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ABSTRACT 

Objective: Preoperative anxiety may influence postoperative pain perception and 

analgesic requirements. This study aimed to investigate the association between 

preoperative anxiety and acute postoperative pain during the first 24 hours following 

primary total knee arthroplasty. 

Methods: This prospective observational cohort study included 100 adults 

undergoing elective primary total knee arthroplasty under spinal anesthesia. 

Preoperative anxiety was assessed using the Amsterdam Preoperative Anxiety and 

Information Scale (APAIS). Postoperative pain intensity was evaluated using the 

Numerical Rating Scale (NRS) at 1, 6, 12 and 24 hours. All patients received a 

standardized multimodal analgesic regimen and intravenous tramadol was 

administered as rescue analgesia when NRS scores were ≥ 4. Associations between 

preoperative anxiety and postoperative pain were evaluated using correlation and 

multivariable regression analyses. 

Results: The median APAIS anxiety score was 10.0 (IQR 5.0–15.0). Higher 

preoperative anxiety was significantly associated with higher postoperative pain 

scores at all evaluated time points during the first 24 hours (all adjusted p < 0.001). 

In multivariable analysis, preoperative anxiety remained independently associated 

with higher pain intensity at 24 hours after adjustment for age, sex and preoperative 

pain. Higher preoperative anxiety was also associated with greater cumulative 

rescue tramadol consumption during the first 24 postoperative hours. 

Conclusion: Higher preoperative anxiety was associated with greater acute 

postoperative pain and greater cumulative rescue tramadol consumption after total 

knee arthroplasty. Preoperative anxiety screening may help identify patients at risk 

of more intense early postoperative pain and support individualized perioperative 

pain management strategies. 
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1. Introduction 

Total knee arthroplasty (TKA) is a widely performed 
and effective surgical treatment for pain and functional 
impairment caused by advanced knee osteoarthritis. De-
spite advances in surgical techniques, regional anesthe-
sia and multimodal analgesic strategies, acute postoper-
ative pain remains a major clinical challenge after TKA. 

Moderate-to-severe pain in the early postoperative pe-
riod can delay mobilization and participation in rehabil-
itation, reduce patient satisfaction and increase the need 
for rescue analgesia [1]. The marked interindividual var-
iability in pain and functional recovery after TKA also 
suggests that outcomes are influenced not only by surgi-
cal and analgesic factors but also by patient-specific 
characteristics. 
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Postoperative pain is a complex, multidimensional ex-
perience that cannot be explained solely by the extent of 
surgical tissue injury. Preoperative pain intensity, age, 
sex, previous surgical experiences, expectations and psy-
chological status may all influence how pain is perceived 
and reported. Among these psychological factors, pre-
operative anxiety is one of the most frequently investi-
gated in relation to acute postoperative pain. Anxiety 
may heighten attention to painful stimuli, reinforce neg-
ative expectations and reduce perceived coping capacity. 
In addition, anxiety and acute pain share neurobiological 
and behavioral pathways that may interact bidirection-
ally [2]. 

The role of preoperative psychological status in out-
comes after TKA has received increasing attention. Pre-
vious studies have shown that patients with greater pre-
operative anxiety, more severe pain and poorer func-
tional status may report less favorable outcomes after 
surgery [3]. Similarly, preoperative anxiety has been 
associated with higher pain intensity, greater analgesic 
use and poorer early functional outcomes after TKA [4]. 
More recent prospective data also suggest that patients 
with symptoms of anxiety or depression may experi-
ence greater pain and worse patient-reported func-
tional outcomes both before and after TKA [5]. How-
ever, much of the existing literature has focused on 
long-term functional outcomes, chronic pain or com-
bined psychiatric diagnoses rather than acute postoper-
ative pain. 

Assessing preoperative anxiety with a standardized 
and practical instrument may help identify patients at 
greater risk before surgery. The Amsterdam Preopera-
tive Anxiety and Information Scale (APAIS) is a brief, pa-
tient-reported measure developed to assess anxiety re-
lated to surgery and anesthesia, as well as the patient’s 
need for information [6]. The Turkish version has 
demonstrated acceptable validity and reliability, sup-
porting its use in perioperative clinical research in Tü-
rkiye [7]. Because the APAIS can be readily incorporated 
into routine preoperative assessment, it may be useful 
not only for research purposes but also for identifying 
patients who could benefit from additional psychological 
support or more individualized perioperative care. Alt-
hough preoperative anxiety has previously been associ-
ated with outcomes after TKA, prospective evidence fo-
cusing specifically on acute pain during the first postop-
erative day remains limited. In this prospective cohort, 
preoperative anxiety was assessed using the APAIS and 
examined in relation to serial pain scores over the first 
24 hours within a standardized spinal anesthesia and 
postoperative analgesia protocol. Cumulative rescue tra-
madol consumption was also evaluated as a complemen-
tary measure of early postoperative analgesic require-
ments. 

The aim of this prospective observational cohort 
study was to investigate the association between pre-
operative anxiety, assessed using the APAIS, and acute 
postoperative pain intensity during the first 24 hours af-
ter elective primary TKA. We hypothesized that higher 
preoperative anxiety scores would remain inde-
pendently associated with higher postoperative Numer-
ical Rating Scale (NRS) pain scores after adjustment for 
relevant demographic and clinical variables. 

2. Materials and Methods 

2.1. Study design and ethical approval 

This prospective observational cohort study was de-
signed to evaluate the association between preoperative 
anxiety and acute postoperative pain intensity in pa-
tients undergoing elective primary TKA. The study was 
conducted in the operating rooms and relevant surgical 
wards of Tuzla State Hospital between May 2026 and Au-
gust 2026. The study protocol was approved by the 
Koşuyolu High Specialization Training and Research 
Hospital Scientific Research Ethics Committee (decision 
date: April 21, 2026; decision no.: 2026/08/1449). The 
study was conducted in accordance with the principles 
of the Declaration of Helsinki. Before enrollment, all pa-
tients were informed about the purpose and procedures 
of the study and written informed consent was obtained 
from all participants. 

2.2. Study population 

Patients undergoing elective unilateral primary total 
knee arthroplasty (TKA) were assessed for eligibility ac-
cording to the following criteria.  

2.2.1. Inclusion criteria 

• Age ≥ 18 years  
• Scheduled for elective unilateral primary TKA  
• American Society of Anesthesiologists (ASA) physical 

status I–III  
• Planned spinal anesthesia  

2.2.2. Exclusion criteria 

• Previous total knee arthroplasty or revision surgery 
involving either the ipsilateral or contralateral knee  

• Severe cognitive impairment  
• Neurological or psychiatric disorders that could inter-

fere with communication or reliable completion of the 
study questionnaires  

• Chronic pain syndrome requiring regular opioid or 
neuropathic pain medication use  

• Requirement for general anesthesia or sedation 
• Known allergy or contraindication to paracetamol, di-

clofenac or tramadol 

2.3. Preoperative assessment 

Age, sex, height, body weight, body mass index, ASA 
physical status, comorbidities and history of previous 
surgery were recorded for all participants. 

Preoperative anxiety was assessed using the Amster-
dam Preoperative Anxiety and Information Scale. The 
APAIS consists of six items evaluating anxiety related to 
surgery and anesthesia and the patient’s need for peri-
operative information. Each item was rated from 1 to 5. 
The four-item anxiety subscale has a total score ranging 
from 4 to 20, whereas the two-item information re-
quirement subscale ranges from 2 to 10. Higher scores 
indicate greater anxiety or a greater need for infor-
mation. 
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The APAIS was administered face to face by a trained 
investigator in the preoperative holding area before 
transfer to the operating room and before the admin-
istration of any sedative medication. Intravenous cannu-
lation had already been performed in the surgical ward 
as part of routine preoperative care. The assessment was 
performed at a standardized preoperative time point un-
der comparable conditions for all participants. The total 
APAIS anxiety subscale score was used as the primary 
independent variable in this study. 

2.4. Anesthetic management 

All patients underwent standard intraoperative mon-
itoring, including electrocardiography, noninvasive arte-
rial blood pressure monitoring and peripheral oxygen 
saturation. After intravenous access was established, 
spinal anesthesia was performed under aseptic condi-
tions according to the institutional protocol. With the 
patient in the sitting position, the subarachnoid space 
was accessed at the L3–L4 or L4–L5 intervertebral level 
and 10–15 mg (2.0–3.0 mL) of 0.5% hyperbaric bupiva-
caine was administered intrathecally. No intrathecal 
opioid or other adjuvant was used. Adequacy of the spi-
nal block was confirmed by bilateral pinprick assess-
ment before the start of surgery. Surgery was initiated 
only after an adequate sensory block had been achieved. 
None of the patients included in the study received in-
traoperative sedation. Three patients required conver-
sion from spinal to general anesthesia because of inade-
quate spinal blockade and were excluded from the final 
analysis. 

Duration of surgery was recorded in minutes from 
skin incision to completion of skin closure. 

2.5. Postoperative analgesia protocol 

All patients received a standardized multimodal anal-
gesic regimen consisting of intravenous paracetamol 1 g 
every 8 hours and intramuscular diclofenac sodium 75 
mg every 12 hours. The first doses of intravenous para-
cetamol 1 g and intramuscular diclofenac sodium 75 mg 
were administered at the end of surgery. The pharmaco-
logical components of this standardized regimen were 
aligned with the PROSPECT recommendations for TKA, 
which recommend paracetamol and a nonsteroidal anti-
inflammatory drug as basic analgesics, with opioids re-
served for rescue analgesia [1]. No peripheral nerve 
block or periarticular local anesthetic infiltration was 
performed. 

Postoperative pain intensity at rest was assessed us-
ing an 11-point Numerical Rating Scale ranging from 0 to 
10, where 0 indicated no pain and 10 represented the 
worst pain imaginable. Pain assessments were per-
formed at 1, 6, 12 and 24 hours after the end of surgery. 
Postoperative pain assessments were performed by an 
investigator who was blinded to the patients’ preopera-
tive APAIS scores. At each predefined assessment time 
point (1, 6, 12 and 24 hours after the end of surgery), the 
NRS score was recorded before the administration of 
rescue analgesia. Patients with an NRS score of 4 or 
higher received 100 mg intravenous tramadol as rescue 
analgesia, with a maximum total daily dose of 400 mg. 

Rescue tramadol was administered only at these prede-
fined assessment time points and the administered dose 
was recorded at each assessment.  

2.6. Outcome measures 

The primary outcome was the association between 
the preoperative APAIS anxiety score and the NRS pain 
score at 24 hours postoperatively. Secondary outcomes 
included the associations between the APAIS anxiety 
score and NRS scores at 1, 6 and 12 hours postopera-
tively, changes in postoperative NRS scores during the 
first 24 hours, the association between preoperative 
anxiety level and rescue tramadol requirements at dif-
ferent postoperative time points and the potential ef-
fects of demographic and clinical variables on postoper-
ative pain intensity. 

2.7. Sample size calculation 

The sample size calculation was based on the primary 
hypothesis of an association between preoperative anx-
iety and postoperative pain, both analyzed as continuous 
variables. At the planning stage, reliable effect-size esti-
mates for an adjusted multivariable regression model 
were not available; therefore, the calculation was based 
on detecting a moderate correlation between these two 
continuous measures. The minimum required sample 
size was determined using an a priori power analysis 
with G*Power 3.1. Assuming a moderate correlation co-
efficient (r = 0.30), a two-sided alpha level of 0.05 and 
80% statistical power, a minimum sample size of 84 pa-
tients was required. To account for potential data loss or 
incomplete assessments, the target sample size was in-
creased to 100 patients. The final multivariable model 
included four predictors and was kept parsimonious rel-
ative to the available sample size. 

2.8. Statistical analysis 

Statistical analyses were performed using IBM SPSS 
Statistics for Windows, Version 29.0 (IBM Corp., Ar-
monk, NY, USA). The distribution of continuous variables 
was assessed using the Shapiro–Wilk test together with 
graphical methods. Normally distributed variables are 
presented as mean ± standard deviation, non-normally 
distributed variables as median and interquartile range 
and categorical variables as counts and percentages. 

The internal consistency of the APAIS anxiety and in-
formation requirement subscales was evaluated using 
Cronbach’s alpha. Associations between preoperative 
APAIS anxiety scores and postoperative NRS scores were 
examined using Spearman rank correlation analysis. 
Holm–Bonferroni correction was applied to related mul-
tiple comparisons. 

Changes in NRS scores at 1, 6, 12 and 24 hours post-
operatively were analyzed using the Friedman test. 
When a significant overall difference was identified, 
pairwise comparisons were performed using the Wil-
coxon signed-rank test with Holm–Bonferroni adjust-
ment. 

Covariates for the multivariable model were selected 
based on their clinical relevance to postoperative pain 
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while maintaining a parsimonious model. Preoperative 
NRS score, age, and sex were included as potential con-
founding variables. Previous surgical history and dura-
tion of surgery differed between the exploratory high- 
and low-anxiety groups; however, these post hoc group 
differences were not used to determine covariate inclu-
sion in the primary model, in which APAIS anxiety score 
was analyzed as a continuous variable. 

Multiple linear regression analysis was used to evalu-
ate whether preoperative anxiety was independently as-
sociated with pain intensity at 24 hours. The 24-hour 
NRS score was entered as the dependent variable, while 
the APAIS anxiety score, preoperative NRS score, age and 
sex were entered simultaneously as independent varia-
bles. Regression results are presented as unstandard-
ized regression coefficients, 95% confidence intervals 
and p values. 

For exploratory analyses, patients were categorized 
into high- and low-anxiety groups using an APAIS anxi-
ety subscale cut-off of ≥ 11, as originally proposed by 
Moerman et al. [6]. Continuous variables were compared 
between groups using the independent-samples t test or 

Mann–Whitney U test, as appropriate, and categorical 
variables were compared using the chi-square test or 
Fisher’s exact test. Total tramadol consumption during 
the first 24 postoperative hours was calculated as the 
sum of the 100-mg rescue doses administered. 

All statistical tests were two-sided and a p value < 
0.05 was considered statistically significant. 

3. Results 

A total of 117 patients were assessed for eligibility. 
Fourteen patients were excluded before enrollment: 
nine did not meet the eligibility criteria and five declined 
participation. The remaining 103 patients were enrolled 
in the study. Three patients required conversion from 
spinal to general anesthesia because of inadequate spi-
nal blockade and were excluded from the final analysis. 
None of the enrolled patients required intraoperative se-
dation. The remaining 100 patients completed the study 
protocol and were included in the final analysis. The par-
ticipant flow is shown in Fig. 1.

 

Fig. 1. Participant flow diagram of the study.

The mean age was 67.34 ± 6.86 years, the mean body 
mass index was 32.26 ± 4.64 kg/m² and 64% of the co-
hort were women. Sixty-two patients (62%) were classi-
fied as ASA II and 38 (38%) as ASA III. The median pre-
operative NRS score was 7.0 (IQR, 6.0–7.0) and the me-
dian duration of surgery was 122.5 minutes (IQR, 110.0–

140.0). The median APAIS anxiety subscale score was 
10.0 (IQR, 5.0–15.0) and the median information re-
quirement subscale score was 4.0 (IQR, 2.0–6.0). Inter-
nal consistency was high for both subscales, with 
Cronbach’s alpha values of 0.951 for anxiety and 0.948 
for information requirement (Table 1).  
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Table 1. Demographic and clinical characteristics of the study population. 

Variable 
All patients 

(n = 100) 
High anxiety 

(n = 48) 
Low anxiety 

(n = 52) 
p 

Age (years) 67.34 ± 6.86 67.65 ± 7.34 67.06 ± 6.45 0.672 

Female sex, n (%) 64 (64.0) 39 (81.3) 25 (48.1) < 0.001 

Body mass index (kg/m²) 32.26 ± 4.64 32.77 ± 4.69 31.79 ± 4.58 0.292 

ASA II/III, n 62/38 30/18 32/20 0.921 

History of previous surgery, n (%) 50 (50.0) 17 (35.4) 33 (63.5) 0.005 

Duration of surgery (min) 122.5 (110.0–140.0) 120.0 (103.8–126.3) 137.5 (120.0–150.0) < 0.001 

Preoperative NRS score 7.0 (6.0–7.0) 7.0 (6.0–7.0) 7.0 (6.0–7.0) 0.443 

APAIS anxiety subscale (4–20) 10.0 (5.0–15.0) — — — 

APAIS information requirement subscale (2–10) 4.0 (2.0–6.0) — — — 

Data are presented as mean ± standard deviation, median (interquartile range) or n (%). High anxiety was defined as an APAIS anxiety subscale 
score ≥ 11. Continuous variables were compared using the independent-samples t test or Mann–Whitney U test, as appropriate, and categorical 
variables were compared using the chi-square test. APAIS, Amsterdam Preoperative Anxiety and Information Scale; ASA, American Society of An-
esthesiologists; NRS, Numerical Rating Scale. High- and low-anxiety group comparisons were exploratory.

Preoperative APAIS anxiety scores were positively 
and significantly correlated with NRS scores at all post-
operative assessment points. Spearman correlation coef-
ficients at 1, 6, 12 and 24 hours were 0.649, 0.680, 0.590 

and 0.570, respectively (all adjusted p < 0.001). The 
strongest association was observed with pain intensity 
at 6 hours postoperatively (Table 2).

Table 2. Association between preoperative anxiety and postoperative pain scores. 

Postoperative assessment Spearman ρ 95% CI Adjusted p 

NRS at 1 hour 0.649 0.510–0.755 < 0.001 

NRS at 6 hours 0.680 0.550–0.778 < 0.001 

NRS at 12 hours 0.590 0.436–0.711 < 0.001 

NRS at 24 hours 0.570 0.411–0.695 < 0.001 

The explanatory variable was the APAIS anxiety subscale score (4–20). Holm–Bonferroni 
correction was applied for multiple comparisons. APAIS, Amsterdam Preoperative Anxiety 
and Information Scale; CI, confidence interval; NRS, Numerical Rating Scale.

In the multivariable linear regression model with the 
24-hour NRS score as the dependent variable, the APAIS 
anxiety score remained independently associated with 
greater pain intensity after adjustment for preoperative 
NRS score, age and sex (B = 0.144; 95% CI, 0.088–0.201; 

p < 0.001). The model explained 37.1% of the variance in 
24-hour pain scores. Male sex was associated with lower 
24-hour NRS scores, whereas age and preoperative NRS 
score were not significantly associated with the outcome 
(Table 3).

Table 3. Multiple linear regression analysis of factors associated with pain intensity at 24 hours. 

Variable B 95% CI p 

APAIS anxiety score 0.144 0.088–0.201 < 0.001 

Preoperative NRS score −0.178 −0.545–0.188 0.336 

Age 0.007 −0.027–0.042 0.675 

Male sex −0.587 −1.141–−0.032 0.039 

The dependent variable was the NRS score at 24 hours postoperatively. All variables were 
entered simultaneously into the model. Model: F(4,95) = 13.99; p < 0.001; R² = 0.371; ad-
justed R² = 0.344. B, unstandardized regression coefficient; APAIS, Amsterdam Preopera-
tive Anxiety and Information Scale; CI, confidence interval; NRS, Numerical Rating Scale.

Postoperative pain intensity changed significantly 
over the first 24 hours (Friedman χ² [3] = 78.94; p < 
0.001). Median NRS scores were 2.0 at 1 hour, 5.0 at 6 
hours, 4.0 at 12 hours and 4.0 at 24 hours. Pain peaked 
at 6 hours, whereas the difference between the 12- and 
24-hour scores was not statistically significant. 

In exploratory analyses, 48 patients were classified as 
having high anxiety and 52 as having low anxiety. Pa-

tients in the high-anxiety group reported higher pain 
scores at every postoperative assessment point (all p < 
0.001). Median cumulative tramadol consumption dur-
ing the first 24 hours was also higher in the high-anxiety 
group [300 mg (IQR, 300–325) vs 200 mg (IQR, 100–
200); p < 0.001]. The median cumulative tramadol dose 
during the first 24 hours was 200 mg (IQR, 175–300). 
Rescue tramadol was administered at least once to 98% 
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of patients and was most frequently required at the 6-
hour assessment. No patient exceeded the maximum 

daily dose of 400 mg. No intraoperative complications 
were observed (Table 4).

Table 4. Rescue tramadol consumption during the first 24 postoperative hours. 

Variable 
All patients 

(n = 100) 
High anxiety 

(n = 48) 
Low anxiety 

(n = 52) 
p 

Cumulative tramadol (mg) 200 (175–300) 300 (300–325) 200 (100–200) < 0.001 

Cumulative tramadol (mg/kg) 2.59 (1.88–3.75) 3.37 (3.06–4.30) 2.00 (1.16–2.52) < 0.001 

Patients requiring ≥ 1 rescue dose, n (%) 98 (98.0) — — — 

Data are presented as median (interquartile range) or n (%). Cumulative tramadol dose was calculated as the sum of the 100-mg doses 
administered according to the standardized rescue analgesia protocol. High anxiety was defined as an APAIS anxiety subscale score ≥ 
11. High- and low-anxiety groups were compared using the Mann–Whitney U test. Group comparisons were exploratory. APAIS, Am-
sterdam Preoperative Anxiety and Information Scale.

4. Discussion 

In this prospective observational study, higher pre-
operative anxiety was significantly associated with 
greater acute postoperative pain during the first 24 
hours after elective primary TKA. As APAIS anxiety 
scores increased, NRS pain scores also increased across 
the postoperative assessment points and the associa-
tion persisted after adjustment for relevant demo-
graphic and clinical variables. In the adjusted model, 
each one-point increase in the APAIS anxiety score was 
associated with a 0.144-point increase in the 24-hour 
NRS score, indicating a modest effect magnitude despite 
the statistically robust association. Accordingly, the 
continuous APAIS analyses and the adjusted regression 
model provide the stronger evidence for the association 
between preoperative anxiety and postoperative pain, 
whereas the high- versus low-anxiety group compari-
sons should be regarded as exploratory. Higher pre-
operative anxiety was also associated with greater cu-
mulative rescue tramadol consumption. Together, these 
findings suggest that preoperative psychological status 
may have a clinically meaningful role in the early pain 
experience after TKA. 

Our findings are broadly consistent with previous 
studies examining the relationship between preopera-
tive anxiety and postoperative pain in patients undergo-
ing TKA. Alattas et al. reported that greater preoperative 
anxiety, higher pain intensity and poorer functional sta-
tus were associated with worse patient-reported out-
comes after TKA [3]. Pan et al. similarly showed in a large 
patient cohort that anxiety and depression were associ-
ated with pain-related symptoms and postoperative 
complications following TKA [8]. More recent prospec-
tive data have also indicated that patients with symp-
toms of anxiety or depression may experience greater 
pain and worse subjective functional outcomes both be-
fore and after TKA [5]. In another orthopedic population, 
Nixon et al. found that patients with high preoperative 
anxiety undergoing foot and ankle surgery reported 
more residual pain and greater functional limitation af-
ter surgery [9].  

Several neurobiological and behavioral mechanisms 
may help explain the relationship between preoperative 
anxiety and postoperative pain. Patients with greater 
anxiety may focus more strongly on painful stimuli, an-
ticipate worse outcomes and experience a greater sense 

of uncertainty or loss of control, all of which can amplify 
the pain experience. Anxiety and acute pain also share 
pathways related to stress responses, autonomic activa-
tion and central pain modulation [2]. In a descriptive 
correlational study of 138 patients undergoing elective 
general surgery, Gezer and Şişman reported positive as-
sociations between preoperative surgical fear and anxi-
ety and postoperative pain intensity throughout the first 
24 hours, with the relationship appearing most pro-
nounced in the early postoperative period [10]. This sup-
ports our observation that anxiety was associated with 
pain at multiple postoperative time points across differ-
ent types of surgery. However, that study found no sig-
nificant association between anxiety or fear and total 
analgesic consumption. Differences in patient popula-
tions, surgical procedures, anxiety measures, and anal-
gesic protocols may account for this discrepancy. The 
use of standardized spinal anesthesia and a uniform 
multimodal postoperative analgesic regimen in our 
study may have reduced variability attributable to anes-
thetic and routine analgesic management. Nevertheless, 
because of the observational design, a causal relation-
ship between anxiety and postoperative pain cannot be 
established. 

Because 98% of patients received at least one rescue 
tramadol dose, the more informative finding was the dif-
ference in cumulative tramadol consumption rather than 
whether rescue analgesia was required. This finding is 
also broadly consistent with previous literature. Ardon 
et al. reported higher opioid consumption on the day of 
surgery and the first postoperative day among patients 
using anxiolytic or antidepressant medications before 
TKA [11]. Although medication use is not a direct meas-
ure of anxiety severity, these findings support a possible 
relationship between psychological burden and early 
postoperative opioid requirements. Similarly, Rajamäki 
et al. found that patients using antidepressants or ben-
zodiazepines before total hip or knee arthroplasty had 
more prolonged postoperative use of opioids and other 
analgesics [12].  

The influence of psychological status on arthroplasty 
outcomes may extend beyond early pain and analgesic 
consumption. Harmer et al. reported higher risks of in-
fection, revision and reoperation among patients with 
depression or anxiety undergoing total hip or knee ar-
throplasty [13]. Zalikha et al. likewise found that anxiety 
and depression may be associated with in-hospital com-
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plications and healthcare outcomes after total joint ar-
throplasty [14]. Preoperative anxiety and depression 
have also been associated with higher direct costs and a 
greater burden of complications [15].  

Not all studies, however, have reported consistent 
findings. In a multicenter analysis by Seagrave et al., 
some outcomes appeared less favorable in unadjusted 
analyses among patients receiving treatment for anxiety 
or depression, but these differences were no longer sig-
nificant for one-year arthroplasty outcomes after adjust-
ment for confounding variables [16]. This finding em-
phasizes that associations between psychological status 
and surgical outcomes may be influenced by factors such 
as age, sex, comorbidity, preoperative pain, and baseline 
function. In addition, a chronic psychiatric condition de-
fined by diagnosis or medication use is not equivalent to 
short-term, surgery-specific anxiety. Differences in pa-
tient selection, assessment instruments, follow-up dura-
tion and outcome definitions are therefore likely con-
tributors to the heterogeneity of the literature. 

The higher anxiety levels and greater postoperative 
pain observed among women in our study are also con-
sistent with previous findings. In a study using the 
APAIS, Celik and Edipoglu found significantly higher anx-
iety subscale scores in women and reported postopera-
tive pain as one of the most common anesthesia-related 
concerns [17]. Their findings also support the practical-
ity of the APAIS for identifying surgery and anesthesia-
related anxiety during the preoperative visit. Neverthe-
less, the relationship between sex and pain should not be 
interpreted solely in biological terms. Pain perception 
and expression are shaped by a combination of hormo-
nal, psychological, social and cultural influences. Moreo-
ver, the higher proportion of women in our high-anxiety 
group introduces potential confounding between sex 
and anxiety. Accordingly, even though sex was included 
in the multivariable analysis, these findings should not 
be interpreted as evidence of a direct biological causal 
effect. 

The association between preoperative anxiety and 
acute postoperative pain has practical clinical implica-
tions because anxiety can be assessed easily before sur-
gery and may be modifiable. The APAIS is brief, simple to 
administer and specifically addresses concerns related 
to anesthesia and surgery. Identifying patients with high 
anxiety before surgery could help target interventions 
such as more detailed counseling, realistic expectation 
setting, patient education, psychological support and in-
dividualized analgesic planning. However, our study 
does not demonstrate that reducing anxiety will neces-
sarily reduce postoperative pain or opioid requirements. 
Randomized controlled trials comparing targeted pre-
operative education, cognitive-behavioral strategies or 
other anxiety-reducing interventions with standard care 
are needed to determine whether such approaches im-
prove postoperative outcomes. 

Preoperative psychological factors may also be rele-
vant to longer-term pain outcomes. Croppi et al. identi-
fied anxiety and pain catastrophizing as risk factors for 
chronic pain after TKA [18]. Similarly, systematic re-
views and meta-analyses evaluating the relationship be-
tween preoperative anxiety and chronic postsurgical 
pain suggest that anxiety may be an important marker of 

longer-term pain vulnerability [19]. Because our study 
evaluated only the first 24 postoperative hours, we could 
not determine whether patients with greater anxiety and 
more intense early pain are also at increased risk of per-
sistent pain in the months after surgery. 

This study has several strengths. Its prospective de-
sign, inclusion of a relatively homogeneous primary TKA 
population, use of spinal anesthesia in all patients and 
standardized postoperative analgesic protocol reduced 
variability in perioperative management. Anxiety was 
assessed using a surgery-specific instrument with estab-
lished validity in Turkish and pain was measured at mul-
tiple time points during the first 24 postoperative hours. 
In addition, adjustment for preoperative pain and key 
demographic variables allowed us to examine whether 
anxiety remained independently associated with post-
operative pain. 

Several limitations should also be considered. First, 
the single-center observational design precludes causal 
inference and may limit the generalizability of the find-
ings to other patient populations or perioperative proto-
cols. In addition, the exploratory high- and low-anxiety 
group comparisons may have been influenced by resid-
ual confounding because the groups differed in sex dis-
tribution, previous surgical history and duration of sur-
gery; therefore, these subgroup findings should be inter-
preted cautiously. Second, the sample size was deter-
mined using a correlation-based calculation rather than 
specifically for the multivariable regression model; 
therefore, the study may have had limited power to de-
tect smaller adjusted associations. Third, regression of 
the spinal sensory block was not systematically rec-
orded; therefore, residual spinal anesthesia may have in-
fluenced the early postoperative NRS assessment, partic-
ularly at 1 hour. Fourth, other psychological factors that 
may influence postoperative pain, including depression, 
sleep disturbance, social support, expectations and pain-
related self-efficacy, were not assessed. Fifth, pain is a 
subjective, patient-reported outcome and anxiety may 
influence both the perception and expression of pain. 
Sixth, because rescue tramadol was administered ac-
cording to a standardized threshold of NRS ≥ 4, the asso-
ciation between anxiety and tramadol requirement is 
not fully independent of pain intensity itself. Finally, only 
the first 24 postoperative hours were evaluated; longer-
term outcomes such as length of hospital stay, mobiliza-
tion, functional recovery, patient satisfaction and 
chronic postsurgical pain were not assessed. 

5. Conclusions 

Higher preoperative anxiety was associated with 
greater acute postoperative pain intensity and greater 
cumulative rescue tramadol consumption during the 
first 24 hours after elective primary TKA. These findings 
suggest that preoperative anxiety assessment may pro-
vide useful additional information when identifying pa-
tients who may experience greater early postoperative 
pain. Further multicenter and controlled studies are 
needed to determine whether interventions targeting 
preoperative anxiety can improve postoperative pain 
outcomes. 
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