identified monthly and re-educated via email. 
Order sets were also modified to encourage prescription 
of acetaminophen and ibuprofen and an educational con-
sent form was introduced for patient caregivers regard-
ing opioid side effects, storage, and risks. After one year, 
the institution increased the percent of patients receiving 
five or fewer doses of opioid after surgical management 
of SCH fracture from 30.4% to 72.6%. 

Caruso et al. likewise joined provider training with 
changes to order sets.26 Specifically, they focused on re-
ducing the use of acetaminophen-opioid combination 
products and encouraging the use of liquid oxycodone. 
The focus on acetaminophen containing medications is 
unique and the authors recognized resistance from staff 
amid concerns that this could lead to more abuse. How-
ever, they discuss that the combination analgesics are 
not titrated for individuals, unlike liquid formularies, 
which can not only increase misuse but also hepatoxicity 
from the acetaminophen. There was a significant de-
crease in the use of opioid-acetaminophen products dur-
ing the intervention and sustainment period, though there 
was no significant change in average MME. While utili- 
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zation was not reviewed in this study, divorcing aceta-
minophen from the opioid could theoretically lead to in-
creased postoperative acetaminophen use, allowing for 
decreased opioid consumption. 

While many interventions relevant to this field focused 
on prescribers, several studies focus on interaction with 
other healthcare team members. In a study of pediatric 
orthopaedic and plastic surgery patients, parents and 
guardians were given an at-home disposal product and 
instructions on safe opioid disposal from anesthesiolo-
gists.24 Anesthesiologists additionally met with families 
at postoperative visits and followed up with families 
who reported unused opioids. Weiner et al. examined the 
correlation of interaction with Certified Child Life Spe-
cialists (CCLS) and outcomes of pediatric patients ad-
mitted for lower extremity surgery.27 Citing studies ex-
amining the association of anxiety and increased re-
sponse to pain, they studied whether a specialist meant 
to help with the hospital experience could translate into 
other clinical outcomes. While there was no significant 
effect, this is a constructive reminder about working 
across departments and the potential for engaging others 
in the hospital on these projects. 

Prescription Trends in Adults 
There exists even more research into the above outlined 
topics in adult orthopaedic surgery patients with similar 
conclusions.28,29,30,31,32,33,34 Additionally, studies of adults 
consider factors such as state guidelines on maximum 
opioid prescriptions.35,36 Overall, it would be worthy to 
investigate further how trends in the adult population 
may carry over to pediatric orthopaedics. 

Limitations 
Because this was not a systematic review, relevant articles 
to the topic may not have been included. One limitation of 
comparing prescription volume and utilization is state-to-
state differences in maximum prescription to opioid-naïve 
patients. Some studies do not correlate opioid use with re-
ported pain or previous use. Most of these interventions 
are institution-specific, taking place at academic institu- 

tions. This may limit the replication of results in other set-
tings. Many studies in this area are retrospective, and as 
such there is a delay from prescription to publication year. 
Changes made to prescribing patterns in the past years 
may not be reflected in this review. 

Summary 
Given the repeated demonstration that pediatric ortho-
paedic surgery patients do not utilize a large percentage 
of their postoperative opioid prescriptions, it is essen-
tial that the field pursue both further research to create 
evidence-based guidelines for prescription volume as 
well as interventions to reduce over prescription and 
educate patients and parents about opioid safety.13,14,15 

During the COVID-19 pandemic, opioid deaths in-
creased across every state in America.37 While this data 
is new and its causes are still being investigated, this 
review serves to highlight how variation in prescription 
and utilization patterns may lead to opioid misuse and 
diversion. 

The efficacy of the above-mentioned interventions to re-
duce excess opioid prescribing is promising. Compari-
son among peers looks to serve as an effective tool to 
encourage change. The intention of discussing variation 
in provider groups is not to blame but rather to take this 
as an opportunity for education. It is essential to under-
stand how we can help new providers across all roles 
succeed and reduce any unintentional harm. With educa-
tion and institutional policies, it is very possible to make 
sizable change, affecting not only patients but also our 
communities at large. 

Additional Links 
• POSNA PostOp Pain Management Prescription 

Guidelines: https://posna.org/Physician-Educa-
tion/QSVI/PostOp-Pain-Management-Prescription-
Guidelines 

• FDA Safe Disposal Video: 
https://www.fda.gov/drugs/safe-disposal-medi-
cines/disposal-unused-medicines-what-you-should-
know   
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