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joint damage.[1] The incidence of TKA is expected to 
increase by about 70% by the year 2030 in the United 
States.[2] Although many studies have revealed that 
TKA improves the quality of life and knee function 
in patients with many positive clinical outcomes, 
complications also occur during and after this 
surgery.[3‑5]

INTRODUCTION

Total knee arthroplasty (TKA) is one of the most 
common surgical procedures in orthopedic surgery 
which is used to improve knee function and reduce pain 
in patients with end‑stage knee osteoarthritis (KOA) 
or patients that experience chronic pain from severe 
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In this regard, acute pain following TKA has been reported 
as one of the most common complications of this surgery.[6] 
In fact, since the incidence of chronic postoperative pain 
following TKA is in approximately 20% of the patients,[7] 
controlling postoperative pain is one of the main challenges 
in this respect. At present, opioids are the mainstay of 
postoperative pain management; however, the increased 
need for opioids as well as their increased complications 
hinders the rehabilitation process and increases the length 
of hospital stay, which in turn increases the cost of treatment 
and affects patient satisfaction.[8,9]

In addition, many studies have indicated that the 
preventive use of analgesics can help patients cope with 
their postoperative pain. The inhibition of the pain stimuli 
as well as afferent pain signals from the surgery site to 
prevent central pain sensitization is the main goal of this 
treatment.[1,10]

The results of previous studies are also indicative of 
the benefits of preventive analgesia in various surgical 
procedures such that a lower use of postoperative analgesics 
which has been reported in 60% of cases.[11,12]

The use of oral analgesics before surgery has been associated 
with positive results.[13] Celecoxib as an oral NSAID and 
gabapentin from the gabapentinoid class can be used as 
preventive analgesics.[10]

Some researchers have shown that gabapentinoids have an 
anxiolytic effect as well[14,15] and reduce hyperstimulation 
of nerve cells.[16] Moreover, it has been suggested that 
the administration of gabapentinoids preoperatively 
and postoperatively can reduce the incidence of chronic 
postoperative pain. In this regard, Buvanendran and Kroin 
studied pregabalin, as compared with placebo, on the day of 
surgery and 14 days after TKA and observed a reduction in 
neuropathic pain within 6 months after TKA.[17] In addition, 
some studies support the peripheral effects on primary 
afferent neurons.[18,19]

With respect to celecoxib, it can be stated that it is an 
NSAID with selective activity on the COX‑2 system. 
Zhao et al. revealed that spinal COX‑2 is involved in the 
development of tactile allodynia following nerve injury 
in rats.[20] Celecoxib has been proven to be effective in 
reducing toothache and the signs and symptoms of 
osteoarthritis and rheumatoid arthritis and is also associated 
with a much lower rate of gastrointestinal damage than 
NSAIDs.[21] Nonselective NSAIDs are analgesics commonly 
used for minor surgeries, which are administered as 
useful adjunctive analgesics for patients undergoing major 
surgeries and result in the reduction of pain and a decrease 
in the need for morphine.[10,21]

Gabapentin has a similar analgesic effect as well as fewer 
complications.[22,23] Despite the promising effects of these 
drugs, research addressing these drugs and their dosage 
for preventing pain in TKA surgery is limited.

Given different perceptions of pain by individuals and the 
existence of various factors affecting pain intensity such as 
the nature, duration, and extent of surgery, psychological 
aspects (stress and anxiety) and the effective role of 
preoperative pain prevention as well as the potential effects of 
celecoxib and gabapentin, the present study was performed 
with the aim of evaluating the effect of these two drugs on 
reducing patient pain, improving their knee function, and 
increasing their quality of life after TKA surgery.

MATERIALS AND METHODS

Study design and patients
The present study was a randomized double‑blind 
controlled clinical trial. The study population included 
all patients with osteoarthritis that were referred to the 
orthopedic specialty referral clinic of Al‑Zahra Hospital 
affiliated to the Isfahan University of Medical Sciences 
during 2020–2021. In the current study, 270 patients who 
fulfilled the inclusion criteria were randomly recruited and 
randomly allocated to the intervention groups (90 patients in 
each group). The sample size was determined for detecting 
a standardized effect size of at least 0.5 (the least anticipated 
difference between active treatments and control) in pain 
score as the primary outcome with a type one error rate of 
5% and statistical power of 80%.[24]

The inclusion criteria consisted of having primary 
osteoarthritis, being a candidate for TKA surgery. The 
patients were not included in the study in case with 
drug addiction (substance use disorder), psychiatric 
disorders (including anxiety disorders, major depressive 
disorder, and bipolar disorder ), history of kidney 
diseases (end‑stage renal disease and glomerular filtration 
rate <30 ml/min), history of chronic neuropathy, KOA due 
to rheumatoid arthritis and infection, diabetes and morbid 
obesity (body mass index [BMI] >35 kg/m2), blood clotting, 
and with embolism or vascular phlebitis.

Moreover, they were excluded from the study in case of 
allergy to gabapentin and celecoxib, the incidence of any 
complications due to surgery (including patella fracture, 
patella tendon rupture, quadriceps tendon rupture, femoral 
periprosthetic fracture, tibial periprosthetic fracture, 
popliteal artery injury, intimal injury, and postoperative 
ischemia), and nonattendance in follow‑up appointments.

In the present study, 4 patients in the gabapentin group, 
5 patients in the control group, and 3 patients in the 
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celecoxib group were excluded from the study due to their 
nonattendance in follow‑up appointments [Figure 1].

After obtaining the code of ethics from the Ethics 
Committee of Isfahan University of Medical Sciences 
(IR.MUI.MED. REC.1399.948), the clinical trial code 
(IRCT20200217046523N10), and obtaining written informed 
consent from eligible patients, 270 patients in the study 
were randomly divided into three groups of 90 using the 
block randomization method with blocks of size 6. At the 
beginning of the study, patients’ demographic and clinical 
information including age, gender, and BMI was recorded. 
Moreover, before the intervention, patient anxiety and 
depression scores based on The Hospital Anxiety and 
Depression Scale (HADS), their knee scores and knee 
functional score in daily activities based on the Knee Society 
Score (KSS) criteria, and their quality of life score based 
on the 36‑Item Short Form Health Survey (SF‑36) were 
evaluated and recorded. In addition, the pain intensity 
in patients was recorded based on the Visual Analog 
Scale (VAS) with the score ranging from 0 (no pain) to 
10 (severe pain).

Study interventions
Both patients and researchers were blinded to the type 
of the used medications. The interventions included 
oral gabapentin 300 mg, celecoxib 200 mg, and placebo 
which were all prepared in small capsules with the same 
appearance (Exir Pharmaceutical Co.). In the first group, 
900 mg of oral gabapentin (Exir Pharmaceutical Co.) was 

administered daily for three days before surgery such 
that 600 mg and 300 mg were administered at 8 a.m. and 
10 p.m., respectively. In the second group, 200 mg of oral 
celecoxib (Exir Pharmaceutical Co.) was administered twice 
daily for 3 days before surgery. In the third group, oral 
placebo was administered twice a day for 3 days before 
surgery.

Then, all patients underwent TKA surgery by a single 
professional surgery team. Anesthesia of all patients 
was uniformly performed epidurally with 15–20 mg of 
bupivacaine 5% before TKA.

It should be noted that about 5–7 patients in each group did 
not respond to spinal anesthesia and underwent general 
anesthesia.

Postoperative analgesia consisting of paracetamol 
1000 mg + PCA morphine 2 mg/kg by BW with 5 min 
interval and the maximum dose of 6 mg/h was administered 
2 h after the already‑mentioned procedure. In case of 
nausea and vomiting, ondansetron 4 mg was administered 
intravenously.

In addition, physiotherapy sessions (From the 1st day after 
discharge) and all necessary medical recommendations 
were prescribed to patients equally. At discharge, the same 
medication regimen including acetaminophen 500 mg 
every 8 h and meloxicam 7.5 mg daily was prescribed for 
all patients.

Figure 1: Consort flow diagram for recruitment of patients
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Study instruments and outcome evaluation
Primary outcome
Pain intensity: The intensity of pain in patients was recorded 
according to the VAS criteria at 12, 24, and 48 h after 
surgery, at the time of discharge, and 1, 3, and 6 months 
after discharge.

Secondary outcomes
Quality of life
The quality of life of patients in our study was evaluated 
by using the 36 item SF‑36 questionnaire. The SF‑36 
questionnaire assesses the quality of life across two main 
dimensions including physical health and mental health. 
Each domain in the SF‑36 is scored based on a 0–100 scale 
and higher scores indicate better health conditions.[25] The 
validity and reliability of this questionnaire have been 
evaluated and confirmed in previous studies.[25,26] The 
quality of life score based on the SF‑36 questionnaire for the 
study of participants was evaluated at before intervention 
and 1 month after hospital discharge.

Knee society score
KSS questionnaire includes items on functional ability, 
such as walking distance, stair climbing ability, and use of 
walking aids. The physical examination includes assessment 
of the range of motion, stability, alignment, and muscle 
power of the knee. These data are used to calculate a 
Knee Society Clinical Rating score, which consists of two 
scores, a knee score and a function score, ranging from 0 
to 100 points (with 100 points being the best score). The 
function score allocates points for walking distance and 
stair‑climbing ability and makes deductions for the use of 
a walking aid; a score of 100 represents unlimited walking 
distance and normal stair‑climbing without the use of an 
aid. Fifty of the 100 points in the knee score reflect pain 
assessment (a score of 50 points represents no pain). Knee 
clinical scores and knee functional scores were recorded at 
before intervention and at 1, 3, and 6 months after hospital 
discharge. The validity and reliability of this questionnaire 
have been evaluated and confirmed in previous studies.[27,28]

Others study outcomes
Operative duration, the amount of intraoperative blood 
loss, postoperative blood loss, length of hospital stay, 
amount of morphine administered at 12, 24, and 48 h after 
surgery, and at the time of hospital discharge were recorded. 
The patients’ anxiety and depression score based on the 
HADS questionnaire was evaluated and recorded at before 
intervention and 1 month after hospital discharge. The total 
score of HADS ranges from 0 to 21 and higher scores are 
indicative of more severe anxiety and depressive disorders. 
The reliability and validity of the mentioned questionnaire 
have been confirmed by previous studies.[29,30] It should be 
mentioned that these questionnaires were administered and 

filled out by the patients in person at the relevant center 
or by a researcher on the telephone. Moreover, patients 
were interviewed about their emotions and problems in 
each visit, and a two‑way interaction was formed between 
patients and specialists. In addition, complications such as 
nausea, vomiting, respiratory depression, and rates of blood 
transfusions were recorded in all three groups.

Statistical analysis
The collected data were entered into the Statistical analyses 
were carried out using SPSS v. 24 (IBM Corp., Armonk, 
USA). Data were presented as means ± standard deviation 
or frequency (percentage) for the continuous and categorical 
variables, respectively. The Kolmogorov − Smirnov test 
and Q‑Q plot were used for evaluating normal distribution 
for the continuous variables. The one‑way analysis of 
variance (ANOVA) test was used to compare the mean 
age, operative time, length of hospital stay, amount of 
intraoperative blood loss, and postoperative blood loss 
between the three groups and the Chi‑squared test was 
used for comparing the categorical variables such as gender, 
depression, and anxiety. The repeated‑measures ANOVA 
was employed to evaluate the variations in pain and KSS 
scores over the intervention period in each group and for 
between group comparisons. In the repeated‑measures 
ANOVA, the sphericity preassumption was evaluated and 
when it was violated the Huynh‑Feldt univariate modified 
degree of freedom was adopted. The paired samples t‑test 
was used to compare the variations for those quantitative 
variables that have been evaluated only in two time 
points before the intervention. The ANOVA or analysis of 
covariance (ANCOVA) and Bonferroni pairwise post hoc 
tests were used for between group comparisons in terms 
of quality of life. A significance level of less than 0.05 was 
considered statistically significant in all analyses.

RESULTS

In the present study, the control group included 39 (45.9%) 
females, with a mean age of 61.38 ± 5.79 years, the 
gabapentin group consisted of 42 (48.8%) females, with 
a mean age of 60.73 ± 5.91 years, and the celecoxib group 
comprised 45 (51.7%) females and 42 (48.3%) males, with 
a mean age of 59.32 ± 5.89 years. There were no significant 
differences between the three groups in terms of age, sex, 
BMI, anxiety, and depression before surgery (P > 0.05) 
[Table 1].

The mean pain score of patients in the gabapentin and 
celecoxib groups was significantly lower than that of the 
control group 12, 24, and 48 h after the surgery (P < 0.05). 
The mean of the two gabapentin and celecoxib groups 
was not significantly different 12, 24, and 48 h after 
the surgery (P > 0.05). In addition, the follow‑up visits 
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performed in the 1st month after hospital discharge indicated 
that the pain score of patients in the control group with 
the mean of 0.64 ± 0.74 was significantly higher than that 
of the gabapentin and celecoxib groups with the means of 
0.08 ± 0.28 and 0.19 ± 0.39, respectively (P < 0.05). In the 
3rd month after surgery, the pain was completely disappeared 
in the gabapentin group, and mild pain (0.02 ± 0.15) was 
reported in the celecoxib group; however, the pain score 
in the control group with the mean of 0.29 ± 0.56 was still 
higher than that of the other two groups (P < 0.05). With 
respect to 6 months after the surgery, the pain of patients in 
all three groups was very low and nonsignificant (P > 0.05). 
In addition, mean pain score of patients was significant 
over time in any of the groups (PTime < 0.05). Moreover, 
the interactive effect of time and intervention was not 
significant up to 48 h postoperative, while this effect 
was significant up to 6 months after hospital discharge 
(Ptime * group > 0.05) [Table 2 and Figure 2].

Evaluation of the knee clinical score and knee functional 
score based on the KSS criteria revealed that the three 
groups did not have significant differences in terms of 
clinical and functional evaluation of the knee before 
surgery (P > 0.05). However, in the 1st month after the 
intervention, the knee clinical score and knee functional 
score in the control group with the means of 78.90 ± 4.39 

and 81.74 ± 4.49 were significantly lower than those of 
the gabapentin group with the means of 85.40 ± 5.47 and 
84.83 ± 4.92 and the celecoxib group with the means of 
87.03 ± 3.97 and 87.30 ± 3.73, respectively (P < 0.001). 
The mean score of these two criteria in the gabapentin 
group was much lower than that of the celecoxib group 
in the mentioned follow‑up period (P < 0.05). Moreover, 
in the 3rd month after surgery, the knee clinical score 
of the control group with the mean of 83.89 ± 3.44 was 
significantly lower than that of the gabapentin and 

Table 1: Comparison of the basic demographic and clinical characteristics of patients in the three groups
Characteristics Control group (n=85) Gabapentin group (n=86) Celecoxib group (n=87) P*
Age (year) 61.38±5.79 60.73±5.91 59.32±5.89 0.065
Sex, n (%)

Female 39 (45.9) 42 (48.8) 45 (51.7) 0.746
Male 46 (54.1) 44 (51.2) 42 (48.3)

BMI (kg/m2) 28.05±2.08 27.95±2.66 27.45±2.27 0.194
Anxiety, n (%)

Preoperative 10 (11.8) 9 (10.5) 7 (8.0) 0.713
Depression, n (%)

Preoperative 4 (4.7) 1 (1.2) 1 (1.1) 0.190
*Resulted from one-way ANOVA and Chi-squared test for continuous and categorical data, respectively. Data are presented as mean±SD and frequency (%) for continuous and 
categorical, respectively. BMI=Body mass index; SD=Standard deviation; ANOVA=Analysis of variance

Table 2: The comparison of mean pain score of patients in the three groups
Pain score Control group (n=85) Gabapentin group (n=86) Celecoxib group (n=87) P1 Pintervention Ptime×intervention

Postoperative (h)
12 3.73±1.05a 2.46±0.79b 2.71±0.93b <0.001 <0.001 0.07
24 2.89±0.95a 1.64±0.66b 1.78±0.65b <0.001
48 2.37±0.94a 0.99±0.68b 1.03±0.72b <0.001

Hospital discharge
Immediately 1.80±0.76a 0.35±0.48b 0.29±0.45b <0.001 <0.001
1 month 0.64±0.74a 0.08±0.28b 0.19±0.39b 0.001 <0.001
3 months 0.29±0.56a 0b 0.02±0.15b 0.012
6 months 0.14±0.35a 0b 0b 0.110

Ptime
<0.001 <0.001 <0.001

The different superscript letters indicating difference in mean pain score between two groups based on post hoc test. Pintervention, Ptime and Ptime×intervention obtained from repeated-
measures ANOVA. Pintervention=Overall difference between three groups over the follow-up period; Ptime=The change in mean pain score in each intervention group over the 
follow-up period; Ptime×intervention=The interaction between time and intervention; P1=Resulted from one-way ANOVA for comparing mean pain score between three groups at each 
follow-up time point; ANOVA=Analysis of variance
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celecoxib groups with the means of 87.24 ± 4.18 and 
88.37 ± 3.09, respectively (P < 0.05); however, there was no 
significant difference between the two groups (P > 0.05). 
In contrast, the knee clinical score in the 6th month and 
the knee functional score in the third and 6th months 
after surgery were not significantly different between 
the three groups (P > 0.05). In addition, changes in knee 
clinical and knee functional scores were significant over 
time in any of the groups (PTime < 0.05). Furthermore, 
their mean changes were not significantly different 
between the three groups (P1 < 0.05). Moreover, the 
interactive effect of time and intervention was significant 
(Ptime * group < 0.05) [Table 3 and Figure 3].

The results of evaluating the patients’ quality of life based 
on the SF‑36 questionnaire in the two main dimensions 
of physical health and mental health among the three 
groups before and 1 month after surgery indicated that 
the patients’ quality of life in both domains was improved 
in all three groups (P < 0.05), except for mental health 
in the celecoxib group (P = 0.068) that was marginally 
reduced. However, there was not any significant difference 

between the groups before and 1 month after surgery 
for the mental health domain (P > 0.05). However, the 
patients’ quality of life in the physical health domain was 
significantly different between the three groups 1 month 
after intervention (P = 0.044) and a significant improvement 
was observed in the celecoxib group compared with the 
control and gabapentin groups (P < 0.05), based on the post 
hoc test) [Table 4].

Finally, the incidence of nausea and vomiting in the 
control group with 15.3% was higher than that of the 
gabapentin and celecoxib groups with 7% and 3.4%, 
respectively (P = 0.017). However, the incidence of 
respiratory depression and blood transfusion did not 
differ significantly between the three groups (P > 0.05). 
Furthermore, operation time, length of hospital stay, and 
intraoperative and postoperative blood loss were not 
significantly different between groups (P > 0.05). However, 
the dose of additional morphine received at 12, 24, and 48 h 
after surgery and at the time of hospital discharge in the 
control group was significantly higher than the other two 
groups (P < 0.05)[Table 5].

Table 3: The comparison of the mean knee clinical and knee functional scores in three groups
KSS score Control group (n=85) Gabapentin group (n=86) Celecoxib group (n=87) P1 Pintervention Ptime×intervention

KSS clinical score
Preoperative 45.11±4.82 45.89±4.99 44.91±5.96 0.385 <0.001 <0.001
1 month 78.90±4.39a 85.40±5.47b 87.03±3.97c <0.001
3 months 83.89±3.44a 87.24±4.18b 88.37±3.09b <0.001
6 months 87.96±3.54a 88.85±2.93a 89.64±2.67b 0.009

Ptime
<0.001 <0.001 <0.001

KSS functional score
Preoperative 48.94±4.49 49.24±5.33 48.69±5.51 0.763 <0.001 <0.001
1 month 81.74±4.49a 84.83±4.92b 87.30±3.73b <0.001
3 months 86.02±4.23a 86.53±4.53 87.77±5.19b 0.043
6 months 89.84±4.11 88.53±3.95 89.59±2.78 0.092

Ptime
<0.001 <0.001 <0.001

The different superscript letters indicating difference in mean pain score between two groups based on post hoc test. Pintervention, Ptime, and Ptime×intervention obtained from repeated-
measures ANOVA. P1=Resulted from one-way ANOVA for comparing mean pain score between three groups at each follow-up time point; Pintervention=Overall difference between 
three groups over the follow-up period; Ptime=The change in mean pain score in each intervention group over the follow-up period; Ptime×intervention=The interaction between time and 
intervention; ANOVA=Analysis of variance; KSS=Knee Society Score
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DISCUSSION

The results of the present study revealed that the preventive 
administration of gabapentin and celecoxib before
surgery had an important role in controlling patient pain.
Moreover, there was no significant difference between the
two intervention groups in terms of reducing patient pain
scores. Consistent with the findings of the current study,
previous studies indicated that celecoxib, when used for
spinal fusion surgery and spinal disc surgery was associated 
with a significant reduction in pain and had a saving effect
on opioid use.[31] Conversely, Huang et al. were unable to
detect the degree of postoperative pain or morphine use
in patients after radical prostatectomy when using oral
rofecoxib (a COX‑2 inhibitor) before surgery.[32]

The studies addressing the clinical pharmacokinetics of
dexamethasone and celecoxib indicated that celecoxib
could reach the highest plasma drug concentration after
2–4 h when a 200‑mg dose was employed. An evident
volume of distribution of 455 liters as well as the elimination 
half‑life (t½) that ranged from 8 to 11 h could be reported
in this respect.[33,34] The higher volume of distribution as
well as t½ values for celecoxib could lead to a greater drug
distribution through tissues as well as a slower elimination, 
which in turn cause an extended therapeutic effect in
comparison with the dexamethasone regimen.[35]

Pilatti et al. also showed that the use of celecoxib before 
and after surgery was effective in the management of 
postoperative pain following open‑flap debridement.[35]

In addition, Lubis et al. indicated that the pain score was 
lower in the groups receiving celecoxib and pregabalin as 
preventive analgesics as compared with the placebo group.[1] 
Similar results have been reported by Buvanendran and 
Kroin and Carmichael et al., who found that repeated the 
use of celecoxib and pregabalin successfully reduced acute 
and chronic postoperative pain.[17,36] Moreover, several 
meta‑analysis studies have also highlighted the analgesic 
effect of preoperative gabapentin on pain over the first 
days after surgery.[37,38] In contrast, the results of another 
meta‑analysis study demonstrated no preventive effect 
of pregabalin administration on pain reduction within 
12 months after surgery.[39] Our study indicated that the 
short‑term use of gabapentin before surgery had an effect 
on reducing pain and improving patients’ mental health 
within 1 month, although significant results in terms of 
improving anxiety or depression were not obtained in this 
study. Although the mechanism of action of gabapentinoids 
is not well‑recognized, gabapentinoids may bind to the α2‑δ 
subunit of voltage‑sensitive calcium channels in dorsal horn 
presynaptic neurons,[40,41] inhibit neurotransmitter secretion, 
reduce pain transmission from dorsal neurons,[42] and thus 
reduce patient pain.[43]

Table 4: The comparison of mean score of quality of life in the three groups
SF36 two main domains Control group (n=85) Gabapentin group (n=86) Celecoxib group (n=87) P2

Physical health
Preoperative 38.97±4.52 39.41±3.94 39.55±4.32 0.651
1 month 89.99±4.97a 89.94±4.93a 91.11±3.74b 0.044

P1
<0.001 <0.001 <0.001

Mental health
Preoperative 87.57±15.49 86.94±15.38 91.07±11.40 0.121
1 month 89.29±12.82 88.38±13.53 92.09±9.87 0.702

P1
<0.001 <0.001 0.068

P1=Resulted from paired samples t-test for within group comparisons; P2=Resulted from ANCOVA for between group comparisons; adjustment was made for baseline quality of 
life; ANCOVA=Analysis of covariance; SF36=36 item short form health survey

Table 5: The comparison of complications and intra- and postoperative characteristics in the three groups
Complication Control group (n=85) Gabapentin group (n=86) Celecoxib group (n=87) P*
Nausea and vomiting, n (%) 13 (15.3) 6 (7) 3 (3.4) 0.017

Respiratory depression, n (%) 7 (8.2) 5 (5.8) 2 (2.3) 0.224

Blood transfusion, n (%) 5 (5.9) 9 (10.5) 9 (10.3) 0.448
Operative time (min) 72.51±7.78 73.35±7.83 73.07±7.28 0.763
Length of hospital stay 3.73±0.75 3.37±0.77 3.76±0.85 0.112
Morphine administration; mg

12 h 4.35±0.47 3.48±0.81 3.17±0.53 <0.001
24 h 15.12±1.08 7.33±1.39 7.05±1.26 <0.001
48 h 20.91±1.29 10.59±1.66 9.82±1.48 <0.001
Discharge 27.35±1.84 14.57±2.50 12.61±1.75 <0.001

Intraoperative blood loss (mL) 217.88±65.68 208.97±59.25 195.76±66.05 0.074
Postoperative blood loss (mL) 251.98±58.06 237.50±58.03 250.93±60.24 0.200
*Resulted from Chi-squared and one-way ANOVA for categorical and continuous variables. ANCOVA=Analysis of covariance
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It should be noted that due to the fact that various factors 
such as race, infection, and inflammatory response to TKA 
as well as psychological factors like anxiety and depression 
can be effective in the development and intensity of pain 
before and after surgery,[5,8,44] the current study opted to limit 
the effect of controllable factors. In fact, as it was indicated, 
anxiety and depression were very minor in patients of this 
study and were not significantly different between the three 
groups. Moreover, all patients in the study were of Iranian 
ethnicity and did not have any infection or inflammation 
caused by TKA. In addition, due to the administration of a 
higher dose of additional morphine in the control group as 
compared with the two intervention groups, this factor was 
adjusted along with the age and gender of patients. Thus, 
the distorting effect of these factors has been eliminated.

Furthermore, the results of the evaluation of the knee 
condition according to the KSS criteria also indicated that 
in general, this surgery could significantly improve the 
knee score and knee functional scores within 6 months. In 
addition, the preventive use of gabapentin and celecoxib 
along with this surgical procedure could significantly 
improve the knee and functional scores. Importantly, 
patients in the gabapentin group had a significantly higher 
knee and knee functional score than the celecoxib group 
in the 1st month after surgery. In fact, it can be stated 
that although there was no significant difference in the 
improvement of the knee functional score between the 
two types of interventions in the third and 6th month after 
surgery, the use of gabapentin before surgery had a better 
effect on the overall KSS in the 1st month after surgery 
(in a shorter period of time).

In this regard, Reuben et al. also stated that TKA surgery 
played a significant role in improving the overall KSS. In 
addition, they indicated that patients receiving celecoxib 
generally had a higher KSS than the placebo group at 
12 months of the follow‑up period.[45]

The results of another study revealed that in the 1st week 
after TKA, the KSS score in the celecoxib group was 
significantly higher than that of the hydrochloride group. 
The reported difference may be attributed to the significant 
pain reduction in patients receiving celecoxib during rest 
and joint activity (especially bending angle) in the 1st week. 
Therefore, the patients’ ROM in this group was more 
satisfactory.[46] Lubis et al. evaluated the knee function 
and its ROM and demonstrated that the combination of 
celecoxib and pregabalin, as compared to the control group, 
could play a significant role in increasing the scores of 
KSS and ROM.[1] Many other studies have also shown that 
gabapentin improved knee function after TKA surgery.[47,48] 
In fact, it can be stated that using a selective COX‑2 inhibitor 
through inhibition of the inflammatory response and with 

the aid of gabapentinoids such as pregabalin or gabapentin 
can improve primary function by reducing over‑excitability 
of the nerve cells and controlling pain. It is expected that 
patients will be able to be mobile early after the surgery 
with the use of preventive analgesics. It is well documented 
that early mobilization reduces complications such as DVT. 
This can enhance the healing process and in turn improve 
functional outcomes.[49]

The results of the present study revealed that by performing 
the TKA procedure, the patients’ quality of life with and 
without the use of preventive analgesics (gabapentin 
and celecoxib) were significantly improved. However, 
gabapentin was found to be more effective in improving 
their mental health than the control and celecoxib groups.

Significant improvements in patients’ quality of life are 
anticipated due to the improvement of the patients’ knee 
function and the reduction of their pain. However, the 
greater effect of gabapentin on patients’ mental health can 
be attributed to the effects of this drug on patients’ anxiety 
disorders.[50] However, it is crucial to mention that as few 
patients had depression or anxiety in the current study, the 
evaluation of the efficacy of drugs (especially gabapentin) 
on this group of patients was not associated with significant 
results; therefore, the researchers of this study failed to 
mention them. However, further studies are recommended 
in this respect.

Finally, the incidence of nausea and vomiting in the two 
intervention groups was significantly lower than that of the 
control group, which may be attributed to the use of lower 
doses of morphine after surgery. Moreover, the three groups 
were not significantly different in terms of the incidence 
of respiratory depression and need for blood transfusion.

Another study which was consistent with the present 
study indicated that the incidence of complications such as 
nausea, vomiting, and pruritus was lower in the celecoxib 
group as compared with the placebo group immediately 
after surgery.[45]

The results of another study also suggested that complications 
are dose‑dependent and often occur in patients that use a 
combination of celecoxib and pregabalin for a long time.[1] 
Lee et al. compared the use of a combination of 400 mg 
celecoxib and 150 mg pregabalin with 400 mg celecoxib 
alone and found out that complications occurred in the 
combination group.[51]

It should be noted that although a large enough sample 
size of the present clinical trial along with the 6‑month 
follow‑up of patients can be expressed as the strengths of 
this study: the present study did not use different doses 
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or combinations of the two drugs, which may be regarded 
as the limitations of the present study. In addition, the 
evaluation of the effect of gabapentin in patients with 
depression and anxiety undergoing the TKA procedure may 
be of great significance which needs to be studied further.

CONCLUSION

According to the results of the present study, the preventive 
use of gabapentin and celecoxib may have a significant role 
in reducing patient pain after TKA surgery, although the 
effect of these two drugs on pain reduction is not different. 
It is also imperative to note that the additional dose of 
morphine administered in these two groups was much 
lower than that of the control group, which resulted in 
a higher incidence of nausea and vomiting in the control 
group as compared with the intervention groups. In 
addition, the overall KSS score was significantly higher 
in the celecoxib group as compared with the gabapentin 
group in the 1st month of follow‑up; however, no significant 
difference was found in the overall KSS score between the 
three groups in the third and 6th months after surgery. In 
addition, patient quality of life score also increased in all 
three groups 1 month after TKA surgery; however, the rate 
of mental health improvement was more significant in the 
gabapentin group.
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