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Objective: Hip ankylosis is a prevalent condition in patients with Ankylosing spondylitis (AS) that can significantly impact their
psychological well-being. This study aimed to investigate the impact of Total Hip Arthroplasty (THA) on anxiety and depression
among AS patients.

Methods: 62 AS patients undergoing primary THA were recruited and separated into two groups based on preoperative hip motion.
The 40 patients with hip mobility of 0° were assigned to group A, and others were assigned to group NA. Self-rating Anxiety Scale
(SAS), Self-rating Depression scale (SDS), Harris hip scores (HHS) and 36-Item Short Form Survey (SF-36) were obtained one week
before and there, six and twelve months after THA.

Results: The study found that AS patients in group A had significantly higher levels of anxiety and depression (SAS score = 75.05
+2.79, SDS index score = 0.74+0.02) compared to group B (SAS score = 54.58+3.35, SDS index score= 0.64+0.03, P=0.01). However,
both groups showed significant improvements in anxiety and depression scores from there to twelve months after THA (P<0.001).
Correlation analyses revealed that the improvement in group NA was associated with hip pain relief (p<0.001), while the improvement
in group A was related to joint function, disease duration, age at THA and spine imaging lesions (p<0.001).

Conclusion: Some degree of anxiety and depression was present in both groups of AS patients. Levels of depression and anxiety
were higher in patients with combined hip ankylosis. And their improvement was associated with improved hip function and quality of
life after THA. Hip pain relief played a significant role in patients without hip joint ankylosis. The impact of the degree of lesion on
spinal imaging on psychological status needs to be considered in both groups.
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Introduction
Ankylosing spondylitis (AS) is a chronic inflammatory disease characterized by inflammation and fusion of the axial sacroiliac,
spinal, and hip joints." About 80% of patients first develop symptoms before the age of 30 years,” and most often in young males.
Currently, the mean global prevalence of AS is around 0.1-0.3% in Europe and the US and 0.3% in China,* with hip joint
involvement seen in 30-50% of cases, and bilateral hip involvement in up to 80-90%.> Total hip arthroplasty is now acknowl-
edged as the most effective therapy for AS patients in terms of pain reduction and hip function restoration.®

With the occurrence of hip joint ankylosis, patients’ psychological state and daily life would be greatly affected due to
progressive hip motion limitation and pain. Giinaydin et al” reported that more than one-third of AS patients had depressive
symptoms and high depression scores, and Martindale et al® found that AS patients with depression and anxiety were 15% and
25%, respectively. Meanwhile, abnormal psychological status can also worsen the patient’s condition,” and AS patients with
depression or anxiety had more severe pain and limited joint function.'® However, the majority of surgeons were concerned
with the outcomes of their patients’ operations, and few studies have quantitatively examined the impact of hip replacement
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for AS patients’ mental health. In particular, the effect of surgeries on anxiety, depression, and overall quality of life (QoL)
need to be assessed.

The goal of this study was to compare pre-and post-operative mental status, hip function scores and QoL in AS
patients with varying degrees of joint motion. Questionnaires were used to measure changes in AS patients’ mental
health and QoL after surgery. This provided a theoretical basis for evaluating the short-term effects of surgery and
providing more effective interventions.

Patients and Methods

Study Participants

This was a prospective cohort study including participants from two major hospitals (The Second Hospital Affiliated to
Medical College, Xi’an Jiaotong University; and Hong-Hui Hospital, Medical College, Xi’an Jiaotong University). AS
patients who received primary THA from April 2020 to June 2021 were recruited. Persistent joint pain or limited joint
movement was the main indication for THA. The inclusion criteria were as follows: 1) Patients aged > 18 years with AS
diagnosed according to the Modified New York criteria,'' with hip involvement confirmed radiographically; 2) Underwent
primary THA; and 3) persistent hip pain for at least 3—6 months, VAS score at rest > 3, and the bath ankylosing spondylitis
radiology index (BASRI-hip) grade >2 (mild hip injury on x-ray with hip gap >2mm)'*'* (shown in Table 1).

The following were exclusion criteria: previous hip, spinal, or other surgery, and rely on anti-anxiety or depression
medications. Eligible patients were invited to participate, all of whom underwent cementless joint prosthesis replacement.
The research was authorized by two local medical ethics committees (No. XJSH2020013; No. HH2020021), and all
participants completed an informed consent form before the procedure. It was followed the 2013 Revised Declaration of
Helsinki, stating that each participant signed an informed consent form.

Study Design

After admission, baseline clinical and psychometric assessments were completed immediately before arthroplasty. Total
passive mobility of the hip joint was measured, including flexion, extension, abduction, adduction, internal rotation and
external rotation. The total passive range of motion was 0°, which is defined as joint fusion. Based on hip mobility,
patients were classified into joint ankylosis (passive joint mobility of 0°) and without hip joint ankylosis groups. In
patients with bilateral joint involvement, mobility is measured as the mean of the joint mobility values on both sides. In
both group, mental health score, Harris hip scores and quality of life scores were reevaluated 1 week before, and 3, 6 and
12 months after THA. Height, weight, age of onset, disease course, duration of cure, and morning stiffness time were
obtained using a self-report questionnaire.

Tools for Assessing Anxiety, Depression and Quality of Life

Psychological status was measured using two questionnaires provided as a pamphlet. Zung’s Self-rating Anxiety Scale
(SAS) and Self-rating Depression Scale (SDS; Zung, 1965)'* both use 20 items, to assess anxiety and depression,
respectively. Each item is rated on a four-point scale from 1 to 4, respectively. The SAS has a maximum possible score of
100 (adjusted standard score = original score*1.25), and the SDS (scored separately) has a maximum possible score of
1 (adjusted standard score = original score/80); higher scores (cutoff = 50; 0.5 points) indicate more severe anxiety or
depression.

Table 1 BASRI-Hip Standard Grading

Grading | Degree of Severity Imaging Description
0 Normal No radiological damage to the hip joint
| Suspicious Suspected narrowing of the hip joint space
2 Mild Mild narrowing of the hip joint space but gap >2mm
3 Moderate Severe narrowing of the hip joint gap, joint gap < 2mm, hip bone contact surface < 2cm
4 Severe Osseous fusion or bone contact 2 2 cm
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SF-36 was used to assess the AS patients’ quality of life.'>'® It includes eight dimensions of physical functioning,
role physical, mental health, role emotional, social functioning, energy/vitality, pain, and general health perception. For
different dimension, item scores are coded, summed, and converted to a scale of 0—100, and the higher the score means
the better the quality of life.

Hip Function and Spinal Lesion Assessment Scale

The hip function associated with THA outcomes was measured by the Harris hip score (HHS),'” which uses a 100-point
rating scale and includes pain, function, activity, deformity, and mobility domains; the higher the score, the better the
joint function.'® The HHS has been widely used as a valid and reliable instrument to evaluate the outcome of hip
replacement surgery.'”?° Regarding the measurement of joint mobility, the patient’s passive hip mobility, such as the
angles of forward flexion, back extension, internal rotation, external rotation, internal retraction and abduction, was
measured by using a goniometer, and the total sum was the patient’s total passive hip mobility. The Bath Ankylosing
Spondylitis Radiology Index spine (BASRI-s) was applied to grade radiographic severity in the anterior-posterior and
lateral spine.”' A visual analogue scale (VAS) was used to assess hip and sacroiliac joint pain intensity (0 = no pain, 10 =
severest pain possible). Furthermore, the Bath Ankylosing Spondylitis Functional Index (BASFI) is a scale used to assess
the overall level of functional impairment in AS patients.”* The BASFI comprises ten questions that cover physical
activities and functional activities commonly encountered in daily life, such as getting up, walking, lifting weights,
dressing, and self-care. Each question is rated on a scale of 0-10, with a total score ranging from 0-100. The scoring
criterion is obtained by dividing the total score by 10, resulting in a final score ranging from 0—10, with higher values
indicating a worse functional status. The BASFI has demonstrated high reliability and validity in assessing functional
impairment in AS patients.

The main assessment regarding disease activity in AS patients uses the Bath Ankylosing Spondylitis Disease Activity
Index (BASDAI), a simple and validated self-assessment scale.”> The BASDAI consists of six questions that address
spinal pain, fatigue, joint swelling, joint pain, and local pressure pain. Patients are asked to rate the severity of their
symptoms on each question based on the most recent week, on a scale ranging from 0 to 10 (in conjunction with a visual
analog assessment method), where 0 indicates no disease activity and 10 indicates extremely active disease.

Statistical Analysis

The study focused on the changes in anxiety and depression scores of patients after total hip arthroplasty at different time
points, and the sample estimators were designed using repeated measures ANOVA, the arithmetic process of which was
done with the help of the software G-power.>* The software correlation was set with the following parameters: effect size
=0.25, 0=0.05, test efficacy Power value=0.8, number of groups=1 (usually 1 when there are multiple repeated
measurement points), number of measurements=4, intra-major correlation=0, spherical hypothesis=0.35.

The normality of the data was checked by using the Kolmogorov—Smirnov test. Nonparametric tests analyzed non-
normally distributed data, and parametric tests analyzed normally distributed data. A paired ¢-test was applied to compare
the difference between pre-operative and final follow-up results. The two groups were compared using the independent
samples -test. Changes in each outcome measure were analyzed using repeated-measures ANOVA (two-tailed tests).?
P-values were calculated using the Huynh—Feldt correction for non-sphericity.”® The impact of pain, hip function, and
QoL on psychological factors was examined using Pearson correlation analysis. P values <0.05 were considered
statistically significant. All statistical analyses were computed by SPSS 23.0 software (SPSS Inc, Chicago, IL, USA).

Results

In total, 62 patients (left hip, n = 11; right hip, n = 10; both hips, n = 41) were included in the final analysis. The research
procedures and population are depicted in Figure 1. The 40 patients were assigned to group A, and the remaining 22 were
assigned to group NA. The research procedures and population are presented in Figure 1. Of the total patients, 40 were
assigned to group A, and the remaining 22 were assigned to group NA. Based on the preoperative baseline questionnaire,
significant differences were observed in bilateral surgery, age at THA, disease duration, preoperative range of motion
(ROM) and hip flexion, morning stiffness time, BASFI and BASRI-s between the two groups (P<0.05) (shown in Table 2).
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[ Eligible n=73 ]

Excluded n=3 (spinal orthopedic surgery)

Non-response n=5

Preoperative n=65
Group NA=22 (male, n=16; female, n=6)
Group A =43 (male, n=38; female, n=5)

> [ Lost to follow-up, n=3 ]

1 year after surgery, n=62
Group NA=22 (male, n=16; female, n=6)
Group A=40 (male, n=35; female, n=5)

Figure | Flow chart for patient recruitment and follow-up.

All patients’ surgical wounds healed at stage I, and no cases of superficial or periprosthetic infection were reported. During
surgery, two patients sustained sciatic nerve injuries resulting in decreased muscle strength, which returned to normal after
three months. No other post-operative complications were recorded at the end of the final follow-up.

Harris Hip, Mental Status and QOL Scores During the Study Period
Group A had lower preoperative HHS and hip motion compared to group NA (p<0.001). One year after THA, both groups
showed significant improvements in joint function and mobility (p<0.001). Although there was no significant difference in

Table 2 Pre-Operative Baseline Patient Demographics, Clinical, and Laboratory
Parameters of as Patients

Parameters Group NA Group A P values
Sex (n) 22 (M:16, F:6) 40 (M:35, F:5) -
BMI (kg/m?) 21.8 (20.2-23.0) 22.0 (21.3-23.7) 0.24
Bilateral surgery, n (%) 10 (62.5) 31 (87.32) 0.004
Age at onset (y) 23.5 (18-26) 27 (20-32) 0.29
Age at THA (y) 31.5 (26-33) 51 (41-58) <0.001
Disease duration (y) 7.5 (6-8) 24 (16-24) <0.001
EAMs

Uveitis, n (%) 3 (94) 8 (11.3) 0.8l

IBD, n (%) 5(15.6) 13 (18.3) 0.74
Preoperative total ROM (°) 84 (79.5-86) 0 <0.001
Preoperative hip flexion (°) 55 (50-61) 0 <0.001
Morning stiffness time (h) 1.25 (1.0-1.5) 1.5 (1.5-2.0) <0.001
ESR (mm) 22 (18-26) 24 (18-27) 0.84
CRP (mg/L) 17 (8-20.5) 14.5 (12-18) 0.35
BASDAI 4.3 (3.84.6) 4.1 (3.64.6) 0.34
BASFI 43.5 (40-50) 70 (68-74) <0.001
BASRI-s 2.0 (2-3) 3.0 34) <0.001

Notes: The value of continuous variables was presented as median and quartile (25-75%) and the
categorical variables were presented as number plus percentage.

Abbreviations: BASDAI, Bath ankylosing spondylitis disease activity index; BASFI, Bath ankylosing spondy-
litis functional index; BMI, Body mass index; CRP, C reactive protein; EAMs, Extra-articular manifestations;
ESR, Erythrocyte sedimentation rate; IBD, Inflammatory bowel disease; ROM, Range of motion; BASRI-s,
Bath Ankylosing Spondylitis Radiology Index spine.
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Table 3 Comparisons of VAS Score, Harris Score, and Total Hip
ROM Between at Pre- and Post-Operation

Group NA Group A Statistic
Hip pain-VAS score
Pre-surgery 7.28+0.31 3.85+0.36 p<0.001
Post-1 year 2.86+0.37 2.36+0.30 p<0.001
p<0.001 p<0.001
Harris hip score
Pre-surgery 39.27+5.58 20.52+3.64 p<0.001
Post-1 year 81.95+4.30 71.53+2.21 p<0.001
p<0.001 p<0.001
ROM (°)
Pre-surgery 84.41£9.91 0 p<0.001
Post-1 year 201.00+22.79 198.18+£19.04 | p=0.604
p<0.001 p<0.001

Abbreviation: ROM, Range of motion.

joint mobility between the two groups at the last follow-up (p=0.604), group A had lower HHS scores than group NA
(p<0.001) (shown in Table 3). Preoperatively, group A (SAS=75.05+2.79, SDS=0.74+0.02) had higher anxiety and depression
levels than group NA (SAS=54.58+3.35, SDS=0.64+0.03, P=0.01). At the final follow-up, anxiety and depression levels
significantly improved in both groups, with group NA (SAS=33.80+4.29, SDS=0.44+0.04; p<0.001) almost reaching normal
levels (shown in Figure 2). However, anxiety and depression levels in group A (SAS=52.58+3.21, SDS=0.49+0.05, p<0.001)
remained significantly higher than in group NA. But the Group NA exhibited higher preoperative VAS scores for hip pain than
Group A (p<0.001), yet both groups achieved significant pain reduction postoperatively.

The preoperative SF-36 scores of the two groups were significantly different. All patients in group A had significantly
lower mental health, general health, and physical function scores than those in group NA (p<0.05). One year after surgery,
although the psychological and general health scores were significantly better in both groups (p<0.05), there were still
significant differences between the groups (p<0.001). The other items of SF-36 showed no significant differences within or
between groups in the research (p>0.05) (results not shown in the Table 4). Patients with preoperative comorbidities had lower
SF-36 scores and higher SAS/SDS scores over the course of the study, compared to the mean within the group.
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Figure 2 Impact of Hip arthroplasty on Hip function and psychological status.
Notes: (—e—) Group NA, AS patients without complete hip ankylosis; (—0—) Group A, AS patients with complete hip ankylosis. Group differences in psychological scores

over time were tested using single-factor repeated-measures ANOVA (A and B). Values with superscript letters a—d are significantly different within the group. P-values are

shown for differences between two groups, **P<0.001.
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Table 4 Preoperative and Postoperative the Quality of Life (SF-36) Scores

Group NA (M1SD) Group A (M1SD)
One week pre-surgery
Mental Health (MH) 44.41£0.57 31.58+0.42%*
General Health (GH) 49.54+4.32 35.13£5.3 1%
Physical Functioning (PF) 44.81+3.03 38.28+4.9 %
Three months after surgery
Mental Health (MH) 54.40+0.624 41.10£0.58++4
General Health (GH) 55.05+2.644 41.90£2.37+4
Physical Functioning (PF) 547742414 49.3242 51%k4
Six months after surgery
Mental Health (MH) 64.18+0.60° 51.30£0.44%°
General Health (GH) 61.04£2.12° 51.48+1.70%°
Physical Functioning (PF) 65.13+1.67° 55.954+2.59%+°
One year after surgery
Mental Health (MH) 74.04+1.83* 61.10+0.47%<*
General Health (GH) 69.18+4.91* 65.55+4.38%<®
Physical Functioning (PF) 71.18+1.62* 66.00+2.22%*

Notes: *Significant difference between groups A and B; *P<0.05, **P<0.001; *Significant
difference from preoperatively; P<0.05; eSignificant difference from the 3-month score;
P<0.05; ’Signiﬂcant difference from the 6-month score; P<0.05.

Correlation of SAS/SDS with SF-36 and Hip Joint Function Scores

Based on the results of the last follow-up, Pearson correlation analysis showed that the last postoperative anxiety and
depression levels in patients without hip ankylosis were associated with hip pain, being undergoing bilateral arthroplasty,
and the degree of spinal imaging lesions (P<0.05); however, in patients with hip ankylosis, last follow-up anxiety and
depression levels were associated with the patient’s disease duration, age at the time of surgery, improvement in hip
function, the passive hip mobility, unilateral or bilateral surgery, the degree of spinal imaging lesions, and improvement
in quality of life were also associated (P<0.05) (Shown in Table 5).

Table 5 Correlations Among Mental Status, Quality of Life, Joint Scores and Passive Mobility of
the Hip at the Last Follow-Up

Parameters Group NA Group A
SAS SDS*100 SAS SDS*100
r p r p r p r P
Hip Pain Scores*10 0.90 ok 0.75 ok 0.08 0.63 0.17 0.30
Harris hip scores —0.43 0.05 -0.42 0.055 -0.22 * —0.02 *
Passive hip mobility 0.06 0.77 0.25 0.26 —0.54 ok —0.34 *
Bilateral surgery 0.69 ok 0.64 ok 0.17 * 0.43 wok
Age at THA 0.29 0.18 0.16 0.49 0.73 o 0.75 o
Disease duration -0.27 0.22 —0.09 0.69 0.93 ok 0.90 ok
Mental Health -0.36 0.99 -0.18 0.43 -0.77 o -0.52 o
General Health -0.35 0.09 -0.52 0.14 -0.60 o -0.73 o
Physical Functioning 0.49 0.20 0.35 0.10 —0.44 ok —0.39 *
BRASRI-s 0.72 o 0.69 o 0.40 * 0.49 o
BASFI -0.13 0.55 —0.06 o 0.09 0.55 0.16 0.32

Notes: *P<0.05; **P<0.001.
Abbreviations: SAS, Self-Rating Anxiety Scale; SDS, Self-Rating Depression Scale; BASDAI, Bath ankylosing spondylitis
disease activity index; BASFI, Bath ankylosing spondylitis functional index.
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Discussion

Preoperative Depression and Anxiety

Our research has shown that AS patients with hip stiffness experience more severe psychological disorders, which can be
divided into two aspects. Firstly, most AS patients are vulnerable to excessive stress, psychological burden, and
hypersensitivity due to a lack of understanding of the disease’s characteristics, including its prolonged duration, and to
conservative treatment outcomes not meeting their expectations.”’ Secondly, AS patients with severe hip lesion are
typically affected by inflammatory pain and partial hip involvement during the early stages of hip involvement. As the
condition progresses, the fusion of the hip joints and lesions in the spine can cause further physical deformity and body
image disturbance (BID).*® Our study found that significantly more patients in the ankylosis group received bilateral joint
replacements than in the without hip joint ankylosis group.

Mental Health with Pain and Hip Function

Additionally, our study revealed an interesting finding: hip pain symptoms were relieved when hip involvement
developed joint ankylosis, and those without ankylosis reported more severe hip pain than those with ankylosis. This
difference in pain severity may be attributed to impaired hip motion and decreased intra-articular capsule pressure in the
middle and late stages of joint ankylosis. Chronic body pain (lower back pain and hip pain) and disability caused by
musculoskeletal system disorders might be associated with anxiety and depression.”’>' The benefits of pain relief were
particularly apparent in group A patients, and the reconstruction of joint function played an important role in group NA.
However, psychological status differed between the groups in different disease stages. In group NA, psychological status
improved significantly and continuously; group A patients needed more time to recover and still had higher anxiety
scores at 1 year after surgery. The reason was that they experienced prolonged pain and physical hip dysfunction. In
addition, compared to the NA group, patients in the ankylosis group tended to have bilateral hip ankylosis and severe
contracture of the surrounding local muscle tissue. The above factors may explain why people with ankylosing joints
have difficulty returning to a healthy psychological state after surgery. Therefore, treatment should not only be aimed at
pain reduction and a return to function, but also relief of psychological sequelae.*

In addition to lesions in the hip joint, patients with AS commonly experience damage in multiple organ systems,
which results in a comorbid state.** While total hip arthroplasty can effectively address the issue of limited hip motion, it
does not tackle other systemic diseases that can substantially affect patients’ long-term outlook. Bekhuis et al’***’
suggested that psychological disorders are strongly correlated with somatic symptoms. Therefore, providing early
multidisciplinary treatment to such patients may enhance their long-term prognosis and alleviate their pain.

Postoperative QoL and Psychological State
Our study found that THA surgery can lead to improvements in psychological well-being and overall quality of life in
patients with AS. These positive effects may be attributed to an increase in satisfaction and a shift in the perception of the
disease, as seen in cases of developmental dysplasia of the hip.*® The significant improvements in range of motion and
hip function post-surgery are believed to bolster patients’ confidence and satisfaction, ultimately contributing to a better
psychological state and improved quality of life. According to current research on crowd anxiety, there are two forms of
human anxiety, namely trait anxiety and state anxiety.'* Trait anxiety reflects interindividual changes in response to
a negative or threatening event. State anxiety relates to current anxiety and may improve with other changes. Although
these two kinds of anxiety were not rated separately in this study, the improvement of postoperative anxiety in both
groups may have been related to the improvement in state anxiety, because state anxiety decreased with the relief of pain
and improvement of hip function (while the change in trait anxiety was relatively insignificant). Further research is
needed to confirm this, which would also provide a theoretical basis for perioperative psychological support. The long-
term psychological and physical rehabilitation of postoperative patients still requires more effort from clinicians,
especially for the patients with joint ankylosis.

We note some limitations of this study. First, AS is a systemic disease, and patients often have other systemic diseases
during disease onset and development. Moreover, the control of postoperative disease activity, time invested in
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rehabilitation, and treatment of other systemic diseases differed among patients, which greatly affected the outcomes.
Second, we could not draw any conclusions about gender differences in depression and anxiety disorders due to the low
incidence of female patients. Potential gender differences should be addressed in a future study. Finally, the research
results were limited by the relatively short follow-up period. Although this study found a positive effect of THA on the
psychological health of AS patients, large sample sizes and long follow-up are needed to validate the results.

In conclusion, anxiety and depression were observed in both groups before surgery, but they were worse in the group
with joint stiffness. After THA, the patients’ psychological function improved significantly due to the enhanced mobility
and joint function of the hip. Pain relief is even more important in patients with a non-ankylosis hip. For patients with
joint ankylosis, preoperative and postoperative psychological support should be offered.
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signing the consent form without being reunited and informed. Both offline paper questionnaires and online
electronic questionnaires were used for the study surveys, and data were compiled and tallied by a separate person.
The research was authorized by two local medical ethics committees (No. XJSH2020013; No. HH2020021), and all
participants completed an informed consent form before the procedure. All methods used in the research survey
were carried out in accordance with relevant guidelines and regulations, with respect to the full protection of
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