
lable at ScienceDirect

Arthroplasty Today 14 (2022) 81e85
Contents lists avai
Arthroplasty Today

journal homepage: http: / /www.arthroplastytoday.org/
Original research
Evaluation of Low-Dose Versus High-Dose Opioid Pathway in
Opioid-Naïve Patients After Total Knee Arthroplasty

Lindsay Kleeman-Forsthuber, MD a, *, Aviva Pollet, BS a, Roseann M. Johnson, BS, CCRP a,
James Boyle, PA a, Jason M. Jennings, MD, DPT a, b, Douglas A. Dennis, MD a, b, c, d

a Colorado Joint Replacement, Denver, CO, USA
b Department of Mechanical and Materials Engineering, University of Denver, Denver, CO, USA
c Department of Orthopaedics, University of Colorado School of Medicine, Denver, CO, USA
d Department of Biomedical Engineering, University of Tennessee, Knoxville, TN, USA
a r t i c l e i n f o

Article history:
Received 12 April 2021
Received in revised form
16 November 2021
Accepted 29 November 2021
Available online xxx

Keywords:
Low opioid
Tramadol
Total knee arthroplasty
Safety
Efficacy
* Corresponding author. Thomas W. Huebner Medi
Street, Rutland, VT 05701, USA. Tel.: þ 1 8027752937.

E-mail address: lkleeman@gmail.com

https://doi.org/10.1016/j.artd.2021.11.019
2352-3441/© 2022 The Authors. Published by Elsevier
NC-ND license (http://creativecommons.org/licenses/b
a b s t r a c t

Background: Pain control after total knee arthroplasty (TKA) remains challenging. Tramadol is a weak
opioid with potentially lower side effects and risk for dependency than stronger opioids. The purpose of
this study was to evaluate efficacy and safety of tramadol after TKA in opioid-naïve patients compared
with stronger opioids.
Methods: A retrospective review of patients who underwent primary TKA was performed. In September
2018, opioid-naïve patients were prescribed tramadol instead of oxycodone. Patients receiving tramadol
(low-opioid group) were matched to patients discharged with oxycodone before this transition (high-
opioid group). We compared morphine milligram equivalent (MME) consumption and outcomes up to 3
months postoperatively.
Results: Two-hundred and five patients underwent TKA, with 126 receiving tramadol. Fourteen patients
were converted to stronger opioid (11.2% conversion rate). Seventy patients from the low-opioid group
were matched to 70 patients in the high-opioid group. Average daily inpatient MME consumption was
higher in the high-opioid group (40.0 ± 27.4 vs 16.3 ± 10.9, P ¼ .000). Outpatient prescribed MME was
significantly higher in the high-opioid group (135.5 ± 71.5 vs 75.3 ± 51.3, P ¼ .000) along with a higher
number of refills (0.53 ± 1.1 vs 0.886 ± 0.94, P ¼ .041). Knee range of motion was not statistically different
at any timepoint postoperatively. There was higher adverse event rate in the low-opioid group (8.6% vs
5.7%) but not statically significant.
Conclusions: Low opioid regimen following TKA showed lower MME consumption than high opioid
regimen with no effect on outcomes up to 3 months. Use of low opioid regimen should be considered for
TKA surgery.
© 2022 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/lice

nses/by-nc-nd/4.0/).
Introduction

Pain control after total knee arthroplasty (TKA) is one of the
most challenging realms of patient care and frequent reason for
patient dissatisfaction after surgery [1,2]. Orthopedic surgeons have
become the highest opioid prescribers of all surgical specialties and
the third highest prescribers of all physicians [3]. This is of partic-
ular concern for surgeons performing TKA surgery, which has been
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recognized as one of the most painful surgical procedures [4].
Postoperative opioid prescribing is highly variable among surgeons
with no current standardization on appropriate dosage and the
number of pills that should be prescribed [5,6]. Studies have
demonstrated that most patients receive an excess of opioids on
discharge from the hospital and have poor education on how to
dispose of unused pills [7,8]. Advances in multimodal pain regi-
mens and local analgesia have greatly helped in reducing opioid
consumption postoperatively [9-11]. Despite this, prolonged opioid
use after TKA remains a significant problem further contributing to
the opioid epidemic.

Although opioids can be effective in painmanagement, they also
exert serious adverse effects and can predispose patients to opioid
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dependency. These side effects, including respiratory depression,
overdose, constipation, nausea, and balance issues, are of particular
concern in the elderly population who are more sensitive to the
systemic effects [12]. Furthermore, prolonged use of opioids after
TKA has been correlated with an increased risk of short- and long-
term postoperative complications including infection, stiffness, and
need for revision [13,14]. There are also data demonstrating that
opioid-naïve patients still requiring opioids at 3 months post-
operatively are at a significantly increased risk for prolonged opi-
oids at 6 months and longer [15]. There is great interest in finding
alternative pain management options to decrease patients’ opioid
consumption and decrease complications associated with their use.

Tramadol is an analgesic medication that has both opioid-
receptor agonist activity and inhibition of monoaminergic reup-
take [16]. It was first developed in the 1970s in Germany and
became Food and Drug Administrationeapproved in the US in 1995
as a nonscheduled opioid [16]. In 2014 under the Controlled Sub-
stances Act (CSA), tramadol became a schedule IV controlled sub-
stance and was categorized as an opioid [17]. Despite receiving a
strong recommendation from the American Association of Ortho-
paedic Surgeons in clinical practice guidelines for management of
symptomatic knee osteoarthritis [18], tramadol is an underutilized
pain management modality relative to other treatment options
[19]. Furthermore, tramadol has shown to be a far more cost-
effective medication than both opioids and even nonsteroidal
anti-inflammatory drugs for management of osteoarthritis [19].
The efficacy of tramadol in the management of postoperative pain
control after TKA has not been well established [20]. One study
evaluating IV tramadol’s efficacy compared with patient-controlled
analgesia pump with oxycodone in management of maxillofacial
surgery found tramadol to have similar pain control to oxycodone
but with lower incidence of respiratory depression [21]. No direct
comparative studies on tramadol’s efficacy and safety for pain
control have been performed in the arthroplasty literature.

Based on the American Association of Orthopaedic Surgeons
clinical guidelines, our institution started using oral tramadol in
September 2018 routinely for pain control after TKA as part of a
multimodal pain pathway in opioid-naïve patients without con-
traindications. The purpose of this study was to evaluate the effi-
cacy and safety of tramadol in controlling postoperative pain after
TKA compared with stronger opioids in this patient cohort.

Material and methods

This was a retrospective review of patients undergoing primary
unilateral TKA at our institution between January 2017 and May
2019. Institutional review board approval from our institution was
obtained before this study. All surgeries were performed by a senior
fellowship-trained adult reconstructive surgeon. In September
2018, our practice transitioned from standard opioids (oxycodone)
for postoperative pain control to low opioids (tramadol) in opioid-
naïve patients without medication contraindications. Contraindi-
cations included those who were on antidepressant medications
(due to adverse medication interaction) or had previous intoler-
ance/side effects with tramadol use.We also excluded patients with
a history of other illicit substance use/abuse as these patients may
be using other nonprescribed or illicit substances for postoperative
pain control. We limited our study population to opioid-naïve pa-
tients as our practice’s experience with tramadol before this tran-
sition was that patients on preoperative opioids had higher
tolerance and required stronger opioid to adequately control their
pain, which has been supported by several studies in the literature
[22-24]. There is limited literature to support this selection bias, but
we felt it would be safer and more efficacious for our patient
population to eliminate patients with preoperative opioid use.
Patients before the September 2018 transition who were pre-
scribed oxycodone (high-opioid group) were age-, gender-, and
body mass index (BMI)ematched to patients who received tra-
madol (low-opioid group) after this transition. As part of the
multimodal perioperative regimen, all patients underwent spinal
and adductor canal blocks by an anesthesiologist before TKA sur-
gery. Preoperatively patients received 500 mg of oral acetamino-
phen, 15 mg of oral meloxicam (except those with renal/gastric
contraindications), 5 mg of oral oxycodone, and 300 mg of gaba-
pentin. A standardized periarticular local injection containing
25 mL of 0.5% ropivacaine, 0.25 mL of 1 mg/mL epinephrine, 0.4 mL
of 1 mg/10 mL clonidine, 0.5 mL 30 mg/mL ketorolac (except those
with renal disease), and 23.85 mL of sterile saline was also per-
formed intraoperatively by the surgeon. While inpatient post-
operatively, patients received 15 mg of intravenous ketorolac every
8 hours, 1000 mg of oral acetaminophen every 8 hours, 300 mg of
gabapentin twice daily, and their designated opioid medication
every 4 hours as needed (tramadol dose 50-100 mg and oxycodone
dose 5-10 mg). All patients were discharged with the same stan-
dard postoperativemultimodal pain regimen including Tylenol 500
mg every 6 hours, meloxicam 7.5 mg twice daily (except for pa-
tients with decreased renal function or stomach ulcers), and
gabapentin 300 mg nightly. Tramadol was prescribed 50-100 mg
every 4 hours as needed for pain, and oxycodone was prescribed
5-10 mg every 4 hours as needed for pain. The number of opioid
pills was not standardized and varied from patient to patient.

Preoperative knee range of motion (ROM) was measured in
clinic by one of our providers (surgeon or physician assistant) using
a goniometer. Postoperative inpatient pain scores were assessed by
nursing staff using the visual analog scale (VAS) on score of 1 (little
pain) to 10 (high pain) at 6-hour intervals after surgery. Patients
and nursing staff members were educated that the goal for pain
control postoperatively was VAS level of 5 or less. If the patient had
a pain score of 5 or less, they were encouraged to only take Tylenol.
If the pain level was between 5 and 7, they were instructed to take
either 50mg of tramadol or 5mg of oxycodone, and for pain level 8-
10, they were instructed to take 100 mg of tramadol or 10 mg of
oxycodone. If patients in the low-opioid pathway maximized their
allowable tramadol dosage and frequency and still did not achieve
adequate pain control at any point after surgery, they were
switched to a stronger opioid medication (ie, oxycodone, Norco,
Percocet, Vicodin, or Dilaudid). Any patient requiring conversion to
a stronger opioid was excluded for this study, but the overall con-
version rate during the study period was separately analyzed. These
patients were eliminated from analysis of the low-opioid group as
inclusion would lead to a heterogenous population where outcome
measures would be harder to interpret. Thus, our data analysis was
a per-protocol analysis of patients who completed the treatment to
which they were initially allocated. The amount of inpatient opioid
consumption was carefully tracked using the medication adminis-
tration record. On discharge, patient opioid consumption was
measured using the number of pills dispensed and the number of
refills dispensed. The total morphine milligram equivalent (MME)
quantity was calculated for each patient using conversion factors of
0.1 for eachmg tramadol and 1.5 for everymg of oxycodone, up to 3
months after surgery. The number of opioids prescriptions filled
was monitored and verified using Colorado Drug Monitoring Pro-
gram that tracks any controlled substance dispensed by pharmacies
within the state of Colorado. The totalMME quantity consumed and
the number of pain medication refills were compared between
groups.

Patients were clinically assessed at 2 weeks, 6 weeks, and 3
months after surgery. Knee ROM was assessed at each session by
the provider using a goniometer in similar fashion to the preop-
erative assessment. All patients underwent outpatient physical



Table 2
Comparison of preoperative tobaccol usage between low- and high-dose opioid
groups.

Frequency Low opioid, N (%) High opioid, N (%)
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therapy that began the week after surgery and consisted of 2-3
visits per week for 6-8 weeks depending on the patient’s progress.
All medical and surgical complications reported in the patients’
charts were documented and compared between groups.
Tobacco use Never 53 (75.71) 52 (74.29) P ¼ .980
Previous 16 (22.86) 17 (24.29)
Current 1 (1.43) 1 (1.43)
Results

From January 2017 to August 2018, 70 patients prescribed oxy-
codone after TKA surgery (high-opioid group) were age-, gender-,
and BMI-matched to 70 patients prescribed tramadol (low-opioid
group) between September 2018 and May 2019. The average pa-
tient age was 68.8 ± 8.2 years, and the average BMI was 28.8 ± 4.5
kg/m2. The population consisted of 56% males and 44% females.
Preoperative alcohol and tobacco usage by patients is reported in
Tables 1 and 2, respectively. There was no significant difference
between groups in terms of prior alcohol (P ¼ .596) or tobacco use
(P ¼ .980). Postoperative inpatient VAS pain scores are shown in
Table 3. There was no significant difference in pain scores at the
6-hr, 12-hr, or 18-hr timepoints. There was slightly higher pain
rating at the 24-hr timepoint in the high-opioid group (3.27 vs 2.52
in the low-opioid group) which was statistically significant but not
determined to be clinically relevant (P ¼ .048). Of note, the VAS
ratings were not available on all patients at all timepoints. The pain
scores in the high-opioid group were more consistently reported
than in the low-opioid group. This may have been affected by
shorter length of stay that was observed in the low-opioid group
(1.1 ± 0.4 days) than in the high-opioid group (1.4 ± 0.5 days)
(P ¼ .000).

The total daily inpatient MMEs consumed by patients and the
overall amount of outpatientMMEs dispensed are shown in Table 4.
There was significantly higher daily inpatient MME consumption in
the high-opioid group (40.0 MMEs) than in the low-opioid group
(16.3 MMEs) (P ¼ .000). Similarly, the total amount of outpatient
prescribed MMEs was significantly higher in the high opioid group
(135.5 MMEs) than in the low-opioid group (75.3 MMEs) (P¼ .000).
We also saw a higher number of refills in the high-opioid group at
0.886 refills compared with 0.53 refills in the low-opioid group
(P ¼ .041).

We observed an improvement in knee ROM in both groups at
the 6-week and 3-month clinical evaluations compared with pre-
operative evaluation (Table 5). There was no significant difference
in knee ROM values at any timepoint preoperatively or post-
operatively between groups, indicating no detrimental impact on
knee motion based on pain medication received. All documented
adverse outcomes or effects were recorded and compared between
groups (Table 6). We found higher rates of adverse reactions in the
low-opioid group at 8.6% vs 5.7% in the high-opioid group, but this
was no statistically significant (P¼ .7447). The adverse effects in the
low-opioid group included nausea (2), dizziness (1), shortness of
breath (2), and gastrointestinal bleeding (1). The adverse effects in
the high-opioid group included gastrointestinal intolerance (2),
rash (1), and rapid response for unresponsiveness (1). None of the
adverse reactions in the low-opioid group were considered urgent
or life-threatening, whereas the rapid response in the high-opioid
Table 1
Comparison of preoperative alcohol usage between low- and high-dose opioid
groups.

Frequency Low opioid,
N (%)

High opioid,
N (%)

Alcohol
usage

None 15 (21.4) 16 (22.9) P ¼ .596
Yes, <1 a week 23 (32.9) 18 (25.7)
Yes, 2-7 a week 28 (40.0) 34 (48.6)
Not reported 4 (5.7) 2 (2.8)
group was considered a life-threatening reaction. The same pa-
tient who had a rapid response for unresponsiveness required
repeat surgical intervention for arthrotomy dehiscence from a fall.
There were no other major medical or surgical complications that
required readmission or repeat surgery in the early postoperative
period.

From the start of our protocol transition in September 2018 to
November 2019, we performed 205 primary unilateral TKAs, of
which 126 patients were prescribed tramadol (only 70 of which
were able to bematched to historical cohort for the purposes of this
study). There were 14 patients converted to stronger opioid in the
postoperative period, leading to a conversion rate of 11.2%. The
majority of these conversions to stronger opioid were for inade-
quate pain control with tramadol.
Discussion

Pain control after TKA surgery remains challenging despite ad-
vances in postoperative pain management. The use of opioids can
have serious side effects, particularly in elderly populations, and
risk for opioid dependence postoperatively [12,25]. There has been
growing interest in the use of alternative medications for pain
control, with minimal data available on utility of weaker opioids
such as tramadol in the setting of TKA surgery [20]. This is one of
the first studies to evaluate both the efficacy and safety of tramadol
for postoperative pain after TKA surgery compared with stronger
opioids. Overall, we found that a low-opioid regimenwith tramadol
as part of a multimodal pain protocol showed to have lower overall
opioid consumption than high-opioid regimen and no apparent
detrimental impact on early postoperative pain scores or functional
outcomes. Our data supports that tramadol should be considered as
an alternative to stronger opioids in patients without medical
contraindications or prior opioids use.

There is limited literature on performance of tramadol for pain
management after TKA surgery [20]. Hannon et al [20] recently
performed a systematic review and meta-analysis on efficacy and
safety of various opioids after total joint arthroplasty. They found
only 2 studies evaluating tramadol that met their inclusion criteria.
One study by Stiller et al [26] studied effects of tramadol vs saline
when combinedwith amorphine patient-controlled analgesia after
TKA and found lower opioid consumption in the tramadol group.
Another study by Stubhaug et al [27] found no improved analgesic
effect of tramadol after total hip replacement compared with pla-
cebo or stronger opioid. This later study was performed in 1995
when perioperative pain control protocols were arguably quite
Table 3
Inpatient VAS pain scores at various timepoints after surgery.

Timepoint Low opioid (N)
VAS score

High opioid (N)
VAS score

6 h postoperatively (64) 2.11 ± 1.39 (62) 2.6 ± 1.95 P ¼ .110
12 h postoperatively (36) 2.08 ± 1.48 (48) 2.4 ± 1.63 P ¼ .363
18 h postoperatively (40) 2.15 ± 1.61 (47) 2.77 ± 1.55 P ¼ .074
24 h postoperatively (48) 2.52 ± 1.86 (55) 3.27 ± 1.96 P ¼ .048

Bold values indicate statistical significance.



Table 4
Inpatient VAS pain scores at various timepoints after surgery.

Low opioid High opioid

Inpatient
Daily MMEs 16.3 ± 10.9 40.0 ± 27.4 P ¼ .000

Outpatient
# of refills 0.53 ± 1.10 0.886 ± 0.941 P ¼ .041
Total prescribed MMEs 75.3 ± 51.3 135.5 ± 71.5 P ¼ .000

MME, morphine milligram equivalents.
Bold values indicate statistical significance.

Table 6
Postoperative adverse drug effects or medical/surgical complications.

Complication Low opioid, N (%) High opioid, N (%)

Yes 6 (8.6) 4 (5.7) P ¼ .7447
No 64 (91.4) 66 (94.3)
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different than the present day. A more recent study by Fleischman
et al [28] showed that a multimodal regimen incorporating low
supply of tramadol correlated with better pain control, less opioid
use, and lower side effects than regimens that used traditional
supplies of oxycodone after hip replacement surgery. Of note, the
groups receiving tramadol were prescribed an equal number of
oxycodone pills, so this study was not able to evaluate the true
efficacy and safety of a tramadol-only regimen. A similar study has
not yet been performed for knee surgery. Cumulatively there re-
mains very little quality literature to support our findings that
tramadol may be suitable analgesic medication after joint
replacement surgery.

One finding from our study that has been previously demon-
strated is that tramadol has higher rates of minor adverse effects
[20,21], albeit maybe not as severe or life-threatening as stronger
opioids. Some of the most common side effects reported with
tramadol include dry mouth, dizziness, nausea, vomiting, and
hyponatremia [20,29]. Hannon et al [20] showed in their limited
meta-analysis that rates of dizziness and dry mouth were higher
with tramadol than in controls; however, studies showing higher
rates of nausea and vomiting had too much heterogeneity to
perform an accurate meta-analysis. The adverse effects reported in
our study were similar, with the most common ones being nausea
and dizziness. We observed no serious or life-threatening side ef-
fects in the tramadol group, whereas the high-opioid group had one
patient requiring rapid response for unresponsiveness. The dangers
of stronger opioids are well known, and one could argue that a
higher adverse side effect profile with tramadol may be acceptable
as long as the severity of the adverse effects is lower than that of
stronger opioids.

One of the concerns shared by patients and providers with
switching from high opioids to low opioids is that tramadol may
not be strong enough for controlling pain after TKA surgery. An
internal analysis of our patient population after the September
2018 transition to low-opioid medications revealed that the con-
version rate from tramadol to stronger opioid over a 1-year period
was 11.2% . We have not yet performed detailed analysis to deter-
mine if risk factors can be identified to predict one’s likelihood of
converting to stronger opioid, but this is an intended area of future
study. Despite this, we feel that an 88% success rate with tramadol
use is promising, particularly after total knee replacement. Our data
have shown no detrimental impact of tramadol over oxycodone use
in the first 3 months after TKA in terms of inpatient pain scores and
knee motion. We recognize that more data points including
Table 5
Patient knee ROM at various timepoints before and after surgery.

Low opioid ROM (in �) High opioid ROM (in �)

Preoperatively 114.5 ± 11.8 112.2 ± 11.6 P ¼ .240
2 weeks 102.8 ± 17.2 101.3 ± 12.2 P ¼ .599
6 weeks 121.24 ± 9.05 120.59 ± 8.88 P ¼ .679
3 months 123.2 ± 7.1 123.7 ± 6.5 P ¼ .742
standardized survey information are needed to verify our pre-
liminary findings, which is another area of research moving
forward.

There are several limitations to our study. This was a retro-
spective review comparing a historical cohort to a more recent
cohort of patients. Our analysis was a per-protocol analysis of pa-
tients who completed their initial treatment protocol allocated.
This limits interpretation of our data; however, we felt that
including patients requiring conversion to stronger opioid would
create heterogeneous population and affect analysis of primary
outcome measures. All patients were age-, gender-, and
BMI-matched to create as comparable and homogeneous a patient
population for comparison as possible. However, by nature of this
study design, we cannot account for temporal changes in patient
care between time periods. There has been gradually increasing
trend toward outpatient TKA surgery, whichmay in part explain the
lower number of inpatient VAS scores reported and the lower
overall inpatient MME consumption in the low-opioid group. We
restricted our study period to as consecutive a period of time as
possible to help control for any temporal changes in patient care
that may have had an impact on opioid consumption. Furthermore,
the multimodal pain regimen (other than the opioid) remained
standardized over the entire study period as did the periarticular
injections and anesthesia blocks performed which helps in main-
taining consistency. Another limitation to the retrospective design
is that we were not able to monitor outpatient opioid consumption
as accurately as we could with a prospective design. Our calculation
on total outpatient MME consumption was based on the number of
pills prescribed to each patient. We certainly recognize that some
patients may not have used all the pills they were prescribed which
means that our calculation may have overestimated actual con-
sumption in both the low- and high-opioid groups. Furthermore,
some patients may have been taking other pain medications not
prescribed by our providers for pain control. We attempted to
control this by verifying all prescriptions through the Colorado
DrugMonitoring Program, but this would not capture prescriptions
patients had in their possession from historical prescribers or
prescribers from out of state. We also recognize that reporting of
adverse effects may be inaccurate if certain reactions were not
documented in the patients’ charts. The rate of adverse effects may
certainly have been underestimated owing to incomplete docu-
mentation.We feel confident that wewere able to capture themore
serious complications during admission and those requiring
emergency room visit or readmission after discharge. Finally, pa-
tients in the low-opioid group were limited to those who were
opioid-naïve and had no medication contraindications to tramadol
use which does lead to selection bias. Therefore, we cannot
generalize our results to the efficacy and safety of low-opioid
protocol for patients in these groups. While there is the potential
for selection bias based on our selection criteria, we would
recommend that these are the same selection criteria surgeons
should consider when selecting tramadol as the primary analgesic.
Further research is needed to determine optimal patient population
for tramadol use to minimize need for conversion to stronger
medication and tramadol side effects.

Although our results are limited, this study establishes a good
foundation that tramadol can be safely and effectively used for
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postoperative pain control in patients without contraindications
after TKA surgery. There is a need for quality prospective controlled
trials to verify our findings and help identify which patients would
not do well with low-opioid regimen after surgery. Furthermore,
the safety profile of tramadol in patients with certain medications
such as anxiolytics and antidepressants needs to be further
evaluated.
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