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Purpose: Patients undergoing lumbar spinal fusion (LSF) surgery and patients with ankylosing spondylitis (AS) have concomitant
pathology of hip and lumbosacral spine. The purpose of our study is to compare the dislocation rate following total hip arthroplasty
(THA) between patients with LSF and AS and reveal the differences of lumbar fusion secondary to LSF and AS.

Patients and methods: Fifty-nine patients (73 hips) were included in Group LSF and every patient was matched with two patients
in Group AS. Follow-ups were conducted for information of surgical prognosis and dislocation events following THA. Multiple
anatomic parameters were measured on preoperative and postoperative radiological images.

Results: The dislocation rate of patients in Group AS (0.68%) was obviously lower than that of patients in Group LSF (4.11%) and
the hazard ratio of dislocation events following THA reached 6.1. Considering the low calculated power (1-p, 0.24), we supposed
insufficient statistical evidence (p=0.118) could be attributed to small sample size. Postoperative hip flexion range of motion (ROM) in
Group AS (102.1°£24.5°) was significantly lower than that in Group LSF (117.4°+14.2°) (p<0.0005). Postoperative flexion ROM of
lumbar was also significantly lower in Group AS (p<0.001). There was no significant difference between two groups concerning
postoperative acetabular inclination (p=0.988) and anteversion (p=0.25). However, patients in Group AS had a significantly lower
sacral slope (p=0.025) and higher pelvic tilt (»<0.0005) than patients in Group LSF after THA.

Conclusion: Patients with AS have a lower risk of dislocation after THA compared with patients undergoing LSF. The lower risk is
significantly relevant to severer stiffness and lower mobility along the spine—pelvis—hip axis in AS patients after THA. Acetabular
orientation has no significant effect on the difference of dislocation rate between patients with LSF and AS.
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Introduction

Total hip arthroplasty (THA) is a secure and effective therapeutic method for end-stage hip disease.'> With the aging of
populations in human society, patients who undergo THA for osteoarthritis or osteonecrosis of the femoral head could suffer
from degenerative change of the lumbosacral spine as well.*** Lumbar spinal fusion (LSF) surgery is a feasible treatment for
patients diagnosed with degenerative lumbar disease. Several studies have recognized that LSF surgery prior to THA has
a significant effect on dislocation events and revision surgery following THA.>~” However, the influence of prior LSF surgery
on the outcomes of THA has not been hitherto explained clearly. There is growing evidence that increased dislocation rate
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could be attributed to subtle changes of spinopelvic biomechanics, the range of lumbar motion, and even acetabular orientation
following LSF surgery.>*?

Ankylosing spondylitis (AS) is a common chronic spondyloarthritis that progressively affects the axial spine,
lumbosacral joints, and hip joints.'®'" The patients who fail to control progression of disease with drugs could eventually
suffer from severe hip joint lesions, and THA surgeries are needed for them to improve joint function. Similarly, an
elevated dislocation rate following THA among AS patients has been demonstrated in some studies.'> However, some
other studies have reported the controversial conclusion that periprosthetic hip dislocation rarely occurs after THA
among AS patients.'!

We recognized that there is a certain similarity between patients undergoing LSF surgery and that with AS. AS and LSF
surgery could both lead to lumbosacral spinal fusion, which would contribute to a certain degree of spinal stiffness and
decreased range of lumbar motion universally.”'*!'* The spinal stiffness would certainly change the spinopelvic biomechanics
and exert influence on dislocation events following THA.”'> Nevertheless, the difference between AS and LSF surgery is
equally evident. LSF surgery fixes only two segments or some certain segments involved in the surgery and has relatively less
impact on other segments. AS would progressively affect all the spinal segments including cervical spine, thoracic spine, and
sacroiliac joint, and the autoimmune disease directly invades hip joints pre-operatively and post-operatively.

We hypothesized that the spinal fusion resulting from LSF surgery and AS could exert a similar influence on hip
joints and affect the dislocation rate following THA in the same way. Meanwhile, it can be predicted that the fundamental
difference in the pattern of lumbar fusion could also make a huge difference in the dislocation rate following THA
between LSF and AS patients. Few articles have clarified the relationship between LSF surgery and AS yet. The goal of
our study was to compare the dislocation rate following THA between patients with LSF surgery and AS. We sought to
reveal the differences and similarities between LSF surgery and AS and explained them as well as possible.

Methods

Patient Population

Between January 2012 and May 2017, there were 4,186 patients who underwent hip surgery in our hospital. Patients aged
over 18 who underwent primary THA were included in our study. Patients undergoing hemiarthroplasty, hip resurfacing
arthroplasty, dual mobility, constrained THA, and revision surgery were excluded.

The patients included in our study were divided into two groups. Group LSF was composed of patients undergoing
primary THA before or after LSF surgery. Spinal fusion levels of Group LSF’s patients could be allowed to involve in
thoracic spine and sacral vertebrae, however, patients only with cervical spinal fusion or thoracic spinal fusion were
excluded from Group LSF. Group AS was composed of patients diagnosed with AS prior to THA. AS patients with
severe kyphosis (Cobb angle >40°) or undergoing any spinal surgery before THA were excluded from Group AS. AS
patients with unaffected lumbar motion were also excluded.

A total of 59 patients (73 hips) were identified in Group LSF. Four hundred patients were in accordance with the
inclusive criteria of Group AS. For each joint in Group LSF, it was matched with two joints in Group AS. Matching
criteria of Group AS was surgical year, BMI (body mass index), surgical approach, femoral head diameter, and the
experience of surgeons. Because patients with AS are obviously more likely to be male and younger at the time of
surgery, we had to give up performing matching with Group AS based on gender and age. Surgical year was defined as
the year of the later between THA and LSF surgery in Group LSF and the year of THA in Group AS.

Data Collection
For all the patients included in our study, we conducted a retrospective review of medical records and radiological images
with the approval of the institutional review board. We did careful follow-up surveys for every patient by telephone to
acquire the outcome of dislocation and other prognostic information of THA.

The primary outcome was the incidence of dislocation events following THA. The information of dislocation events
could be collected by follow-ups and reviews of medical records. Secondary outcomes included the occurrence of
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revision surgeries or other hip joint surgeries following THA, and some prognostic information of THA, such as Harris
Hip Score (HHS) and postoperative flexion ROM of hip and lumbar.

We made some accurate measurements on radiological images of every patient. All measurements were conducted by
two experienced orthopedic surgeons and the repeated measurements were averaged for the final values. The acetabular
inclination and anteversion were measured on postoperative standing anteroposterior (AP) pelvis radiograph (Figure 1).
Bilateral femoral offset (FO), acetabular offset (AO), and abductor lever arm were measured on preoperative and
postoperative standing anteroposterior (AP) pelvis radiograph (Figure 2). The sagittal alignment parameters, including

Figure | (A) Measurement of acetabular inclination. Inclination=2ABC. 2ABC is the angle between the line connecting bottoms of two teardrops and the larger diameter
of acetabular component. (B) Measurement of acetabular anteversion. Anteversion = arcsin (CD/AB). CD is the short diameter of the acetabular component. AB is the long
diameter of the acetabular component.

Figure 2 (A) Measurement of FO (femoral offset) and AO (acetabular offset). FO=BC, AO=AB. BC is the perpendicular distance from the long axis of the femoral canal to
femoral head rotation center; AB is the perpendicular distance from the line perpendicular to trans-teardrop line to femoral head rotation center. (B) Measurement of
abductor lever arm. Abductor lever arm=AB. AB is the distance from the line of abductor muscles’ action to femoral head rotation center.
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sacral slope (SS), pelvic tilt (PT), and pelvic incidence (PI), were measured on postoperative standing lateral spinopelvic
5.9,16-19

radiographs (Figure 3).

Statistical Analysis

All statistical analyses were performed using IBM SPSS statistic version 22 (SPSS Inc, Armonk, NY). Descriptive
statistics were reported as means + standard deviations, median (lower quartile, upper quartile) and number (frequencies).
We used Cox regression to evaluate risk of dislocation. Various risk factors, such as gender, age, BMI, surgical year, and
surgical approach, were examined to determine significant variables and subsequently a univariate Cox model was
constructed. The comparisons of continuous variables between two groups were conducted by a Student’s #-test and
Mann—Whitney U-test. The comparisons of categorical variables between two groups were conducted by Chi-square test
and Fisher’s exact probability test. Normality test were conducted to examine all of the data. Statistical significance was
defined as p-value <0.05. A power analysis (0=0.05) was conducted with R software 3.6.2.

Results

The mean age of patients in Group LSF and Group AS were 57.3+13.7 and 35.3+9.6, respectively. (»<0.0005, Table 1).
There were 25 males (34.2%) in Group LSF and 139 males (95.2%) in Group AS (p<0.0005, Table 1). The surgical year,
experience of surgeon, surgical approach, femoral head diameter, and BMI were matching criteria and there were no
statistical differences for these variables between two groups (p>0.05, Table 1). All patients had a minimum follow-up of
2 years and the mean follow-ups of patients in two groups were 54 months. The cause of primary THA in Group LSF
consisted of osteoarthritis (10, 13.7%), femoral head necrosis (49, 67.1%), and developmental dysplasia of the hip
(14, 19.2%).

There were 3/73 hips (4.11%) undergoing dislocation events following THA in Group LSF. There was only 1/146 hip
(0.68%) undergoing dislocation events following THA in Group AS. The risk of hip dislocation following THA in Group
AS was notably lower than that in Group LSF. However, there was no significant difference for the dislocation rate
between two groups (hazard ratio (HR)=6.1, 95% confidence interval (CI)=0.63—-58.59; p=0.118, Table 2). No patients in
either group underwent revision surgery after THA.

Three dislocation events in Group LSF occurred within 4 months following THA (2 weeks, 2 months, and 4 months).
The dislocation event in Group AS occurred at 3 months following THA. Two patients in Group LSF underwent THA for
femoral head necrosis and LSF for lumbar disc herniation. One patient in Group LSF underwent THA for developmental
dysplasia of the hip and LSF for scoliosis correction. Only one dislocation in Group LSF was treated by open reduction

Figure 3 Measurement of sacral slope (SS), pelvic tilt (PT), and pelvic incidence (Pl). SS=2ABC, PT=2CDF, PI=2.DCE. 2ABC is the angle between the horizontal line and
the sacral end plate. ~CDF is the angle between a vertical line and a line connecting the midpoint of the sacral end plate with the point D. «DCE is the angle between the
perpendicular line to the sacral end plate and a line connecting point D with midpoint of the sacral end plate. Point D is defined as the midpoint of the line connecting
centers of two femoral heads.
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Table | Demographics and Surgical Factors of Patients in Group LSF (n=73) and Group AS (n=146)

Group LSF (n=73) | Group AS (n=146) p-value
Age (years), mean (SD) 57.3 (13.7) 35.3 (9.6) <0.0005*
Gender (male), n (%) 25 (34.2%) 139 (95.2%) <0.0005*
BMI (kg/m?), mean (SD) 25.4 (3.8) 24.3 (4.7) 0.07%
Surgical approach, n (%) 0.69%
Posterolateral 68 (93.2%) 138 (94.5%)
Anterolateral 5 (6.8%) 7 (4.8%)
Direct anterior 0 (0%) I (0.7%)
Experience of surgeon, n (%) 0.174
210 years 44 (60.3%) 102 (69.9%)
<10 years 29 (39.7%) 44 (30.1%)
Femoral head diameter, n (%) 0.44*
28 mm 10 (13.7%) 13 (8.9%)
32 mm 6 (8.2%) 9 (6.2%)
36 mm 57 (78.1%) 124 (84.9%)
Preoperative HHS, median (quartile) | 46.8 (36.2-59.7) 39.9 (20.3494) 0.001*

Notes: *5<0.05: statistically significant; “These variables were matching criteria and there was no significant difference between
two groups; Quantitative data is presented as mean (standard deviation) or median (lower quartile, upper quartile); Qualitative

data is presented as number (%).

Abbreviations: LSF, lumbar spine fusion; THA, total hip arthroplasty; HHS, harris hip score.

Table 2 Postoperative Outcome of Patients in Group LSF (n=73) and Group AS (n=146)

Group LSF (n=73) | Group AS (n=146) p-value
Dislocation, n (%) 3 (4.11%) | (0.68%) 0.118*
Postoperative HHS, median (quartile) | 91 (84-97) 90 (83-95) 0.204
AHHS¥, mean (SD) 43.1 (15.4) 51.2 (20.9) 0.005%*
Flexion ROM of hip, mean (SD) 117.4° (14.2°) 102.1° (24.5°) <0.0005%
Flexion ROM of lumbar, mean (SD) 76° (14.9°) 49.5° (24.1°) <0.001
Nosie of hip, n (%) 15 (22.7%) 27 (18.6%) 0.577

Notes: *p<0.05: statistically significant; “Hazard ratio (HR)=6. |, 95% confidence interval (Cl)=0.63-58.59; *The improvement of HHS.
Abbreviation: ROM, range of motion.

and the other three patients received closed reduction surgery when dislocation occurred. One patient in Group LSF
underwent a second dislocation event at 6 months after surgery and the patient in Group AS suffered from multiple
dislocations. One patient in Group LSF dislocated anteriorly and the other three patients underwent posterior dislocation.

The median of preoperative HHS were 46.8 (36.2-59.7) in Group LSF and 39.9 (20.3-49.4) in Group AS (p=0.001,
Table 1). At the last follow-up, the median of HHS were 91 (84-97) in Group LSF and 90 (83-95) in Group AS
(»=0.204, Table 2). The improvement of HHS (AHHS) were 43.1+15.4 in Group LSF and 51.2+20.9 in Group AS
(p=0.005, Table 2). At the last follow-up, the flexion ROMs of hip were 117.4°£14.2° in Group LSF and 102.1°+24.5° in
Group AS (p<0.0005, Table 2). The postoperative flexion ROMs of lumbar were 76°+14.9° in Group LSF and 49.5°
+24.1° in Group AS (p<0.001, Table 2).

Based on measurements of postoperative standing anteroposterior (AP) radiographs, the acetabular inclinations were
39.59°48.00° in Group LSF and 39.57°+£6.44° in Group AS (p=0.988, Table 3). The medians of acetabular anteversion
were 19.4° (14.4°-24.7°) in Group LSF and 20.6° (17.7°-23.5°) in Group AS (p=0.25, Table 3). There was no statistical
significance in postoperative acetabular inclination and anteversion between the two groups. Postoperative femoral
offsets (FO) of the operation side were 38.6 mm (34.5-42.9 mm) in Group LSF and 31.9 mm (25.3-36.1 mm) in
Group AS (p<0.0005, Table 3). Postoperative acetabular offsets (AO) of the operation side were 30.1 mm (27.8—
33.1 mm) in Group LSF and 32.3 mm (29.4-35.7 mm) in Group AS (p=0.001, Table 3). Postoperative abductor lever
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Table 3 Measurements of Postoperative Standing Anteroposterior (AP) Spinopelvic Radiographs in Group LSF

(n=73) and Group AS (n=146)

Group LSF (n=73) | Group AS (n=146) p-value
Inclination, mean (SD) 39.59° (8.00°) 39.57° (6.44°) 0.988
Anteversion, median (quartile) 19.4° (14.4°-24.7°) 20.6° (17.7°-23.5°) 0.25
Within Lewinnek safe zone, n (%) 39 (59.1%) 103 (72.0%) 0.079
Postoperative FO*(mm), median (quartile) 38.6 (34.542.9) 31.9 (25.3-36.1) <0.0005*
Postoperative AO“(mm), median (quartile) 30.1 (27.8-33.1) 32.3 (294-35.7) 0.001*
Postoperative abductor lever arm*(mm), mean (SD) | 65.2 (8.6) 61.4(9.3) 0.006*
AFO*(mm), median (quartile) 5.3 (2.0-10.3) 4.9 (1.8-13.9) 0.794
AAO#(mm), median (quartile) 34 (1.3-6.2) 2.2 (1.04.2) 0.04*
Aabductor lever arm*(mm), median (quartile) 55 (1.1-9.2) 4.4 (1.6-8.5) 0.902

Notes: *5<0.05: statistically significant; “operation side; “postoperative difference between operation side and health side.

Abbreviations: FO, femoral offset; AO, acetabular offset.

Table 4 Measurements of Postoperative Standing Lateral Spinopelvic Radiographs in Group LSF

(n=73) and Group AS (n=146)

Group LSF (n=73) | Group AS (n=146) p-value
Amount of radiographs 30 55
Sacral slope, median (quartile) 33.7° (25.3°-37.8°) 25.5° (15.3°-34.1°) 0.025*
Pelvic tilt, mean (SD) 11.9°(1.6°) 22.0° (12.2°) <0.0005*
Pelvic incidence, median (quartile) | 39.2° (29.4°45.7°) 39.1° (34.1°-52.5°) 0.158

Note: *p<0.05: statistically significant.

arms of the operation side were 65.2 mm=8.6 mm in Group LSF and 61.4 mm=9.3 mm in Group AS (p=0.006, Table 3).
Nevertheless, the difference of FO between the operation side and health side (AFO, p=0.794, Table 3) revealed no
statistical significance between the two groups. A similar statistical result was acquired for abductor lever arm’s
difference between the operation and health side (Aabductor lever arm, p=0.902, Table 3). The AO differences (AAO)
were 3.4 mm (1.3-6.2 mm) in Group LSF and 2.2 mm (1.0-4.2 mm) in Group AS (p=0.04, Table 3).

Standing lateral spinopelvic radiographs were available for 30 hips in Group LSF and 55 hips in Group AS. Based on
these radiographs, we found the sacral slope (SS) of patients in Group AS was lower than that of patients in Group LSF
(25.5° (15.3°-34.1°) versus 33.7° (25.3°-37.8°), p=0.025, Table 4). Moreover, there was a significant difference for
pelvic tilt (PT) between Group LSF and Group AS (11.9°£1.6° versus 22.0°+12.2°, p<0.0005, Table 4). No significant
difference was found for pelvic incidence (PI) (39.2° (29.4°—45.7°) in Group LSF versus 39.1° (34.1°-52.5°) in Group
AS, p=0.158, Table 4).

Lewinnek et al proposed a safe range to position the cup (5-25° anteversion and 30—50° abduction).>*?! Thirty-nine
hips (59.1%) in Group LSF were in the Lewinnek safe zone and 103 hips (72.0%) in Group AS were in the safe zone
(p=0.079, Table 3).

Discussion
LSF and AS

The coexistence of degenerative lumbar spinal disease and end-stage hip osteoarthritis is common now.*>>* The hip-
spine syndrome proposed by Offierski and Macnab® has attracted much attention of many orthopedic surgeons.
Researchers increasingly suggested that LSF prior to or after THA increased the risk of complications following THA,
especially for dislocation event. Sing et al® collected data of 598,995 patients and finally concluded that patients
1** demonstrated
that patients who underwent spinal fusion after primary THA had 340% higher odds of hip dislocation events and 220%

higher odds of a revision surgery.

undergoing THA with prior LSF were at increased risk of dislocation events following THA. Diebo et a
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Ankylosing spondylitis also invades spine and hip joints simultaneously. However, it is still controversial whether AS
could elevate the risk of dislocation following THA. Xu et al'! reported a cohort of 54 AS patients (81 THAs) and
demonstrated that there were no signs of dislocation, periprosthetic fractures, or aseptic loosening following THA.
Blizzard et al'* supposed that the risk ratio of dislocation events was elevated at 90-days (1.44, 95% CI0.93-2.22) with
no statistical significance, but significantly increased at 2-years (1.67, 95% CI1.25-2.23). We found the outcome of THA
patients with LSF and AS seemed to be different, though LSF and AS could all lead to various degrees of spinal fusion.
However, no previous study has confirmed and analyzed the difference between “pathological” spinal fusion (AS) and
“artificial” spinal fusion (LSF). We believed that our study was groundbreaking and valuable.

Dislocation and ROM

In our study, we found the dislocation rate of patients in Group AS (0.68%) was obviously lower than that of patients in
Group LSF (4.11%) and the HR value reached 6.1. However, the difference has not reached statistical significance
(»=0.118). Considering the low calculated power (1-f, 0.24), we supposed insufficient statistical evidence could be
attributed to small sample size and a retrospectively designed study. We looked forward to prospective, large-scale trials
to statistically validate the difference of dislocation rate between two groups.

Though there was no significant difference for postoperative HHS (p=0.204) between two groups in our study, it
demonstrated that postoperative hip flexion—extension ROM in Group AS was significantly lower than that in Group
LSF. Researchers have reported that the dislocation event was related to postoperative hip ROM. Peak et al*® believed
that postoperative education remained necessary to avoid dislocation events. Though several restrictions (the use of
a higher stool and a pillow between two legs, the avoidance of driving and lying on operative side, etc.) proved

ineffective for rehabilitation in their study, Peak et al*®

still asked all patients in their department to obey the restrictive
rules of ROM (the avoidance of flexion >90°, hip adduction, external and internal rotation >45°) for 6 weeks post-
operatively. Patients in Group AS had significantly lower hip joint motion than patients in Group LSF in the early stage
of rehabilitation or after complete recovery. Therefore, AS patients had fewer opportunities to exceed the limitation of
hip ROM, so that they had fewer opportunities to undergo dislocation events. Our research has also demonstrated that
postoperative lumbar flexion ROM of AS patients was significantly lower than that of patients in Group LSF. Previous
studies have revealed that the spine—pelvis—hip complex functions in coordination in the sagittal plane and lumbar
stiffness is closely related to decreased pelvic motion.”?” We supposed that the decreased lumbar flexion ROM in AS

patients was also associated with the limitation of hip ROM and lower risk of dislocation events.

Acetabular Orientation
Multiple studies have demonstrated that the inclination and anteversion were key elements of initial stability and long-
term survival of the implant and inappropriate orientation of the acetabular cup can lead to dislocation events.>!'®%!
Since history of LSF and AS would change the ROM and sagittal balancing of the spine, the pelvis tended to be
hyperextension and acetabular orientation would change with spine and pelvis.'""'**®?° Thus, it was conventional for
surgeons to adjust inclination and anteversion of the implant intraoperatively in case routine acetabular positioning and
orientation would lead to increased risk of dislocation.'!-**°

However, our study revealed that there was no significant difference between two groups concerning postoperative
acetabular inclination (p=0.988) and anteversion (p=0.25). Moreover, the mean acetabular inclination and anteversion of
two groups were all located in the Lewinnek safe zone and the proportion of patients in the safe zone was not
significantly different between two groups (p=0.079). We believed that the difference of dislocation rate between two
groups was not associated with acetabular inclination and anteversion and there would be no need for surgeons to

specially adjust positioning and orientation of the implant intraoperatively.

Standing Lateral Spinopelvic Radiographs

With the measurement of standing lateral spinopelvic radiographs, we found the sacral slope of patients in Group LSF
and Group AS was, respectively, 33.7° and 25.5°, and they were all below the mean value of the general population
(40°). That demonstrated that the pelvis tended to be hyperextended in patients with LSF and AS. Meanwhile, our data
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suggested that patients in Group AS had a significantly lower SS (p=0.025) and higher PT (p<0.0005) than patients in
Group LSF. Lower SS and higher PT in patients with AS demonstrated that AS patients suffered from more serious
spinopelvic stiffness compared with LSF patients.* >* The decreased lumbar ROM and increased spinopelvic stiffness in
AS patients could be attributed to severer spinal ankylosis and sagittal imbalance, which was known to be associated with
the decreased hip ROM.>*>3733 Therefore, compared with LSF patients, AS patients suffered from severer stiffness and
lower mobility along the spine—pelvis—hip axis. The lower mobility restricted movement along the spine—pelvis—hip axis
and reduced the possibility of risky movement which could result in dislocation events. We will design and carry out
a prospective study with a large sample size to validate our conclusion. The standing and sitting lateral spinopelvic
radiographs will be acquired preoperatively and postoperatively for all patients enrolled in the prospective study, so that
we could dynamically analyze the mobility and sagittal balance along the spine—pelvis—hip axis.

Limitations

There were two limitations in this study. First, the study was a retrospective study and that made it difficult to obtain data
and conduct follow-ups. We will further conduct a relevant prospective study and collect more abundant data to validate
our opinions more exactly. Second, our study was limited by the small sample size. The patients with LSF and THA
coexisting only contributed a minor part of THA patients and dislocation events following THA are events with low
probabilities. Therefore, the amount of dislocation events occurring in two groups was relatively small and the rare
amount of dislocation events had a great effect on the statistical result. Further studies need a larger sample size which
could help reduce the effect as far as possible.

Conclusion

Patients with AS have a lower risk of dislocation following THA than patients undergoing LSF, though prospective and
large-sample trials are further needed to statistically validate the difference between the two groups. The lower risk is
significantly relevant to severer stiffness and lower mobility along the spine—pelvis—hip axis in AS patients after THA,
including lower hip ROM, lower lumbar ROM, and severer spinopelvic stiffness. There is no significant evidence that
acetabular orientation has an effect on the difference of dislocation rate between patients with LSF and AS. Therefore, we
propose that there is no need for surgeons to specially adjust positioning and orientation of the implant among patients
with various lumbar fusion.

Abbreviations

LSF, lumbar spinal fusion; AS, ankylosing spondylitis; ROM, range of motion; THA, total hip arthroplasty; BMI, body
mass index; HHS, Harris Hip Score; AP, anteroposterior; FO, femoral offset; AO, acetabular offset; SS, sacral slope; PT,
pelvic tilt; PI, pelvic incidence; HR, hazard ratio; CI, confidence intervals.
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