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Abstract

Background The investigation of nonnarcotic drug regi-
mens for postoperative pain management is important in
addressing the opioid epidemic. NSAIDs can be a powerful
adjunct in managing postoperative pain, but the possibility
of delayed bone healing is a major concern for orthopaedic
surgeons. Our recent retrospective study on ketorolac ad-
ministration demonstrated that the NSAID is not associated
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with an increased risk of delayed union or nonunion after
ankle fracture surgery.

Questions/purposes To determine whether postoperative
ketorolac (1) reduces opioid consumption, (2) improves
VAS pain control, and (3) affects fracture healing after
open reduction and internal fixation of ankle fractures.
Methods Between August 2016 and December 2017, 128
patients undergoing open reduction and internal fixation of
an acute ankle fracture were randomized before surgery via
simple randomization to treatment with or without ketorolac.
No patients changed treatment regimen groups or opted out
of randomization. All other aspects of perioperative care
were treated identically. A once-daily survey was distributed
via email on postoperative Days 1 to 7. Unblinded partic-
ipants were asked to report their daily opioid consumption,
pain level, and sleep interference using the VAS, and pain
frequency using a five-point Likert scale, and side effects
with the VAS. For VAS pain, > 20 mm/100 mm on the VAS
scale was required to be considered “improved.” In all, 83%
(106 of 128) patients completed all seven postoperative
surveys with 14 in the control group and eight in the
ketorolac group lost to follow-up. Fifty-six patients were
administered ketorolac with opioid medication (treatment
group) and 50 were administered opioids alone (control
group). Participants were comprised of 42% men (44), and
58% women (62); mean age was 48 years. The treating
surgeon assessed clinical healing based on the patient’s
ability to ambulate comfortably at 12 weeks postoperatively.
Radiographic healing was assessed by two fellowship-
trained orthopaedic foot and ankle surgeons blinded to the
patient’s name and time since surgery. The surgeons eval-
uated randomized standard ankle series (anteroposterior,
mortise, and lateral) radiographs for resolution of each
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fracture line to determine fracture union, with delayed union
being defined as fracture lines present on radiographs taken
at 12-week postoperative visits. Intention-to-treat analysis
was performed.

Results Patients in the treatment group consumed a mean
of 14 opioid pills, which was less than the mean of 19.3
opioids pills consumed by patients in the control group (p =
0.037). Patients with ketorolac had lower median VAS
scores for pain (p < 0.035) postoperatively on post-
operative Days 1 and 2 than did control patients. By con-
trast, patient-reported pain scores and scores for sleep did
not convincingly show a benefit to the use of ketorolac. For
patients whose ankle fractures healed at 12 weeks, there
was no difference between the groups in terms of clinical
healing (p = 0.575) and radiographic healing (p = 0.961).

Conclusions Inthis randomized study, adding ketorolac to
the postoperative drug regimen decreased the use of opioid
medication after open reduction and internal fixation of
ankle fractures in the early postoperative period, and there
were mixed, small effects on pain reduction. This NSAID
is a valuable tool in helping patients manage postoperative
pain with less use of narcotic analgesia. However, our
study was underpowered to determine the true safety of this
drug in terms of fracture healing and side effects and these
questions warrant higher-powered randomized study
investigation.

Level of Evidence Level 1, therapeutic study.

Introduction

The balance between adequate narcotic prescribing pat-
terns and appropriate postoperative pain management
compels randomized prospective studies to investigate ef-
fective nonnarcotic postoperative drug regimens. Studies
have found that patients who consume fewer opioids after
orthopaedic fracture surgery report greater satisfaction and
less pain than those who consume more opioids [2, 11, 19].
Although NSAIDs may be an adjunct analgesic, many
orthopaedic surgeons have hesitated to use NSAIDs be-
cause of evidence that they may lead to delayed bone
healing [8, 9, 22, 23, 37].

In this study, we chose ketorolac for perioperative man-
agement because of its analgesic effect, with 30 mg of
ketorolac having potency equivalent to 12 mg of morphine
[40]. Ketorolac has advantages over other NSAIDs because
it is formulated for both injectable and oral use [29], with
good oral bioavailability and a longer half-life. Since
ketorolac’s activity is primarily analgesic, rather than anti-
inflammatory or antipyretic, we thought this factor would
limit the inhibitory healing effects seen with other NSAIDs.
Although ketorolac has a high side-effect profile, pre-
dominantly gastrotoxic, these effects are diminished when it
is used for fewer than 5 days. We further thought that this 5-

day duration would diminish osteoinhibition, which is seen
with longer NSAID use. In a recent retrospective study, we
reported that delayed healing and nonunion did not appear to
be a concern in patients who took ketorolac compared with
historical controls [27].

Although most therapeutic NSAID trials are powered for
efficacy, some studies have evaluated bone healing across
different NSAID formulas as a secondary endpoint. These
studies found that ketorolac caused no delay [4, 21, 31], and
patients who took ketorolac had better union rates than
controls and patients who took other NSAIDs [3, 14, 21].
Although some studies suggest that ketorolac may cause
delayed union after spinal fusion when high doses are used
[17, 24, 32], other studies report statistically significant de-
lay [13, 30]. McDonald et al. [27] investigated bone healing
after a sustained course of postoperative ketorolac after foot
and ankle surgery open reduction and internal fixation
(ORIF) of ankle fractures and found no difference in bone
healing when compared with a control group. However,
additional study should be performed to support these
findings.

We therefore sought to determine whether postoperative
ketorolac (1) reduces opioid consumption, (2) improves
VAS pain control, and (3) affects fracture healing after
ORIF of ankle fractures.

Patients and Methods
Patient Selection

This study, which was conducted at a large, academically
affiliated, private institution, prospectively enrolled
patients undergoing ORIF of isolated lateral malleolar,
bimalleolar, or trimalleolar ankle fractures. Institutional
review board approval was obtained before study initiation.
Inclusion criteria were patients older than 18 years un-
dergoing ORIF in an outpatient setting by a fellowship-
trained foot and ankle orthopaedic surgeon (JND, RIS,
DIP, SMR, BSW), for one of the three aforementioned
fracture types from August 2016 to December 2017. The
study has been retrospectively registered at clinicaltrials.
gov #NCTO03727048. Fracture and fracture types were
identified using AP, lateral, and mortise-view radiographs
and confirmed clinically before surgery. Any patients with
an open fracture, any concomitant ankle fracture or other
fractures, allergies to any study medication, existing nar-
cotic use, renal insufficiency as defined by the patient’s
history and preoperative creatinine level, pregnancy, or
hospital admittance were excluded from enrollment.
Patients who met the inclusion criteria and who chose
to enroll were prospectively randomized via simple ran-
domization to treatment with or without ketorolac in a
parallel design (Fig. 1). There were no crossover or
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Fig. 1 Patients who met the inclusion criteria and chose to
enroll were prospectively randomized via simple randomiza-
tion to treatment with or without ketorolac in a parallel study
design. Patients in both groups were offered perioperative
regional anesthesia (popliteal and saphenous nerve blocks) as
per the protocol at our institution. Patients who opted for
general anesthesia without a regional block were excluded
from pain and clinical outcome analyses.

dropouts. Intention-to-treat analysis was performed. Over-
all, 72% patients (46 of 64) in the treatment group and 73%
(47 of 64) in the control group were available for assessment
of radiographic healing at 12 weeks. Fracture types were not
stratified during the randomization process. A statistician
(KN) used the R Statistical Computing Environment (R
Foundation, Vienna, Austria) to generate a random number
allocation sequence, which was given to the research staff
member (KN) enrolling patients before the start of patient
enrollment. This staff member informed each surgeon of
participant enrollment and the intervention assignment after
the surgeon had completed a preoperative holding room
conversation with the patient. Surgeons needed to be in-
formed before surgery because participants in the ketorolac
group received intraoperative intravenous ketorolac, which
was administered by the surgeon. Patients were blinded at
enrollment and were first made aware which intervention
they were randomized to when receiving their postoperative
pain medication, typically 6 to 36 hours after surgery, at
outside locations that did not participate in the study and
were therefore unable to blind patients as to which medi-
cations were used. Patients in both groups were offered
perioperative regional anesthesia (popliteal and saphenous
nerve blocks) as per the protocol at our institution (Fig. 1).
Those who refused the nerve block were excluded from the
study. Those randomized to the treatment group were ad-
ministered 30 mg of intravenous ketorolac intraoperatively,
20 tablets of 10-mg ketorolac with instructions to take one
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10-mg tablet every 6 hours, and 30 tablets of 5/325
oxycodone-acetaminophen with instructions to take one or
two tablets every 4 to 6 hours as needed for pain. Mean-
while, patients randomized to the control group were given
30 tablets of 5/325 oxycodone-acetaminophen with
instructions to take one or two tablets every 4 to 6 hours as
needed for pain. In both groups, patients were prescribed
81 mg of aspirin twice daily to prevent deep venous
thrombosis. Outside of study intervention, both groups were
treated identically.

In all, 83% (106 of 128) completed all seven daily
postoperative surveys. Fifty-six patients were administered
ketorolac with opioid medication and 50 were given
opioids alone. Among the participants, 42% were men (44
of 106) and 58% were women (62 of 106) with a mean age
of 48 years (* 16) (Table 1). Baseline age, BMI, sex,
smoking status, and fracture type were not different be-
tween the groups (Table 1). The number of patients with
diabetes was too small to analyze; only four patients in the
control group and five in the treatment group had diabetes.
Fracture patterns also did not differ between the groups (p =
0.205) (Table 1). To eliminate the effect of regional anes-
thesia on postoperative narcotic consumption and pain
levels, we excluded the few patients (n = 9) who opted to
not receive a regional nerve block from our analyses of
pain, and the number of opioid pills consumed. This left 97
patients for analysis, of whom 52 were given ketorolac
with opioid medication (treatment group) and 45 were
given opioids alone (control group).

Operative Protocol

Five fellowship-trained orthopaedic foot and ankle sur-
geons (JND, RIS, DIP, SMR, BSW) performed the pro-
cedures in five different facilities at a single practice. Plate
and screw constructs were used in a standard fashion to
stabilize the fractures. Intraoperative stress tests were used
to assess for syndesmotic and deltoid instability, which was
stabilized as needed using a syndesmotic screw, suture
button construct, or bone anchor [10, 28].

Postoperative Care

Patients underwent routine postoperative care including
clinical and radiographic evaluation with AP, lateral, and
mortise views of the ankle at a minimum of 6 and 12 weeks
postoperatively. Typically, at 6 weeks, patients began
using a weightbearing fracture boot based on a clinical
examination and radiographic evidence of adequate frac-
ture healing. Weightbearing was occasionally delayed for
an additional 2 to 6 weeks at the surgeon’s discretion be-
cause of insufficient healing.
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Table 1. Baseline demographics and fracture pattern (n = 128)

Demographic factor Overall Treatment group Control group p value
Age (years) 47 £ 16 48 + 15 46 + 17 0.468
BMI (kg/m?) 29+ 6 29+ 6 29+ 5 0.900
Sex 0.282
Female 75 (59%) 41 (64%) 34 (53%)
Male 53 (41%) 23 (36%) 30 (57%)
Smoking status 0.148
Smoker 16 (13%) 11 (18%) 5 (8%)
Nonsmoker 107 (84%) 49 (82%) 58 (92%)
Not provided 5
Fracture pattern 0.205
Isolated lateral malleolar 28 (22%) 18 (28%) 10 (16%)
Bimalleolar 57 (45%) 25 (39%) 32 (50%)
Trimalleolar 43 (33%) 21 (33%) 22 (34%)
Data are presented as the mean = SD or n (%).
Study Outcomes Statistical Analysis

Our primary study outcome was reduction in narcotic con-
sumption during the first 7 days after surgery. To obtain
clinical and pain outcomes, we distributed a survey daily via
email through the Research Electronic Data Capture
(REDCap, Nashville, TN, USA) system on postoperative
Days 1 through 7. Once daily, patients were asked to report
opioid consumption and pain level, perceived frequency of
pain using a five-point Likert scale (never, almost never,
often, almost always, or always), pain interference with
sleep, and side effects, including hypersensitivity, numb-
ness, paresthesia, nausea or vomiting, and constipation via a
100-point VAS scale.

To evaluate the secondary outcome of healing, we sepa-
rately assessed clinical and radiographic healing at the 12-
week follow-up visit, which typically occurred 12 to 14 weeks
postoperatively. Clinical healing was assessed based on the
patient’s ability to ambulate comfortably. In all, 89% (114 of
128) returned at approximately 12 weeks for an assessment of
clinical healing. Patients were followed until all fractures had
bony union. Of patients available for followup until union,
there was no report of nonunion, but one patient was lost to
followup. To evaluate radiographic healing, another second-
ary endpoint, two fellowship-trained orthopaedic foot and
ankle surgeons (BSW, JND) were blinded to the patient’s
name and time since surgery. The surgeons evaluated blinded
radiographs for resolution of each fracture line to determine
fracture union. Interrater reliability was evaluated by com-
puting Cohen’s kappa, which was 0.876 for lateral malleolus,
0.859 for posterior malleolus, and 0.956 for medial malleolus
fractures. Patients’ records were also reviewed for post-
operative complications. Wound complications were defined
as any usage of local wound care, antibiotics, or repeat surgery.

A chi-square power analysis demonstrated that 108
patients would need to be enrolled to detect a medium-
effect [7] difference in healing by 12 weeks between
groups, with a power of 0.80 and a significance level of
0.05. To account for potential loss to followup, 128 patients
were enrolled. Seventeen percent (22 of 128) of patients did
not complete all seven daily postoperative surveys and
were excluded from the analysis. Patients who opted for
general anesthesia without a regional block were excluded
from pain and clinical outcome analyses (Fig. 1).

A trained statistician (KN) who was blinded to the al-
location process analyzed the data. An intention-to-treat
analysis was performed and there was no crossover. No
participants opted out of randomization. The normality of
age and BMI data was evaluated by skewness and kurtosis.
To test for differences in age and BMI between the ran-
domized groups, we performed a t-test. To test for smoking
status, sex, and fracture patterns between the two groups,
we used a chi-square test. For each patient outcome, we
used a random-intercept generalized linear mixed-effect
model to test for differences between groups over time.
Pairwise comparisons between groups for each day were
made using least-square means with Tukey’s honestly
significant difference test.

Results

Opioid consumption was reduced in the patients random-
ized to ketorolac. Patients in the treatment group reported
taking amean of 14.0 = 11.8[95% CI 3.4 to 15.2] tablets of
5/325 oxycodone-acetaminophen in the first 7 days
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postoperatively, which was fewer than the mean number of
tablets consumed by participants in the control group (19.3
*13.9[95% CI13.7to 17.6]; p=10.037). This equated to 21
morphine mg equivalents and 29 morphine mg equivalents
consumed by patients in the treatment and control groups,
respectively, within the first postoperative week [6]. Dur-
ing postoperative Days | and 2, patients who were given
ketorolac consumed less oxycodone-acetaminophen than
patients in the control group, respectively (Day 1: 3.0 £ 3.6
[95% CI 1.0 to 5.0] versus 5.5 = 4.0 [95% CI 1.8 to 6.0];
p=0.0308; Day 2: 4.0 = 3.2 [95% CI 2 to 6]; p=0.0031)
(Fig. 2A).

By contrast, patient-reported pain scores and scores for
sleep did not convincingly show a benefit from ketorolac.
Although patient-reported daily opioid consumption did
not differ after Day 2, patients treated with ketorolac had
lower VAS pain scores (Days 1 to 3; Day 1: 42 = 34.2
[95% CI 7.5 to 74.0] versus 75 %= 30.9 [95% CI 39.5 to
89.0]; p < 0.001; Day 2: 63 £ 25.6 [95% CI 40 to 74]
versus 75 = 26.2 [95% CI 59 to 91]; p=0.031; Day 3: 37.5
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34.0 to 73.0]; p = 0.008), better sleep (Days 1 to 4; Day 1:
14 = 28.3 [95% CI 2.5 to 38.0] versus 32 = 33.3 [95% CI
10.0 to 74.0]; p=10.002; Day 2: 23 + 28.4[95% CI 11.5 to
60.0] versus 62 = 31.2 [95% CI 27.0 to 78.5]; p < 0.001;
Day 3: 7.5 £ 21.7 [95% CI 0.3 to 20.5] versus 23 *= 22.6
[95% CI110.0 to 40.0]; p=0.01; Day 4 10 = 20.1 [95% CI
2.8 to 21.5] versus 18 = 21.1 [95% CI 8.0 to 29.0]; p =
0.04), and lower frequency of pain than participants in the
control group (Days 1 to 3; Day 1: 1 = 1.2 [95% CI 0 to 2]
versus 2 = 1.1 [95% CI 1 to 2]; p = 0.005; Day 2: 2 £ 0.8
[95% CI 1 to 2] versus 2 £ 0.9 [95% CI 1 to 3]; p=0.01;
Day3:1*0.8[95%CI1to1.8] versus1 = 0.8[95% CI 1
to 1.8]; p = 0.004) (Fig. 2B-D). Of note, VAS pain only
reached a MCID clinically significant value of >
20 mm/100 m on Day 1. Further, patient-reported hyper-
sensitivity (p = 0.003) and numbness (p = 0.031) measured
with the VAS were lower in the ketorolac group than in the
control group on Day 1, but there were no patient-reported
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Fig. 2 A-D (A) During postoperative Days 1 and 2, patients who were administered ketorolac consumed less oxycodone-acet-
aminophen than did those in the control group. Although patient-reported daily opioid consumption did not differ between the
groups after Day 2, patients treated with ketorolac had (B) lower VAS pain scores (Days 1 to 3;), (C) better sleep (Days 1 to 4), and (D)
lower frequency of pain (Days 1 to 3;) than patients in the control group. Asterisks indicate significant (p < 0.05) differences between

variables on that postoperative day.
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Table 2. Outcomes of delayed union and delayed clinical healing between treatment and control groups

Fracture Status Treatment (n = 46) Control (n = 47) Relative risk (95% Cl) p value
Delayed union 9 of 46 (20%) 8 of 47 (17%) 1.15 (0.49 to 2.72) 0.751
Delayed clinical healing 10 of 58 (17%) 13 of 56 (23%) 0.74 (0.36 to 1.56) 0.430

Delayed union was defined as no bony union at 12 weeks. Delayed clinical healing was defined as the inability to ambulate
comfortably at 12 weeks postoperatively, as assessed by the treating surgeon.

differences in paresthesia (p = 0.813), nausea or vomiting
(p = 0.198), or constipation (p = 0.273).

With the numbers available, there was no difference
between the study groups in the proportion of patients who
had united by 12 weeks after surgery, but this study was
underpowered to assess this important endpoint. In all,
83% of patients (48 of 58) in the treatment group and 77%
(43 of 56) in the control group had clinical healing within
12 weeks of surgical correction (RR =0.74 [95% CI1 0.36 to
1.56]; p = 0.430) (Table 2). Eighty percent of patients (37
0f'46) in the treatment group and 83% of participants (39 of
47) in the control group had radiographic healing within
12 weeks, also with no difference between the groups
(RR=1.15[95% CI1 0.49 to 2.72]; p = 0.751).

Other Findings

During the study period, no deep venous thrombosis,
pulmonary embolism, or cardiac events were recorded in
the surgeons’ records or reported by patients. Further, no
renal or gastrointestinal adverse events occurred in our
cohort of patients; however, side effects could have been
overlooked because laboratory data were not available. Six
wound complications (all in the control group) occurred;
five patients had local wound care and one underwent ir-
rigation and débridement. The number of wound compli-
cations was insufficient for statistical analysis. Two
patients (both in the treatment group) experienced exten-
sive delayed union. Both patients fractures eventually
united and required no further surgery.

Discussion

With the opioid epidemic receiving increasing attention,
the orthopaedic community has critically examined its
narcotic prescribing habits. Despite the advantages of
NSAIDs as part of a multimodal pain management ap-
proach [15, 16, 35, 38], the risk of interference with
osteogenesis and the potential for fracture nonunion have
been concerns for orthopaedic surgeons [21, 34]. We
have demonstrated that the addition of our ketorolac
regimen to the postoperative drug course reduced pain
and decreased the use of opioid medication, and should be

considered an effective treatment regimen by clinicians,
although we were unable to statistically determine
ketorolac’s effect on fracture healing and side effects due
to underpowering.

There are limitations to this study. First, participants and
surgeons were not blinded owing to external limitations. A
source of bias also exists because fracture types and patterns
and fracture fixation methods were not stratified during the
enrollment process. Patients could have misreported their
opioid use, pain levels, and side effects, which could have
led to an information bias. Second, although we did not
detect any differences in fracture healing or adverse events
between the study groups, statistical power to detect these
differences in fracture was not achieved, which could have
led to and information bias. In a larger study, if nonunion and
adverse events were found to be a problem, the risks would
far outweigh the analgesic benefit. We also acknowledge
that the absence of CT scans to determine healing is a lim-
itation of the study. However, CT scans are not routine for
ankle fracture care and to limit patients’ radiation exposure,
we did not CT scans to assess healing. Additionally, patients
who were administered ketorolac were instructed about
when to take it. Patients self-reported the number of opioids
they consumed; therefore, adherence to the treatment regi-
men was not recorded. Although a limitation, this reflects
actual practice. Self-reporting by patients may have also led
to a recall bias. However, to limit this, we asked patients to
complete the survey daily. The social stigma associated with
opioid consumption may have also led to underreporting.
Furthermore, all participants were instructed to not take any
additional NSAIDs or acetaminophen in the postoperative
period, but this, similar to true clinical practice, was not
controlled. Also, patients were not asked about past acute
opioid use or opioid addiction problems; therefore, we were
unable to categorize patients as opioid-naive and opioid-
exposed. Opioid pill consumption after 1 week post-
operatively was not recorded, but this, or a shorter endpoint,
is not uncommon for tracking opioid use after ankle fracture
surgery because this is the primary opioid consumption time
period [5, 20, 33]. Additionally, the risks and benefits of
administration of another drug class should be considered on
an individual basis, as NSAIDS are associated with the risk
of side effects that may not be worth the benefit of decreased
narcotic consumption, especially in the elderly population,
where polypharmacy is prevalent and consequential.
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We found that patients randomized to the ketorolac group
took somewhat less opioid medication than the control
group (a difference of 5 opioid tablets), which is consistent
with the result of previous studies [2, 11, 19]. The greatest
reduction in the median opioid use was on postoperative
Days 1 and 2, when the regional block tended to lose its
efficacy and the risk of postoperative pain was at a maximum
[12, 18]. This suggests that a multimodal approach with the
addition of ketorolac can serve as a powerful adjunct to not
only improve postoperative pain control in general but also
help protect the patient from having extensive rebound pain,
which is a well-documented complication of regional
blockades [1, 12, 18, 39]. Although the addition of this
NSAID has substantial benefits to ankle fracture patients in
terms of pain management and narcotic consumption, we
still must recommend that surgeons consider each patient on
an individual basis, as the risks associated with ketorolac
must always be taken into consideration, especially in el-
derly patients and those patients already on other medi-
cations known to have side effects in the gastrointestinal and
renal systems.

We found a mixed result on postoperative pain; while
the VAS pain scores were reduced at some time points, this
was not true across the board, and the differences often
were small (below the MCID for the VAS pain scale), and
so likely imperceptible to many patients.

Within 12 weeks after ORIF, more than 80% of patients
in both groups had evidence of clinical and radiographic
fracture healing, with no difference between the groups. Of
the patients whose fractures did not heal within 12 weeks
postoperatively, the median time to radiographic healing
was 17 weeks in both groups, which is consistent with the
time to healing in previous studies [25, 26, 36]. There were
no reports of nonunion in this cohort. It must be mentioned
that although we demonstrated no differences in delayed
unions or nonunions, our study was underpowered to de-
termine the true safety of this drug in terms of fracture
healing. Lastly, the safety of using ketorolac in conjunction
with low-dose aspirin was not determined regarding this
regimen’s relationship with the gastrointestinal and renal
systems. This is important to elucidate because aspirin is
routinely used for prophylaxis against deep venous
thrombosis in patients undergoing foot and ankle surgery.
No renal or gastrointestinal adverse events occurred in our
small study; however, side effects could have been over-
looked because laboratory data were not available or
missed because they are relatively uncommon and our
sample size was insufficient to detect them.

The addition of oral ketorolac to the postoperative drug
regimen reduced pain during Day 1 and mixed, small effects
on the other postoperative days, while decreasing opioid use
in the first 2 days after ORIF of ankle fractures, although our
study was underpowered to determine the true safety of this
drug in terms of fracture healing and side effects. Better pain
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management during postoperative Days 1 and 2 is particu-
larly important because patients on average consume the
most opioids during this time. Based on these improved
outcomes and the affordability of ketorolac, this drug is
highly valuable for the treatment of ankle fractures. Future
high-powered, randomized studies are needed to investigate
interference with bone healing and safety.
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