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Older, Heavier, Arthritic, Psychiatrically Disordered,
and Opioid-Familiar Patients Are at Risk for Opioid

Use After Medial Patellofemoral Ligament
Reconstruction
Joshua P. Castle, M.D., Toufic R. Jildeh, M.D., Patrick J. Buckley, B.S.,
Muhammad J. Abbas, B.S., Salma Mumuni, M.D., and Kelechi R. Okoroha, M.D.
Purpose: To investigate which factors predispose patients for prolonged opioid use after medial patellofemoral ligament
(MPFL) reconstruction. Methods: A retrospective review of all patients who underwent MPFL reconstruction at a single
institution between January 2013 and June 2020 was conducted. Opioid consumption before and after surgery was recorded
and confirmed using Michigan Automated Prescriptions System monitoring program. Patients were classified into preop-
erative opioid users and nonusers. Risk factors for continued opioid use were assessed by collecting patient demographic
variables, psychiatric history, number of previous patellar dislocations, and operative factors.Results: A total of 102 patients
were included during the time frame of interest. Patients were on average 21.6� 8.5 years old with a mean body mass index
of 28.2 � 7.9. Thirty patients (29.0%) sustained >10 dislocations preoperatively. Preoperative opioid use was present in 13
(12.7%) patients. Greater than 10 dislocations (odds ratio [OR] 5.00, 95% confidence interval [CI] 1.12-20.92) and psy-
chiatric history (OR 3.33, 95% CI, 1.2-9.1; P ¼ .016) significantly predicted opioid refills the first month after surgery. Risk
factors for opioid refills at 2 to 12 months postoperatively included smoking (OR 4.50, 95% CI 1.13-17.96), preoperative
opioid use (OR 7.32, 95% CI 1.88-28.47), psychiatric disorder (OR 3.77, 95% CI 2.3-6.2; P < .001), age >30 years (OR 7.03,
95% CI 3.63-13.61; P < .001), and obesity (OR 2.68, 95% CI 1.40-5.14; P ¼ .002). Compared with Outerbridge 0, a greater
percentage of patients with Outerbridge 1 or 2 and 3 or 4 continued using opioids 2 to 12 months after surgery (OR 3.06,
95% CI 1.33-7.02; P ¼ .006 and OR 2.86, 95% CI 1.24-6.59; P ¼ .010, respectively). Conclusions: For patients undergoing
MPFL reconstruction, preoperative opioid use, cartilage damage, age >30 years, smoking history, body mass index >30, and
history of psychiatric disorder were found to be significantly associated with prolonged opioid use after surgery. Post-
operative opioid refills in this cohort declined after 1 month. Level of Evidence: Level III, retrospective cohort study.
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espite national recognition and efforts to curtail
Dthe opioid epidemic in the United States, opioid-
related deaths continue to rise. From 2000 to 2017,
unintentional opioid-related deaths per 100,000 per-
sons climbed from 2.20 to 13.21.1 Although the causes
of the opioid crisis are multifactorial, opioids pre-
scriptions following surgery are a significant driver of
new prescriptions and persistent usage.2 Across surgical
specialties, orthopaedic surgeons are among the great-
est prescribers of opioids postoperatively.3-5 Scully
et al.4 found that orthopaedic surgeons prescribed
longer durations of opioids initially and had the greatest
refill rates compared with other surgical specialties.
These pain medications often go unused6,7 and may
circulate in the community.6-8 In fact, more than one-
half of the states in the United States have instituted
legislation to limit opioid prescriptions, which has
resulted in significant declines in morphine milligram
ol 3, No 6 (December), 2021: pp e2025-e2031 e2025

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
http://crossmark.crossref.org/dialog/?doi=10.1016/j.asmr.2021.10.012&domain=pdf
mailto:jcastle1@hfhs.org
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.asmr.2021.10.012


e2026 J. P. CASTLE ET AL.
equivalents after orthopaedic procedures.9 Multiple
studies have investigated risk factors leading to pro-
longed opioid use after common orthopaedic surgeries
(e.g., arthritis, psych history, etc.).7,10-26 Identifying
predictive factors for prolonged opioid use is crucial for
orthopaedic surgeons to tailor pain control for specific
patients and practice opioid stewardship.
Although many studies have explored risk factors for

opioid consumption after common procedures of the
knee, such as arthroscopic meniscus debridement/
repair, anterior cruciate ligament reconstruction, and
total knee arthroplasty, there are few studies examining
pain control after patellar instability surgery.10 Patellar
instability includes patella dislocations and sub-
luxations, which commonly occur in young and active
individuals. These instability events lead to significant
pain, disability, osteochondral defects, and patellofe-
moral osteoarthritis.27,28 Previous literature has
demonstrated up to a 49% risk of recurrent patellar
instability in those with a previous history of insta-
bility29 and often require surgery such as medial
patellofemoral ligament (MPFL) reconstruction.
The purpose of this study was to investigate which

factors predispose patients to prolonged opioid use after
MPFL reconstructing. Based on previous literature
evaluating risk factors for prolong opioid use following
operative management, we hypothesized that preop-
erative opioid use, psychiatric diagnosis history, and
osteoarthritis would be significantly associated with
prolonged opioid consumption.

Methods
The Strengthening the Reporting of Observational

Studies in Epidemiology (STROBE) guidelines for
reporting observational studies were followed during
the completion of this study. Our institutional review
board approved the study before study initiation and
data collection. Institutional review board approval was
obtained for this project from the primary institution,
Henry Ford Hospital. A retrospective review of all pa-
tients who underwent MPFL reconstruction or repair
from August 2013 to July 2020 at a single institution
across 6 fellowship-trained sport surgeons was con-
ducted. Recruitment period was determined based on
availability of patient information in electronic medical
record. Participants were identified using Current Pro-
cedural Terminology codes 27422, 27427, and 27428.
Patients with documented complications, such as in-
fections, blood clots, patellofemoral arthrosis, and
reinjury, separate injuries in the 12-month post-
operative period, and opioids prescribed for conditions
unrelated to the operative condition were excluded
from the study. Using a previously verified study
methodology,10,11 we further categorized participants
into 2 groups based on opioid consumption. Preopera-
tive opioid users were classified as those receiving
opioid prescriptions within 3 months before surgery
whereas nonusers as those without any prescriptions
within 3 months of surgery. Opioid prescriptions were
identified through chart review and were confirmed by
the statewide prescription monitoring program (Mich-
igan Automated Prescriptions System) for controlled
substance (schedule 2-5 drugs).
Postoperative opioid prescriptions from either the

primary surgeon or other providers were monitored for
12 months after surgery following MPFL reconstruc-
tion. The number of the prescription refills and date
after surgery were recorded. Information on de-
mographics such as age, sex, body mass index (BMI),
race, psychiatric history, smoking, and workman’s
compensation were collected. Surgeon notes were
queried for history of recurrent dislocation, operative
factors such as cartilage damage (Outterbridge classifi-
cation and location of cartilage damage), types of grafts
used (autograft vs allograft), number of anchors, and
concomitant procedures performed.30

Data Analysis
Continuous variables were reported as means and

standard deviations, whereas categorial variables were
reported as counts and column percentages. Univariate
2-group comparisons using Wilcoxon rank sum tests
were conducted for continuous variables and c2 or
Fisher exact tests for categorial variables. Distributions
were compared between more than 2-level groups us-
ing the KruskaleWallis test. The relation between
continuous variables was examined using a Spearman
correlation. Statistical significance was set at P < .05. All
analyses were performed using SAS software (version
9.4; SAS Institute, Cary, NC).
Results
A total of 203 patients were identified using Current

Procedural Terminology, and 101 met exclusion criteria
or lacked required data points for study inclusion. A
total of 102 patients who underwent MPFL recon-
struction at a single institution were included. Patients
in the cohort were on average 21.6 � 8.5 years old
(range 11-53 years) and had a BMI of 28.2 � 7.9 (range
16.3-56.4). Thirteen patients (12.7%) consumed opi-
oids within the 3 months before surgery, whereas 89
(87.3%) patients were classified as nonusers. De-
mographic variables, procedures performed, history of
previous dislocations, concomitant surgery, and Out-
erbridge classifications are displayed in Table 1.

Opioid Use Postoperatively
In the first month following surgery, 33 patients

(32.4%) obtained an opioid prescription refill. In
months 2 to 12 postoperatively, 14 patients (13.7%)
received a refill. Only 4 patients (3.9%) received more



Table 1. Demographics

Total patients, n 102
Patients with an opioid script before surgery 13 (12.7%)
Patients with concomitant surgery 100 (98.0%)

Arthroscopy 93 (91.2%)
Chondroplasty 42 (41.2%)
Synovectomy 18 (17.6%)
Tibial tubercle transfer 14 (13.7%)
Loose body removal 24 (23.5%)
Other 15 (14.7%)

Age, y, mean � SD 21.6 � 8.5
Body mass index, mean � SD 28.2 � 7.9
Age >30 years old, 14 (13.7%)
Body mass index >30 33 (32.4%)
Smokers 13 (13%)
10þ dislocations 30 (29%)
Sex

Male 43 (42.2%)
Female 59 (57.8%)

Ethnicity
White 65 (63.7%)
Black 22 (21.6%)
Hispanic 3 (2.9%)
Asian 3 (2.9%)
Unknown 9 (8.8%)

Outerbridge classification
Grade 0 24 (23.5%)
Grade 1 or 2 39 (38.2%)
Grade 3 or 4 39 (38.2%)

SD, standard deviation.
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Fig 1. Graph depicting number of patients receiving opioid
prescription refills stratified by preoperative opioid use.

Table 2. Opioid Refills, First Month

Risk Factor
Odds
Ratio

95%
Confidence
Interval P Value

Preoperative opioid prescription 1.36 0.41-4.54 .615
Smoking 1.97 0.61-6.41 .261
10þ dislocations 5.00 1.12-20.92 .028*
Psychiatric diagnosisy 3.33 1.21-9.13 .016*
Age >30 years old 2.38 0.76-7.48 .129
Body mass index >30 2.36 0.99-5.64 .050
Ethnicity 0.56 0.24-1.32 .185
Workman’s compensation 1.23 0.22-6.71 .811
Allograft vs autograft 1.15 0.10 - 13.21 .912

*Significant at P ¼ .05
yPsychiatric diagnosis includes major depressive disorder, general-

ized anxiety disorder, bipolar disorder, and post-traumatic stress
disorder.
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than 2 refills in the first year following surgery. Opioid
prescription refills are displayed in Figure 1.

Factors Affecting Duration of Opioid Use
Postoperatively
When we evaluated factors that influenced opioid

refills in the first month, patients who reported 10 or
more patellar dislocations (odds ratio [OR] 5.00, 95%
confidence interval [CI] 1.12-20.92; P ¼ .028) and
those with a history of a psychiatric disorder (including
major depressive, generalized anxiety, bipolar, and/or
post-traumatic stress disorders) (OR 3.33, 95% CI
1.21-9.13; P ¼ .016) experienced an elevated risk of
opioid refills (Table 2). When we evaluated these same
factors for long-term opioid usage 2 to 12 months
postoperatively, patients who used opioids preopera-
tively (OR 7.32, 95% CI 1.88-28.47; P < .001), smoked
(OR 4.50, 95% CI 1.13-17.96; P ¼ .033), had a history
of psychiatric disorder (OR 3.77, 95% CI 2.30-6.17; P
< .001), were older than 30 years old (OR 7.03, 95%
CI 3.63-13.61; P < .001), or had a BMI greater than 30
at the time of surgery (OR 2.68, 95% CI 1.40-5.14;
P ¼ .002) were more likely to refill a narcotic pre-
scription (Table 3). After we stratified patients by
opioid use, preoperative opioid users consistently
required narcotic refills compared with opioid-naïve
patients at all time points beyond 1 month post-
operatively (Table 4; Fig 1; P < .01). No significant
differences were found in the number of subsequent
prescriptions filled when comparing ethnicity, location
of cartilage damage, presence or absence of an avul-
sion, allograft versus autograft, and number of anchors
used.

Outerbridge Classification
Patients with an intraoperative Outerbridge grade of

1 or 2 (OR 3.06, 95% CI 1.3-7.0; P ¼ .006) and 3 or 4
(OR 2.86, 95%CI 1.2-6.6; P ¼ .010) were found to
consistently require opioid prescriptions beyond
1 month postoperatively compared with patients with an
Outerbridge grade 0 (Table 5). However, there was no
statistically significant difference between Outerbridge
1 or 2 when compared to Outerbridge 3 or 4 at 1 month
postoperatively (P ¼ .666) and 2-12 months post-
operatively (P ¼ .436).

Discussion
Significant predictors of opioid consumption in the

first month post-operatively included 10 or more
patellar dislocations and a history of a psychiatric
diagnosis. Preoperative opioid consumption does not



Table 3. Opioid Long-Term Refill (2-12 Months’
Postoperative)

Risk Factor
Odds
Ratio

95%
Confidence
Interval P Value

Preoperative opioid prescription 7.32 1.88-28.47 .004*
Smoking 4.50 1.13-17.96 .033*
10þ dislocations 4.25 0.47-38.60 .200
Psychiatric diagnosisy 3.77 2.30-6.17 <.001*
Age >30 years old 7.03 3.63-13.61 <.001*
Body mass index >30 2.68 1.40-5.14 .002*
Ethnicity 0.36 0.11-1.22 .100
Workman’s compensation 0.38 0.09-1.57 .165
Allograft vs autograft 4.45 0.37-54.01 .242

*Significant at P ¼ .05.
yPsychiatric diagnosis includes major depressive disorder, general-

ized anxiety disorder, bipolar disorder, and post-traumatic stress
disorder.

Table 4. Odds Ratio for Opioid Prescription Refill (Compared
Preoperative Opioid Users With Opioid-Naïve Patients)

Odds Ratio 95% Confidence Interval P Value

First month 1.36 0.41-4.54 .614
Months 2-3 5.59 1.72-16.1 <.001*
Months 4-6 7.71 2.12-28.00 <.001*
Months 7-12 4.76 1.31-17.25 .009*

*Statistically significant at P ¼ .05.
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significantly impact narcotic use in the first post-
operative month. At 2 to 12 months postoperatively,
preoperative opioid use, smoking, age older than 30
years, a BMI greater than 30, and a history of psychi-
atric diagnosis significantly predicted opioid consump-
tion. Outerbridge grades 1 or 2 and 3 or 4 significantly
predicted opioid use at all time points after surgery.
Overall, opioid consumption declined after 2 months
and remained relatively low for those undergoing
MPFL reconstruction.
Although a minority of patients consumed opioids

before surgery, our results indicate that preoperative
opioid usage significantly increased the risk for opioid
consumption at all time points between 2 and 12
months after surgery (OR 5.48, 95% CI 2.8-10.7;
P < .001). However, it should be noted that the use of
Table 5. Effect of Outerbridge Classification on Postoperative Op

First Month
Refills, n (%)

First Month vs Grade
0 Odds Ratio (95%
Confidence Interval)

P Va
Mo
G

Outerbridge Grade 0 6 (25.0%) e

Outerbridge Grade 1 or 2 13 (33.3%) 1.50 (0.48-4.68)
Outerbridge Grade 3 or 4 14 (35.9%) 1.68 (0.54-5.21)

*Statistically significant at P ¼ .05.
narcotics preoperative did not have a significant impact
on narcotic use in the first postoperative month. This is
likely attributed to the need for adequate postoperative
pain control, as more than one-third of both opioid
naïve and opioid users required a refill in the first
month postoperatively. Across multiple subspecialties
in orthopaedic surgery, the literature has consistently
demonstrated that preoperative opioid use strongly
predicts prolonged opioid demand after sur-
gery.7,10-21,25,26 Anthony et al.19 conducted a multi-
center review of 4,946 ACL reconstructions and found
that patients with preoperative prescriptions were 4.06
times (95% CI, relative risk 3.33-4.96) more likely to be
refilling prescriptions at 2 months and 5.35 to 7.67
times more likely at all time points between 3 and
12 months after surgery. The majority of patients dis-
continued opioid use after the first postoperative
month, with 10% or less refilling at 2 months and
beyond. Jildeh et al.10 retrospectively examined 735
patients undergoing arthroscopic meniscal surgery.
They reported preoperative opioid usage (P < .001) and
degree of knee osteoarthritis (P < .05) had a significant
effect on postoperative opioid usage. Khazi et al.22

retrospectively examined 60 patients undergoing
patellofemoral stabilization procedures including MPFL
reconstruction (36.7%), Fulkerson osteotomy, or both
over a 4-year period. Postoperative opioid use precipi-
tously declined from 61.7% at 2 weeks to 33.3% at
6 weeks. Similar to our study’s results, preoperative
opioid consumption independently predicted sustained
opioid use at both 2 (P ¼ .0023) and 6 weeks (P
< .0001) compared with the opioid-naïve group.22

Most interestingly, the preoperative opioid group
experienced worse patient-reported outcome scores
(Knee Injury and Osteoarthritis Outcome Score and
Kujala) at baseline, 6 months, and 2 years after surgery.
Regardless of opioid consumption before surgery, sus-
tained opioid demand at 6 weeks conferred worse
patient-reported outcomes at 6 months and 2-year
follow-ups. The authors’ findings, in conjunction with
our results, emphasize the strong predictive value of
preoperative opioid use on sustained use after surgery.
While this phenomenon is multifactorial, these patients
likely develop opioid tolerance and have higher pain
requirements. More importantly, Khazi and colleagues’
ioid Prescription Refills

lue, First
nth vs
rade 0

Long-Term Refills,
N (%)

Long-Term vs Grade
0 Odds Ratio (95%

Confidence
Interval)

P Value Long-
Term vs Grade 0

e 7 (2.7%) e e

.484 33 (7.7%) 3.06 (1.33-7.02) .006*

.367 31 (7.2%) 2.86 (1.24-6.59) .010*
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results further contribute to the growing evidence that
sustained opioid consumption after surgery leads to
poorer outcomes.20,23,24

Patellofemoral instability commonly leads to osteo-
chondral damage and serves as a catalyst for cartilage
deterioration and osteroarthritis.27,31,32 Interestingly,
our study identified that recurrent instability with
greater than 10 patellar dislocations lead to a 5 times
significantly increased risk of opioid refills in the first
month and a 4.25 times increased risk, although not
significant, 2 to 12 months after surgery. Recurrent
instability likely caused additional cartilage damage and
portended higher pain requirements after surgery.
Even after a single traumatic dislocation, Salonen
et al.27 reported patellofemoral cartilage injury on
magnetic resonance imaging in 14 of 20 (70%) of first-
time dislocations, and within 8 years all patients
revealed cartilage deterioration. These episodes of
instability render patients vulnerable to cartilage dam-
age and eventual long-term osteoarthritic changes. We,
also, found that compared with Outerbridge 0, patients
with cartilage deterioration, defined as Outerbridge
1 or 2 and 3 or 4, demonstrated an increased likelihood
for opioid refills at all time points after MPFL recon-
struction. Previous studies have similarly shown that
preoperative knee osteoarthritis predicts prolonged
opioid consumption in multiple arthroscopic proced-
ures of the knee such as meniscectomy.10,16,21 Surgeons
should, however, exhibit caution in patient selection, as
significant osteoarthritis at the time of surgery may
confer opioid dependence and worse outcomes.
As prescribers, we would be remiss to not acknowl-

edge the role substance use and psychiatric disorders
factor into sustained opioid use. Hastings et al.33

developed a machine-learning algorithm to predict
which patients are at increased risk of adverse opioid-
related outcomes such as dependence, abuse, or
poisoning. Previous substance use was among the top
predictors for adverse opioid-related outcomes, which
included previous benzodiazepines, muscle relaxants,
opioids, alcohol, cannabis, and cocaine use. Lavoie-
Gagne and colleagues25 performed a systematic re-
view of 45 studies including 458,993 patients across
various orthopaedic subspecialties to identify risk fac-
tors for prolonged opioid use after surgery. Across all
studies, previous substance abuse aside from tobacco
and alcohol, use of other medications, psychiatric
comorbidities, BMI greater than 40, chronic pain con-
ditions, fibromyalgia, and migraines were all associated
with prolonged opioid use after surgery. When they
examined sports procedures specifically, all previous
substance abuse except alcohol abuse was predictive of
prolonged opioid consumption. Our results found that
psychiatric disorders led to an elevated risk at all time
points and smoking increasing the likelihood of post-
operative opioid use at 2 to 12 months (OR 4.50, 95%
CI 1.13-17.96; P ¼ .033). Previous literature has sug-
gested that patients with a history of psychiatric diag-
nosis may have altered chemical signaling pathways,
which may explain the increased risk of opioid
misuse.34 While we cannot specifically comment on
which psychiatric diagnoses are most vulnerable to
opioid dependence, it is crucial for prescribers to ho-
listically evaluate patients for these risk factors and
potentially identify patients at greater risk for continued
opioid use.
Although 32.4% of patients refilled an opioid pre-

scription in the first month, only 13.7% of patients
received any refill between months 2 and 12 post-
operatively. This can partially be attributed to the suc-
cess rates and patient population undergoing MPFL
reconstruction. Patients undergoing MPFL reconstruc-
tion are typically young (average age 24.4 years old)
and the majority return to a level of high activity
(84.1% returned to sports) following the surgery.35

Baron et al.26 retrospectively reviewed a database of
1,316 patients undergoing MPFL reconstruction or
tibial tubercle osteotomy and found that age younger
than 30 years old, independently predicted lowered
opioid use at both 3 and 12 months postoperatively. In
addition, chronic preoperative opioid use, obesity (BMI
>30), and a diagnosis of depression or anxiety were all
independent risk factors for opioid use at 12 months
after surgery. Our results corroborate their findings
with those less than 30 years old refilling fewer pre-
scriptions and those with BMI values greater 30 and
history of psychiatric diagnosis requiring more refills at
2 to 12 months postoperatively. Patients undergoing
patellar stabilization procedures are often younger and
likely have a greater baseline activity level. While these
younger cohorts are likely to perform well after surgery
with lower opioid requirements, more attention should
be directed to managing pain in those patients who are
older, have more obesity, have history of a psychiatric
diagnosis, and the presence of cartilage damage at the
time of surgery.

Limitations
The present study is subject to multiple limitations.

The retrospective design of the study depends on the
accuracy of the electronic medical record in reporting
opioid prescriptions tied to the index procedure. We
attempted to mitigate this issue by confirming all pre-
scriptions using the Michigan Automated Prescriptions
System monitoring system. Prescriptions unrelated to
the procedure were excluded; however, prescription
may have been unnecessarily excluded if providers
inaccurately associated the indicated diagnoses. In
addition, we were unable to determine the exact
number of pills consumed from the electronic medical
record. Rather, we used opioid refills as a proxy for
opioid consumption, a method validated by previous
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studies.10,11 The present study demonstrated that peri-
operative opioid use was relatively low in this group. It
is possible that our limited number of preoperative
users and small sample size limited our ability to detect
significant differences in use in the first month post-
operatively. Furthermore, patients were evaluated with
greater than 10 dislocations since they would un-
equivocally represent incompetent MPFL and increased
cartilage damaged that has been shown to increase
opioid consumption.10 Additionally, it was not possible
to account for several confounding factors that could
have influence postoperative pain and analgesia
required. These factors included complexity of surgery,
prescriber prescription habits, surgical techniques and
rehabilitation protocol, type of anesthesia used, use of
nonprescribed narcotics, and the use of non-opioid
analgesia. In general, patients undergoing MPFL
reconstruction were young, with low BMI values, and
were likely healthier individuals, similar to the de-
mographic characteristics of Khazi et al.22 These char-
acteristics limit generatability to patients who are older
and more overweight.

Conclusions
For patients undergoing MPFL reconstruction, pre-

operative opioid use, cartilage damage, age >30 years,
smoking history, BMI >30, and history of psychiatric
disorder were found to be significantly associated with
prolonged opioid use after surgery. Postoperative opioid
refills in this cohort declined after 1 month.
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