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Abstract: Objective: This study investigates the psychological status of patients with pilon fractures and analyzes the impact of
preoperative psychological state on surgical outcomes. Methods: We included 121 patients with pilon fractures from April 2018 to July
2024. All completed the Chinese version of the 9-item Central Sensitization Inventory (CSI-9), Hospital Anxiety and Depression Scale
(HADS), Visual Analogue Scale (VAS), and American Orthopaedic Foot and Ankle Society Hindfoot Scale (AOFAS) preoperatively and
postoperatively. Patients were divided into two groups: Group A (with preoperative anxiety or depression) and Group B (without). We
assessed baseline data, central sensitization, pain, functional activity, and psychological status. Results: Of the 121 patients, 100 completed
Sfollow-up, with 41 (41%) showing preoperative anxiety or depression. Group A had significantly higher preoperative and final follow-up
scores in central sensitization, pain, and anxiety/depression (p<0.05) compared to Group B. Group A also had worse overall prognosis.
Significant differences were observed in improvements in central sensitization, pain, and anxiety/depression (p<0.05). Patients with
depressive symptoms had poorer functional and pain recovery postoperatively. A significant correlation was found between postoperative
pain improvement and functional activity in patients with preoperative depression (p<0.05). Conclusion: Both cohorts showed substantial
improvements in pain management, psychological well-being, and central sensitization postoperatively. However, patients with
preoperative anxiety or depression had inferior outcomes in postoperative pain, psychological status, and central sensitization.
Preoperative depressive symptoms may impede postoperative pain improvement and functional recovery. Surgeons should prioritize

mental and psychological care for patients with depression before surgery to optimize outcomes.
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1. Introduction

Pilon fractures, which result from high-energy axial
compressive forces, affect the distal tibial weight-bearing
articular surface and are relatively infrequent in clinical
settings [1]. The unique anatomical features of the distal tibia,
including its thin soft tissue coverage, relatively poor
vascularity, and large medullary cavity, collectively
contribute to the complexity of treating Pilon fractures,
making it one of the most challenging issues in orthopedics
[2]. Currently, the surgical treatment of Pilon fractures
primarily involves open reduction and internal fixation
(ORIF), a method that effectively restores the normal
anatomy of the articular surface and is widely used in clinical
practice [3, 4].

However, the success of surgery relies not only on precise
clinical techniques but also on the patient’s individual
condition and postoperative rehabilitation. To more
intuitively present the recovery status of patients after surgery,
an increasing number of clinicians have started to use
patient-reported outcome measures (PROMs) to assess
treatment efficacy. PROMs have become a vital tool for
measuring postoperative pain, functional activity, quality of
life, as well as the psychological state and satisfaction of
patients [5]. Research has shown that a good psychological
state has significant predictive value for postoperative
recovery [6]. In a prospective study conducted by Li,
preoperative anxiety or depression had a significant negative
impact on surgical outcomes in patients undergoing total
cervical discectomy [7]. Moreover, poor preoperative
psychological status can also negatively affect the outcomes

of total hip and knee arthroplasty [8]. Studies have indicated
that poor psychological status not only interferes with surgical
prognosis [9-12] but may also affect postoperative functional
recovery [13, 14]. Therefore, preoperative psychological
assessment of patients with orthopedic diseases plays a
significant role in optimizing surgical outcomes and
promoting overall patient recovery.

Although numerous studies have explored the prognostic
factors associated with Pilon fractures, research on the impact
of preoperative anxiety and depression on surgical outcomes
remains relatively limited. This study aims to investigate the
incidence of preoperative anxiety and depression in patients
with Pilon fractures and to analyze their effects on
postoperative pain, function, psychological state, and central
sensitization. By providing clinicians with evidence-based
insights, this research seeks to enhance surgical efficacy and
patient satisfaction.

2. Methods and Patients

This retrospective study has been approved by the Ethics
Committee of Xi’an Jiaotong University Affiliated Honghui
Hospital / Xi’an Honghui Hospital, with the approval number:
No.: 2025-KY-070-01, All the subjects signed the informed
consent form and followed the principles of the Helsinki
Declaration. A retrospective analysis was conducted on the
medical records of patients admitted to Honghui Hospital in
Xi’an from April 2018 to July 2024 and diagnosed with Pilon
fractures. Inclusion criteria: (1) Patients with Pilon fractures
treated surgically; (2) Age > 18 years; (3) Patients with the
language and cognitive abilities to independently complete
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questionnaires. Exclusion criteria: (1) Incomplete basic
clinical data; (2) Presence of other foot fractures, such as talus
fractures, calcaneus fractures, metatarsal fractures, etc. (3)
Patients with a history of psychiatric disorders. (4) Patients
with diseases such as tumors or rheumatoid arthritis.

After obtaining approval from the ethics committee, we
retrieved the contact details of patients through the medical
record system and invited them to participate in this study.
Baseline data, including age, gender, BMI, and follow-up
duration, were collected from the patients, who were also
required to complete questionnaires assessing their subjective
feelings and functional status. The Hospital Anxiety and
Depression Scale (HADS) was employed to evaluate the
anxiety and depression levels of patients before surgery and at
the final follow-up. The HADS consists of two subscales,
HADS-A (anxiety) and HADS-D (depression), each
containing seven items scored on a four-point scale ranging
from 0 to 3. A total score of 8 or higher indicates the presence
of anxiety or depression [15]. Additionally, the Visual
Analogue Scale (VAS) was used to assess pain intensity
before surgery and at the final follow-up. The VAS is a 10-cm
line where 0 represents no pain and 100 represents the worst
possible pain, with patients marking their pain level according
to their subjective experience [16]. The American
Orthopaedic Foot and Ankle Society Hindfoot Score (AOFAS)
was utilized to assess functional status at the final follow-up.
The AOFAS scoring system quantifies foot health and tracks
improvements throughout treatment. The Chinese version of
the 9-item Central Sensitization Inventory (CSI-9) was used
to assess central sensitization (CS) before and after surgery.
The CSI-9 is a shortened version of the 25-item Central
Sensitization Inventory (CSI-25) and serves as a
patient-reported tool for identifying individuals at risk of
central sensitization among chronic pain patients. The CSI-9
comprises two parts: Part A includes nine questions assessed
using a five-point Likert scale (0: never; 1: rarely; 2:
sometimes; 3: often; 4: always), with scores ranging from 0 to
36. Higher scores indicate a greater likelihood of central
sensitization, with a score of >18 showing good sensitivity
and specificity for identifying central sensitization. Part B,

consistent with the CSI-25, includes ten central
sensitization-related conditions, collecting patients’ past
diagnostic information to aid in determining the presence of
central sensitization [17]. All raters underwent appropriate
training to ensure the accuracy of their assessments.
Questionnaires and clinical data were entered into an
electronic database following a standardized procedure and
anonymized to ensure data accuracy and patient privacy.

Based on preoperative HADS scores, patients were divided
into two groups: Group A (patients with preoperative anxiety
or depression, defined as a score of >8 on either the HADS-A
or HADS-D subscale) and Group B (patients without
preoperative anxiety or depression, defined as scores <8 on
both subscales).

3. Statistical Analysis

Statistical analysis for this study was conducted using IBM
SPSS Statistics 26 software (IBM Corporation, USA).
Initially, all continuous variables were tested for normality to
determine if the data followed a normal distribution.
Normally distributed data were described using mean =+
standard deviation (Mean+SD), with independent samples
t-tests used for between-group comparisons and paired
samples t-tests for within-group comparisons. For data that
did not follow a normal distribution, they were described
using the median (interquartile range) [M(P25, P75)] and
compared using the Mann-Whitney U nonparametric test.
Ordinal categorical variables were described using frequency
and percentage (%), with between-group comparisons
performed using the y? test. Figures 1-2 show the preoperative
Computed Tomography (CT) and X-ray imaging data;
Figures 3-4 present the postoperative CT and X-ray imaging
data.

4. Radiographic Data

4.1 Preoperative

Figure 1: Preoperative CT imaging data. a The sagittal CT view reveals a distal tibial fracture involving the articular surface; b
The coronal CT view shows a fracture of the distal tibial articular surface; ¢ The axial CT section indicates a comminuted
fracture of the distal tibial articular surface
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Figure 2: Preoperative X-ray imaging data. a The lateral view of the left ankle shows a clear fracture of the tibia involving the
distal tibial articular surface; b The anteroposterior view of the left ankle reveals a distinct fracture line in the tibia

4.2 Postoperative

Figure 3: Postoperative CT imaging data. a The coronal CT view shows internal fixation of the tibial shaft; b The sagittal CT
view reveals internal fixation of the distal tibia with good articular surface reduction; ¢ The axial CT section indicates the distal
tibial articular surface after internal fixation and reduction

Figure 4: Postoperative X-ray imaging data. a Lateral view; b Anteroposterior view; ¢ Ankle acupoint

5. Result 57.25).

5.1 Preoperative Baseline Data Among the 100 patients who completed the full follow-up, 41

exhibited preoperative anxiety or depression symptoms,
In this study, a total of 121 patients were followed up, with comprising 30 males and 11 females, with a median follow-up
100 patients completing the full follow-up. Among them, time of 31.00 months (IQR: 12.00, 56.50). The remaining 59
there were 77 males and 23 females, with a median age of ~ Patients did not have preoperative anxiety or depression,
44.00 years ((Interquartile Range, IQR): 33.00, 52.00) and a  comprising 47 males and 12 females, with a median follow-up
median follow-up duration of 31.00 months (IQR: 11.00, time of 29.00 months (IQR: 11.00, 58.00).
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There were no statistically significant differences between the
two groups in terms of gender, age, BMI, and follow-up
duration (P>0.05). However, significant differences were
observed in preoperative VAS, HADS-A, HADS-D, and
Pre-CSI-9 scores between the two groups (p<0.05). The
general baseline data of the patients are presented in Table 1.

5.2 Comparison of AOFAS, VAS, HADS-A, and HADS-D
Scores at Final Follow-Up Between Groups

Significant differences were observed in all scores at the final
follow-up between the two groups (p<0.05, see Table 2). A
detailed comparison of the AOFAS, VAS, HADS-A, and
HADS-D scores at the final follow-up between the two groups
is presented in Table 2.

5.3 Analysis of Differences in Evaluation Indicators

Both groups of patients exhibited significant improvements in
functional activity, pain levels, and psychological status after
surgery compared to preoperatively (P<0.05; see Table 3).
Additionally, during the follow-up period, only one case of
wound non-healing with infection was observed among the
patients in both groups.

5.4 Comparison of Preoperative and Postoperative
Differences in CSI-9, VAS, HADS-A, and HADS-D Scores
Between Groups

Statistical analysis revealed significant differences in the
preoperative and postoperative changes in CSI-9, VAS,
HADS-A, and HADS-D scores between the two groups
(p<0.05, see Table 4), indicating distinct improvements in
pain levels, central sensitization, anxiety, and depression
between the two groups.

Between Preoperative and Final Follow-Up

Table 1: Baseline Data of Patients [Mean £ SD / M(Q1, Q3)]

Group A (n=41) Group B (n=59)

Variables Male Female Male Female vz P
Sex 30 11 47 12 0.575 0.448
Age (years) 46.54+12.32 41.75+12.47 1.899 0.061
BMI (kg/m?) 24.79+4.09 24.97(23.15, 26.23) -0.067 0.947
Follow-uptime (months) 31.00(12.00, 56.50) 29.00(11.00, 58.00) -0.459 0.646
Pre-VAS 78.00(67.50, 87.00) 60.00(51.00, 69.00) -4.975 0.000
Pre-HADS-A 10.00(9.00, 12.00) 4.00(2.00, 5.00) -8.453 0.000
Pre-HADS-D 10.00(8.50, 12.00) 3.00(3.00, 5.00) -8.510 0.000
Pre-CSI-9 23.00(20.50, 25.00) 10.36+5.00 -7.246 0.000

BMI: Body Mass Index; Pre: preoperative; SD: Standard Deviation; Q1: First quartile; Q3: third quartile; Group A: patients with preoperative anxiety or
depression, defined as a score of >8 on either the HADS-A or HADS-D subscale; Group B: patients without preoperative anxiety or depression, defined as
scores <8 on both subscales; t: The t-value is derived from an independent samples t-test, which is utilized to compare the means between groups. Z: The z-value
is obtained from the Wilcoxon signed-rank test, which is employed for non-parametric comparisons. y* The x2 value is derived from the chi-square test, which
is used to determine if there are significant differences between different genders. P: P values < 0.05 were considered statistically significant.

Table 2: Comparison of Final Follow-up Evaluation Metrics Between the Two Groups [Mean = SD / M(Q1, Q3)]

Variables VAS AOFAS HADS-A HADS-D CSL9
Group A (n=41) 21224832 75.15£10.60 6.71%3.20 7.07%3 .40 9.00(6.00, 14.50)
Group B (n=59) 13.3245.84 87.34+5.78 3.00(2.00, 4.00) 2.00(2.00, 3.00) 4.80+2.03

t/z value 5.243 -6.704 -6.391 -7.349 6.103

p value 0.000 0.000 0.000 0.000 0.000

SD: Standard Deviation; Q1: First quartile; Q3: third quartile; Group A: patients with preoperative anxiety or depression, defined as a score of >8 on either the
HADS-A or HADS-D subscale; Group B: patients without preoperative anxiety or depression, defined as scores <8 on both subscales; t: The t-value is derived
from an independent samples t-test, which is utilized to compare the means between groups. Z: The z-value is obtained from the Wilcoxon signed-rank test,
which is employed for non-parametric comparisons. P: P values < 0.05 were considered statistically significant.

Table 3: Comparison of Preoperative and Final Follow-up Data Between the Two Groups [Mean + SD / M(Q1, Q3)]

Variables Preoperative Final Follow-up t/z value p value

VAS 78.00(67.50, 87.00) 21.22+8.32 -5.580 0.000

Group A HADS-A 10.00(9.00, 12.00) 6.71+£3.20 -5.144 0.000
(n=41) HADS-D 10.00(8.50, 12.00) 7.07+3.40 -4.765 0.000

CSI-9 23.00(20.50, 25.00) 9.00(6.00, 14.50) -5.523 0.000

VAS 60.00(51.00, 69.00) 13.32+5.84 -6.682 0.000

Group B HADS-A 4.00(2.00, 5.00) 3.00(2.00, 4.00) -4.245 0.000
(n=59) HADS-D 3.00(3.00, 5.00) 2.00(2.00, 3.00) -4.496 0.000

CSI-9 10.36+5.00 4.80+2.03 10.190 0.000

SD: Standard Deviation; Q1: First quartile; Q3: third quartile; Group A: patients with preoperative anxiety or depression, defined as a score of >8 on either the
HADS-A or HADS-D subscale; Group B: patients without preoperative anxiety or depression, defined as scores <8 on both subscales; t: The t-value is derived
from an independent samples t-test, which is utilized to compare the means between groups. z: The z-value is obtained from the Wilcoxon signed-rank test,
which is employed for non-parametric comparisons. P: P values < 0.05 were considered statistically significant.

Table 4: Change in Evaluation Metrics Between Preoperative and Final Follow-up in Both Groups [Mean =+ SD]

Variables VAS Difference HADS-A Difference HADS-D Difference CSI-9 Difference
Group A (n=41) 55.07+£14.94 3.85+2.82 3.39+3.41 11.59+5.88
Group B (n=59) 48.58+10.55 1.00(0.00, 2.00) 1.00(0.00, 2.00) 5.00(2.00, 9.00)

t/z value 2.400 -5.128 -3.592 -5.174

p value 0.019 0.000 0.000 0.000

SD: Standard Deviation; Group A: patients with preoperative anxiety or depression, defined as a score of >8 on either the HADS-A or HADS-D subscale; Group
B: patients without preoperative anxiety or depression, defined as scores <8 on both subscales; t: The t-value is derived from an independent samples t-test,
which is utilized to compare the means between groups. P: P values < 0.05 were considered statistically significant.
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5.5 Correlation Analysis of Age, Gender, BMI, Central
Sensitization Difference, Pain Difference, and Final
Follow-Up AOFAS with Preoperative Psychological
Status in Group A

The analysis revealed that the degree of pain recovery and
functional activity at the final follow-up were significantly
correlated with depression (p<0.05), but not with anxiety
(p>0.05). Additionally, age, BMI, and the change in central
sensitization were not significantly correlated with either
anxiety or depression (p>0.05, see Table 5).

Table 5: Correlation Analysis of Age, Gender, BMI, CSI-9
Difference, and VAS Difference with Preoperative
Psychological Status in Group A

Variables Anxiety Depression
Age r -0.125 -0.008
p 0.437 0.961
Sex z -0.089 -1.086
p 0.929 0.277
r 0.002 0.155
BMI p 0.989 0.333
CSI-9 Difference r 0.060 0.245
p 0.709 0.123
VAS Difference r -0.173 -0.567
p 0.280 0.000
Postoperative AOFAS r -0.116 -0.345
D 0.469 0.027

P: P values < 0.05 were considered statistically significant.
6. Discussion

Pilon fractures, resulting from high-energy trauma, are
intra-articular fractures that often lead to poor surgical
outcomes and a high incidence of complications [18, 19].
Even for experienced foot and ankle surgeons, managing this
type of fracture remains a significant clinical challenge.
Research has identified various surgical approaches, the use
of internal fixation, and differences in surgical techniques as
factors that influence the prognosis of pilon fractures [20-25].
Moreover, studies have shown that preoperative anxiety and
depression are common among patients, and those with these
conditions tend to have poorer postoperative recovery
compared to those without [26, 27]. Additionally, there is a
certain correlation between psychological status and foot pain
and functional activity [28].

In this study, both groups of patients showed significant
improvements in postoperative pain, function, psychological
status, and central sensitization compared to preoperative
levels. Hu et al. reported that patients with Pilon fractures who
underwent ORIF had a median postoperative AOFAS score of
89.80 (84.00, 95.00) [29]. Victor Lu also reported similar
results, with AOFAS scores improving from 57.14 at 3
months to 76.57 at 6 months and finally reaching 92.25 at 12
months postoperatively [19]. These findings are consistent
with the improvements in functional activity observed in this
study, further confirming the efficacy of ORIF.

In this study, it was observed that patients with better
preoperative psychological status had lower VAS scores,
higher AOFAS scores, and lower CSI-9 scores at the final
follow-up compared to those with poorer preoperative
psychological status. These results suggest that a patient’s
psychological state may negatively impact postoperative pain,
functional activity, and central sensitization. Previous studies

have also indicated that patients with poor preoperative
psychological status often have higher postoperative pain
scores and less satisfactory functional recovery [30, 31].
Moreover, research has shown a positive correlation between
higher levels of central sensitization and psychological issues
such as anxiety and depression [32-34]. Therefore, foot and
ankle surgeons should pay attention to the psychological
assessment of patients before surgery and conduct necessary
psychological interventions to improve the prognosis.

The results of this study indicate that patients with
preoperative anxiety or depression symptoms experienced
greater improvement in postoperative pain compared to those
without such symptoms. This may be attributed to the fact that
patients with higher levels of preoperative anxiety or
depression had higher preoperative VAS pain scores, thus
providing a greater potential for improvement postoperatively.
Additionally, existing research has demonstrated a correlation
between higher levels of anxiety or depression and increased
pain intensity [35-37]. Furthermore, depressive mood has
been shown to increase with the escalation pain [38].
Therefore, the success of surgery significantly alleviated the
pain symptoms in these patients, which in turn further reduced
their postoperative VAS scores.

This study conducted further correlation analysis on patients
with preoperative anxiety or depression symptoms. The
results showed a significant negative correlation between
preoperative depressive symptoms and postoperative AOFAS
scores. Studies have demonstrated that patients with
preoperative anxiety or depression tend to have poorer
postoperative functional activity, while those without such
symptoms experience better outcomes [30, 31, 39, 40]. We
found that patients with depressive symptoms are often
reluctant to engage in physical activities [41] and do not
actively participate in rehabilitation training postoperatively,
leading to suboptimal functional recovery. Thus, the more
severe the depressive symptoms, the worse the functional
recovery. Additionally, we discovered a significant negative
correlation between preoperative depressive symptoms and
the degree of postoperative pain improvement. Research by
Waguih William IsHak has shown a strong correlation
between pain and depression, which may jointly exacerbate
physical and psychological symptoms, resulting in functional
impairment and prolonged symptom duration [42]. This
further confirms the potential negative impact of depressive
symptoms on pain treatment outcomes. Therefore, patients
with depressive symptoms may have a smaller margin for
improvement in pain management. We analyzed that patients
with depression often have a poor preoperative psychological
state, lower compliance with medical advice, and may not
cooperate with treatment and rehabilitation exercises. This
adverse psychological state and behavioral pattern can lead to
poorer postoperative pain recovery, which is one of the main
reasons for their inadequate pain improvement. Therefore,
preoperative psychological assessment and intervention are of
great significance for improving postoperative function and
pain recovery.

This study has the following limitations: First, this study is a
single-center retrospective study, and its results may only be
applicable to the region and its surrounding areas, making it
difficult to generalize to other regions. Second, this study used
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the Chinese version of the CSI-9, but most patients did not
complete Part B of the scale due to their complex personal
circumstances, which may lead to biased results. In addition,
the follow-up duration in this study varied due to individual
differences among patients, which may also affect the
consistency of the results. Therefore, future studies should be
designed as large-sample, prospective, randomized controlled
trials to overcome the above limitations and further validate
the conclusions of this study.

7. Conclusion

ORIF surgery effectively improves functional activity, pain,
psychological status, and central sensitization in patients with
Pilon fractures. Patients with poorer preoperative
psychological status tend to have worse outcomes. Patients
with depression experience greater pain improvement but
have poorer postoperative functional activity. Therefore, in
future clinical practice, foot and ankle surgeons should
prioritize the mental and psychological management of
patients with depression before surgery to enhance surgical
outcomes.

Figure legends: Figure 1. Preoperative CT imaging data. a
The sagittal CT view reveals a distal tibial fracture involving
the articular surface; b The coronal CT view shows a fracture
of the distal tibial articular surface; ¢ The axial CT section
indicates a comminuted fracture of the distal tibial articular
surface

Figure 2. Preoperative X-ray imaging data. a The lateral view
of the left ankle shows a clear fracture of the tibia involving
the distal tibial articular surface; b The anteroposterior view
of the left ankle reveals a distinct fracture line in the tibia

Figure 3. Postoperative CT imaging data. a The coronal CT
view shows internal fixation of the tibial shaft; b The sagittal
CT view reveals internal fixation of the distal tibia with good
articular surface reduction; ¢ The axial CT section indicates
the distal tibial articular surface after internal fixation and
reduction

Figure 4. Postoperative X-ray imaging data. a Lateral view; b
Anteroposterior view; ¢ Ankle acupoint
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