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Abstract
Background Spinal fractures in patients with ankylosing spondylitis (AS) mainly present as instability, involving all 
three columns of the spine, and surgical intervention is often considered necessary. However, in AS patients, the 
significant alterations in bony structure and anatomy result in a lack of identifiable landmarks, which increases the 
difficulty of pedicle screw implantation. Therefore, we present the clinical outcomes of robotic-assisted percutaneous 
fixation for thoracolumbar fractures in patients with AS.

Methods A retrospective review was conducted on a series of 12 patients diagnosed with AS. All patients sustained 
thoracolumbar fractures between October 2018 and October 2022 and underwent posterior robotic-assisted 
percutaneous fixation procedures. Outcomes of interest included operative time, intra-operative blood loss, 
complications, duration of hospital stay and fracture union. The clinical outcomes were assessed using the visual 
analogue scale (VAS) and Oswestry Disability Index (ODI). To investigate the achieved operative correction, pre- and 
postoperative radiographs in the lateral plane were analyzed by measuring the Cobb angle.

Results The 12 patients had a mean age of 62.8 ± 13.0 years and a mean follow-up duration of 32.7 ± 18.9 months. 
Mean hospital stay duration was 15 ± 8.0 days. The mean operative time was 119.6 ± 32.2 min, and the median blood 
loss was 50 (50, 250) ml. The VAS value improved from 6.8 ± 0.9 preoperatively to 1.3 ± 1.0 at the final follow-up 
(P < 0.05). The ODI value improved from 83.6 ± 6.1% preoperatively to 11.8 ± 6.6% at the latest follow-up (P < 0.05). The 
average Cobb angle changed from 15.2 ± 11.0 pre-operatively to 8.3 ± 7.1 at final follow-up (P < 0.05). Bone healing 
was consistently achieved, with an average healing time of 6 (5.3, 7.0) months. Of the 108 screws implanted, 2 (1.9%) 
were improperly positioned. One patient experienced delayed nerve injury after the operation, but the nerve function 
returned to normal upon discharge.
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Background
Ankylosing Spondylitis (AS) is a chronic inflammatory 
disease which is characterized by pain and progres-
sive stiffness [1]. Considering the unique characteristics 
of spinal fusion, osteoporosis, and spinal deformities in 
AS patients, individuals affected by these conditions are 
more prone to experiencing fractures even with minimal 
force impact [2–4]. The prevalence of spinal fractures in 
patients with AS is believed to be four times higher than 
that in healthy individuals [5]. Because these fractures 
often occur after minor trauma and in individuals with 
pre-existing chronic back pain, reaching a diagnosis is 
often challenging and may result in secondary neurologi-
cal deficits [2].

The spinal fractures in patients with AS are predomi-
nantly unstable, involving all three columns of the spine, 
which require effective treatment in the early stage [5]. 
Due to the prevalence of unstable injuries and a higher 
occurrence of neurological symptoms, surgical interven-
tion is often considered essential [6, 7]. The traditional 
posterior open surgery is the classic treatment for AS, 
which achieves good clinical results [8, 9]. However, due 
to the inflammatory reaction and osteoporosis of the 
disease itself, extensive dissection of paraspinal muscles 
during the operation will leads to increased bleeding, 
prolonged operation time, and an increased risk of post-
operative infection [9].

In recent years, there has been an increasing inclina-
tion towards the utilization of percutaneous techniques 
for spinal fracture instrumentation. This approach offers 
advantages such as reduced surgical duration, minimal 
blood loss, and shorter hospital stays for individuals with 
AS who have thoracolumbar fractures [9–12]. However, 
in patients with AS, the significant alterations in bony 
structure and anatomy result in a lack of identifiable 
landmarks, which increases the difficulty of pedicle screw 
implantation and imposes demanding technical require-
ments on the operator [9]. Therefore, robot-assisted 
surgical fixation for AS combined with thoracolumbar 
fractures has become possible, because it has been con-
firmed to have the advantages of minimizing radiation 
exposure and improving the accuracy of screw placement 
in the treatment of common spinal fractures [13–15]. In 
addition, by utilizing robotic assistance, surgeons have 
the flexibility to select screws with a larger diameter and 
increased length [16]. This theoretically provides a more 
stable healing environment for thoracolumbar fractures 
in patients with AS.

Here, we present a study on patients with AS who 
underwent robotic-assisted percutaneous fixation for 
thoracolumbar fractures. To the best of our knowledge, 
this is the first case series investigating the clinical effect 
of robotic-assisted percutaneous fixation in treating tho-
racolumbar fractures in AS patients, which may provide 
a new treatment option. We thoroughly analyze our 
results, focusing on outcomes and complications, and 
compare them to previously published data.

Materials and methods
Patients
This study was approved by the Institutional Review 
Board of the Second Affiliated Hospital of Soochow Uni-
versity, and all patients signed informed consent forms. 
A retrospective review was conducted on all patients 
diagnosed with thoracolumbar fractures in AS who 
underwent robotic-assisted percutaneous fixation at 
our institution from October 2018 to October 2022. All 
patients received plain radiography, computed tomogra-
phy (CT), magnetic resonance imaging, and a physical 
examination by a spinal surgeon upon their admission 
to the hospital. Patients who had a delay of over 24 h in 
receiving a diagnosis for their fractures were classified as 
having experienced a delayed identification. Diagnosis 
was made based on clinical and radiographic assessment. 
The AO Spine Thoracolumbar Spine Injury Classification 
System was utilized for the categorization of spinal frac-
tures. Neurological impairments were evaluated using 
the American Spinal Injury Association (ASIA) grad-
ing system. Age, gender, trauma history, fracture level, 
delayed diagnosis, duration between diagnosis and oper-
ation, body mass index and C-reactive protein levels were 
recorded (Table 1).

Inclusion and exclusion criteria
The inclusion criteria were as follows: (1) AS was diag-
nosed based on the modified New York criteria; (2) the 
imaging findings were thoracolumbar fracture; (3) the 
patient underwent posterior robotic-assisted percutane-
ous fixation for treatment. The exclusion criteria were 
as follows: (1) The patient was treated conservatively or 
with other procedures without robotic assistance; (2) the 
patient has thoracolumbar fracture combined with mul-
tiple concomitant fractures; (3) the patient is unable to 
tolerate surgery for personal reasons; (4) the incomplete-
ness of radiological information, treatment details, and 
follow-up data.

Conclusion Posterior robotic-assisted percutaneous internal fixation can be used as an ideal surgical treatment for 
thoracolumbar fractures in AS patients. However, while robot-assisted pedicle screw placement can enhance the 
accuracy of pedicle screw insertion, it should not be relied upon solely.

Keywords Ankylosing spondylitis, Thoracolumbar fractures, Surgical outcomes, Percutaneous techniques, Robot
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Surgical technique
All surgical procedures were performed on a specially 
designed flexible operating bed with the patient in a 
prone position and under general anesthesia. Sufficient 
cushioning was applied to accommodate the kyphotic 
deformity and minimize the risk of spinal cord injury. 
The CT scan of the surgical area was sent to the worksta-
tion prior to the operation (Renaissance; Mazor Robotics 
Ltd., Caesarea, Israel). The surgeon’s requests for precise 
vertebral trajectories and screw dimensions were meticu-
lously planned one day prior to the surgery (Fig. 1A-C). 
During the preparation surgery, registration was per-
formed using anteroposterior and oblique plane images 
in order to automatically merge them with the preopera-
tive CT. The next step involved positioning a compact 
robotic manipulator (400  g, 9  cm tall, 5  cm diameter) 
onto the bone-mounted platform, ensuring that it was 
precisely aligned with the planned trajectory, follow-
ing the surgeon’s instructions (Fig.  1D). After tapping 
the screw paths with a thread tap through the expanded 
channels, the screw was manually inserted following the 
guide wire. The rods were percutaneously inserted from 
the upper side to the lower side, with the assistance of a 
screw extender. All patients underwent posterior long-
segment fixation, and pedicle screws were placed 2 levels 
above and below the fractured vertebrae/disc. When the 
fracture type is transdiscal, pedicle screws were placed 
in the intact vertebrae above and below the fractured 
disc. When the fracture type is transvertebral, whether 

the fractured vertebra is fixed using screws depends on 
whether the pedicle is fractured. If the pedicle is not frac-
tured, the fractured vertebra will be fixed (Fig.  2); oth-
erwise, if the pedicle is fractured, it will be skipped and 
pedicle screws will be placed 2 levels above the fractured 
vertebrae (Fig. 1).

Clinical evaluation
Follow-up evaluations were conducted at 1, 3, 6, and 
12-month intervals after the surgical procedure, with 
additional yearly assessments if necessary. The effective-
ness of the treatment was assessed using the visual ana-
logue scale (VAS) for quantifying back pain severity, the 
Oswestry Disability Index (ODI) for evaluating disability, 
and the modified MacNab score to determine postop-
erative results during the most recent follow-up period. 
Neurological status was evaluated using the ASIA classi-
fication system. The collection of complications was con-
ducted during both the intraoperative and postoperative 
periods.

Radiographical assessment
Radiographic assessment included the evaluation of the 
sagittal Cobb angle, bone fusion status and pedicle screw 
placement. The sagittal Cobb angle is used to assess the 
achieved operative correction. It is defined as the angu-
lar measurement between a line parallel to the supe-
rior end plate of the vertebra located above the fracture 
and another line parallel to the inferior end plate of the 

Table 1 Patient demographics and case details
Case Gen-

der 
(F/M)

Age 
(years)

Trauma history Fracture 
level

AO clas-
sification
(fracture 
type)

ASIA grade
preoperatively

Delayed
diagnosis

Days between
diagnosis and 
operation

CRP 
(mg/L)

BMI 
(kg/
m2)

1 F 65 No L2 B2 ASIA E Yes 3 6.1 32.87
2 M 57 Fall from ladder

(high impact)
T5 B2 ASIA E NO 20 171.2 24.80

3 M 48 No L1, L2 B2 ASIA D Yes 4 25.8 23.53
4 M 83 Fall from standing

(low impact)
L3 B3 ASIA E Yes 5 100.1 25.39

5 M 68 No T10、T11 B3 ASIA E Yes 6 51.6 27.24
6 M 69 Fall from standing

(low impact)
T12 B3 ASIA E Yes 3 57.4 25.95

7 M 79 Fall from standing
(low impact)

T12 B3 ASIA E NO 3 60.9 26.81

8 M 66 No L1, L2 B3 ASIA E Yes 1 7.0 25.71
9 M 49 Fall from ladder

(high impact)
T10 B3 ASIA E Yes 4 7.3 23.74

10 M 41 Fall from standing
(low impact)

L2 B3 ASIA E NO 4 110.5 24.8

11 M 54 Fall from standing
(low impact)

L2 B3 ASIA E NO 5 98.6 20.3

12 M 74 Fall from standing
(low impact)

T11 B3 ASIA E No 4 43.3 19.59

F, female; M, male; L, lumbar; T, thoracic; BMI, body mass index; CRP, C-reactive protein; ASIA, American Spinal Injury Association
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Fig. 1  A 41-year-old man, who was diagnosed with an L2 fracture, had a history of low-impact trauma. (A-C) The preoperative planning involves deter-
mining the optimal trajectory for screw placement and selecting the appropriate size of pedicle screw. (D) The robotic manipulator was positioned on 
the bone-mounted platform, and the appropriate pedicle screws were inserted. Postoperative anteroposterior (E) and lateral radiographs (F), as well as 
transverse computed tomography scans (G-H), demonstrate satisfactory screw placement and sizing
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Fig. 2  A 51-year-old man was diagnosed with a T11 fracture after sustaining an injury from a fall. Lateral radiography (A) reveals morphological changes 
in the T11 vertebral body (arrow). Preoperative computed tomography (B-C) demonstrated a fracture traversing the T11 vertebral body, pedicle, and 
articular process (arrow). Preoperative magnetic resonance imaging (D) showing a 3-column injury at T11 (arrow). Postoperative plain radiographs (E-F) 
demonstrate satisfactory screw placement. Lateral radiography (G-H) showed that the fracture had healed two years after the operation, and the internal 
fixation had been removed
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vertebra positioned one level below the fracture [17]. 
Fracture healing is defined as the blurring of the frac-
ture line on radiographs, the formation of bridging bone 
(Fig. 2), or the appearance of a trabecular pattern across 
the fracture site on CT imaging [12, 18]. The placement 
of the pedicle screws was assessed by utilizing axial CT 
scans and categorized according to the grading system of 
Gertzbein and Robbins [19]. The criteria for implant fail-
ure include screw breakage, screw pullout, peri-implant 
loosening, and rod breakage.

Statistical analysis
Qualitative variables were presented using numerical val-
ues and percentages, while quantitative variables were 
expressed as the mean ± standard deviation or median. 
Paired sample t-tests were utilized to compare preopera-
tive and postoperative measurements, with statistical sig-
nificance defined as P < 0.05. The statistical analyses were 
conducted using IBM SPSS Statistics 27.0 software.

Results
Surgical results
All patients, including 11 males and one female, under-
went posterior robotic-assisted percutaneous fixation. 
The average age was 62.8 ± 13.0 years, and the aver-
age duration of postoperative follow-up was 32.7 ± 18.9 
months. The mechanism of injury was identified as low 
energy or no trauma history in 83% (n = 10), while a high 
energy injury was noted in 17% (n = 2). Fractures classi-
fied by the AO classification were B2 in 25% (n = 3) and 
B3 in 75% (n = 9) patients. Delayed diagnosis was pres-
ent in 58% (n = 7) of patients, including 1 (14%) patient 
who experienced neurologic deterioration and 3 (43%) 
patients with secondary pseudarthrosis. Delay of surgery 
(> 72  h) occurred in 8 (67%) patients. The mean opera-
tive time was 119.6 ± 32.2 min, and the median blood loss 
was 50 (50, 250) ml. The average change in hemoglobin 

concentration before and after surgery was 1.6 ± 8.6  g/
dl. Mean hospital stay duration was 15.0 ± 8.0 days. One 
patient experienced delayed neurologic deficit after 
surgery, resulting in a change of grade from ASIA E to 
ASIA C. The patient underwent emergency spinal canal 
decompression with the assistance of a microscope, as it 
was determined that the cause was compression caused 
by a hematoma, and the neurological status returned to 
normal after 2 weeks. The remaining patients did not 
experience any postoperative complications, and there 
were no deaths during the follow-up period (Table 2).

Clinical results
All patients expressed satisfaction with the outcome of 
the surgery and reported a reduction in their back dis-
comfort. The preoperative VAS value showed a signifi-
cant improvement, decreasing from 6.8 ± 0.9 to 1.3 ± 1.0 
the final follow-up (P < 0.05). Similarly, the ODI value 
demonstrated a remarkable enhancement, reducing 
from 83.6 ± 6.1% before surgery to 11.8 ± 6.6% at the most 
recent follow-up (P < 0.05) (Table 3). Based on the modi-
fied Macnab criteria, clinical efficacy was assessed as 
excellent in 10 cases and good in 2 cases during the most 
recent follow-up evaluation. One patient who had ASIA 
D neurologic deficit before surgery improved to ASIA E, 
and the internal fixation was removed 2 years after the 
operation.

Radiologic findings
All patients achieved successful fracture healing, with 
an average healing time of 6 (5.3, 7.0) months, and no 

Table 2 Surgical treatment and outcomes
Case Internal

stabilization
Operation
time (min)

Hemorrhage
(ml)

Perioperative
complications

Death
during FU

Length of
hospital stay (day)

Time of bony union (mon)

1 T10-L4 180 400 No No 14 7
2 T3-8 180 300 No No 26 12
3 T12-L3 130 50 No No 11 4
4 L1-5 120 300 No No 12 6
5 T9-12 100 100 No No 20 8
6 T10-L2 110 50 Yes (neurological deficit) No 32 7
7 T10-L2 95 100 No No 14 6
8 T12-L3 120 50 No No 7 5
9 T9-T12 90 30 No No 6 6
10 T12-L4 130 40 No No 7 6
11 T12-L4 100 50 No No 12 5
12 T9-L1 80 50 No No 19 6
L, lumbar; T, thoracic; FU, follow-up

Table 3 Preoperative and last follow-up patient data
Preoperative Last follow-up P value

VAS 6.8 ± 0.9 1.3 ± 1.0 < 0.001
ODI (%) 83.6 ± 6.1 11.8 ± 6.6 < 0.001
Cobb angle (°) 15.2 ± 11.0 8.3 ± 7.1 0.002
VAS, visual analogue scale; ODI, oswestry disability index
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patient experienced implant failure. Out of the 108 
screws implanted, 2 (1.9%) were improperly positioned, 
and both screws were located outside the lateral wall of 
the pedicle (Fig. 3). One patient did not have any clinical 
manifestations, so we did not perform further revision. 
Another patient experienced delayed neurologic deficit 
one day after surgery and underwent emergency spinal 
canal decompression. Although the cause was deter-
mined to be compression caused by a hematoma, we still 
repositioned the screw. The Cobb angle changed from 
15.2 ± 11.0 preoperatively to 8.3 ± 7.1 at the final follow-
up (P < 0.05) (Table 3).

Discussion
Spinal fractures can occur in patients with AS even under 
low-energy impact, predominantly resulting in instabil-
ity and involving all three columns of the spine, which 
presents a challenge for surgeons in terms of treatment 
[2, 4, 5]. However, fractures such as these may frequently 
go undetected on plain radiography and be masked by 
common symptoms in AS, leading to a delay in diagno-
sis [5]. It has been reported that delayed diagnosis was 
observed in 17.1–65.4% of cases with AS vertebral frac-
tures [5, 20], and one-third of patients developed neu-
rologic deficits [2]. Furthermore, this delay in diagnosis 
may result in non-union of the fracture, leading to thora-
columbar pseudarthrosis [21]. In our series, delayed diag-
nosis was present in 58% (n = 7) of patients, including 1 
(14%) patient who experienced neurologic deterioration 
and 3 (43%) patients with secondary pseudarthrosis. The 
findings were consistent with those of previous studies. 
As previous studies have shown, there was a presence of 
both doctor’s delay and patient’s delay in the diagnostic 

process [5]. None of our patients experienced a delay in 
diagnosis due to the physician, which may be because 
we have been aware of the concealment and harmfulness 
with these spinal fractures and remained vigilant. How-
ever, there is still a need for improvement in the under-
standing of AS combined with spinal fractures. Especially 
for patients themselves, it is necessary to promptly seek 
medical advice when the nature of pain changes.

The effectiveness of conservative treatment is limited 
and often results in suboptimal outcomes, which may 
include the use of braces, rest, and anti-inflammatory 
drugs [22–24]. Due to the frequent occurrence of unsta-
ble injuries and a higher probability of encountering neu-
rological symptoms, internal fixation is often considered 
necessary. The study conducted by Robinson et al. [25] 
demonstrated that surgical treatment could significantly 
improve patients’ survival rates. Additionally, Westerveld 
et al. [26] discovered that surgical treatment can enhance 
patients’ neurological function to some extent. Therefore, 
we recommend surgery in the absence of any surgical 
contraindications. The traditional posterior open surgery 
is a classic treatment method that also yields favorable 
clinical outcomes [27]. However, the surgical trauma is 
significant and there are more postoperative complica-
tions [9]. Nugent et al. [28] and Nakao et al. [22] reported 
surgical complications with incidences of 64% and 30.8%, 
respectively.

In recent years, minimally invasive surgery has been 
recognized by the majority of doctors, especially for 
elderly AS patients with more underlying diseases. It 
can achieve better clinical results and reduce the occur-
rence of surgical complications [9, 10, 29, 30]. Ye et al. 
[9] demonstrated that minimally invasive surgery can 

Fig. 3  Postoperative computed tomography (A-B) revealed that the screws were positioned outside the lateral wall of the pedicle
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achieve effects similar to those of traditional open sur-
gery, while reducing bleeding, trauma, and postopera-
tive complications. Additionally, bone cement was used 
to enhance the screw holding force and prevent screw 
loosening in patients with severe osteoporosis [12, 31]. 
However, in patients with AS, the significant alterations 
in bony structure and anatomy result in a lack of iden-
tifiable landmarks, especially in the upper thoracic spine 
[32]. Therefore, acquiring high-quality intra-operative 
images can present challenges and impose rigorous tech-
nical demands on the operator, especially in minimally 
invasive surgery [9]. Bredin et al. [31] used a percutane-
ous technique to implant 228 pedicle screws, 6 (2.6%) of 
which were poorly positioned, including 1 within the spi-
nal canal. According to a meta-analysis, Tian et al. [33] 
found that the incidence of screw malposition ranged 
from 10 to 31% when conventional techniques were 
used for pedicle screw insertion. In our series, the ped-
icle screw was implanted with the assistance of a robot 
and the accuracy rate was 98.1%, which surpasses the 
outcomes documented in previous studies [31, 33]. This 
finding also demonstrates the benefits of robot-assisted 
screw placement precision, thereby enhancing the safety 
of surgical treatment for patients with AS combined with 
thoracolumbar fractures. However, two pedicle screws 
remained positioned outside the lateral wall of the ped-
icle, and one underwent revision. The possible reason 
could be that the robot is not securely fixed, leading to 
guide pin slippage upon insertion due to bone sclerosis. 
Therefore, based on our experiential learning, we recom-
mend slowly inserting the guide pin into the bone upon 
contact with the bone surface at maximum rotation 
speed. Fluoroscopy should be performed again after all 
screws placement to evaluate the position of the screw.

The repeated use of intraoperative fluoroscopy is essen-
tial for achieving more precise screw positioning, par-
ticularly in minimally invasive procedures performed on 
patients with AS [9]. Brooks et al. [34] demonstrated that 
minimally invasive surgery significantly increased intra-
operative radiation exposure compared to traditional 
open surgery. Additionally, Kai et al. [11] identified radia-
tion exposure as the only drawback of minimally invasive 
surgery in AS patients due to the increased difficulty in 
obtaining high-quality intraoperative images in the spine. 
The latest findings also indicate that prolonged exposure 
to low levels of radiation significantly increases the risk 
of mortality from solid tumors, causes damage to DNA 
and death of leukocytes, and has been classified as a 
“known human carcinogen” by the World Health Orga-
nization [35, 36]. Therefore, it is necessary to enhance 
occupational protection measures and reduce medical 
radiation exposure. In our study, the use of robot-assisted 
screw placement eliminates the need for repeated fluo-
roscopy during surgery, thereby significantly reducing 

radiation exposure. This finding has also been observed 
in other studies [13, 15, 37]. In the future, we will con-
tinue to closely monitor intraoperative radiation expo-
sure, further present radiation-related data, and conduct 
controlled studies.

The clinical outcomes of our robot-assisted percuta-
neous fixation technique are consistent with previous 
studies on minimally invasive surgery, demonstrating 
consistently favorable results [12, 30, 31]. The VAS and 
ODI values were 1.3 ± 1.0 and 11.8 ± 6.6%, respectively, 
at the most recent follow-up. All patients successfully 
achieved union of the fracture, and there were no occur-
rences of implant failure. This is probably because we 
applied a robot-assisted technique to plan the trajectory 
of the screw and select a larger-sized screw in advance, 
achieving maximum fixation strength while maintain-
ing the structural integrity of the vertebral pedicles [38]. 
Barkay et al. [39] demonstrated that postponing surgi-
cal intervention (> 72  h) in elderly patients with spinal 
ankylosing disorders may lead to an increase in medical 
complications and mortality. In our study, surgery was 
delayed in 8 (67%) patients; however, no patients died, 
and the incidence of postoperative complications was 
8.3%, which was lower than that reported in other stud-
ies [12, 30, 39]. This could potentially be attributed to the 
limited sample size of participants in our research or the 
use of robot-assisted technology, which improves work 
efficiency and promotes early rehabilitation. One patient 
experienced delayed neurological deficits due to hema-
toma compression after surgery; fortunately, the neuro-
logical status returned to normal following spinal canal 
decompression surgery. From this, it can be inferred that 
robot-assisted surgery has the potential to enhance oper-
ational efficiency and mitigate complications. However, it 
is imperative not to disregard the limitations of minimally 
invasive surgery in terms of detecting deep tissue hemor-
rhage and ensuring prompt and effective hemostasis.

There were several limitations in our study. First, it 
was a retrospective study. Secondly, the study’s limited 
sample size emphasizes the need for future research with 
larger sample sizes to replicate these findings. Thirdly, we 
did not present data such as intraoperative fluoroscopy 
and specific screw size. Controlled studies with large 
samples are needed to further clarify the advantages of 
robot-assisted technology in the treatment of thoraco-
lumbar fractures with AS. Finally, the relatively high cost 
of robot-assisted treatment necessitates a comprehensive 
evaluation of the need for such technology.

Conclusions
Posterior robotic-assisted percutaneous internal fixa-
tion can achieve satisfactory outcomes for thoraco-
lumbar fractures in patients with AS. However, while 
robot-assisted pedicle screw placement can enhance 
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the accuracy of pedicle screw insertion, it should not be 
relied upon solely.
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