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Abstract

Background: Acute pain in post joint replacement surgeries is common, which makes the management of acute
pain following joint replacement surgeries to be very important. Thus, this study was conducted to evaluate acute
pain management of post TKR surgeries.

Results: Patients with negative pain management index (PMI) scores were classified as receiving inadequate analgesic
treatment for their pain. Zero PMI was the most frequent score among the others with 195 (80.6%). The rest were − 1 (11
(4.5%)), 1 (27 (11.2%)), and 2 (9 (3.7%)), respectively. Only 4.5% (11/242) patients have negative PMI score, which could be
considered as inadequate pain management in which these patients received inadequate analgesic treatment.

Conclusion: Acute pain management in post-TKR surgeries in both medical centers achieved an acceptable level, and
majority of patients received an adequate analgesia in post-TKR surgeries.
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Background
Major orthopedic surgeries are divided into 3 major
surgeries: total hip replacement (THR), TKR, and hip
fracture surgeries (HFS). Acute pain post of these sur-
geries is common (Wylde et al. 2011). Managing acute
pain following joint replacement surgeries is very im-
portant due to the following reasons: First, studies have
shown that poor control of acute pain after TKR is
closely correlated with the development of chronic pain,
which illustrates the importance of a good control of
acute pain after TKR (McCartney and Nelligan 2014).
Second, joint replacement is one of the most widely used
elective surgical procedures in the Middle East (Al-Taiar

et al. 2013); in 1994, the number of TKR surgeries in
Saudi Arabia was more than 12 procedures per year
(Ahlberg 1994). The number of THR and TKR per-
formed worldwide and in Saudi Arabia continued to
increase, and the patients receiving these procedures
seemed to be sicker than that in the past (McMinn et al.
2012). Third, joint replacement surgeries are primarily
performed to relieve chronic joint pain (Hawker et al.
1998), and yet, some patients tend to experience chronic
pain following joint replacement surgery, which refers to
the failure of surgery for these patients. This therefore
suggests that the use of effective acute pain management
is crucial. The aim of this study is to evaluate acute pain
management in post-TKR surgeries.

Method
This is a prospective cohort study that was done in two
medical centers in Saudi Arabia. This study has been
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approved by the Institutional Review Board (IRB) in both
centers; consent forms were stacked to the data collection
sheet, and all participants were asked to sign it after being
informed about the study details and before starting the
data collection process. All patients who underwent pri-
mary TKR surgery in the included medical centers aged
18 years old and above between the periods of October
2018 till July 2019 were involved in this study. In addition,
prospective data collection sheet was used, which con-
tained the numeric rating scale (NRS) consisting 11 num-
bers from 0 to 10 with 0 representing no pain and 10
representing the worst pain. All participants were
instructed to select a number between 0 and 10 that best
describes their current pain after 24 h of TKR surgery (this
allows for the anesthetic effect to be cleared from the pa-
tients’ bodies). This scale was chosen as it is the most com-
monly used scale in clinical practice (Nair and Diwan
2020). Pain scores were then classified into four categories:
no pain = 0, mild pain = 1 up to 4, moderate pain = 5 and
6, severe pain = 7 up to 10. On the other hand, analgesics
were categorized into 4 groups (analgesic score): if no anal-
gesia is prescribed, it is assigned as 0, and if non-opioid an-
algesics are prescribed (acetaminophen 1 g intravenous), it
is denoted as 1; if weak opioid analgesics are prescribed
(tramadol I.V or tablets), it is denoted as 2, whereas it is de-
noted as 3 if strong opioid analgesics are prescribed (epi-
dural fentanyl). Then, for each patient, the PMI was
calculated by subtracting the pain score from the analgesic
score where a negative PMI is considered as inadequate
pain management by the prescriber (McNeill et al. 2001).
Pain management method in this study depended on the
use of conventional procedure for acute pain management
after total joint replacement including a great dependence
on opioid, oral or intravenous (IV), and patient-controlled
analgesia (PCA) with IV opioid or epidural infusion
(Prasad 2020). In the current study, epidural fentanyl
was the most common used opioid analgesic.

Sample size calculations
According to the Health Affairs of Ministry of National
Guard in the Kingdom of Saudi Arabia 2018, about 5000
joint replacement procedures have been performed over
the last 10 years with an average of 500 joint replacements
annually. Consequently, 500 represent the target popula-
tion of this study; so, the sample size according to Modi-
fied Cochran Formula at 95% confidence interval and 0.05
significance level was 217 as the minimum sample size.

Data analysis
The data was analyzed using SPSS (version 20) at a
significance level of 0.05. Descriptive analysis was used
to describe the sample of population. Chi-square test
and ANOVA were used to determine the presence of
any significant differences between various groups.

Results
A total of 242 patients participated in this study.
Patients’ demographic characteristics are shown in Table 1.
It was clear that the mean age for all participants was 65.86
± 8.67 years old, and most of them were females 137
(56.6%). Body mass index (BMI) mean of the study popula-
tion was 32.46 ± 5.51. Moreover, 70.2% of the patients were
reported to suffer severe pain with only 8.3% of them hav-
ing mild pain.
PMI was obtained by subtracting pain scores from the

types of analgesia. Frequency analysis was used to get
the counts of negative scores of PMI. Table 2 shows the
describing PMI scoring among the participants in this
study. Patients with negative PMI scores were classified
as receiving inadequate analgesic treatment for their

Table 1 Patients’ demographic data

Demographics/clinical data All (N, %)
242

Age Mean 65.86

(SD) (8.67)

Gender Male 105

(N, %) (43.4 %)

Female 137

(N, %) (56.6 %)

BMI Mean 32.46

(SD) (5.51)

Lifestylea Restricted 121

(N, %) (50.0 %)

Normally active 121

(N, %) (50.0 %)

Highly active 0

(N, %) (0.0 %)

Type of surgery Unilateral TKR 133

(N, %) (55.0 %)

Bilateral TKR 109

(N, %) (45.0 %)

Pain score No pain (N, %) 0 (0.0 %)

Mild pain (N, %) 20 (8.3 %)

Moderate pain (N, %) 52 (21.5 %)

Sever pain (N, %) 170 (70.2 %)

Type of analgesia No analgesia (N, %) 0 (0.0 %)

Non-opioid (N, %) 6 (2.5 %)

Weak opioid (N, %) 46 (19.0 %)

Strong opioid (N, %) 190 (78.5 %)

To test the difference between continuous variables, compare means ANOVA
test was used. Chi-square was conducted to test discrete
variables (frequencies)
BMI body mass index, N number or frequency of patients, SD standard
deviation, TKR total knee replacement
aLifestyle: restricted means always sitting, normal means everyday life activity,
and highly active means exercising on daily basis
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pain. Zero was the most common frequency scoring
among the others with 195 (80.6%). The rest were − 1
(11 (4.5%)), 1 (27 (11.2%)), and 2 (9 (3.7%)), respectively.
Only 4.5% (11/242) of the patients have negative PMI
that were considered having inadequate pain manage-
ment, inadequate analgesic treatment, underestimated
for their pain level, and were accordingly undertreated.
Cumulatively, 14.9% (36/242) were overestimated for
their pain levels and were accordingly overtreated. The
data are presented graphically in Fig. 1.
Table 3 describes the PMI among analgesic intake

with pain score. Inadequate analgesia pain management
among analgesic intake was also described in the same
table. However, the most negative PMI was indicated in
weak opioids with nine patients who have received inad-
equate analgesia as weak opioid, followed by non-opioids
with two patients who received non-opioid analgesia.

Discussion
TKR requires extensive bone dissection and manipulation
of soft tissue; hence, patients may have severe pain in the
early postoperative period that requires an effective pain
management to improve patients’ recovery (Armanious
et al. 2020). The evidence available on post-TKR pain

management is inadequate to develop realistic, accurate,
and routine protocols for pain management (Chang and
Cho 2012). In the current study, around 70% of the
patients have reported severe pain in day 1 of post-TKR,
which is higher than the reported percentage in literature.
The percentage of patients with severe pain after TKR as
reported by a recent review article was 58% during day 1
of post-operation and 45% in day 3 of post-operation
(Grosu et al. 2014). Up to the author’s knowledge, this
study is the first to use PMI for assessing acute pain man-
agement of post-TKR. According to Mitera et al. (2010a),
PMI is obtained by subtracting pain scores from the types
of analgesia. The negative scores of PMI among the partic-
ipants in this study showed that the patients received in-
adequate analgesic treatment for their pain. Inadequate
pain management was seen in 4.5% (11/242) of the pa-
tients. Having a negative PMI could be considered as inad-
equate pain management, and these patients received
inadequate analgesic treatment, underestimated for their
pain level (Singh et al. 2016) and accordingly undertreated.
On the other hand, some studies claimed that a negative
PMI does not necessarily indicate inadequate pain
management, but rather due to pain interference in these
patients (Sakakibara et al. 2018).
By looking at Table 3, it was apparent that most nega-

tive PMI was indicated in weak opioids with nine
patients reported having severe pain and received weak
opioid instead of strong opioid, while another two pa-
tients reported moderate pain and received a non-opioid
analgesia. Zero PMI means that the pain management is
adequate, not over or undertreated (Parvizi and Bloom-
field 2013). The most frequent PMI score among the
others was zero score with 80.6% of patients (195/242),
meaning that majority of patients were given the

Fig. 1 Frequency for Pain Management Index (PMI) scoring

Table 2 Frequency for Pain Management Index scoring

PMI Scores Frequency (%)

− 1.00 11 (4.5 %)

0 195 (80.6 %)

1.00 27 (11.2 %)

2.00 9 (3.7 %)

Total 242 (100.0 %)

PMI pain management index
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appropriate analgesia according to the level of the re-
ported pain. On the other hand, 14.9% (36/242) were
overestimated for their pain levels and accordingly were
overtreated; nine of these patients were reported having
mild pain and were prescribed with a strong opioid,
which showed the PMI of 2, while another 20 patients
with the PMI score of 1 were reported with moderate
pain and were prescribed a strong opioid. The remaining
seven patients were prescribed with weak opioid since
they were reported having mild pain. Another study
done to assess pain management in cancer patients
using PMI indicated that 25.8% from one thousand pa-
tients have a negative PMI, which was explained as inad-
equate pain management due to undertreatment (Mitera
et al. 2010b). In this study, a negative PMI was seen in
only 4.5% (11/242), which is a good indication for
adequate acute pain management of post TKR in the
involved medical centers.

Conclusion
This is a prospective observational study that is aimed to
evaluate acute pain management of post-TKR surgeries
in two medical centers. Acute pain management post-
TKR surgeries in both medical centers achieved an ac-
ceptable level, and majority of patients have received an
adequate analgesia in post TKR surgeries.
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