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Objective : Recently, robotic-assisted spine surgery (RASS) has been considered a minimally invasive and relatively accurate 
method. In total, 495 robotic-assisted pedicle screw fixation (RAPSF) procedures were attempted on 100 patients during a 14-month 
period. The current study aimed to analyze the accuracy, potential risk factors, and learning curve of RAPSF.
Methods : This retrospective study evaluated the position of RAPSF using the Gertzbein and Robbins scale (GRS). The accuracy was 
analyzed using the ratio of the clinically acceptable group (GRS grades A and B), the dissatisfying group (GRS grades C, D, and E), and 
the Surgical Evaluation Assistant program. The RAPSF was divided into the no-breached group (GRS grade A) and breached group 
(GRS grades B, C, D, and E), and the potential risk factors of RAPSF were evaluated. The learning curve was analyzed by changes in 
robot-used time per screw and the occurrence tendency of breached and failed screws according to case accumulation.
Results : The clinically acceptable group in RAPSF was 98.12%. In the analysis using the Surgical Evaluation Assistant program, the 
tip offset was 2.37±1.89 mm, the tail offset was 3.09±1.90 mm, and the angular offset was 3.72°±2.72°. In the analysis of potential 
risk factors, the difference in screw fixation level (p=0.009) and segmental distance between the tracker and the instrumented level 
(p=0.001) between the no-breached and breached group were statistically significant, but not for the other factors. The mean 
difference between the no-breach and breach groups was statistically significant in terms of pedicle width (p<0.001) and tail offset 
(p=0.042). In the learning curve analysis, the occurrence of breached and failed screws and the robot-used time per screw screws 
showed a significant decreasing trend.
Conclusion : In the current study, RAPSF was highly accurate and the specific potential risk factors were not identified. However, 
pedicle width was presumed to be related to breached screw. Meanwhile, the robot-used time per screw and the incidence of 
breached and failed screws decreased with the learning curve.
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INTRODUCTION

The fourth industrial revolution is leading the healthcare 

industry to a wind of change that has never been experienced 

before6,25). Accordingly, the development of surgical tech-

niques has progressed by leaps and bounds for decades, and 

the equipment required for surgery has also rapidly developed. 

The use of da Vinci Surgical System (Intuitive Surgical Inc., 

Sunnyvale, CA, USA) as a robotic surgical device was ap-

proved by the U.S. Food and Drug Administration in 2000, 

and it opened the era of robotic surgery. Moreover, medical 

robots are currently applied to various surgeries11). Robotic 

surgery had negative rather than positive evaluation results in 

its early introduction4). However, numerous clinical data have 

been collected over the last 10 years, and robotic surgery has 

progressively proven to be more clinically effective than con-

ventional methods. Thus, the medical paradigm is also gradu-

ally changing12,18,23). This trend was reflected in spine surgery 

without exception, and robotic-assisted pedicle screw fixation 

(RAPSF) emerged in the field of spine surgery. In 2004, a ro-

botic system was applied to pedicle screw fixation, and Spine 

Assist (Mazor Robotics Ltd., Caesarea, Israel), the first spine 

robot, was developed8). Thereafter, the robot has been further 

developed and improved to date. In addition to Mazor, Glo-

bus’ EXCELSIUS (Globus Medical Inc., Audubon, PA, USA) 

and Medtech’s ROSA SPINE (Medtech, Montpellier, France) 

have been developed for pedicle screw fixation and are used 

worldwide with the approval of the U.S. Food and Drug Ad-

ministration8,14). Our hospital was selected for the medical 

surgical robot project, part of the 2021 service robot utiliza-

tion demonstration project. As a result, Curexo’s CUVIS-

spine robot system (CUREXO, Seoul, Korea), developed with 

domestic technology, was installed. Since applying the first 

pedicle screw fixation with CUVIS-spine robotic system in 

October 2021, RAPSF has been used in 100 patients by No-

vember 2022. CUVIS-spine is expected to show similar per-

formance to the previously developed spine robot, but there 

has been no domestic research on this yet. Therefore, in the 

current study, based on the data collected from 100 patients 

who attempted RAPSF, the accuracy of pedicle screw place-

ment, potential risk factors, and learning curve were analyzed 

and want to share experience.

MATERIALS AND METHODS

This retrospective study was approved by the Institutional 

Review Board of Pusan National University Yangsan Hospital 

(IRB 05-2023-118).

Demographic characteristics of the patients
The data from attempted 495 RAPSF were analyzed retro-

spectively (Fig. 1). Relevant data were obtained from the hos-

pital’s electronic medical records and the picture archiving 

Fig. 1. flow chart of screw selection in each analysis. Sea : Surgical assessment assistant.

A total of 495 robotic-assisted pedicle screw fixation 
attempted on 100 patients

Learning curve analysis
No-breached group + breached group + failed screw, 

breached failed screw probability, 
robot-used time per screw

Failed screw excluded

Planning file missed screws excluded

Risk factors analysis
No-breached group vs. breached group

SEA offset analysis
No-breached group vs. breached group

Accuracy assessment
Clinically acceptable group vs. dissatisfying group
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and communication system. The inclusion criteria included 

patients who diagnosed with herniated intervertebral disc 

with segmental instability, severe spinal stenosis (grade 3-4), 

spondylolisthesis (grade 1-2), and scoliosis, those who inef-

fective conservative treatment for 6 months. The patients un-

derwent computed tomography (CT) scans pre- and postop-

eratively, and the patient’s bone mineral density (BMD) and 

body mass index (BMI) were examined before surgery (Table 

1). All the patients underwent interbody fusion (oblique lateral 

interbody fusion [OLIF] or OLIF + posterior lumbar inter-

body fusion), of which nine patients had decompressive lami-

nectomy. In addition, all RAPSF were conducted with percu-

taneous fixation using CUVIS-spine. Patients with spinal 

tumors, spinal tuberculosis, and severe spinal deformities 

were excluded from the analysis.

Robotic-assisted pedicle screw fixation
CUVIS-spine comprises a main console with an optical 

camera, a floor-mounted robot arm, and a staff console (Fig. 

2A). The robotic system supports a scan and plan method, 

considering intraoperative CT scans based on the acquired 

images. Therefore, the first step was an intraoperative CT scan 

with an O-arm on the target vertebrae. The images of all pa-

tients were taken with a tracker that fixed the two-level upper 

spinous process of the upper instrumented vertebrae (Fig. 2B). 

The second step was the planning and previewing of the target 

vertebrae. Once screw trajectories were planned on the work-

station, all screw plans could be previewed. In that preview, 

the screw trajectory and rod alignment could be rechecked 

(Fig. 2C). The third step was the trajectory fixation and skin 

incision. Once the robot arm was fixed to the planned trajec-

tory, a skin incision was made. At this time, the skin and fascia 

should be released sufficiently to prevent trajectory shifting 

(Fig. 2D and E). The fourth step was the insertion of the ex-

pander to create a working corridor and drilling point (Fig. 

2F). Prior to drilling, the insertion point was double-checked 

using a ball-tip probe, whether the drill point was missed or 

consistent with the existing plan (Fig. 2G). The fifth step was 

drilling the entry point and completing the tapping. After 

drilling and tapping, the trajectory was rechecked at each step 

with a ball-tip probe (Fig. 2H). Finally, the screw was inserted 

with the assistance of the robot arm (Fig. 2I).

Evaluation of screw placement accuracy
After screw insertions were completed in each patient, a 

postoperative CT scan was performed using an O-arm to 

evaluate screw placement. The position of RAPSF was evalu-

ated by the Gertzbein and Robbins scale (GRS)34). The grading 

system reflects the deviation of the screw from intrapedicular 

Table 1. demographic characteristics of the patients

Value

Number of patients 100

Sex, male : female 35 : 65

Age (years) 67.93±7.42

BMD -0.27±1.57

BMI (kg/m2) 25.22±3.57

HD (days) 15.31±5.49

EBL (mL) 259.05±220.20

Pedicle width (mm)

L2 7.86±3.57

L3 9.77±1.75

L4 11.59±2.08

L5 15.47±3.22

S1 19.31±2.71

Pedicle height (mm)

L2 12.96±1.32

L3 13.29±1.60

L4 12.25±1.57

L5 12.12±1.83

S1 17.00±2.37

Robot-used time (minutes) 114.13±53.02

Robot-used time per screw (minutes) 21.04±8.30

Preoperative diagnosis

Spondylolisthesis 99

Spinal stenosis 98

HIVD 44

Scoliosis 78

Interbody fusion method

OLIF 97

PLIF 0

OLIF + PLIF 3

Decompressive laminectomy 9

Values are presented as mean±standard deviation or number unless 
otherwise indicated. BMD : bone mineral density, BMI : body mass 
index, HD : hospital day, EBL : estimated blood loss, HIVD : herniated 
intervertebral disc, OLIF : oblique lateral interbody fusion, PLIF : posterior 
lumbar interbody fusion
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Fig. 2. a : component of cUViS-spine. b : intraoperative O-arm scan. c : 
Planning and preview. d : Trajectory fixation and skin incision. e : Releasing 
the skin and fascia. f : insertion of the expander. g : drilling point 
confirmation using a ball-tip probe. h : after drilling and tapping, checking 
again with a ball-tip probe. i : Screw insertion under robotic guidance.
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trajectory. Grade A, perfectly within the pedicle; grade B, ped-

icle cortical breach <2 mm; grade C, pedicle cortical breach  

≥2 mm and <4 mm; grade D, pedicle cortical breach ≥4 mm 

and <6 mm; grade E, pedicle cortical breach ≥6 mm. Accura-

cy was assessed thru the ratio of the clinically acceptable 

group (GRS grades A and B) and the dissatisfying group (GRS 

grades C, D, and E)9). Another method for accuracy analysis 

using the Surgical Evaluation Assistant (SEA) program pro-

vided by the manufacturer of CUVIS-spine. Using the SEA 

program, intraoperative and postoperative CT scan images 

could be merged, and the bias between the actual and planned 

screw path could be measured. The fiducial registration error 

(FRE), tip offset, tail offset, and angular offset were evaluated 

for the bias analysis (Fig. 3). FRE was defined as the precision 

of merging between intra- and postoperative CT scan images, 

with a value of ≤1 mm indicating better merging. Tip offset 

was defined as the error of the tip point of the inserted screw 

compared with the planned one. Tail offset was defined as the 

error of the entry point of the inserted screw compared with 

the planned one. Finally, the angular offset was defined as the 

angular error of the inserted screw path compared with the 

planned one.

Analysis of potential risk factor of screw  
malposition

The RAPSF was divided into the no-breached group (GRS 

grade A) and the breached group (GRS grades B, C, D, and E). 

Based on previous studies33,36-38), the potential risk factors were 

classified and analyzed as follows : 1) age (≥70 and <70 years 

old), 2) sex (male, female), 3) BMI (non-obese group, <25 kg/m2; 

overweight group, 25 kg/m2≤BMI<30 kg/m2; and obese 

group, ≥30 kg/m2), 4) BMD measured using dual-energy X-

ray absorptiometry at the lumbar region (non-osteopenia 

group, T value of >-1.0; the below osteopenia group, T value of 

≤-1.0), 5) left and right screw side, 6) screw fixation level (L2, 

L3, L4, L5, and S1), 7) segmental distance (SD) between the 

tracker and the instrumented level (Fig. 4 [two, three, four, 

and five levels]), and 8) preoperative diagnosis (spondylolis-

thesis, herniated intervertebral disc [HIVD], spinal stenosis, 

and scoliosis). In addition, the mean difference in BMI, BMD, 

Fig. 3. Tip offset, tail offset, and angular offset in the surgical evaluation assistant program. Sea : Surgical evaluation assistant.

Fig. 4. description of segmental distance between the tracker and the 
instrumented level using image. Sd : segmental distance, UiV : upper 
instrumented vertebrae, LiV : lower instrumented vertebrae.

Tracker
4 levels SD3 levels SD2 levels SD

5 levels SD

T12 L1 L2 (UIV)
L3 L4 L5(LIV)
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pedicle width and height, and SEA analysis results between 

the no-breached and breached groups was evaluated.

Assessment of learning curve
The time interval between the intraoperative O-arm scan 

taken for planning and the postoperative O-arm scan for vali-

dating screw placement was considered the time using the ro-

bot. Two methods were used to analyze the learning curve. 

One was a method to examine the occurrence tendency of 

breached and failed screws according to the accumulation of 

RAPSF. The other was to investigate the cumulative change in 

robot-used time per screw, measured by dividing the time us-

ing the robot by the number of screws inserted per patient.

Statistical analysis
Analyses were performed using the Statistical Package for 

the Social Sciences software version 26.0 (IBM Co., Armonk, 

NY, USA) and MedCalc version 19.6 (MedCalc Software Ltd., 

Ostend, Belgium). Continuous variables with normal distri-

bution were expressed as means with standard deviations. 

Fig. 6. Robot-used time per screw. The time decreased significantly and 
stabilized with the accumulation of cases.
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Table 2. Screw profile

Value

Total attempted screws 495

Robot-assisted fixation screws 479

Failed screws 16

Planning file missed screws 37

GRS grade

A 412

B 58

C 7

D 1

E 1

Level

L1 2

L2 28

L3 91

L4 178

L5 166

S1 14

The value represents the number of screws. GRS : Gertzbein and Robbins 
scale

Fig. 5. curve for changes in the breached + failed screw probability. The 
curve converged to no-breached with the accumulation of cases. ci : 
confidence interval.
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Table 3. Screw placement accuracy

Value

Clinically acceptable group (%) 98.12 (470/479)

Non-acceptable group (%) 1.88 (9/479)

SEA

FRE (mm) 0.64±0.35

Tip offset (mm) 2.37±1.89

Tail offset (mm) 3.09±1.90

Angular offset (degrees) 3.72±2.72

Values are presented as mean±standard deviation or number. SEA : 
Surgical Evaluation Assistant, FRE : fiducial registration error
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Table 4. Potential risk factor of screw malposition

No-breached group 
(n=412; 86.01%)

Breached group 
(n=67; 13.99%)

p-value

Potential risk factors

Age (years) 0.286

≥70 162 (83.94) 31 (16.06)

<70 250 (87.41) 36 (12.59)

Sex 0.223

Male 140 (88.05) 19 (11.95)

Female 272 (85.00) 48 (15.00)

BMI (kg/m2) 0.751

<25 195 (84.78) 35 (15.22)

25−30 165 (87.30) 24 (12.70)

≥30 52 (86.67) 8 (13.33)

Average BMD -0.32±1.56 -0.41±1.50 0.655

BMD 0.420

T value >-1.0 251 (87.15) 37 (12.85)

T value ≤-1.0 161 (85.96) 30 (14.04)

Screw side 0.539

Left 210 (86.07) 34 (13.93)

Right 202 (85.96) 33 (14.04)

Screw fixation level 0.009

L2 25 (89.29) 3 (10.71)

L3 72 (79.12) 19 (20.88)

L4 147 (82.58) 31 (17.42)

L5 153 (92.17) 13 (7.83)

S1 14 (100.00) 0 (0.00)

Segmental distance between the tracker and the instrumented level 0.010

2 levels 151 (78.65) 41 (21.35)

3 levels 161 (91.48) 15 (8.52)

4 levels 73 (87.95) 10 (12.05)

5 levels 27 (96.43) 1 (3.57)

Preoperative diagnosis

Spondylolisthesis 0.546

Diagnosed 408 (85.89) 67 (14.11)

Not diagnosed 4 (100.00) 0 (0.00)

HIVD 0.408

Diagnosed 176 (86.70) 27 (13.30)

Not diagnosed 236 (85.51) 40 (14.49)

Spinal stenosis 0.297

Diagnosed 404 (85.77) 67 (14.23)

Not diagnosed 8 (100.00) 0 (0.00)

Spinal scoliosis 0.476

Diagnosed 320 (85.79) 53 (14.21)

Not diagnosed 92 (86.79) 14 (13.21)

Values are presented as mean±standard deviation or number of screws (%). L1 was excluded from the analysis of screw fixation level due to insufficient 
sample size. BMI : body mass index, BMD : bone mineral density, HIVD : herniated intervertebral disc
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Categorical variables were expressed as a quantity. Categorical 

data were analyzed using Fisher’s exact test and the chi-square 

test. The Student’s t-test and one-way analysis of variance were 

used to compare independent data with normal distribution. 

Learning curves were examined using the binomial logistic 

regression (Figs. 5 and 6). A p-value of <0.05 was considered 

statistically significant.

RESULTS

In this study, RAPSF was attempted at 495 on 100 patients. 

In total, 479 screws were inserted and 16 failed screws. In the 

case of failed screws, the risk was high due to a significant de-

viation during the actual procedure compared with the 

planned one. Hence, all failed procedures were converted to 

fixation with a C-arm guide. Based on the GRS classification, 

412 screws were grade A; 58, grade B; seven, grade C; one, 

grade D; and one, grade E. Rescue fixation was not performed 

on nine screws below grade C as the breach did not indicate 

the need for repositioning (Table 2).

Screw placement accuracy
Of the 479 RAPSFs, excluding failed screws, the clinically 

acceptable group was 98.12% (470/479). With the SEA pro-

gram, the offsets of 442 RAPSFs, except for 37 screws in which 

the original planning file was missing and failed screws, were 

measured. The FRE was 0.64±0.35 mm, the tip offset was 2.37

±1.89 mm, the tail offset was 3.09±1.90 mm, and the angular 

offset was 3.72°±2.72° (Table 3).

Potential risk factor of screw malposition
The potential risk factors of 479 RAPSFs, excluding failed 

screws, were analyzed. There was no significant difference in 

terms of age (p=0.286), sex (p=0.223), BMI (p=0.751), BMD 

(p=0.420), screw side (p=0.539), spondylolisthesis (p=0.546), 

HIVD (p=0.408), spinal stenosis (p=0.297), and scoliosis 

(p=0.476) between the no-breached and breached group. How-

ever, the difference in screw fixation level (p=0.009) and SD be-

tween the tracker and the instrumented level (p=0.010) be-

tween the no-breached and breached group were statistically 

significant. In addition, the breached group was significantly re-

lated to screw fixation at the upper level and instrumented levels 

closer to the tracker (Table 4). In the mean difference analysis, the 

two groups did not significantly differ in terms of BMI and 

BMD. However, the mean difference between the no-breached 

and breached group was statistically significant in terms of 

pedicle width (p<0.001) and tail offset (p=0.042) (Table 5).

Learning curve
The mean robot-used time in 100 patients was 114.13±53.02 

minutes, and the mean robot-used time per screw was 21.04±

8.30 minutes. The occurrence tendency of breached and failed 

screws was significantly decreased with the accumulation of 

cases (p=0.008), and the curve converged to no-breached (Fig. 

5). Further, the robot-used time per screw significantly decreased 

and stabilized with the accumulation of cases (Fig. 6).

DISCUSSION

Pedicle screw fixation is an important procedure for main-

Table 5. analysis of the mean difference between the no-breach and breach groups

No-breached group Breached group p-value

BMD -0.32±1.50 -0.41±1.50 0.655

BMI (kg/m2) 25.45±3.65 24.66±3.71 0.105

Pedicle width (mm) 12.76±3.82 11.52±2.44 <0.001

Pedicle height (mm) 12.57±1.95 12.81±1.69 0.334

SEA

Tip offset (mm) 2.35±1.76 2.54±2.58 0.455

Tail offset (mm) 3.02±1.84 3.55±2.15 0.042

Angular offset (degrees) 3.71±2.72 3.80±2.69 0.802

Values are presented as mean±standard deviation. BMD : bone mineral density, BMI : body mass index, SEA : Surgical Assessment Assistant
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taining the mechanical stability of the spine and is widely used 

in several types of spine surgeries7,24). The dissatisfaction rates 

were 10–20% in the conventional free-hand pedicle screw fix-

ation and 5–10% in C-arm-guided pedicle screw f ixa-

tion10,19,20,26,28,30). Pedicle screw fixation is important for the 

success of spinal fusion. Thus, spine surgeons are always vigi-

lant about the accuracy of pedicle screw placement to prevent 

related complications. RASS is a minimally invasive surgery 

used in pedicle screw fixation and is of major interest in recent 

spine surgery35). From this point of view, the accuracy and po-

tential risk factors of RAPSF are also clinically important ar-

eas of interest. To date, there are several international reports 

on the accuracy and risk factors of RAPSF. However, the 

number of domestic studies was limited. Since CUVIS-spine, 

the first spinal surgery robot developed in Korea was installed 

in our hospital and performed RASS, it was thought necessary 

to evaluate the accuracy, potential risk factors, and learning 

curve of RASS based on the accumulated data.

Fig. 7. One-way analysis of variance of the average difference in pedicle 
width at each level. The upper level showed that the mean of the pedicle 
screw width significantly narrower. 

F=142.146
p<0.001

19.31

15.47

11.59

9.77

7.86

20.00

18.00

16.00

14.00

12.00

10.00

8.00

M
ea

n o
f p

ed
icl

e w
idt

h (
m

m
)

Level
L5 L4 L2L3S1

Fig. 8. a : entry deviation caused by focal sclerosis. b : The entry point had a high hounsfield unit value. Rt : right.

A

B



 Robotic-Assisted Spine Surgery in Korea | Oh BK, et al.

69J Korean Neurosurg Soc 67 (1) : 60-72

Generally, RASS can provide three-dimensional imaging 

and precision guidance and eliminate possible human error, 

such as tremors and fatigue, which can occur in conventional 

surgeries1). Moreover, real-time imaging and navigation tech-

nology can be used to improve accuracy, reduce complica-

tions, and enhance patient safety. Previous studies have shown 

that RAPSF has a high accuracy rate, ranging from 95% to 

98%20,28). A similar accuracy was observed in this study. In the 

analysis, failed screws were excluded. However, even if they 

were included, the accuracy was 94.94% (470/495), similar to 

previous reports.

The analysis of potential risk factors in this study differed 

somewhat from that in the published literature21,37,38). Accord-

ing to a recently published literature by Zhang et al.37), severe 

obesity was considered a potential risk factor of unsatisfactory 

screw. However, in this study, BMI was not analyzed as the 

potential risk factor, and the Student’s t-test on BMI between 

the two groups yielded results that could be interpreted differ-

ently from those of previous reports. Although not statistically 

significant in the analysis, the no-breached group had a higher 

BMI than the breached group. These results were thought to 

be attributed to differences in robotic systems. Since the robot 

system using K-wire proceeds with minimal skin incision, the 

excessive soft tissue in obese patients may exert pressure on 

the screw trajectory, reducing accuracy. However, in the case 

of CUVIS-spine, the pressure of the surrounding soft tissue 

does not have a significant effect on the deviation because suf-

ficient soft tissue releasing was achieved through muscle and 

fascia incision after confirming the target point without using 

K-wire.

Zhang et al.38) analyzed the increased distance between the 

instrumented level and the patient tracker as a significant risk 

factor and reported the gap distance that exceeded three levels 

from the tracker as a potential risk factor for screw displace-

ment. However, in this analysis, the rather breached group 

was related to the closeness between the instrumented level 

and the tracker. In other words, it can be inferred that the in-

strumented level and the proximity of the tracker correspond 

to the upper-level screw fixation in the surgery, which may be 

related to the breached screws. In addition, the breached group 

was significantly associated with screw fixation at the upper 

vertebral level. Based on these two results, it was thought that 

the breached screws were related to some other factor affect-

ing upper vertebrae level screw fixation rather than the dis-

tance between the tracker and the instrumented level. Fur-

thermore, in this study, there was a statistically significant 

mean difference in pedicle width in the breached group, and it 

was confirmed that the pedicle width gradually narrowed to-

ward the upper vertebrae spine (Fig. 7). Additionally, there are 

several reports on pedicle size and screw placement safe-

ty2,22,32). Thus, considering all of the above, pedicle width 

seems to be related to breached screws, and it is unlikely that 

screw fixation level and SD between the tracker and the in-

strumented level will be considered independent potential risk 

factors for RAPSF.

Analysis of the mean difference between the two groups of 

SEA data identified a significant difference in the tail offset. 

The exact cause of this difference has not yet been analyzed. 

Nonetheless, a comprehensive review of specific failed screw 

Fig. 9. a : entry deviation caused by the focal anatomy (sharp entry 
point). b : change to a sharp entry point after rod alignment contour. Rt : 
right.

B

A
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cases identified the possible causes of tail offset. The first fac-

tor was focal sclerosis of the pedicle entry surface at the point 

of screw insertion. In the SEA program, the orange color is the 

planning path, and the blue color is the real screw position 

(Fig. 8). In this case, skiving of the right S1 screw occurred in-

ferior to the pedicle entry surface. On a preoperative CT scan, 

the Hounsfield unit (HU) of the right S1 was approximately 

700–800, which was higher than an HU of 300–500 in other 

areas. Even if BMD is normal, it was assumed that it skived to 

the inferior side because sufficient drilling at the entry point 

was difficult due to focal sclerosis. The second factor was the 

focal anatomy. In this case, the right L4 screw was skiving to 

the lateral side. Typically, the entry point was selected at the 

blunt surface of the pedicle. However, in few cases, the entry 

point was changed to a sharp surface while adjusting the rod 

contour (Fig. 9). A sharp entry point could cause skiving and 

how to overcome it have been mentioned in previous re-

ports17). Therefore, it is important to select an appropriate en-

try point that is not sharp to prevent skiving.

The learning curve for RASS involves both technical profi-

ciency with the robotic system and adaptability to changes in 

surgical techniques. Spine surgeons must have the necessary 

skills to operate robotic systems accurately and safely and may 

require additional training or hands-on experience. Spine sur-

geons should also learn to integrate robotic systems into their 

surgical workflow to optimize outcomes. The learning curve 

depends on various factors, including the surgeon’s previous 

experience with robotic surgery, the complexity of the surgical 

procedure, and the specific robotic system used. In general, 

several surgical experiences may be required before the spine 

surgeon becomes accustomed to performing RASS indepen-

dently. Based on these factors, several studies have reported 

the learning curve of RASS13,16,27). In previous reports, the 

learning curve of RASS was shown after 3–30 surgeries or 15–

60 screw fixations. In terms of operative time, the learning 

curve showed an average reduction of 6 minutes per month in 

3–10 RASS3,5,15,29,31). In the binomial logistic regression analy-

sis, the initial value was lower than the cutoff value (0.5) due 

to the high accuracy of RAPSF. The occurrence of breached 

screws, including failed screws, was mostly observed in the 

initial process of 100 RAPSF, and it showed a curve that sig-

nificantly converged to no-breached with the accumulation of 

cases. The sporadic focal increase in robot-used time per 

screw occurring between 40 and 60 operations was frequently 

caused by delays in intraoperative CT scan image transmis-

sion to the robotic system or additional scans due to inappro-

priate O-arm scans in the robotic system, rather than specific 

difficult situations in screw fixation. Considering these as-

pects, the robot-used time per screw fixation decreased signif-

icantly as the number of operations accumulated, and the 

learning curve was shown after the number of surgeries ex-

ceeded 20–30.

Thus far, the results of this study and the outcomes of RASS 

are noteworthy. Nevertheless, the procedure has several disad-

vantages. It is generally more expensive than the conventional 

methods, requires a long operation time, and not all patients 

are suitable candidates. There is also a risk of technical mal-

function. However, it also has evident advantages. First, since 

robot-related technology development is currently in progress, 

the possibility of improving accuracy and operation-related 

manuals is endless. Second, radiation-related complications 

can be lowered by reducing the time the patient and surgeon 

are exposed to radiation. In addition, the robot can be useful 

when the pedicle is not well identified in the C-arm or when 

high accuracy is required for screw re-insertion during revi-

sion surgery. One of the significant advantages of RASS is its 

ability to achieve greater precision and accuracy and to mini-

mize the risks of complications among inexperienced spine 

surgeons.

The current study had several limitations. First, as a single-

center retrospective study, detailed GRS ratings could not be 

expressed as learning curves because the sample size was not 

large. Second, in addition to the potential risk factors men-

tioned in the analysis, other factors, such as spinal deformity, 

the movement of the thorax according to the patient’s breath-

ing volume, and concordance rate during intraoperative CT 

scan and patient synchronization, which could affect accura-

cy, were not included. Third, RAPSF of the cervical and tho-

racic spine was not included in this analysis because it is not 

supported by the CUVIS-spine system. Nevertheless, to the 

best of knowledge, this study first reported the potential risk 

factors and learning curve of domestically developed spine 

surgery robots, and the analysis result is described in detail. 

We believe that this study can provide information that can be 

a cornerstone for other surgeons who are starting to use 

RASS.
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CONCLUSION

In the current study, RAPSF was highly accurate, and al-

though the screw fixation level and SD between the tracker 

and the instrumented level were statistically significant, it was 

difficult to consider them as independent potential risk fac-

tors, and the specific potential risk factors were not identified. 

However, it is presumed that the pedicle width is related to 

breached screws as in the conventional screw fixation method. 

In addition, focal sclerosis or the sharp surface of the pedicle 

entry point may cause skiving. In the analysis, breached 

screws commonly occurred at the early stage of RAPSF, after 

which the robot-used time per screw and the occurrence of 

breached and failed screws decreased according to the learn-

ing curve. RASS still has some limitations. However, it is ex-

pected to be able to provide guidance to inexperienced spine 

surgeons and ensure patient safety.
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