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Abstract

Background: Total knee arthroplasty (TKA) is a widely performed procedure for knee osteoarthritis, yet patient satisfaction
remains suboptimal, with preoperative anxiety and depression contributing to poor postoperative outcomes. Large-scale language
models (LLMs), such as ChatGPT, have shown potential in healthcare applications but remain underexplored in the context of
TKA. This study evaluates the impact of an Al-driven dialogue system on perioperative anxiety and depression in TKA patients.

Objective: This study aimed to evaluate the effect of LLMs dialogue system on improving anxiety and depression, as well as
overall psychological well-being, in patients undergoing TKA. The primary objective was to assess the system’s impact on
reducing perioperative anxiety and depression levels before and after surgery. Secondary objectives included evaluating patient
satisfaction, the feasibility and scalability of the Al system compared to traditional methods, and its potential for broader clinical
application in surgical settings.

M ethods: We expect to conduct a parallel randomized and controlled trial in Tianjin Hospital. This trial content needs to gather
210 participants between the ages of 50-80 and randomly divide them into two groups, namely, the LLM intervention group or
the usual care group. ChatGPT 4.0 software was used to conduct a personalized psychological education activity for about 20-30
minutes for the LLM intervention group every day, and the routine nursing group was used as the control group, receiving
standard preoperative education. The test results were evaluated by the hospital anxiety and Depression Scale (HADS) at
baseline, 48 hours, 24 hours before surgery, and 24 hours, 48 hours, 72 hours after surgery to determine whether artificial
intelligence is effective in anti anxiety and depression, and improve patients' surgical mood and health.

Results: Statistical analyses showed that compared with the usua care group, the reduction of anxiety and depression in the
LLM group was significantly greater. We found that both groups of patients experienced significant anxiety and depression
before surgery. With the intervention and guidance of artificial intelligence, these symptoms in the LLM group continued to
alleviate after surgery. The effect was particularly significant at 48 and 72 hours after surgery (P<.001), while the conventional
nursing group showed a slower decline.

Conclusions: Experimental data shows that an intelligent psychological support system driven by artificial intelligence can
effectively reduce anxiety and depression in TKA patients before and after surgery. Compared with traditional psychological
intervention measures, this method breaks through the limitations of high labor costs, high economy, and difficulties in
implementing personalized plans, achieving efficient and innovative breakthroughs. Clinical Trial: Chinese Clinical Tria
Registry ChiCTR2500099927; https://www.chictr.org.cn/bin/project/edit?pid=256631ChatGPT ?Total Knee
Arthroplasty ?Perioperative?Anxiety ?Depression.

(IMIR Preprints 06/04/2025: 75557)
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Abstract

Background: Total knee arthroplasty (TKA) is a widely performed procedure for knee osteoarthritis,
yet patient satisfaction remains suboptimal, with preoperative anxiety and depression contributing to
poor postoperative outcomes. Large-scale language models (LLMs), such as ChatGPT, have shown
potential in healthcare applications but remain underexplored in the context of TKA. This study
evaluates the impact of an Al-driven dialogue system on perioperative anxiety and depression in
TKA patients.

Objectives[JThis study aimed to evaluate the effect of LLMs dialogue system on improving anxiety
and depression, as well as overall psychological well-being, in patients undergoing TKA. The
primary objective was to assess the system’s impact on reducing perioperative anxiety and
depression levels before and after surgery. Secondary objectives included evaluating patient
satisfaction, the feasibility and scalability of the Al system compared to traditional methods, and its
potential for broader clinical application in surgical settings.

Methods: We expect to conduct a parallel randomized and controlled trial in Tianjin Hospital. This
trial content needs to gather 210 participants between the ages of 50-80 and randomly divide them
into two groups, namely, the LLM intervention group or the usual care group. ChatGPT 4.0 software
was used to conduct a personalized psychological education activity for about 20-30 minutes for the
LLM intervention group every day, and the routine nursing group was used as the control group,
receiving standard preoperative education. The test results were evaluated by the hospital anxiety and

Depression Scale (HADS) at baseline, 48 hours, 24 hours before surgery, and 24 hours, 48 hours, 72
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hours after surgery to determine whether artificial intelligence is effective in anti anxiety and
depression, and improve patients' surgical mood and health.

Results: Statistical analyses showed that compared with the usual care group, the reduction of
anxiety and depression in the LLM group was significantly greater. We found that both groups of
patients experienced significant anxiety and depression before surgery. With the intervention and
guidance of artificial intelligence, these symptoms in the LLM group continued to alleviate after
surgery. The effect was particularly significant at 48 and 72 hours after surgery (P<.001), while the
conventional nursing group showed a slower decline.

Conclusions: Experimental data shows that an intelligent psychological support system driven by
artificial intelligence can effectively reduce anxiety and depression in TKA patients before and after
surgery. Compared with traditional psychological intervention measures, this method breaks through
the limitations of high labor costs, high economy, and difficulties in implementing personalized plans,

achieving efficient and innovative breakthroughs.

Keywords [] Large-scale language models; ChatGPT; Total Knee Arthroplasty; Perioperative;
Anxiety; Depression.

Trial Registration: Chinese Clinical Trial Registry ChiCTR2500099927; https://www.chictr.org.cn/
bin/project/edit?pid=256631

Introduction

Knee osteoarthritis (OA) is a common musculoskeletal disease, and severe symptoms can lead
to partial functional impairment, significantly reducing the quality of life of patients.' The existing
total knee arthroplasty (TKA) is the mainstream surgery for the treatment of advanced severe knee
osteoarthritis patients, with mature and efficient methods.? With the increasing prevalence of knee
osteoarthritis worldwide, the demand for TKA surgery continues to rise. According to the 2021
report from the American Joint Replacement Registry (AJRR), the total number of TKA surgeries

performed in the United States between 2012 and 2020 was approximately 12232993.% In 2019,
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China also recorded approximately 374833 cases, with a peak annual growth rate (CAGR) of
27.4%.*

In the past 40 years, TKA has become a very routine and widely performed surgery, but as far as
we know, only about 80% of patients express complete satisfaction with the results. That data is not

ideal.>®

Despite significant advances in surgical techniques and patient management, approximately
one in five TKA patients remain dissatisfied with the results.” This dissatisfaction arises from
multiple factors, including preoperative, intraoperative, and postoperative influences.’ Mental health
issues, in particular, have gained increasing attention as a critical preoperative determinant. Studies
have shown a strong link between preoperative anxiety or poor mental health and postoperative
dissatisfaction.'™" Specifically, preoperative anxiety and depression not only worsen postoperative
pain but also increase the risk of insomnia and other adverse effects.'>"® For example, Chen et al.
found that patients with preoperative psychological symptoms were more likely to experience
chronic or worsening pain post-surgery." Gregory S. et al. also identified that psychosocial factors,
such as anxiety, depression, kinesiophobia, central sensitization, and pain catastrophizing, are often
linked to poor outcomes following TKA. As a result, addressing preoperative anxiety and depression
has become a major challenge for joint surgeons."

Large-scale language models (LLMs) are artificial intelligence (AI) systems trained on vast
amounts of data from diverse sources, such as articles, books, and online content.'®'” These models
learn the relationships between words and apply these patterns to various natural language
processing (NLP) tasks. LLMs are artificial intelligence (AI) _systems trained on large amounts of
data from different sources such as articles, books, and online content. These models learn the
relationships between words and apply these patterns to various natural language processing (NLP)
tasks. LLM can also help people solve problems in their daily lives, such as translation, text

synthesis, and sentiment analysis.'” With the influence of OpenAl's GPT series, especially the launch

of ChatGPT in 2022, the development of large-scale language models has become a core
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technological direction in the field of artificial intelligence, and has also received widespread
attention for its ability to help humans synthesize text.'® The recent release of GPT-4 has pushed this
capability to a climax, as ChatGPT not only handles multimodal inputs such as images, text, and
audio, but also expands its application scope.'” So far, ChatGPT has achieved some success in
medical applications, such as assisting in diagnosis, summarizing medical literature, and providing
patient education.”>** However, its use in joint surgery, particularly for patients undergoing TKA,
remains limited.

This study aimed to assess the effectiveness of a large language model dialogue system in
delivering psychoeducation and psychotherapy over six consecutive perioperative days to reduce
anxiety and depression in patients undergoing TKA with regional anesthesia and sedation. If proven
feasible, this approach could offer a novel strategy for reducing surgical anxiety, improving patient
management, and enhancing satisfaction.

Methods

Research design and study sample

We conducted a parallel, randomized, controlled, single-center trial with two groups: one using
a large language model dialogue system and the other receiving usual care. Participants were
recruited from the Joint Surgery Center at Tianjin Hospital and had to meet the following inclusion
criteria: aged 50-80 years and willingness to participate in perioperative intervention studies.
Patients were excluded if they met any of the following criteria: 1) contraindications to TKA, such as
local or systemic infections; 2) preparation for bilateral TKA or revision surgery; 3) severe cognitive
impairment or psychiatric disorders; 4) verbal communication impairments or inability to use a smart
device; or 5) prior treatment with other systemic psychological interventions. Additional exclusion
criteria included sleep apnea, delirium, inflammatory diseases, age over 80 years, and the need for
postoperative discharge to inpatient rehabilitation or skilled nursing facilities.

The study was approved by the Institutional Review Board (IRB) of Tianjin Hospital (IRB 2024

https://preprints.jmir.org/preprint/ 75557 [unpublished, non-peer-reviewed preprint]
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Medical Ethics Review 203) and was registered with ClinicalTrials.gov. Written informed consent
was obtained from all participants prior to enrollment.

Recruitment

Participants were recruited from the orthopedic outpatient clinic at Tianjin Hospital between
July and October 2024. Patients scheduled for initial unilateral TKA due to primary osteoarthritis,
diagnosed by two experienced joint surgeons, were approached by the study coordinator during their
clinic visits to assess their eligibility and willingness to participate. Written informed consent was
obtained from all participants. Prior to the trial, the researcher generated randomized lists using a
computer, which were then sealed in opaque envelopes for each group. During data collection, the
researcher opened the envelopes and randomly assigned participants to either the LLM group or the
usual care group. Data were collected at the following time points: at admission (baseline, T1), 48
hours preoperatively (T2), 24 hours preoperatively (T3), 24 hours postoperatively (T4), 48 hours
postoperatively (T5), and 72 hours postoperatively (T6).
Intervention

Patients in the usual care group received standard preoperative education and perioperative care,
including surgery-related education and psychological counseling provided by doctors and nurses.
Patients in the experimental group received emotion- and anxiety-relieving dialogues assisted by the
LLM Dialogue System (ChatGPT 4.0) for 20 to 30 minutes daily. ChatGPT 4.0 provides
personalized counseling and pre-surgical education based on the patient's emotional feedback,
including positive thinking exercises,”® anxiety management skills,* and breathing exercises.>*® The
language model also answers patients' questions about the surgery, such as anesthesia methods,
surgery duration, and pain management during recovery. The intervention period for both groups
lasted from 72 hours preoperatively to 72 hours postoperatively, totaling six days. Patients underwent
elective unilateral TKA under regional anesthesia. All TKAs were performed using a medial

parapatellar approach with a posterior-stabilized prosthesis. For patients with severe patellar articular
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surface damage, the surface was trimmed as needed. All prostheses were fixed with bone cement,
and there were no differences in the surgical approach between the two groups.

Study measures

Demographic data, including age, gender, BMI, years of education, smoking history, alcohol
consumption, and marital status, were collected and analyzed using a baseline questionnaire. The
primary outcomes were anxiety and depression, assessed using the Hospital Anxiety and Depression
Scale (HADS).” Both the anxiety and depression subscales consist of 7 items, each rated on a 4-
point scale from O (not at all) to 3 (very much). Higher scores indicate more severe anxiety or
depression. A subscale score of 0-7 was considered normal, 8-10 indicated a suspected case of
anxiety or depression, and >11 indicated a definite case. The HADS is a reliable tool widely used to
assess anxiety and depression in perioperative patients.® We hypothesized that the LLM group would
significantly reduce patients' anxiety and depression compared to the usual care group. In this study,
patient satisfaction was used as a secondary outcome indicator and the Patient Satisfaction
Questionnaire (PSQ) was used to assess the satisfaction of patients in both groups in terms of
treatment experience, pain management, doctor-patient communication and postoperative recovery.*
Scores ranged from 1 to 5 (1 = very dissatisfied, 5 = very satisfied).
Statistical analysis

Statistical analyses were conducted using IBM SPSS Statistics for Windows (Version 27).

Continuous variables were summarized as means and standard deviations or as medians and
interquartile ranges, depending on the data distribution. Normality was assessed using the Shapiro-
Wilk test, along with visual inspection of Q-Q plots and histograms. Categorical variables are
presented as counts and percentages. Depending on data distribution, t-tests or Wilcoxon rank-sum
tests were used to compare continuous outcomes between the large language model and usual care
groups at individual time points. Regression analyses employing generalized estimating equations

(GEE) and autoregressive [AR(1)] correlation structures compared outcomes measured at multiple
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time points and adjusted for baseline measurements when appropriate. The GEE method accounts for
correlations between repeated measurements from the same patient, whereas the AR(1) structure
assumes higher correlation for measurements taken closer together in time. Initially, interaction terms
between randomized groups and time points were included in each outcome model. Group-by-time
interactions were included in the GEE model to evaluate treatment effect trends over time. If no
interaction was detected, the model was refitted without the interaction term. If an interaction was
detected, a separate effect test was performed, and results were reported as the overall perioperative
difference within or between groups, with a 95% confidence interval. GEE analyses were also
conducted to evaluate the trajectory of outcomes over time for both the large language model and

usual care groups. All statistical tests were two-tailed, with P < .05 indicating statistical significance.

Results

Participant characteristics

Participants were recruited between June 2024 and October 2024. As shown in Fig. 1, 235
eligible patients were referred by two doctors from the outpatient department for enrolment in the
study. During face-to-face consultations, the study protocol and objectives were explained to the
patients.13 patients were excluded due to disinterest or other commitments, while 12 patients did not
proceed to surgery. Reasons for non-progression included: change of mind (n=8) and symptom
improvement (n=4). As shown in Table 1, the sample included 210 patients (84 males and 126
females), aged 55-79 years, with a mean age of 69.24 years (SD 5.59 years). There were no
statistically significant differences in baseline demographic data between the large language model

dialogue group and the usual care group (P=.906) (Table 1).
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The doctor assesses the patient’s condition

Exclusion : Patients do not meet the inclusion

v

criteria or at least meet one exclusion criteria

Patients meeting the inclusion
Excluded (n=25)

criteria(n=235)

l

Agreed participants(n=210)

| l

large language models (n=105) Usual-care group (n=105)

l ‘,

Data analysis

i

Follow up at 1 2 3 days before operation and 1 2 3 days after operation

Not interesting (n=13),

v

change mind (n=8),

Symptom improvement (n=4)

Tnclusion:

Figure 1 Consort Diagram of Screening, Randomisation, and Follow-up of Study Participants

Table 1Characteristics of the Study Sample

Large language Usual-care group
Variables P-value
models (n=105) (n=105)
Age, years: mean (SD) 69.1[16.0[] 69.4[15.3[] 0.906
Sex Men 21(42%) 19(38%) 40(40%)
Women 28(58%) 31(62%) 60(60%)
Education(years): mean (SD) 5.8[]2.1[] 5.6[]1.9[] 0.392
Body Mass Index, kg/m2: mean (SD) 25.9[12.9[] 26.7[13.3(] 0.270
Surgical time (min): mean (SD) 93.3(2.5) 92.5(3.7) 0.697
Length of stay (d): mean (SD) 6.5(0.7) 6.8(1.2) 0.450
SD = Standard Deviation; BMI = Body Mass Index; Significance set at P value []0.05. Continuous variables are
reported as mean (standard deviation). Categorical variables are reported as n (%).

Intervention effects on anxiety

Fig 2 illustrates the anxiety levels of the control and large language modelling groups at 72, 48,

https://preprints.jmir.org/preprint/ 75557 [unpublished, non-peer-reviewed preprint]
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and 24 hours preoperatively, and at 24, 48, and 72 hours postoperatively. At baseline, the mean
anxiety score was 9.32 (SD 3.07), with no significant difference between the two groups at
admission (usual care group: 8.95, large language model group: 9.70, P = 0.258). Generalized
estimating equation (GEE) analyses revealed a significant interaction between group and time
(X2_group*time = 432.31, p < .001), prompting separate effects analyses. Table 2 summarizes the
within-group test results for both groups at each time point, showing a statistically significant
difference in anxiety between the groups at each time point (p < .001). Fig. 2 also demonstrates that
both groups showed an increase in anxiety levels at 48 and 24 hours preoperatively, with a more
pronounced increase in the control group. However, at 48 hours postoperatively, the large language
modelling group showed a sustained decrease in anxiety levels, with a more significant recovery
compared to the control group, which exhibited a more gradual decrease. Table 3 shows that the
difference in anxiety levels between the two groups was statistically significant at all time points (p <
.001), except for baseline levels. Anxiety levels in the large language modelling group were
consistently lower than those in the control group at all time points, with the greatest difference (3.86

points) occurring 24 hours before surgery, and continuing to decrease postoperatively.

o . YO . U Usual-care group

—— Large language modelling group

10—

Anxiety

0
I I T T I I
72hr Preop 48hr Preop 24hr Preop 24hr Postop 48hr Postop 72hr Postop

Figure 2 Changes in anxiety subscale scores across time according to a general linear model.
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Table 2 Generalised linear model results on changes in anxiety outcomes over time in the Usual-

care group and the large language modelling group

Timepoint Estimate SE 95% CI P Value
48h Preop vs. Baseline 0.76 0.10 0.420]1.11 ].001
= 24h Preop vs. Baseline 2.82 0.13 2.37[13.27 [1.001
o
N
[«F]
§ 24h Postop vs. Baseline 0.97 0.19 0.33(]1.62 0.001
=
7
= 48h Postop vs. Baseline -1.49 0.18 -2.11[]-0.96 ].001
72h Postop vs. Baseline -2.63 0.21 -3.33[]-1.92 ].001
%‘ 48h Preop vs. Baseline -3.50 0.23 -4.26[]-2.75 [].001
o
%D 24h Preop vs. Baseline -1.78 0.27 -2.67[]-0.89 ].001
T
IS
E 24h Postop vs. Baseline -2.90 0.32 -3.96[]-1.83 .001
=
=X 48h Postop vs. Baseline -4.76 0.31 -5.7900-3.74 .001
T
P
= 72h Postop vs. Baseline -5.43 0.30 -6.44[]-4.42 [].001
—
Baseline each group is reference group. Difference in mean anxiety scores. Significance
set at P value [] 0.05.

Table 3 Generalised linear modelling results on the effect of large language models on anxiety

Group (LLM vs UC) Estimate SE 95% CI P Value
= Baseline 0.74 0.42 -0.67, 2.15 0.258
g
7]

E
= 48h Preop -3.52 0.31 -4.56[]-2.48 [.001

https://preprints.jmir.org/preprint/ 75557
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24h Preop -3.86 0.36 -4.67[1-3.05 0.001
24h Postop -3.12 0.22 -3.85[0-2.40 0.001
48h Postop -2.53 0.18 -3.14[0-1.92 0.001
72h Postop -2.06 0.16 -2.6000-1.51 0.001
Usual care group is reference group. Difference in mean anxiety scores. Significance set at P value [] 0.05.

Intervention effects on depression

Fig 3 illustrates the depression levels in the Usual care and large language modelling groups at
72, 48, and 24 hours preoperatively, and at 24, 48, and 72 hours postoperatively. At baseline, the
mean depression score was 4.42 (SD 1.18), with no significant difference between the two groups at
admission (Usual care group: 4.56, large language modelling group: 4.28, P = 0.258). Generalized
estimating equation (GEE) analyses revealed a significant interaction between group and time (Wald
X2_group*time = 77.95, P < .001), prompting separate effects analyses. Table 4 presents the within-
group test results for both groups at each time point. The Usual care group showed significant
differences at preoperative 48h, 24h, and postoperative 24h compared to baseline (P < .001), while
the large language modelling group showed differences at preoperative 48h, postoperative 48h, and
postoperative 72h compared to baseline (P < .001). Figure 3 shows that both groups exhibited an
increase in depression levels at 48h and 24h preoperatively, similar to anxiety levels. However, the
large language modelling group showed a significant decrease in depression levels postoperatively,
particularly at 48h and 72h, compared to baseline. The Usual care group exhibited a more gradual
decline. Table 5 shows that the difference in depression levels between the two groups was
statistically significant at all time points (P < .001), except for the baseline level. Depression levels

were lower in the large language modelling group than in the Usual care group at all time points,
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with the greatest difference (1.64 points) at 48 hours postoperatively.

Depression

0 T I

Zhang et a

----- Usual-care group

—— Large language modelling group

72hr Preop

48hr Preop

|
24hr Preop

24hr Postop

|
48hr Pastop

72hr Postop

Figure 3 Changes in depression subscale scores across time according to a general linear

model.

Table 4.Generalised linear model results on changes in depression outcomes over time in the

Usual-care group and the large language modelling group

Timepoint

Estimate

SE

95% CI

P Value

48h Preop vs. Baseline

Usual

0.47

0.12

0.05[10.89

.010

https://preprints.jmir.org/preprint/ 75557
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24h Preop vs. Baseline 0.97 0.13 0.54[]1.41 ].001

% 24h Postop vs. Baseline 0.97 0.19 0.33[]1.62 .001

%o

[«F]

5 48h Postop vs. Baseline 0.12 0.17 -0.21,0.49 0.428
72h Postop vs. Baseline -0.34 0.13 -0.68,0.04 0.082
48h Preop vs. Baseline -0.41 0.08 -0.68[]-0.13 ].001

2.
go 24h Preop vs. Baseline -0.21 0.13 -0.59,0.15 0.248
]
A=
2
g 24h Postop vs. Baseline -0.33 0.23 -0.77,0.13 0.162
(9]
<)
[g°}
&
E" 48h Postop vs. Baseline -1.23 0.13 -1.65[]-0.81 ].001
5]
)
<
—
72h Postop vs. Baseline -1.65 0.12 -2.05[]-1.24 ].001
Baseline each group is reference group. Difference in mean anxiety scores. Significance set at P value [] 0.05

Table 5.Generalised linear modelling results on the effect of large language models on

depression
Group (LLM vs UC) Estimate SE 95% CI P Value
Baseline -0.29 0.16 -0.75,0.19 0.240
*é‘ 48h Preop -1.16 0.15 -1.67[]-0.66 [.001
S| 24h Preop -1.47 0.23 -2.0173-0.93 .001
= 24h Postop -1.17 0.21 -1.670-0.74 [.001
= 48h Postop -1.64 0.97 -1.96[]-1.31 .001
72h Postop -1.59 0.89 -1.89[1-1.25 ].001
Usual care group is reference group. Difference in mean anxiety scores. Significance set at P value [] 0.05.

Patient Satisfaction Analysis

The LLM intervention group and usual care group had mean satisfaction scores of 4.1 (SD 0.7)
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and 4.0 (SD 0.8), respectively (P = 0.450). Although the LLM group scored slightly higher in doctor-
patient communication (4.3 vs. 4.1, P = 0.120), and in pain management and postoperative recovery,
these differences were not statistically significant (P =.335).

Overall, while the LLM intervention group showed slightly higher satisfaction in some areas, no
significant difference in overall patient satisfaction was observed between the two groups. This
suggests that Al-driven interventions may not substantially impact patient satisfaction in the short

term, and further studies are needed to evaluate their broader applicability in clinical settings.

DISCUSSION

Introduction to the Study

This study is the first to investigate the psychological effects of an AI driven intelligent
psychological support system on anxiety and depression in patients undergoing total knee
arthroplasty (TKA) before and after surgery. Anxiety and depression are common preoperative
emotions in TKA patients, often exacerbated by fear, pain, and surgical success rates.*® These
negative psychological states can directly affect the postoperative pain control effect, delay the
rehabilitation process, and reduce patients' satisfaction with the surgical outcome.>**" According to
our investigation, both anxiety and depression significantly increased before surgery, which is
consistent with previous research.

Al-Driven Dialogue Systems and Their Effectiveness

Through comparative experiments, the LLLM experimental group had more ideal results compared
to the conventional treatment group, and the anxiety and depression of the former group patients
were significantly reduced before and after surgery. This also provides a promising alternative to
psychological support in surgical environments - artificial intelligence systems. The research results

show that using Al driven dialogue systems can significantly alleviate anxiety and depression during
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surgery. This conclusion indicates that preoperative emotional support can have a lasting impact on

patients' mental health and postoperative recovery.
Advantages of Al Systems over Traditional Methods

Compared to traditional methods, systems driven by Al have multiple advantages. Usually the
traditional preoperative guidance is generally provided by medical staff according to the unified
template, which is more systematic, old-fashioned and difficult to meet the special psychological
needs of each patient. Relatively speaking, Al driven dialogue systems provide real-time and
personalized support, such as anxiety management methods, relaxation exercises, and tailored
emotional interventions based on specific moods. This one-on-one intelligent counseling method
helps alleviate anxiety and depression in different types of patients, creating a good atmosphere for
their physical and mental health before and after surgery.

Scalability and Accessibility of AI-Driven Systems

In addition to personalized services, Al driven systems have scalability and accessibility,
Unlike traditional manual intervention measures, it can simultaneously serve a large number of
patients (without the limitations of hospital manpower and time - scalability), and its cost is lower,
which makes it cheaper to provide intelligent psychological dialogue in remote or economically
underdeveloped areas. No need for professional personnel to monitor the entire process, suitable for
medical promotion under different conditions, which provides an undeniable advantage for its
practical application.

Limitations of the Study

However, some issues were discovered during the research process: Firstly, patients with lower
education levels or unfamiliar with modern intelligent networks, as well as the majority of elderly
people, may not be able to operate and require the assistance of clinical doctors or nurses. Secondly,
The duration of the intervention in this trial is limited to 6 days, and further follow-up research is
needed to determine whether it can continue to improve the psychological health status of patients
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during the postoperative recovery period.

Future Directions and Recommendations

Another limitation that cannot be ignored in this study is the subjectivity of the dialogue. In other
words, the psychological questionnaire filled out by patients may be influenced by "response
concerns", such as deliberately concealing their true feelings. In the future, objective measurements
of emotional distress can be involved, such as wearing wristbands or monitoring physiological
indicators such as heart rate and blood pressure through wearable devices, to supplement subjective

questionnaire results and provide a more comprehensive assessment.
Conclusions

This randomized controlled trial demonstrates that an Al-driven dialogue system (ChatGPT 4.0)
significantly reduces perioperative anxiety and depression in patients undergoing total knee
arthroplasty (TKA). Compared to usual care, the intervention group exhibited a more pronounced
and sustained reduction in anxiety and depression scores, particularly at 48 and 72 hours
postoperatively (P < 0.01). The Al system’s ability to deliver personalized psychological support,
including anxiety management techniques, breathing exercises, and tailored surgical education,
addresses the limitations of traditional standardized interventions, which often fail to meet individual
patient needs.
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Changesin anxiety subscale scores across time according to agenera linear model.
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Changes in depression subscale scores across time according to ageneral linear model.
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