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Abstract

Background Total joint arthroplasty (TJA) is an effective treatment for end-stage osteoarthritis, but postoperative
pain has been poorly managed. The purpose of this study was to (1) assess how much narcotic medication was pre-
scribed after TJA; (2) assess if patients were satisfied with their pain management; (3) compare these same data
between total hip arthroplasty (THA)/total knee arthroplasty (TKA); (4) compare these same data between preopera-
tive opioid users/opioid-naive patients.

Methods An IRB-approved prospective study was conducted at a US academic joint replacement practice. Patients
were evaluated by an independent observer at three weeks, three months, and six months postoperatively using
the Detroit Interventional Pain Assessment (DIPA) scale. Patients verbally rated their pain with their current medica-
tion regimen as O (no pain), 1 (tolerable pain), or 2 (intolerable pain) on the DIPA scale. Narcotic usage was verified
by the Michigan Automated Prescription System (MAPS). Patients were divided into THA, TKA, previously on opioids,
and opioid-naive groups. Provider efficiency scores reflected pain management satisfaction and were calculated

as the percentage of patients reporting no pain or tolerable pain.

Results Out of 200 patients, the percentage of patients using narcotics and their daily usage (MMEs) significantly
decreased from 75.5% (27.5 MMESs) at three weeks to 42.9% (5.3 MMESs) at six months (P<0.001). In 80% of patients,
narcotics taken at six months were prescribed by outside providers. Significantly fewer patients used narcotics at six
months for THA (15.4%) compared to TKA (52.7%) (P<0.021). There was a significant difference in daily narcotic usage
between patients who took narcotics preoperatively (22.9 MMEs) and opioid-naive ones (13.4 MMEs) (P<0.001). Pro-
vider efficiency scores were best at three weeks (76.6%) and three months (70%) but declined at six months (57.2%).

Conclusions Narcotic tapering practices were observed as postoperative daily narcotic intake decreased across six
months. However, outside providers prescribed 80% of narcotics at six months, necessitating a better-coordinated
practice with surgeons. Patients taking preoperative narcotics experienced higher daily MME requirements than their
opioid-naive counterparts. In terms of the percentage of patients on narcotics, THA is a better procedure for tapering
patients off narcotics by six months.
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Introduction

Total joint arthroplasty (TJA) is an effective treatment
option for end-stage hip and knee osteoarthritis [1].
Despite the effectiveness of the procedure, immediate
postoperative pain can be difficult to manage. An obser-
vational cohort study on 105 TJA patients conducted by
Wylde et al. demonstrated that 58% of total knee arthro-
plasty (TKA) and 47% of total hip arthroplasty (THA)
patients reported inadequate postoperative analgesia [2].

Historically, opioids have been the mainstay of acute
TJA pain management [3, 4]. As a result, TJA surgeons
are cautioned about the over-prescription of postopera-
tive narcotics. Prescription drug monitoring programs
(PDMPs) are an initiative at the state level to monitor,
inform, and guide narcotic prescriptions [5]. PDMPs use
morphine milligram equivalents (MMEs), which provide
a common denominator to assess the dosage and fre-
quency of narcotic usage [6, 7]. CDC guidelines caution
prescribing narcotics with daily MMEs greater than 50
and avoiding daily MMEs greater than 90 [8, 9].

While these guidelines aid physicians in using PDMPs
for prescribing narcotics, there are discrepancies regard-
ing the education and interpretation of MMEs in PDMPs
state-specific policies, leading to poor pain management
[10]. In a prospective cohort study, Tan et al. found that
physicians who were educated on MME:s failed to retain
their knowledge long-term, which was a proposed cause
of insufficient pain management [7].

Patients managed with at least 60 MMEs consistently
in the preoperative setting were reported to have an
80% increased risk of consistent postoperative narcotic
use, diminishing the intended effect in pain manage-
ment [11]. In an observational retrospective study that
included 100 TJA patients, De Luca et al. reported that
in more than 50% of THA patients and more than 75%
of TKA patients, postoperative analgesic regimens were
ineffective when different postoperative pain protocols
were used with varying daily MMEs [12]. The reported
inadequacy of analgesia in both preoperative and postop-
erative periods necessitates a better system for evaluation
and pain management.

The validated Detroit Interventional Pain Assessment
(DIPA) scale is a pain scale that addresses these inad-
equacies and is validated in two parts. The first study
validated the Interventional Pain Assessment (IPA) tool,
a pain scale based on three pain assessment categories
(0=no pain, 1=tolerable pain, 2=intolerable pain). It
was conducted on 322 ambulatory postoperative ortho-
pedic patients in an outpatient setting [13]. It was used to
guide treatment intervention for patients with a score of
0 or 1 indicating adequate pain management, not requir-
ing further intervention, or a score of 2 signaling a change
in treatment. The IPA scale was validated against a 0-10
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numerical rating scale using a Kendall rank correlation.
Results displayed a significant association with the NRS
(r=0.58, P<0.0001) and 82% of patients preferred the
IPA scale over the NRS due to the simplicity and effec-
tiveness in communicating patients’ pain.

The second study incorporated medication classes
into the IPA scale and was called the Detroit Interven-
tional Pain Assessment (DIPA) scale [14]. The DIPA scale
was successfully applied to a cohort of 502 patients with
trauma or arthroplasty, or after orthopedic surgery in an
outpatient setting. In addition to the two non-narcotic
medication classes (A: no pain medication, 0 MMEs; B:
Over-the-counter pain medication, 0 MMEs), the num-
ber of narcotic medication classes was determined by a
hierarchical cluster analysis with results displaying three
groups. The MME ranges for these groups were estab-
lished by a K-means cluster analysis, resulting in nar-
cotic classes C (1-30 MMEs), D (31-79 MMEs), and E
(80 + MMESs). The DIPA scale was used as an educational
tool for orthopedic surgeons to classify medications into
five main groups with associated daily MMEs using a
questionnaire (Fig. 1) (Table 1). Providers were able to
track their postoperative pain management progress and
patients’ daily MMEs without complex interpretation at
each postoperative clinic visit.

The purpose of this study was to use the DIPA scale to
assess the type and quantity of narcotic medication pre-
scribed after TJA and patient satisfaction with their pain
management. The second objective was to compare these
same post-operative pain control in Total Hip Arthro-
plasty (THA) versus Total Knee Arthroplasty (TKA)
patients. We also wanted to compare patients with pre-
operative opioid usage to opioid-naive patients. Finally,
the last objective was to give the operating surgeons feed-
back on their pain management practice, patient satisfac-
tion with their pain management, and possible areas for
improvement.

Methods

Detroit interventional pain assessment scale

The DIPA scale rates patients’ pain as 0 (no pain), 1
(tolerable pain), or 2 (intolerable pain) and can be
administered verbally or in writing (Fig. 1) [14]. Sta-
tistically validated medication classes with associated
daily MMEs and corresponding types of narcotics are
listed in Table 1.

Detroit Interventional Pain Assessment (DIPA) scale
medication classification with associated daily morphine
milligram equivalents (MMEs) and narcotic class. Class
A represents no medication (0 MME); Class B over-the-
counter (OTC) medications (0 MME); Class C occasional
use of short-acting narcotics (1-30 MMEs, schedule
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1) At rest, do you have:
O No Pain (0)
O Tolerable Pain (1)

O Intolerable Pain (2)
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2) What type of pain medication are you taking?

O No Medication

O Over the counter medication (Tylenol, Naproxen, Advil, etc...)

O Narcotics (type and dosage:

)

3) Do you take it on occasion as needed or consistently at regular intervals during the day?
Fig. 1 Detroit Interventional Pain Assessment Survey Total Joint Arthroplasty Cohort. Detroit Interventional Pain Assessment (DIPA) scale survey
given verbally to patients. Questions consist of (1) pain assessment, (2) type of pain medication, and (3) frequency of use. A similar DIPA survey
was used in a fracture cohort submitted to the Journal of Orthopaedic Trauma, but not yet published

Table 1 Detroit Interventional Pain Assessment Scale Medication Classes

Class Daily Morphine
Milligram Equivalents
(MMEs)

Types of Medications

A: No medication
B: Over-the-Counter
C: Occasional use of short-acting narcotics ~ 1-30

D: Regular use of short-acting narcotics 31-79

E: Long-acting narcotics with breakthrough 80+
short-acting

N/A
N/A

schedule Il and IV drugs (codeine-acetaminophen, tramadol, hydrocodone-
acetaminophen, or oxycodone- acetaminophen)

schedule Il drugs (hydrocodone-acetaminophen or oxycodone-acetami-
nophen)

schedule Il drugs (hydromorphone, methadone, morphine, and oxycodone
hydrochloride)

IT and IV drugs); Class D consistent use of short-acting
narcotics (31-79 MMEs, schedule II drugs); Class E use
of long-acting narcotics (80 +MMEs, schedule II drugs).
This is the standard DIPA scale table that is used for all
orthopedic patients, including a fracture cohort and was
submitted to the Journal of Orthopedic Trauma, but not
yet published.

Pain management progress is assessed by efficiency
scores. These efficiency scores represent the percent-
age of patients experiencing no pain or tolerable pain
in each postoperative period, with higher efficiency
scores indicating better pain management.

Efficiency scores =

A previous DIPA study reported that the best effi-
ciency scores were between 75%—85% and occurred
three weeks and three months after orthopedic surgery
[14]. During these two postoperative periods, over 60%
of patients were not using narcotics. However, when
efficiency scores were between 60—70%, more patients
reported intolerable pain both when not using opioids
and on opioid regimens. An efficiency score of 70% or
lower likely signaled improvement.

Design

An IRB-approved prospective cohort study for imme-
diate postoperative care was conducted at a tertiary
care academic joint replacement practice for six
months.

Sum of patients reporting no pain or tolerable pain in a specific postoperative period

Totalnumberofpatientsinthesamepostoperativeperiod
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Study sampling

Inclusion criteria included patients aged 18 and older
who underwent primary THA and TKA presenting to
the clinic during three scheduled follow-up visits over
a period of six months. Exclusion criteria consisted of
patients who underwent revision TJA procedure and
those who had language or comprehension barriers.

Joint clinic policy

Joint clinic policy on narcotics recommends providers
should aim to stop narcotic prescriptions three months
after the operation to decrease patients’ risk of prolonged
narcotic usage.

Procedure
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reviewed for their current clinic visit before prescrib-
ing another narcotic prescription and their daily MMEs
from the report were recorded. Prescribed daily MMEs
from the MAPS narcotics report and the DIPA scale-
generated MME ranges based on patient-reported opi-
oid usage were compared. Based on patients’ answers
to the DIPA surveys, they were grouped according to
their DIPA pain score and medication class.

Next, they were grouped according to their postoper-
ative date (three weeks, three months, and six months).

A graph displaying the average daily MMEs for each
DIPA medication class in every postoperative period
was created (Fig. 2). The combined average daily MMEs
for each postoperative period were also calculated and
displayed at the top.

sum of each patients/daily MME for medication class in a postoperative period

Average daily MMEs for specific medication class =

totalnumberofpatientsinmedicationclassinsamepostoperativeperiod

All information pertinent to the patient was de-identi-
fied when patients arrived for their scheduled appoint-
ments. Interviews were verbally conducted by an
independent observer at three weeks, three months,
and six months postoperatively. All participants were
asked questions based on the DIPA scale questionnaire
regarding pain level at rest and daily baseline post-
operative pain medication usage (Fig. 1). The Michi-
gan PDMP, Michigan Automated Prescription System
(MAPS) narcotics registry, was used to verify patients’
actual daily MMEs from narcotic prescriptions
received. Each patient’s MAPS narcotics report was

A DIPA graph displaying patient categories of nar-
cotic usage versus satisfaction was generated for
the total cohort of patients and efficiency scores
were displayed at the top for each postoperative
period (Fig. 3). Patients were also separated into
four groups (THA, TKA, Previously on Opioids, and
Opioid Naive) and DIPA graphs were created for
these groups with efficiency scores and daily MMEs
for each postoperative period displayed at the top
(Figs. 4, 5, and 6).

300 27.5 MMEs* 7.1 MMEs 53 MMES>k
< 250
=
29200
8 150
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]
S 50
Z o 0 0 20.8 0o o 139 0 o 125
A B C D E A B C D E A B C D E
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Medication Class and Timeframe

M A=0MME [l B=0MME

C=1-30MME MD=31-79MME [HE =80+ MME

Fig. 2 TJA Morphine Milligram Equivalents for Each Postoperative Period. Average daily morphine milligram equivalents (MMEs) for Total Joint
Arthroplasty (TJA) at each postoperative period. Medication classes are represented as A no medication (green, 0 MME), B over-the-counter
medication (green, 0 MME), C occasional use of short-acting narcotics (yellow, 1-30 MMEs), D consistent use of short-acting narcotics (red, 31-79
MMEs), and E long-acting narcotics (dark red, 80 + MMEs). The average daily MMEs for each medication class are displayed in the bars present

at each postoperative period. The overall average for a specific postoperative period = (Sum of all daily MMEs for the specific postoperative
period)/(total number of patients in same postoperative period). Statistical differences in MMEs from three weeks to three months are represented

by an asterisk
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Fig. 3 Total Joint Arthroplasty DIPA Graph. Detroit Interventional Pain Assessment (DIPA) graph for Total Joint Arthroplasty (TJA). Medication classes
are represented as A (no medication, 0 MME), B (Over-the-counter medication, 0 MME), C (occasional use of short-acting narcotics, 1-30 MMEs), D
(consistent use of short-acting narcotics, 31-79 MMEs), and E (long-acting narcotics). The percentage of patients in each medication class with their
pain assessment (green=no pain/tolerable pain, red =intolerable pain) is displayed at three weeks, three months, and six months. Efficiency scores
are represented as percentages displayed at each postoperative period. A statistical difference between the percentage of patients using narcotics

from three weeks to six months is represented by an asterisk
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Fig. 4 Total Hip Arthroplasty DIPA Graph. Detroit Interventional Pain Assessment (DIPA) graph for total hip arthroplasty (THA). Medication classes
are represented as A (no medication, 0 Morphine Milligram Equivalent (MME)), B (Over-the-counter medication, 0 MME), C (occasional use

of short-acting narcotics, 1-30 MMEs), D (consistent use of short-acting narcotics, 31-79 MMEs), and E (long-acting narcotics). The percentage

of patients in each medication class with their pain assessment (green=no pain/tolerable pain, red =intolerable pain) is displayed at three weeks,
three months, and six months. Efficiency scores are represented as percentages and average daily MMEs are displayed at each postoperative period.
Statistical differences in MMEs and the percentage of patients using narcotics from three weeks to three months are represented by asterisks

Data analyses

All statistical analyses were conducted using the Sta-
tistical Package for the Social Sciences (SPSS Statistics
v29; IBM Corp, Armonk, NY, USA) set at a significance
level of 0.05. To validate Independent T-test assump-
tions, data were assessed with Shapiro—Wilk normal-
ity tests. However, due to non-normal distributions,
Kruskal-Wallis tests were used to determine the dif-
ferences at each postoperative period, the differences

in the percentage of patients on narcotic usage at each
postoperative period, and the differences in MMEs and
percentage of patients on narcotics between THA and
TKA patients and between patients previously on opi-
oids and those who are opioid-naive. A Mann—Whit-
ney U test was performed to further test for specific
differences between the two postoperative periods
(Supplementary Information: Additional Files 1-8 for
statistical results).
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Fig. 5 Total Knee Arthroplasty DIPA Graph. Detroit Interventional Pain Assessment (DIPA) graph for total knee arthroplasty (TKA). Medication
classes are represented as A (no medication, 0 Morphine Milligram Equivalent (MME)), B (Over-the-counter medication, 0 MME), C (occasional use
of short-acting narcotics, 1-30 MMEs), D (consistent use of short-acting narcotics, 31-79 MMEs), and E (long-acting narcotics). The percentage
of patients in each medication class with their pain assessment (green=no pain/tolerable pain, red =intolerable pain) is displayed at three weeks,
three months, and six months. Efficiency scores are represented as percentages and average daily MMEs are displayed at each postoperative period.
Statistical differences in MMEs and the percentage of patients using narcotics from three weeks to three months are represented by asterisks
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Fig. 6 DIPA Graph for Patients Previously on Opioids and Opioid Naive. Detroit Interventional Pain Assessment (DIPA) graph for patients previously
on opioids and those who were opioid naive. Medication classes are represented as A (no medication, 0 Morphine Milligram Equivalent (MME)), B
(Over-the-counter medication, 0 MME), C (occasional use of short-acting narcotics, 1-30 MMEs), D (consistent use of short-acting narcotics, 31-79
MMEs), and E (long-acting narcotics). The percentage of patients in each medication class with their pain assessment (green =no pain/tolerable
pain, red =intolerable pain) is displayed for the entire six-month study period. Efficiency scores are represented as percentages and average daily
MMEs are displayed at each postoperative period. A statistical difference in the percentage of patients using narcotics between patients previously
on opioids and opioid naive patients is represented by an asterisk

Results (Table 2). Of them, 121 patients (60.5%) underwent TKA,
This study included 200 postoperative TJA patients. and 79 (39.5%) received THA. All efficiency scores and
There were 56 (28%) males and 144 (72%) females, MME data were compared for patient demographics
with an average age of 60.4+9.9 years (range, 20 to 92)  (Table 3).
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Table 2 Demographic Characteristics of Patients

Demographics Average Total
n %
Gender
Female 144 72
Male 56 28
Age 604+9.9
BMI 36.8+79
BMI<40 154 77
BMI>40 46 23
Race/Ethnicity
Black/African American 135 67.5
Not Specified 37 18.5
White/European 18 9
Other 10 5

Demographic information for patients consists of gender, age, body mass index

(BMI), and race/ethnicity
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Narcotic usage and efficiency scores in total joint
arthroplasty

After having verified all patients’ daily MMEs via the
MAPS narcotics registry, the DIPA scale medication
classes correctly reported 100% of patients’ actual daily
MMEs represented by their current pain medication reg-
imens. The surveyed TJA patients displayed a daily aver-
age narcotic intake of 27.5 MMEs (two weeks), 7.1 MMEs
(three months), and 5.3 MMEs (six months). Patients
achieved improvement in their overall opioid consump-
tion, using only intermittent short-acting narcotics at
six months (Fig. 2). This was represented by a significant
decrease in the overall average daily MMEs from three
weeks (27.5 MMEs, 95% CI 21.3—-34.4) to six months (5.3
MMEs, 95% CI 3.2-7.7) (P<0.001).

Efficiency scores representing patients’ satisfaction
with pain medication regimens revealed the best pain
management practices at three weeks (76.6%) and three
months (70.0%) (Fig. 3). At three weeks, 24.5% of patients’
medication regimens consisted of no medication or

Table 3 Demographic Characteristics of Patients and Efficiency Scores and Prescribed MMEs

Demographics 3 weeks 3 months 6 months
Efficiency Scores (IPA 0-1) Efficiency Scores (IPA 0-1) Efficiency Scores (IPA 0-1)
% 95% Cl P-value % 95% Cl P-value % 95% Cl P-value
Gender
Female 80.0 69.8-89.8 0.258 70.2 54.5-82.8 0913 538 37.5-69.4 0.567
Male 69.6 51.8-85.2 68.7 43.7-91.6 66.6 33.3-100
BMI
BMI<40 786 68.2-87.9 0.370 739 60.7-87.0 0.198 56.2 384-72.7 1.000
BMI>40 69.5 50.0-88.8 428 6.5-92.2 56.2 30.0-77.7
Race/Ethnicity
White/European 100 0.099 75.0 20.3-100 0.270 60.0 0-100 0.886
Black/African American 774 66-87.3 62.1 47.2-764 583 41.6-74.1
Not Specified 62.5 42.3-82.1 87.5 57.1-100 40.0 0-100
Other 100 100 100
3 weeks 3 months 6 months
AVG MMEs 95% Cl P-value AVG MMEs 95% Cl P-value AVG MMEs 95% Cl P-value
Gender
Female 254 18.2-32.7 0.662 7.8 26-13.0 0.709 43 25-6.2 0.716
Male 31.6 17.7-454 89 1.2-16.5 7.2 0.36-15.2
BMI
BMI<40 252 19.2-31.2 0.696 30.7 29.1-32.2 0.001 45 22-7.7 0.485
BMI>40 35 14.1-55.9 47.2 42.7-51.7 54 2.5-88
Race/Ethnicity
White/European 138 43-234 0.184 0 0.263 105 0-25.1 0.786
Black/African American 30 20.3-39.7 9.9 5.1-159 44 24-63
Not Specified 246 15.5-338 56 0-150 24 0-6.3
Other 40 184-61.5 5 0-15.0 5.0 0-10.0

Demographic characteristics of patients (gender, age, BMI, and race/ethnicity) and corresponding efficiency scores and prescribed MMEs at three weeks, three
months, and six months after operation. Efficiency scores were calculated as the percentage of patients reporting no pain or tolerable pain in a specific postoperative

period
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over-the-counter (OTC) pain medication (Classes A and
B), with 2% reporting intolerable pain. The remaining
75.5% of patients at three weeks reported using narcot-
ics, mostly short-acting narcotics as needed (Class C),
with 21.4% reporting inadequacy with narcotic regimens.
When tracking the origin of narcotic prescriptions, 61%
of narcotic prescriptions were leftover from surgical
discharge (26.7+15.3 MMEs), 19.1% originated from
providers in the practice (29.8+12.5 MMEs), and 19.1%
came from outside providers (91 £ 62.2 MMEs).

By three months, 60.4% of patients’ medication regi-
mens didn’t include narcotics (Classes A and B), with 15%
reporting intolerable pain. Of those patients who used
narcotics (Classes C, D, and E) for pain management at
three months (39.7%), 15.1% also reported inadequacy.
Fifty percent of narcotic prescriptions were from outside
providers (26.2+23.6MMEs), 45% originated from pro-
viders in the practice (14.4+7.9 MMEs), and 5% were left
over from surgical discharge (10.0 + 0.0 MMEs).

Patients presenting to the clinic at six months postop-
eratively were not satisfied with their pain management, as
evidenced by a 57.2% efficiency score. Among the patients
reporting intolerable pain at six months in classes A, B,
and C, 57.1% of them were previously on narcotics. Eighty
percent of patients reported receiving narcotic prescrip-
tions from outside providers at six months. All patients
who were taking narcotics (Class C) and reporting intol-
erable pain at six months underwent previous orthopedic
surgeries and had histories of orthopedic conditions, such
as osteoarthritis in other joints, bursitis, spinal stenosis,
sciatica, and spondylolisthesis. While the six-month post-
operative period had the lowest efficiency score, there was
a significant decrease in the percentage of patients taking
narcotics from three weeks (75.5%, 95% CI 68.2—85.0) to
six months (42.9%, 95% CI 27.4-56.5) (P<0.001).

THA narcotic usage and efficiency scores

When patients were stratified by types of arthroplasty
procedures, 73.9% of patients were taking narcotics
(Classes C, D, and E) at three weeks for THA (Fig. 4).
At three months, there was a 58.7% decrease in narcotic
usage and a 79.1% decrease by six months. A signifi-
cant decrease in the percentage of patients on narcot-
ics was also observed from three weeks (73.9%, 95%
CI 62.7-88.3) to six months (15.4%, 95% CI 0.0-38.4)
(P<0.001). There was a significant difference in the aver-
age daily MMEs between three weeks (29.5 MMEs, 95%
CI 19.2-42.0) and six months (4.0 MMEs, 95% CI 0.0-
10.7) (P<0.001). THA demonstrated greater patient sat-
isfaction efficiency scores, predominantly at three weeks
(78.6%) and three months (82.5%) after operation. While
the efficiency score for THA patients at six months post-
operative (61.5%) was the highest in all groups (total
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patients and TKA) at that specific time, pain manage-
ment during that time needed improvement.

TKA narcotic usage and efficiency scores

Analysis showed that, in TKA patients, there was a signif-
icant difference in the percentage of patients on narcot-
ics between three weeks (76.6%, 95% CI 63.7-85.9) and
six months (52.7%, 95% CI 35.8-69.2) (P<0.029) (Fig. 5).
As patients’ postoperative rehabilitation progressed, pain
medications transitioned from narcotic usage towards
non-steroid anti-inflammatory medications and aceta-
minophen, or no medications. This was supported by
the significant difference in the decrease in daily MMEs
between three weeks (25.6 MMEs, 95% CI 18.1-34.7)
and six months (5.8 MMEs, 95% CI 3.4-8.5) (P<0.001).
Efficiency scores were best at three weeks, representing
74.8% patient satisfaction, but needed improvement at
three months (60%) and six months (55.6%).

Differences in the narcotic usage and the efficiency score
between THA and TKA

No significant difference was found in daily MMEs at
each postoperative period (P=0.847) between THA and
TKA patients. However, the percentage of THA patients
on narcotics at six months (15.4%, 95% CI 0.0-37.4) was
significantly less than that of TKA patients (52.7%, 95%
CI 36.5-70.5) (P=0.021). When THA and TKA patients
were compared, better efficiency scores were observed in
THA patients.

Patients previously on narcotics vs. their opioid-naive
counterparts

Thirty-four percent of patients with a previous history of
narcotic use within two years of TJA reported intolerable
pain during this study (Fig. 6). There was a significant dif-
ference in overall average daily MMEs between patients
who previously took narcotics preoperatively (22.9
MMEs, 95% CI 16.2-30.2) and those who did not (13.4
MMEs, 95% CI 9.7-17.7) (P<0.001). While no significant
difference was found in the percentage of patients report-
ing tolerable pain between these two groups (P=0.323),
the opioid-naive group had 7.4% more patients reporting
tolerable pain (72.8%, 95% CI 63.1-79.7) than those who
previously took narcotics in the past two years (65.4%,
95% CI 53.7-76.3).

Discussion

Opiate medication is the mainstay of pain relief for TJA,
but prescription practices can potentially contribute to
opioid adverse events [15, 16]. In recent studies, results
focused on guidelines for prescribing a specific number
of pills (30—40 pills of Oxycodone at 5 mg) for TJA, rather
than educating surgeons on their pain management
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practice [17, 18]. Without the proper education on pain
management and MMEs, physician error in MME inter-
pretation and over-prescription of narcotics becomes
more plausible [19].

A previous DIPA methodological study educated sur-
geons on daily MMEs and, by using the DIPA scale,
displayed pain management shortcomings across a post-
operative period [14]. Results suggested that providers
should be more cognizant of their pain management at
two weeks since 62% of patients reported experiencing
intolerable pain. This current study sought to identify
the impact of the DIPA scale in TJA with application in a
prospective cohort study.

Surgeons in this study were efficient at tapering opi-
oids throughout the six-month postoperative period,
evidenced by significant decreases in the percentage of
patients on narcotics. However, when patients presented
to the clinic at six months, surgeons were inefficient at
managing patients’ postoperative pain. All patients taking
narcotics and experiencing inadequate pain management
at six months had a history of previous orthopedic sur-
gery and chronic orthopedic conditions, such as osteoar-
thritis in other joints, bursitis, spinal stenosis, sciatica, or
spondylolisthesis, suggesting that these are possible risk
factors of increasing postoperative TJA pain and pro-
longed narcotic usage [20]. When efficiency scores were
presented to the surgeons, they suggested implementing
new follow-up visits at nine weeks and one year to bet-
ter monitor patients’ postoperative progress and pain
management.

The patients who were surveyed had chronic arthritis
that progressed to the end stage in the joint that required
surgical intervention. In many of the cases, arthritis may
have been present in other joints, causing centralized
pain and, subsequently, affecting their postoperative pain
management [21, 22]. Because of the possibility of arthri-
tis being present in multiple joints, patients were more
susceptible to taking preoperative narcotics, affecting
the efficacy of postoperative analgesic regimens. Patients
experiencing intolerable pain at six months may need
other treatment modalities, such as an additional round
of physical therapy to strengthen surrounding muscles or
visiting a pain medicine physician to find adequate anal-
gesic regimens [23]. Additionally, patients may need to be
referred to another orthopedic specialist if they are expe-
riencing pain in areas other than the hip or knee joints.

Over a third of patients who had reported taking narcot-
ics previously reported experiencing intolerable pain post-
operatively and had significantly higher daily MMEs. This
indicates that patients who previously took narcotics before
receiving surgery are more likely to ingest stronger narcot-
ics or take them more frequently postoperatively. Patients
taking narcotics prior to TJA should be closely monitored
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throughout the postoperative rehabilitation period to pre-
vent the possibility of protracted narcotic usage.

Despite surgeons routinely stopping narcotic prescrip-
tions at three months, 80% of narcotic prescriptions at
six months were from outside providers, suggesting the
necessity of coordinated efforts in pain management
between TJA surgeons and outside providers in the pre-
operative and postoperative periods to prevent prolonged
opioid use. While surgeons were effective at tapering
postoperative opioids, some patients may need to return
to their baseline narcotic usage (preoperative dosage) to
achieve adequate pain management.

Similar daily narcotic intakes were observed in both
THA and TKA resulting in no significant difference in
daily MME:s at each postoperative period (P=0.847). This
indicates that both groups were managed with similar
narcotic dosages. While patients were prescribed similar
medications and both procedures are intended to relieve
pain and restore function, THA patients exhibited bet-
ter pain scores at every postoperative period. This, very
likely, reflects that THA is a better pain-relieving proce-
dure than TKA [24]. Additionally, when comparing the
percentage of patients on narcotics, better opioid taper-
ing practices were observed in THA, reflecting that THA
is a better procedure for tapering patients off narcotics by
six months. The increase in TKA patients using narcotics
at six months may mirror the prescription of inadequate
narcotic dosages during the previous postoperative period
(three months), which limits patients’ ambulation and
their ability to complete physical therapy exercises for
improving strength and range of motion. The reduction
in ambulation during this time could potentially increase
patients’ pain sensitivity [25]. As a result, surgeons may
need to prescribe higher dosages of narcotics at previ-
ous postoperative periods for TKA patients, possibly 10
MMEs/day at three months, or refer TKA patients with
uncontrolled pain to pain management specialists.

In addition to tapering opioids, current research on
minimizing opioid prescriptions after TJA is aimed at
implementing postoperative pain control protocols [4].
Woelber et al. conducted a retrospective study on 40
TKA patients. Patients were compared prior to the Mini-
mizing Opioids After Joint Operation (MOJO) postop-
erative pain protocol and post-MOJO. Their methods
included preoperative physical rehabilitation and patient
education on daily MMEs. They found a significant dif-
ference in daily MMEs (82 MMEs and 31 MMEs, P<0.01)
and reported pain (5.5 and 4.1, P=0.01) between the pre-
MOJO and post-MOJO groups. Additionally, post-MOJO
pain regimens consisted of taking short-acting narcotics
as needed, with higher doses of non-opioids and muscle
relaxants taken consistently throughout the postopera-
tive period.
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The MOJO postoperative pain control protocol has
similarities to the DIPA scale, with the most impor-
tant matters being patient and provider education on
daily MMEs and the reduction in daily MMEs during
the postoperative period. The DIPA scale has proven its
effectiveness at addressing shortcomings in TJA pain
management by prospectively following patients over
time through adequate pain assessment and offering sur-
geons feedback on their prescribing tendencies.

The beauty of the DIPA scale in clinical practice is in
its simplicity. The three straightforward questions enable
clear and concise communication of the patient’s pain
level and medication use. The alphabetical medication
classes provide both TJA surgeons and patients with a
standard education on daily MMEs and corresponding
medications which can help align treatment expecta-
tions and practices. The DIPA scale offers reduced inter-
pretation variability as well as guidance for prescribing,
which together can help minimize physician error from
over- or under-medication. The DIPA scale also provides
enhanced patient awareness and engagement. Differ-
ent from the standard numerical rating scale, by having
patients present the type and frequency of pain medica-
tion, the DIPA scale helps patients better understand
their medication regimens and their impact on their pain
management. This awareness can empower patients to
make informed decisions about their pain management
strategies and improve adherence to treatments. Regu-
lar use of the DIPA scale during follow-up visits ensures
that there is ongoing assessment and adjustment of pain
management strategies. This overall enhances the quality
of care provided to TJA patients. Future work will focus
on the DIPA scale in TJA clinics to suggest possible com-
binations of treatment modalities and analgesia that yield
the most successful postoperative pain management, or
tapering practices that lead to better patient satisfaction.

This study was subjected to some limitations. The small
sample size of 200 patients limits the generalizability to
a large population of TJA patients. While narcotic usage
was a part of the primary outcome measures, other alter-
native forms of pain treatment were not explored, which
could potentially affect providers’ pain management effi-
ciency scores. For patients taking narcotics prior to TJA,
their daily baseline narcotic usage before TJA was not
recorded. This was a potential confounding variable that
could affect patients’ postoperative narcotic usage and
subsequent pain management. While patients’ medical
histories were recorded, they were not separated from
the conditions that caused them to have TJA and these
conditions were not compared in terms of pain manage-
ment or opioid usage. Furthermore, there were two sur-
geons who performed the procedures for our included
patients. Variations in technique, differences between
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robotic and non-robotic operations as well as implant
vendors may play a role in patient pain levels postopera-
tively. These factors were not compared in our study.

Conclusion

The DIPA graph for TJA patients displayed opioid taper-
ing across six months. However, better pain management
was necessitated when patients presented to the clinic at
six months postoperatively, with intolerable pain being
likely related to chronic orthopedic conditions, such as
osteoarthritis in other joints and spinal stenosis. Provid-
ers suggested following up with patients, especially those
with chronic orthopedic conditions at nine weeks and
one year. The comparison showed that, in terms of the
percentage of patients on narcotics, THA is a better pro-
cedure for tapering patients off narcotics by six months.
Patients who reported taking preoperative narcotics suf-
fered from more intolerable pain and significantly higher
daily MMEs postoperatively. Coordinated pain manage-
ment efforts between TJA surgeons and outside provid-
ers during the preoperative and postoperative periods are
necessitated for adequate pain management and to pre-
vent prolonged narcotic usage. Future studies should be
aimed at developing a set of guidelines for TJA aftercare
involving education on daily MMEs via the DIPA scale,
providing a daily MME range, or tapering practices that
lead to better patient satisfaction.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/542836-024-00276-W.

Supplementary Material 1.
Supplementary Material 2.
Supplementary Material 3.
Supplementary Material 4.
Supplementary Material 5.
Supplementary Material 6.
Supplementary Material 7.

Supplementary Material 8.

Acknowledgements
Not applicable.

Authors’ contributions

L.J.B. made substantial contributions to the conception of the DIPA scale; the
acquisition, analysis, and interpretation of all TJA data; drafted the manuscript
and substantively revised it. I.P. contributed to the interpretation of all TJA
data and substantively revised the manuscript. M.H. contributed to the acqui-
sition and interpretation of all TJA data. B.E.L. made a substantial contribution
to the conception of the DIPA scale and interpretation of all TJA data. H.F.D.
made substantial contributions to the conception of the DIPA scale and
interpretation of all TJA data. R\V. substantially contributed to the conception
of the DIPA scale; the acquisition, analysis, and interpretation of all TJA data;
and substantively revised manuscript. All authors read and approved the final
revised manuscript.


https://doi.org/10.1186/s42836-024-00276-w
https://doi.org/10.1186/s42836-024-00276-w

Boggs et al. Arthroplasty (2024) 6:55

Funding
This study was funded by the Rehabilitation Institute of Michigan Foundation
(grant 22-2-002).

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study was approved by the Wayne State University Institutional Review
Board (Protocol Number 19-12-1606). There was a minimal risk of harm asso-
ciated with this study. Before informed consent collection, all patients were
given a brief verbal overview of the study and were given the opportunity
to ask questions. They were informed of their option to exit the study at any
point in time.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Orthopedic Surgery, Wayne State University School of Medi-
cine, 540 E. Canfield Ave, Detroit, Ml 48201, USA. “Department of Orthopae-
dics, Detroit Medical Center, 311 Mack Ave 5Th Floor, Detroit, MI 48201, USA.

Received: 20 June 2024 Accepted: 26 August 2024
Published online: 01 November 2024

References

1. Tsertsvadze A, Grove A, Freeman K, Court R, Johnson S, Connock M, et al.
Total hip replacement for the treatment of end stage arthritis of the
hip: a systematic review and meta-analysis. PLoS ONE. 2014;9(7):299804.
https://doi.org/10.1371/journal.pone.0099804.

2. WyldeV, Rooker J, Halliday L, Blom A. Acute postoperative pain at rest
after hip and knee arthroplasty: severity, sensory qualities and impact on
sleep. Orthop Traumatol Surg Res. 2011;97(2):139-44. https://doi.org/10.
1016/j.0tsr.2010.12.003.

3. Lespasio MJ, Guarino AJ, Sodhi N, Mont MA. Pain Management Associ-
ated with Total Joint Arthroplasty: A Primer. Perm J. 2019;23:18-169.
https://doi.org/10.7812/TPP/18-169.

4. Woelber E, Wurster L, Brandt S, Mecum P, Gundle K, Anissian L. Minimizing
Opioids After Joint Operation: Protocol to Decrease Postoperative Opioid
Use After Primary Total Knee Arthroplasty. Fed Pract. 2021;38(2):.e1-7.
https://doi.org/10.12788/fp.0092.

5. Delcher C, Pauly N, Moyo P. Advances in prescription drug monitoring
program research: a literature synthesis (June 2018 to December 2019).
Curr Opin Psychiatry. 2020;33(4):326-33. https://doi.org/10.1097/YCO.
0000000000000608.

6. Lossio-Ventura JA, Song W, Sainlaire M, Dykes PC, Hernandez-Boussard
T. Opioid2MME: Standardizing opioid prescriptions to morphine mil-
ligram equivalents from electronic health records. Int J Med Inform.
2022;162(104739). https://doi.org/10.1016/j.ijmedinf.2022.104739

7. TanS, LeeE, Lee S, Sakaria SS, Roh JS. Morphine Equianalgesic Dose Chart
in the Emergency Department. J Educ Teach Emerg Med. 2022;7(3):L1-20.
https://doi.org/10.21980/J8RD29.

8. Dowell D, Ragan KR, Jones CM, Baldwin GT, Chou R. CDC Clinical
Practice Guideline for Prescribing Opioids for Pain - United States, 2022.
MMWR Recomm Rep. 2022;71(3):1-95. https://doi.org/10.15585/mmwr.
rr7103al.

9. Guidelines for Prescribing Opioids for Chronic Pain. [online] U.S Depart-
ment of Health and Human Services Centers for Disease Control and
Prevention: Atlanta GA; [Accessed 20 December 2023]. Available from:
https://www.cdc.gov/drugoverdose/pdf/prescribing/Guidelines_facts
heet-a.pdf

Page 11 of 11

10. Prescription Drug Monitoring Programs (PDMPs). [online] U.S Department
of Health and Human Services Centers for Disease Control and Preven-
tion: Atlanta GA; 2012 May [Accessed 20 December 2023]. Available from:
https://www.cdc.gov/drugoverdose/pdmp/index.html

11. Hah JM, Bateman BT, Ratliff J, Curtin C, Sun E. Chronic Opioid Use After
Surgery: Implications for Perioperative Management in the Face of the
Opioid Epidemic. Anesth Analg. 2017;125(5):1733-40. https://doi.org/10.
1213/ANE.0000000000002458.

12. De Luca ML, Ciccarello M, Martorana M, Infantino D, Mauro GL, Bon-
arelli S, Benedetti MG. Pain monitoring and management in a reha-
bilitation setting after total joint replacement. Medicine (Baltimore).
2018;97(40):e12484. https://doi.org/10.1097/MD.0000000000012484.

13. Vaidya R, Washington A, Stine S, Geamanu A, Hudson I. The IPA, a Modi-
fied Numerical System for Pain Assessment and Intervention. J Am Acad
Orthop Surg Glob Res Rev. 2021;5(9):21.00174. https://doi.org/10.5435/
JAAOSGlobal-D-21-00174.

14. Boggs LJ, Stine SA, Boggs-Hughey BJ, Geamanu A, Little B, Darwiche
H, et al. Detroit Interventional Pain Assessment Scale: A Pain Score and
Method for Measuring and Evaluating Post-Operative Pain Management-
A Prospective Study. Medicina (Kaunas). 2023;59(11):1976. Published 2023
Nov 9. https://doi.org/10.3390/medicina59111976

15. Shah R, KuoY, Westra J, Lin Y, Raji MA. Opioid Use and Pain Control After
Total Hip and Knee Arthroplasty in the US, 2014 to 2017. JAMA Netw
Open. 2020;3(7):e2011972. https://doi.org/10.1001/jamanetworkopen.
2020.11972.

16. WyldeV, Bruce J, Beswick A, Elvers K, Gooberman-Hill R. Assessment of
chronic postsurgical pain after knee replacement: a systematic review.
Arthritis Care Res (Hoboken). 2013;65(11):1795-803. https://doi.org/10.
1002/acr.22050.

17. Nouraee C, McGaver R, Schaefer J, O'Neill O, Anseth S, Lehman-Lane
J, et al. Opioid-Prescribing Practices Between Total Knee and Hip
Arthroplasty in an Outpatient Versus Inpatient Setting. J Healthc Qual.
2022;44(2):95-102. https://doi.org/10.1097/JHQ.0000000000000309.

18. Roberts KC, Moser SE, Collins AC, McCardel B, Schultz K, Schaffer N,
et al. Prescribing and Consumption of Opioids After Primary, Unilateral
Total Hip and Knee Arthroplasty in Opioid-Naive Patients. J Arthroplasty.
2020;35(4):960-965.e1. https://doi.org/10.1016/j.arth.2019.08.036.

19. Layson JT, Markel DC, Hughes RE, Chubb HD, Frisch NB. John N. Insall
Award: MARCQI's Pain-Control Optimization Pathway (POP): Impact
of Registry Data and Education on Opioid Utilization. J Arthroplasty.
2022;37(6):19-26. https://doi.org/10.1016/j.arth.2022.02.109.

20. George SZ, Bolognesi MP, Bhavsar NA, Penrose CT, Horn ME. Chronic
Pain Prevalence and Factors Associated With High Impact Chronic
Pain following Total Joint Arthroplasty: An Observational Study. J Pain.
2022;23(3):450-8. https://doi.org/10.1016/jjpain.2021.09.007.

21. GulloTR, Golightly YM, Cleveland RJ, Renner JB, Callahan LF, Jordan JM,
et al. Defining multiple joint osteoarthritis, its frequency and impact in
a community-based cohort. Semin Arthritis Rheum. 2019;48(6):950-7.
https://doi.org/10.1016/j.semarthrit.2018.10.001.

22. Goldenberg DL. Overview of chronic widespread (centralized) pain in the
rheumatic diseases. Up To Date Wolters Kluwer [online]. 2022. [Accessed
12 Feb 2024]. https://www.uptodate.com/contents/overview-of-chron
ic-widespread-centralized-pain-in-the-rheumatic-diseases

23. Peluso R, Hesson J, Aikens J, Bullock M. An Update on Physical Therapy
Adjuncts in Orthopedics. Arthroplast Today. 2022;14:163-9. https://doi.
org/10.1016/j.artd.2022.02.013.

24. Bourne RB, Chesworth B, Davis A, Mahomed N, Charron K. Com-
paring patient outcomes after THA and TKA: is there a difference?

Clin Orthop Relat Res. 2010;468(2):542-6. https://doi.org/10.1007/
$11999-009-1046-9.

25. Benes G, Adams Z, Dubic M, David J, Leonardi C, Bronstone A, et al.
Optimal Duration of Physical Therapy Following Total Knee Arthroplasty.
Geriatric Orthopaedic Surgery and Rehabilitation. 2024;15. https://doi.org/
10.1177/21514593241250149

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1371/journal.pone.0099804
https://doi.org/10.1016/j.otsr.2010.12.003
https://doi.org/10.1016/j.otsr.2010.12.003
https://doi.org/10.7812/TPP/18-169
https://doi.org/10.12788/fp.0092
https://doi.org/10.1097/YCO.0000000000000608
https://doi.org/10.1097/YCO.0000000000000608
https://doi.org/10.1016/j.ijmedinf.2022.104739
https://doi.org/10.21980/J8RD29
https://doi.org/10.15585/mmwr.rr7103a1
https://doi.org/10.15585/mmwr.rr7103a1
https://www.cdc.gov/drugoverdose/pdf/prescribing/Guidelines_factsheet-a.pdf
https://www.cdc.gov/drugoverdose/pdf/prescribing/Guidelines_factsheet-a.pdf
https://www.cdc.gov/drugoverdose/pdmp/index.html
https://doi.org/10.1213/ANE.0000000000002458
https://doi.org/10.1213/ANE.0000000000002458
https://doi.org/10.1097/MD.0000000000012484
https://doi.org/10.5435/JAAOSGlobal-D-21-00174
https://doi.org/10.5435/JAAOSGlobal-D-21-00174
https://doi.org/10.3390/medicina59111976
https://doi.org/10.1001/jamanetworkopen.2020.11972
https://doi.org/10.1001/jamanetworkopen.2020.11972
https://doi.org/10.1002/acr.22050
https://doi.org/10.1002/acr.22050
https://doi.org/10.1097/JHQ.0000000000000309
https://doi.org/10.1016/j.arth.2019.08.036
https://doi.org/10.1016/j.arth.2022.02.109
https://doi.org/10.1016/j.jpain.2021.09.007
https://doi.org/10.1016/j.semarthrit.2018.10.001
https://www.uptodate.com/contents/overview-of-chronic-widespread-centralized-pain-in-the-rheumatic-diseases
https://www.uptodate.com/contents/overview-of-chronic-widespread-centralized-pain-in-the-rheumatic-diseases
https://doi.org/10.1016/j.artd.2022.02.013
https://doi.org/10.1016/j.artd.2022.02.013
https://doi.org/10.1007/s11999-009-1046-9
https://doi.org/10.1007/s11999-009-1046-9
https://doi.org/10.1177/21514593241250149
https://doi.org/10.1177/21514593241250149

	Assessing pain management in total joint arthroplasty using the Detroit interventional pain assessment scale—A prospective cohort study
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Detroit interventional pain assessment scale
	Design
	Study sampling
	Joint clinic policy

	Procedure
	Data analyses

	Results
	Narcotic usage and efficiency scores in total joint arthroplasty
	THA narcotic usage and efficiency scores
	TKA narcotic usage and efficiency scores
	Differences in the narcotic usage and the efficiency score between THA and TKA
	Patients previously on narcotics vs. their opioid-naïve counterparts

	Discussion
	Conclusion
	Acknowledgements
	References


