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Association of Patient-Reported Anxiety
and Pain After Alveolar Bone Grafting

Sarah Mirzaie, BS, Michelle K. Oberoi, MD , Kelly X. Huang, BS,
Rachel M. Caprini, BS, Sri Harshini Malapati, BS, Dillon Dejam, BS,
Meiwand Bedar, MD, MSc, Brendan J. Cronin, MD, Sumun Khetpal, MD,
and Justine C. Lee, MD, PhD

Abstract

Objective: To evaluate the role of psychosocial well-being on perioperative pain and opioid use among patients with cleft lip and

palate (CLP) undergoing alveolar bone grafting (ABG).

Design: Retrospective review.

Setting: Tertiary level craniofacial clinic.

Participants: 34 patients with CLP (median age: 11.7 years), including 25 (73.5%) unilateral CLP and 9 (26.5%) bilateral CLP, who

underwent ABG from 2015 to 2022.

Interventions: ABG using iliac crest bone graft. Patients were prospectively administered four patient-reported psychosocial

instruments from the Patient-Reported Outcomes Measurement Information System.

Main Outcome Measures: Perioperative opioid use in morphine equivalent dosage/kilogram, patient-reported pain scores, and

length of hospital stay after ABG.

Results: Patient-reported anxiety (r= 0.41, p= 0.02) and depressive symptoms (r= 0.35, p= 0.04) correlated to higher perioper-

ative opioid usage. Multivariable regression models including psychosocial scores, total acetaminophen usage, length of surgery,

and other simultaneous surgeries were developed for total opioid usage, patient-reported pain, and length of hospital stay.

Patient-reported anxiety was independently predictive of higher perioperative opioid use (β=0.36, p= 0.01) and higher pain

scores (β=0.39, p= 0.02), but not length of hospital stay.

Conclusions: We identified an association for patient-reported anxiety and perioperative opioid use and pain in a CLP cohort

undergoing ABG. Future considerations in preoperative patient and family consultation may be indicated in patients self-reporting

higher anxiety in an effort to minimize perioperative opioid usage.

Keywords
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Introduction

Increasing awareness of the relationship between surgery and persis-
tent opioid use has generated tremendous interest in identifying
potential risk factors as well as developing methods for reducing
perioperative opioid use.1–7 A 2018 study by Harbaugh et al.
found that opioid-naïve patients aged 13 to 21 who underwent sur-
gical procedures were more likely to refill their postoperative pre-
scriptions and refill persistently 90 to 180 days after surgery,
compared to an age-matched non-surgical group.2 Within craniofa-
cial surgery, patients born with cleft lip and palate (CLP) are partic-
ularly vulnerable to persistent opioid use given their inherently
iterative reconstructive surgical care pathway.8 Compared to a
0.1% incidence of long-term opioid use for non-surgical patients,

patients who underwent CLP corrective surgery demonstrated a
4.4% incidence of long-term opioid use.1 These findings highlight
the need for careful consideration of perioperative opioid usage in
patients with CLP.
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A clear relationship between psychological distress and
perioperative pain has been reported by a number of investi-
gators.9–12 While the majority of the literature focused on
adult populations, a recent prospective cohort study of 215
pediatric patients undergoing thumb carpometacarpal osteo-
arthritis surgery found that anxiety and pessimism were sig-
nificant predictors for acute postoperative pain.9 Among
patients with CLP, there remains a paucity of reports assess-
ing whether an association between psychosocial functioning
and perioperative pain, and thereby opioid use, may exist.
The purpose of this study is to explore the impact of patient-
reported psychosocial functioning on perioperative opioid
usage and pain in patients with CLP undergoing alveolar
bone graft (ABG).

Methods

Patient Characteristics
Patients with a diagnosis of CLP at the University of California
Los Angeles (UCLA) were enrolled as part of an ongoing longi-
tudinal prospective study on psychosocial functioning of patients
with cleft and craniofacial diagnoses between 2015 and 2022
(Institutional Review Board protocol no. 15-000979). Two inde-
pendent reviewers (SM, JCL) extracted data from patient charts.
Demographic and clinical characteristics were collected, includ-
ing age at the time of surgery, sex, ethnicity, diagnosis, surgery
type, and laterality of CLP. To determine the invasiveness of
the procedure, the method of bone graft harvest was categorized
as either open or trephine. Other simultaneous procedures that
occurred during ABG were considered for analysis and included
cleft nose revision, cleft lip revision, cleft nose and lip revision,
dental extraction, palatal fistula closure, intermaxillary fixation
screw placement, and pharyngoplasty port revision. Length of
surgery was determined from the procedure start time to the pro-
cedure end time in minutes (min). The length of hospital stay was
calculated from the procedure start time to discharge time in
hours (hr). Postoperative patient-reported pain scores were
taken as a subjective score out of 10, with scores of 1–3 consid-
ered mild, 4–6 considered moderate, 7–10 considered severe, and
+10 considered breakthrough. Pain scores were taken by nursing
staff every 2 h in the postoperative inpatient setting by verbal
description and were recorded in the patients’ medical charts.
Average pain scores were reported for each patient during their
hospital stay. Furthermore, inpatient perioperative opioid medica-
tions were evaluated, including fentanyl, oxycodone, codeine,
hydromorphone, and morphine. The medications were catego-
rized into two groups: acetaminophen or cumulative opioids
administered perioperatively. Acetaminophen dosages were con-
sidered for analysis in milligrams per kilogram weight of the
patient at the time of surgery (mg/kg). Narcotic dosages were con-
verted into morphine equivalent dosage (MED) for comparison
and analyzed as MED per kilogram of patient weight (MED/
kg).13 This study received ethics approval from the University
of California, Los Angeles Institutional Review Board protocol
no. 15-000979.

Psychosocial Functioning
Validated, quantitative, and self-reported instruments from the
Patient Reported Outcomes Measurement Information System
(PROMIS) were administered during annual multidisciplinary
craniofacial clinics.14–18 For each patient, the most proximate
PROMIS score, either before or after the procedure, was con-
sidered to represent perioperative psychosocial functioning.
Patients completed four PROMIS short form version 2.0
instruments, including Anger 5a, Anxiety 8a, Depressive
Symptoms 8a, and Peer Relationships 8a. Raw scores were
converted to standardized t scores set to the United States
population with a mean score of 50 and a standard deviation
of 10.19

Statistical Analyses
To determine variables that are associated with perioperative
opioid use, univariate analyses using Pearson correlations fol-
lowed by multivariable linear regression analyses were per-
formed. Perioperative opioid usage, patient-reported
postoperative pain scores, and length of hospital stay (hr) were
compared to various demographic and medical variables: total
acetaminophen (mg/kg), length of surgery (min), laterality of
CLP, gender, age at surgery, open bone graft harvest, other
simultaneous procedures, and PROMIS scores. Multivariable
models were developed incorporating significant demographic
and clinical variables from the univariate analyses. Each signifi-
cant PROMIS score was independently incorporated into the
models to further evaluate the association between psychosocial
functioning and perioperative opioid use. Data analyses were
conducted using IBM SPSS Version 26 (IBM Corp., Armonk,
N.Y.) with an alpha level of p<0.05.

Results

Patient Characteristics
34 patients with CLP aged 8 to 24 years (median age of 11.7 years)
who underwent ABG were included in this study. (Table 1).
Patients were diagnosed with either unilateral (73.5%) or bilateral
(26.5%) CLP. ABGwas performed using iliac crest bone graft har-
vested via a trocar (50.0%) or open (50.0%) technique, and the
surgery time averaged 144.1 min. More than half of the patients
(61.8%) underwent ABG surgery simultaneously with other pro-
cedures. In addition, PROMIS scores were on average within
one standard deviation of the national mean for anger (50.0±
9.0), anxiety (43.1±7.9), depressive symptoms (49.8±11.3),
and peer relationships (45.9±9.9). For 38% of the patients (n=
13), the most proximate PROMIS score was prior to surgery,
and the rest only had postoperative scores.

During their hospital stay, patients overall received a median
(IQR) of 0.7 (0.4–1.0) MED/kg of total opioids perioperatively
and 43.9 (22.6–60.1) mg/kg of acetaminophen (Table 2).
Median postoperative pain scores were 0.5 (IQR: 0–1.9) and
length of hospital stay was 26.0 (IQR: 22.0–28.0) hours.
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Correlations with Perioperative Opioid use, Pain, and
Length of Hospital Stay
Demographic and clinical variables associated with perioperative
opioid use, postoperative pain, and length of hospital stay were iden-
tified using Pearson correlations (Table 3). Total perioperative opioid
use demonstrated a significant positive correlation with
acetaminophen use (r=0.54, p<0.001), length of surgery
(r = 0.39, p=0.02), anxiety (r=0.41, p=0.02), and depressive
symptoms (r=0.35, p=0.04). There were also significant positive
relationships between patient-reported postoperative pain scores
and acetaminophen use (r=0.37, p=0.03) and patient-reported
anxiety scores (r=0.44, p=0.008). Additionally, increased length
of hospital stay was significantly associated with elevated acetamin-
ophen use (r=0.61, p<0.001), length of surgery (r=0.45,
p = 0.007), and the presence of other simultaneous procedures
(r =0.40, p=0.02).

Association of Psychosocial Functioning with
Perioperative Opioid use, Postoperative Pain, and Length
of Hospital Stay After Alveolar Bone Grafting
To determine factors associated with increased perioperative
opioid use, multivariable linear regression models were con-
structed incorporating variables with significant correlations to

opioid use, pain scores, or length of hospital stay in the univariate
analyses. Demographic and clinical variables integrated in the
model included total acetaminophen use, length of surgery, and
the presence of other simultaneous procedures. Patient-reported
anxiety and depressive symptoms were separately incorporated
into the final models associated with perioperative opioid use,
postoperative pain, and length of hospital stay.

Models incorporating patient-reported anxiety accounted for
49.0% of the variance in perioperative opioid use (F4,29=7.0, p<
0.001), 31.3% of the variance in postoperative pain scores (F4,29
=3.3, p=0.02), and 58.1% of the variance in length of hospital
stay (F4,29=10.1, p<0.001) (Table 4). Acetaminophen dosage
over the perioperative period was associated with perioperative
opioid use and hospital length of stay, while trending towards a sig-
nificant positive association with patient-reported pain scores.
Increased patient-reported anxietywas associatedwith elevated peri-
operative opioid use (β=0.36, p=0.01), postoperative pain (β=0.39,
p=0.02), but not with length of hospital stay. The presence of other
simultaneous procedures occurring with ABG was also associated
with increased length of hospital stay (β=0.35, p=0.01).

Models evaluating the predictive value of depressive symp-
toms accounted for 44.7% of the variance in perioperative
opioid use (F8,29= 5.9, p= 0.001) and 53.7% of the variance
in length of hospital stay (F8,29= 8.4, p < 0.001) (Table 5).
However, this model did not demonstrate a statistically signifi-
cant representation of postoperative pain scores. Unlike
anxiety, depressive symptoms scores did not independently
predict perioperative opioid use or length of hospital stay.

Discussion

In this work, we evaluated the relationships between patient-
reported psychosocial functioning and pain for patients with

Table 2. Analgesic Medications, Patient-Reported Pain Scores, and

Length of Hospital Stay.

Total Cohort (n= 34)

Analgesic medications

Total opioids, median (IQR), MED/kg 0.7 (0.4–1.0)

Perioperative opioids 0.5 (0.4–0.8)

Fentanyl, IV 0.4 (0.3–0.6)

Hydromorphone, IV 0.1 (0–0.01)

Morphine, IV 0

Postoperative opioids 0.1 (0–0.3)

Oxycodone, PO 0.1 (0–0.3)

Codeine, PO 0

Hydromorphone, IV 0

Morphine, IV 0

Total acetaminophen, median (IQR), mg/kg 43.9 (22.6–60.1)

Perioperative acetaminophen, IV 15.0 (0–15.0)

Postoperative acetaminophen, PO 30.0 (14.6–45.1)

Patient-reported pain scores, median (IQR) 0.5 (0–1.9)

Length of hospital stay, median (IQR), hr 26.0 (22.0–28.0)

MED, morphine equivalent dose; IQR, interquartile range; IV, intravenous;

PO, per os; kg, kilograms; hr, hours.

Table 1. Patient and Surgical Characteristics.

Total Cohort (n= 34)

Age at surgery, median (IQR), yr 11.7 (10.1–13.7)

Weight at surgery, median (IQR), kg 40.6 (29.2–51.6)

Male, n (%) 21 (61.8)

Bilateral, n (%) 9 (26.5)

More than one diagnosis, n (%) 8 (23.5)

Bone graft harvest, n (%)

Open 17 (50.0)

Trephine 17 (50.0)

Other simultaneous surgeries, n (%) 21 (61.8)

Cleft nose revision 9 (26.5)

Cleft lip revision 4 (11.8)

Cleft nose and lip revision 2 (5.9)

Dental extractions 2 (5.9)

Other (palatal fistula closure,

intermaxillary fixation screw placement,

pharyngoplasty port revision)

4 (11.8)

Length of surgery, mean± SD, min 144.1± 56.3

Private insurance, n (%) 13 (38.2)

Age at PROMIS, median (IQR), yr 12.4 (11.1–15.1)

Time between surgery and PROMIS, median

(IQR), yr

−0.63 (−2.2–0.3)

PROMIS scores, mean± SD

Peer relationships 50.0± 9.0

Anger 43.1± 7.9

Anxiety 49.8± 11.3

Depressive symptoms 45.9± 9.9

IQR, interquartile range; SD, standard deviation; yr, years; kg, kilograms;

min, minutes.
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Table 3. Pearson Correlations for Total Opioid Usage, Pain, and Length of Hospital Stay After Alveolar Bone Grafting.

Total Opioid Usage

(MED/kg) Pain Scores

Length of Hospital

Stay (yr)

r p r p r p

Total acetaminophen (mg/kg) 0.54 <0.001 0.37 0.03 0.61 <0.001

Length of surgery 0.39 0.02 0.01 0.94 0.45 0.007

Bilateral cleft lip and palate 0.13 0.48 0.05 0.78 0.13 0.47

Male −0.12 0.51 −0.12 0.51 −0.02 0.91

Age at surgery −0.20 0.26 −0.19 0.29 −0.20 0.27

Open harvest of bone graft 0.18 0.32 0.09 0.62 0.07 0.68

Other simultaneous surgeries 0.24 0.18 −0.16 0.38 0.40 0.02

PROMIS scores

Peer relationships −0.02 0.90 −0.01 0.95 0.17 0.35

Anger 0.23 0.20 0.23 0.19 0.02 0.90

Anxiety 0.41 0.02 0.44 0.008 0.29 0.10

Depressive symptoms 0.35 0.04 0.33 0.05 0.16 0.36

MED, morphine equivalent dose; kg, kilograms; mg, milligrams; yr, years.

Table 4. Association of Patient-Reported Anxiety with Total Opioid Usage, Pain Scores, and Length of Hospital Stay After Alveolar Bone

Grafting.

Opioid Use Pain Scores Length of Hospital Stay

R2= 0.490 R2= 0.313 R2= 0.581

F4,29= 7.0 F4,29= 3.3 F4,29= 10.1

p < 0.001 p= 0.02 p < 0.001

β 95% CI p β 95% CI p β 95% CI p

Total acetaminophen (mg/kg) 0.43 (0.12, 0.72) 0.005 0.34 (0, 0.67) 0.05 0.51 (0.25, 0.77) <0.001

Length of surgery 0.16 (−0.20, 0.50) 0.31 −0.08 (−0.43, 0.28) 0.66 0.15 (−0.14, 0.43) 0.30

Other simultaneous surgeries 0.20 (−0.10, 0.50) 0.18 −0.10 (−0.44, 0.25) 0.57 0.35 (0.08, 0.62) 0.01

Anxiety 0.36 (0.08, 0.63) 0.01 0.39 (0.06, 0.71) 0.02 0.24 (−0.01, 0.49) 0.06

CI, confidence interval.

Table 5. Association of Patient-Reported Depressive Symptoms with Total Opioid Usage, Pain Scores, and Length of Hospital Stay After

Alveolar Bone Grafting.

Opioid Use Pain Scores Length of Hospital Stay

R2= 0.447 R2= 0.218 R2= 0.537

F4,29= 5.9 F4,29= 2.0 F4,29= 8.4

p= 0.001 p= 0.12 p < 0.001

β 95% CI p β 95% CI p β 95% CI p

Total acetaminophen (mg/kg) 0.41 (0.12, 0.72) 0.01 0.34 (−0.02, 0.70) 0.07 0.52 (0.24, 0.80) <0.001

Length of surgery 0.18 (−0.10, 0.50) 0.27 −0.06 (−0.43, 0.31) 0.76 0.16 (−0.14, 0.46) 0.28

Other simultaneous surgeries 0.22 (−0.10, 0.53) 0.17 −0.10 (−0.47, 0.28) 0.60 0.34 (0.05, 0.63) 0.02

Depressive symptoms 0.30 (0, 0.59) 0.05 0.23 (−0.12, 0.59) 0.19 0.11 (−0.17, 0.38) 0.43

CI, confidence interval.
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CLP after undergoing ABG. Using four different instruments,
we found that both anxiety and depressive symptoms scores cor-
related to increased opioid use. Anxiety scores were also corre-
lated to patient-reported pain scores, albeit neither variable
correlated to the length of hospital stay. To understand
whether these bivariate correlations were influenced by other
factors, we then performed multivariable linear regression anal-
yses incorporating potentially associated independent variables
such as total acetaminophen, length of surgery, and the presence
of other simultaneous procedures with psychosocial outcomes
scores. In multivariable models, patient-reported anxiety dem-
onstrated a significant and independent positive association
with perioperative opioid use and postoperative pain scores.

Multiple reconstructive surgical procedures are performed
within the cleft care pathway from birth to maturity. In each
of these procedures, opioid usage within the hospital setting fre-
quently translates to postoperative opioid prescriptions. The
risk of persistent opioid use in children and adolescents who
have had any surgical procedure, including cleft-related surger-
ies, has been reported to be over 40 times greater than that of the
general pediatric population.1,2 These data suggest that efforts
to identify potential modifiable factors that may result in a
reduction of opioid usage should be considered, particularly
in a pediatric population subjected to multiple surgeries.

The current findings corroborate other studies on the effect of
anxiety on opioid use and pain for various types of surgical inter-
ventions. In a cohort of pediatric patients undergoing orthopaedic
or general surgical procedures, Page and colleagues reported that
increased scores on the Multidimensional Anxiety Scale for
Children and Child Pain Anxiety Symptoms Scale were signifi-
cantly predictive of pain intensity on the Numeric Pain Rating
Scale within 48–72 h after surgery.20 Similarly in adults,
Caumo et al. found that general and preoperative transient
anxiety levels corresponded with moderate to intense acute
pain as measured by the Pain Visual Analog Scale 12 and 24 h
after abdominal elective surgery.21 In an adolescent scoliosis
cohort, Yang et al. reported that the diagnosis of anxiety was a
risk factor for prolonged opioid use after posterior spinal
fusion.22 Of particular concern, this risk of prolonged opioid
use was further increased with previous opioid prescriptions.
The identification of prior opioid usage and anxiety as risk
factors for prolonged use deserves consideration for patients
with CLP as the care pathway directly increases opioid exposure.
While we did not directly evaluate prolonged opioid use in the
current cohort, understanding of lifetime opioid usage in patients
with CLP may warrant future investigation.

The ability to screen for anxiety prior to surgery using patient-
reported outcomes measures allows for attention to several strat-
egies in reducing pain and perioperative opioid usage in patients
reporting higher anxiety scores. First, parent and patient counsel-
ing may be critical in preoperative preparation for patients with
higher anxiety. Second, multimodal non-narcotic regimens,
such as the addition of intraoperative nerve blocks, may be par-
ticularly important in such patients.23 Third, within the hospital
setting, non-pharmacologic methods of reducing anxiety may
also be aggressively explored. Weiner and colleagues reported

that in 146 pediatric patients who underwent lower extremity
trauma surgeries, the involvement of Certified Child Life
Specialists reduced the amount of opioid use and pain ratings
over the course of the hospital length of stay.24 Similarly,
Nilsson et al. compared pediatric patients undergoing outpatient
surgeries who were unexposed or exposed to 45 min of music in
the immediate postoperative period and noted that music medi-
cine decreased the quantity of morphine administered as well
as scores on the Facial Affective Scale.25

This study has several limitations that deserve mention. The
small sample size could have precluded some variables from
reaching statistically significant correlations with the three out-
comes variables. Additionally, there could be other confound-
ing variables that explain perioperative opioid use that was not
included in the multivariable regression model. To characterize
psychosocial status, we used the most proximate score, which
was either before or after ABG as the PROMIS scores were
heterogeneously available depending upon the timing of
assessments which were performed solely during the annual
multi-disciplinary appointments. Additionally, it should be
noted that more than half of the patients (61.8%) in our
cohort had other surgical procedures at the time of the ABG
surgery. Simultaneous surgeries could potentially pose a chal-
lenge in understanding the effect of ABG on patient pain and
anxiety postoperatively. However, our results suggest that
the presence of other surgeries did not significantly impact
the main outcomes of our study, namely postoperative opioid
use and pain scores. We did observe that simultaneous surger-
ies were associated with increased length of hospital stay,
which likely reflect the additional time required for the patients
to recover from multiple procedures. Future research could
focus on closely evaluating the impact of simultaneous combi-
nation surgeries on patient perceptions and postoperative out-
comes to determine potential additive effects.

Conclusions

Our study demonstrates that patient-reported anxiety is associ-
ated with increased pain and perioperative opioid use in
patients with CLP following ABG.
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Appendices

PROMIS short forms: Anger 5a, Anxiety 8a, Depressive Symptoms 8a, and Peer Relationships 8a.
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