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a b s t r a c t 

Background: Minimally invasive lumbar fusion has recently become a widely used technique worldwide. This 

randomized active controlled study was conducted to demonstrate the non-inferiority of the K-wireless Minimally 

Invasive Spine (MIS) Percutaneous Pedicle Screw (PPS) system compared with use of the six pedicle screw systems 

currently used in our practices with respect to the accuracy of pedicle screw placement.Also to compare the screw- 

insertion time and number of fluoroscopic observations during screw insertion between the groups. 

Methods: A total of 80 patients with degenerative spinal diseases or vertebral fractures were assigned, including 

41 patients in the K-wireless MIS PPS system group (K-wireless group) and 39 in the control group (K-wire group). 

The accuracy of the screw insertion, screw-insertion time, number of fluoroscopic observations during screw 

insertion, and the incidence of adverse events were compared between the K-wireless group and the K-wire group. 

The accuracy rate was calculated as the number of screws with no breach divided by the total number of screws. 

Results: The accuracy rates of screw insertion were 85.7% and 75.0% in the K-wireless and K-wire groups, 

respectively, with an intergroup difference of 10.7% (95% confidence interval: 2.3–19.1%). The K-wireless group 

demonstrated non-inferiority compared with the K-wire group. The mean screw-insertion time was significantly 

shorter in the K-wireless group (2.62 and 2.97 min in the K-wireless and K-wire groups, respectively; P = 0.005). 

There were also significantly fewer fluoroscopies in the K-wireless group (10.7 and 17.4 in the K-wireless and 

K-wire groups, respectively; P < 0.001). There were no device-related or study treatment-related adverse events 

in either group. 

Conclusions: The accuracy of pedicle screw insertion using the K-wireless MIS PPS system was not inferior to that 

of existing products. In terms of safety, no product-related or treatment-related adverse events were identified in 

this study and no new safety concerns were noted. 
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ntroduction 

The percutaneous pedicle screw (PPS) technique was introduced in

apan in 2005, giving spine surgeons the opportunity to conduct min-

mally invasive spine (MIS) fusion surgery [ 1 , 2 ]. MIS fusion surgery is

ecoming widely used in Japan because of its lower levels of complica-

ions, bleeding, and muscle injuries compared with conventional open

urgeries that require opening up the major paraspinal muscles [3–8] .

lthough several spinal-fixation instruments have been developed for

IS fusion surgery, MIS fusion surgery has a smaller surgical field with

imited visualization compared to conventional procedures, and there

re learning curves for the operator’s experience and technical skills
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 9 , 10 ]. Furthermore, the procedure involves multiple steps, and a guide

ire must be controlled with a limited view field. 

DePuy Synthes Spine obtained marketing approval for a K-wireless

IS PPS system (VIPER PRIME TM System, DePuy Synthes Spine, Rayn-

am, MA, USA; Fig. 1 ), from the US Food and Drug Administration in

ecember 2016. The K-wireless MIS PPS system was subsequently ap-

roved in Japan in December 2017. This system represents a rational-

zed approach to the procedures previously used for minimally invasive

edicle screw placement and is designed to reduce the number of steps

equired for the insertion of pedicle screws (no needles, guide wires,

r taps required), and the number of devices delivered to the operation
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Fig. 1. Illustration of VIPER PRIME TM System. The system features a new screw- 

tip design and a stylet that is fully controlled by the screwdriver. Using the stylet 

control handle and the modular handle, surgeons can target pedicles and insert 

screws in a single instrument pass. 
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The K-wireless MIS PPS system is expected to fulfill needs in clini-

al practice, including decreasing the time spent on each PPS surgery

nd decreasing guide wire-related adverse events by the design features

f the K-wireless MIS PPS system, although guide wire related compli-

ations are generally known in PPS surgery [11] . The decreasing the

ime spent on each PPS surgery is also expected to decrease the number

nd time of fluoroscopic observations for surgery (C-arm). The existing

roducts have been confirmed to have sufficient screw-insertion accu-

acy based on clinical trials [ 12 , 13 ]. 

We conducted a randomized active controlled study in Japan to

emonstrate the non-inferiority of the K-wireless MIS PPS system com-

ared with existing standard-of-care PPS systems (K-wire PPS systems)

hich has similar design and surgical steps as a technology alternative

roup, with respect to the safety and accuracy of pedicle screw place-

ent in patients with degenerative spinal diseases or vertebral fractures.

ethods 

rial design 

This was a confirmatory, parallel-group, open-label, controlled, ran-

omized study, with use of an approved spinal-fixation instrument as

he control. The study was approved by the Institutional Review Board

f Nippon Medical School Foundation (trial ID: jRCTs032190039; ap-

roved May 13, 2019). The full study protocol is available on the jRCT

ebsite. 

articipants 

This study included patients in two study sites who were diagnosed

ith a spinal degenerative disease (e.g., degenerative disc disease, lum-

ar spinal stenosis, spondylolisthesis, or scoliosis) or vertebral fractures,

nd who required pedicle screw placement and were considered suit-

ble for PPS. The overall target sample size was 80 patients which was
Table 1 

Inclusion and exclusion criteria. 

Inclusion criteria E

• Individual aged ≥ 20 years at the time of surgery. 
• Diagnosis of a spinal degenerative disease (e.g., 

degenerative disc disease, lumbar spinal stenosis, 

spondylolisthesis, or scoliosis), spinal tumor, or vertebral 

fracture 
• First instrumentation lumbosacral surgery with 

percutaneous pedicle screw and undergoing an 

instrumentation lumbosacral surgery involving at least one 

intervertebral segment 
• Voluntarily participated in this study and signed the 

informed consent form stating that patient information 
• Understanding the purpose of the clinical trial in the 

opinion of the investigator or sub-investigator, and is 

willing and able to follow the surgical and study 

procedures 
• Able to read and understand the Japanese informed 

consent form 

2 
stablished to provide sufficient power for a successful non-inferiority

tudy. Based upon the results of previous clinical trials in Japan and the

nited States accuracy rate of approximately 93% was anticipated, and

he clinical non-inferiority (NI) margin for comparison with the existing

roducts was assumed to be 10%. Under this anticipated success rate

nd NI margin, One hundred forty-four screws per group was estimated

o provide a power of > 90% at a one-sided significance level of 2.5%.

ssuming that a mean of 4 screws would be used for one patient, 36

atients per group was estimated. Considering that approximately 10%

f patients could be excluded or drop out, a target sample size of 40 pa-

ients per group was adopted. The inclusion and exclusion criteria are

hown in Table 1 . 

ite registration and subject enrollment and randomization 

The registration center registered and randomized subjects using the

lectronic data capture (EDC) system. The investigators at each study

ite asked the registration center to register the site after approval by

he certified review board. The registration center registered the site and

ent notification of the completion of site registration to the investigator.

ubject enrollment and randomization were conducted as follows. 

After providing written informed consent, each potential subject was

creened by the investigator or sub-investigator to judge their eligi-

ility. Subjects were included in this study if the investigator or sub-

nvestigator confirmed that they met all the inclusion criteria and none

f the exclusion criteria. 

The investigator or sub-investigator entered the required subject

nformation into the EDC system. At this time, an arbitrary subject-

dentification code was provided, which did not contain any information

hat could identify the individual. 

If the EDC system determined that the patient was eligible, it auto-

atically randomly allocated the subject to the trial treatment or control

roup in a ratio of 1:1. Study site was used as a stratification factor for

andomization to avoid significant bias among the sites. The investiga-

or and sub-investigator at each site were not notified of the detailed

andomization procedures. 

tudy patients 

Eighty patients were randomized by the EDC system, 41 patients to

he K-wireless MIS PPS system group (K-wireless group) or 39 to the

ontrol device group (K-wire group). Subjects in both groups had to un-

ergo lumbosacral surgery within 60 days after enrollment, and patients

ho did not undergo surgery within this period were asked to re-sign

he informed consent form if they wished to participate in the study. 
xclusion criteria 

• Pregnant or breastfeeding woman 
• Revision surgery of the lumbar spine 
• Prior pedicle screw placement in the lumbar spine 
• Severe osteoporosis 
• Severe spinal deformity due to scoliosis 
• Extremely narrow or severe osteosclerotic change in the 

target pedicle 
• Drug or alcohol abuse (in the past 5 years) or psychiatric 

disorder and considered in the opinion of the investigator 

or sub-investigator to be unable to comply with the study 

requirements defined in the protocol 
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Table 2 

Percutaneous pedicle screw systems used in this study. 

K-wireless group Number of patients Number of screws 

VIPER PRIME TM System 39 187 

K-wire group 

PathFinder NXT® Minimally Invasive Pedicle Screw System 4 25 

RELINE® System 9 44 

M.U.S.T. Pedicle Screw System 6 34 

CD HORIZON® SOLERA® VOYAGER TM 5.5/6.0 mm Spinal System 3 12 

CREO® MIS Stabilization System 11 56 

Associa spinal system 1 6 

Table 3 

Surgical procedures for the K-wireless and K-wire groups. 

K-wireless group K-wire group 

• Make a skin incision 
• Insert the screw-loaded inserter through the incision and 

dock the stylet tip on an entry point at an appropriate 

position 
• Extend the stylet into the pedicle 
• Advance the screw into the pedicle 
• Remove the inserter and stylet 

• Make a skin incision 
• Insert the needle or probe through the incision and 

advance it to the pedicle 
• If the needle or probe enters into the centrum, remove the 

inner needle, and then insert the guidewire into the 

centrum 

• Remove the needle or probe 
• Insert the tap along the guidewire 
• Remove the tap 
• Insert the screw 

• Remove the guidewire 
• Remove the driver from the screw 
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Seventy three patients (39 in the K-wireless group and 34 in the K-

ire group), a total of 364 screws (187 in the K-wireless group and

77 in the K-wire group) were included in the final analysis. Excluding

5 screws that were used to intentionally perforate the anterior wall

o undergo bi-cortical fixation at S1 (12 screws in K-wireless group, 13

crews in K-wire group), 339 screws were evaluated for screw insertion

ccuracy (175 screws in K-wireless group, 164 screws in K-wire group).

etails of the screws used in this study are shown in Table 2 . 

reatment plan 

The surgeon chose the appropriate screw size preoperatively based

n computed tomography (CT) images of each subject. Intraoperative

uoroscopy (antero-posterior and lateral) without navigation was used

o guide insertion of all screws. PPS insertion was performed in the prone

osition, and the C-arm positioning was adjusted for the target vertebra

efore skin incision for screw insertion. The pre-specified steps for each

roup were followed sequentially for each screw insertion. Notably, this

tudy did not impose any restrictions on the surgical procedure, fixation

evel, or target vertebrae, which were determined by the surgeon. The

ime spent on each screw insertion and the number of fluoroscopic ob-

ervations required per screw insertion were measured and recorded

ntraoperatively by a site member. 

The surgical procedure in the K-wireless group was performed ac-

ording to the VIPER PRIME TM System operation manual. Surgeries in

he K-wire group were performed according to the operation manual for

he respective spinal-fixation system. The procedures in both groups are

hown in Table 3 . 

ssessment of outcome 

The following variables were assessed: (1) accuracy of PPS, (2) time

pent on each screw insertion, and (3) number of fluoroscopic obser-

ations required per screw insertion. All patients underwent fine-cut

1.5 mm) CT within 2 weeks postoperatively, and the accuracy of screw

lacement, specifically axial, coronal, and sagittal CT images of each

edicle screw, was evaluated by an independent spine surgeon or radi-

logist other than a co-investigator, based on CT data. The position of
3 
ach screw relative to the pedicle was assessed and graded according to

 previous report [14] as follows: grade A: no breach; grade B; breach

 2 mm; grade C: breach 2–4 mm; grade D: breach > 4 mm. 

The time required for each screw insertion and the number of fluo-

oscopic observations for all patients were summarized and compared

etween the K-wireless and K-wire groups. Adverse events associated

ith screw insertion were also investigated. 

tatistical analysis 

Effectiveness analyses were performed using the full analysis pop-

lation who underwent surgery with the randomized device without

ajor protocol deviations. Safety analyses were performed using the

afety analysis population who underwent surgery with the randomized

evice. 

The accuracy rate was calculated according to the formula below.

ifferences in accuracy rates between the K-wireless and K-wire groups,

nd 95% confidence intervals (CIs) were calculated and compared. Non-

nferiority of the K-wireless group compared with the K-wire group was

oncluded if the lower limit of the CI of the intergroup difference was

ot below − 10%. The non-inferiority one-sided test was performed using

he Wald test with a 10% non-inferiority margin. 

ccur acy r ate ( % ) = 

number of screws , grade A 

number of screws , grades A + B + C + D 

The screw-insertion time and number of fluoroscopic observations

er screw during screw insertion were summarized using descriptive

tatistics for each treatment group. Group comparisons were made using

tudent’s t -test. 

esults 

The enrollment period was from June 2019 to May 2020, and the

ollow up period for each subject was from the informed consent to

he discharge date or day 14 post-surgery, whichever came first. Eighty

atients, which was the overall target sample size were enrolled. 

Fig. 2 shows a flow chart of the study. Eighty patients were random-

zed by the EDC system into the K-wireless group ( n = 41) and the K-wire
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Fig. 2. CONSORT flow diagram. 

Table 4 

Basic data for randomized groups. 

Randomized group 

Group K-wireless K-wire 

Number of patients 39 34 

Sex Male 18 (46.2%) 19 (55.9%) 

Female 21 (53.8%) 15 (44.1%) 

Mean age (range), years 67.2 (50–84) 67.6 (40–88) 

Primary 

disease 

Lumbar spinal canal stenosis 19 19 

Spondylolisthesis 15 9 

Vertebral fracture 4 4 

Degenerative scoliosis 0 1 

Lumbar disc herniation 1 1 
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Table 5 

Basic surgical data. 

Randomized group 

Group K-wireless K-wire 

Number of patients 39 34 

Mean operating time (range), min 125.8 (30–253) 128.1 (27–269) 

Mean amount of bleeding (range), ml 67.9 (5–250) 86.2(6–450) 

Surgical 

method 

TLIF 22 16 

LLIF or XLIF(R) 7 7 

OLIF/ATP 3 2 

HA insertion 4 4 

XLIF + TLIF 3 4 

OLIF + TLIF 0 1 

TLIF: Transforaminal Lumbar Interbody Fusion; LLIF: Lateral Lumbar Interbody 

Fusion; XLIF: Extreme Lateral Interbody Fusion; OLIF: Oblique Lateral Interbody 

Fusion; ATP: Anterior to Psoas; HA: hydroxyapatite 
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roup ( n = 39). Seven patients who did not undergo surgery were ex-

luded, and a total of 73 patients (39 in the K-wireless group, 34 in the

-wire group) were therefore included in the final analysis. The reasons

or discontinuation were withdrawal of patient consent ( n = 1), failure to

eet selection/exclusion criteria ( n = 3), and other reasons ( n = 3). The

haracteristics of each group, including sex, age, and primary disease,

re shown in Table 4 and the surgical data are shown in Table 5 . 

The accuracy of the screw-insertion position is shown in Table 6 .

he accuracy rates were 85.7% and 75.0% in the K-wireless and K-wire

roups, respectively, with an intergroup difference of 10.7% (95% CI:

.3–19.1%). The lower limit of the 95% CI of the intergroup difference

xceeded the pre-specified − 10%, which verified the non-inferiority of

-wireless group compared with the K-wire group ( P < 0.001). 

The accuracy of screw placement by vertebral level is indicated in

able 7 . The accuracy rates were 79.7% in the K-wireless group and

8.5% in the K-wire group for L4, and 87.9% in the K-wireless group

nd 80.4% in the K-wire group for L5. The accuracy was approximately
4 
0% higher in the K-wireless group in all categories. There was no screw

isplacement in the S1 vertebra in either group. 

Table 8 shows the number of screws in the direction of the pedicle

rossing according to the adjudicated grading. The proportion of lateral

reaches was > 50% at Grade B and C in both groups. One screw in the

-wire group was judged as grade D, however, none in the K-wireless

roup. None of the patients with grade B, C and D required any further

reatment and caused any symptoms in both groups in this study during

he study follow up period. 

The insertion time and number of fluoroscopic observations required

or insertion of each screw are shown in Table 9 . The mean insertion

ime was significantly shorter in the K-wireless group (2.62 min in the

-wireless group and 2.97 min in the K-wire group; P = 0.005). Similarly,

he mean number of fluoroscopic observations was significantly lower



K. Ohmori, S. Terayama, K. Ono et al. North American Spine Society Journal (NASSJ) 10 (2022) 100121 

Table 6 

Accuracy of screw placement. 

Randomized group 

K-wireless K-wire 

Number of screws 175 164 

Accuracy of 

screw 

placement 

Grade A 150 (85.7%) 123 (75.0%) 

Grade B 22 (12.6%) 33 (20.1%) 

Grade C 3 (1.7%) 7 (4.3%) 

Grade D 0 (0.0%) 1 (0.6%) 

Accuracy rate (%) 85.7 75.0 

P-value ∗ P < 0.001 

Grade A: no breach; Grade B: breach < 2 mm; Grade C: breach 2–4 mm; Grade 

D: breach > 4 mm 

Table 7 

Accuracy of screw placement by vertebral level. 

Vertebral level of allocated screw insertion 

Randomized group 

K-wireless K-wire 

L1 Number of allocated screws 6 6 

Accuracy of 

screw placement 

Grade A 6 (100.0%) 4 (66.7%) 

Grade B 0 (0.0%) 2 (33.3%) 

Grade C 0 (0.0%) 0 (0.0%) 

Grade D 0 (0.0%) 0 (0.0%) 

Accuracy rate (%) 100 66.7 

L2 Number of allocated screws 4 14 

Accuracy of 

screw placement 

Grade A 4 (100.0%) 8 (57.1%) 

Grade B 0 (0.0%) 5 (35.7%) 

Grade C 0 (0.0%) 1 (7.1%) 

Grade D 0 (0.0%) 0 (0.0%) 

Accuracy rate (%) 100 57.1 

L3 Number of allocated screws 24 30 

Accuracy of 

screw placement 

Grade A 19 (79.2%) 25 (83.3%) 

Grade B 3 (12.5%) 5 (16.7%) 

Grade C 2 (8.3%) 0 (0.0%) 

Grade D 0 (0.0%) 0 (0.0%) 

Accuracy rate (%) 79.2 83.3 

L4 Number of allocated screws 59 54 

Accuracy of 

screw placement 

Grade A 47 (79.7%) 37 (68.5%) 

Grade B 12 (20.3%) 12 (22.2%) 

Grade C 0 (0.0%) 4 (7.4%) 

Grade D 0 (0.0%) 1 (1.9%) 

Accuracy rate (%) 79.7 68.5 

L5 Number of allocated screws 66 56 

Accuracy of 

screw placement 

Grade A 58 (87.9%) 45 (80.4%) 

Grade B 7 (10.6%) 9 (16.1%) 

Grade C 1 (1.5%) 2 (3.6%) 

Grade D 0 (0.0%) 0 (0.0%) 

Accuracy rate (%) 87.9 80.4 

S1 Number of allocated screws 16 4 

Accuracy of 

screw placement 

Grade A 16 (100.0%) 4 (100.0%) 

Grade B 0 (0.0%) 0 (0.0%) 

Grade C 0 (0.0%) 0 (0.0%) 

Grade D 0 (0.0%) 0 (0.0%) 

Accuracy rate (%) 100 100 

Grade A: no breach; Grade B: breach < 2 mm; Grade C: breach 2–4 mm; Grade 

D: breach > 4 mm 
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Table 8 

Direction of pedicle breach. 

Randomized group 

K-wireless K-wire 

Number of screws 175 164 

Direction of 

pedicle breach 

Grade B 22 33 

Medial 7 (31.8%) 14 (42.4%) 

Lateral 12 (54.5%) 15 (45.5%) 

Cranial 3 (13.6%) 3 (9.1%) 

Caudal 0 (0.0%) 1 (3.0%) 

Grade C 3 7 

Medial 1 (33.3%) 1 (14.3%) 

Lateral 2 (66.7%) 6 (85.7%) 

Cranial 0 (0.0%) 0 (0.0%) 

Caudal 0 (0.0%) 0 (0.0%) 

Grade D 0 1 

Medial 0 0 (0.0%) 

Lateral 0 1 (100.0%) 

Cranial 0 0 (0.0%) 

Caudal 0 0 (0.0%) 

Grade A: no breach; Grade B: breach < 2 mm; Grade C: breach 2–4 mm; Grade 

D: breach > 4 mm 

Table 9 

Insertion time and number of fluoroscopic observations per screw insertion. 

Randomized group 

K-wireless K-wire 

Number of screws 175 164 

Mean time (range), min 2.62 (1.3–9.3) 2.97 (1.3–6.2) 

P-value ∗ 0.005 

Mean number of fluoroscopic observations 

(range) 

10.7 (4–43) 17.4 (5–57) 

P -value ∗ < 0.001 

∗ Student’s t -test 
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n the K-wireless group (10.7 in the K-wireless group and 17.4 in the

-wire group; P < 0.001). 

Adverse events were observed in 12.8% and 20.6% of subjects in

he K-wireless and K-wire groups, respectively ( Table 10 ). There were

o device-related or study treatment-related adverse events in either

roup. Moreover, there were no adverse events attributable to device

alfunction, and no new safety concerns were noted. 

iscussion 

The usefulness of PPS insertion by robot-assisted [15–18] and O-arm

avigation [19–21] has recently been reported. Both systems are ex-

ensive technologies and thus are frequently impractical. Conventional
5 
uoroscopy is therefore considered the mainstream method of PPS in-

ertion. 

The current study was conducted to verify the accuracy and safety of

edicle screw insertion using the K-wireless MIS PPS system in Japan,

n comparison to the existing standard PPS systems. A recent retrospec-

ive study reported that the K-wireless MIS PPS system shortened the

crew-insertion time approximately 0.4-fold, with equivalent insertion

ccuracy [22] , however, no prospective, randomized studies have inves-

igated the accuracy of screw insertion, insertion time, and fluoroscopy

requency between the K-wireless MIS PPS system and control systems.

In this study, the accuracy rate of screw placement was 85.7%

150/175 screws: 95% CI: 79.6 − 90.5%) in the K-wireless group and

5.0% (123/164 screws: 95% CI: 67.7 − 81.4%) in the K-wire group, with

n intergroup difference of 10.7% (95% CI: 2.3 − 19.1%), which indi-

ates non-inferiority of the K-wireless compared with the K-wire group.

n addition, the lower confidence interval limit exceeded 0.0%, which

uggests superiority of the K-wireless group over the K-wire devices re-

arding the accuracy rate of screw placement. We confirmed that the ac-

uracy of screw insertion by the K-wireless MIS PPS system was not infe-

ior to that of the existing products, and that the insertion accuracy was

aintained. The screw is inserted along the stylet in the VIPER PRIME TM 

ystem procedure and it is easy to be aligned, and would therefore the

ccuracy rate in the K-wireless group was higher than the K-wire group.

he reason why the accuracy rate of this study was slightly lower than

he target accuracy rate of 93% is considered that the small number of

atients and different fluoroscopic techniques in the clinical studies by

iting to this study. 

In the assessment of insertion accuracy, the directions of perforated

edicle screws (Grade B, C, or D) were similar in both groups, with

he most common breach being lateral (K-wireless group 56.0%, K-wire

roup 53.7%), followed by medial breach (K-wireless group 32.0%, K-
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Table 10 

Adverse events. 

Randomized group 

K-wireless ( N = 39) K-wire ( N = 34) 

Number of patients % Number of cases Number of patients % Number of cases 

Any adverse event 5 12.8% 7 7 20.6% 7 

Skin and subcutaneous tissue disorders 4 10.3% 4 5 14.7% 5 

Gastrointestinal disorders 2 5.1% 2 1 2.9% 1 

Respiratory, thoracic, and mediastinal disorders 1 2.6% 1 0 0.0% 0 

Injury, poisoning, and procedural complications 0 0.0% 0 1 2.9% 1 
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ire group 36.6%). This suggests that the risk of neurological complica-

ions caused by screw perforation could be reduced by paying attention

o medial perforation. 

The highest radiation exposures in patients during spinal surgery

ave been reported in the surgical field, gonad area, and thoracic re-

ion, while the surgeon was exposed to significantly higher radiation

han other operating room personnel, with the surgeons’ dominant hand,

hich is mainly used to fix the screw in the surgery field, receiving the

ighest radiation dose. Furthermore, the surgeon’s eye-lens region was

xposed to significantly higher radiation doses compared with the assist-

ng surgeon [23] . Spinal surgeons and other operating room personnel

ho are routinely exposed to occupational radiation should thus take

are not to exceed the dose equivalent limit (eye lens: 20 mSv averaged

ver 5 years with no more than 50 mSv in any single year; skin and

xtremities: 500 mSv per year) [24] [25] . 

In this study, the mean screw-insertion time was significantly shorter

K-wireless group 2.62 min, K-wire group 2.97 min; P = 0.005) and

he number of fluoroscopy observations was significantly smaller (K-

ireless group 10.7; K-wire group 17.4; P < 0.001) in the K-wireless

roup than in the K-wire group. In this study, the average number of

uoroscopies was reduced by approximately 40% in the K-wireless com-

ared with the K-wire group. The reason of this result is considered that

he K-wireless MIS PPS system have fewer operative steps than K-wire

roup as shown in Table 3 . Although there was a statistically significant

ifference in the screw-insertion time, it may not be of great clinical

ignificance. On the other hands, it is considered that a decrease in the

umber of fluoroscopy observations is of great clinical significance. 

Although no measured data on actual radiation exposure were ob-

ained in this study, we showed that the new procedure could reduce

he number of fluoroscopic imaging required per surgery compared with

he use of conventional products, which suggests that it would also con-

ribute to reduce the hazards associated with radiation exposure among

atients, surgeons, and surgical staff. In addition, this advantage of the

-wireless MIS PPS system could potentially provide additional surgical

pportunities for more patients with excellent spine surgeons. 

The K-wireless MIS PPS system reduced screw-insertion time, which

ight in turn contribute to a shorter operation time and reduce the bur-

ens on patients (in terms of duration of anesthesia, amount of bleeding,

nfection risk, etc.) and on spinal surgeons and medical staff (in terms

f physical and mental workloads, distribution of resources or operating

oom efficiency, etc.). 

Complications associated with MIS fusion generally include large

essel and intestinal tract injuries caused by guide wire perforation. A

tudy of 781 patients who underwent percutaneous pedicle screw inser-

ion showed guide wire breakages in three patients (0.4%) and aortic

uide wire-related injury in one patient (0.13%) [11] . The K-wireless

IS PPS system does not require guide wires in its procedure, and would

herefore reduce the incidence of these complications, although it could

ot be evaluated in this study because no adverse events related to the

uidewires occurred. Accordingly, no guide wire-related complications

ere observed in the current study. 

The limitations of this study include the use of various different sys-

ems in control group, relatively small number of sites (total two sites),
6 
nd the learning curve of PPS. The results of this trial are not gener-

lizable to all surgeon because the accuracy of PPS depends upon the

urgeon’s experience. In addition, there is a limitation that the radia-

ion dose was not evaluated in this study, although the number of fluo-

oscopy was evaluated. 

onclusion 

Our study results confirmed that the accuracy rate of pedicle screw

lacement using the K-wireless MIS PPS system is non-inferior to that

f existing products and can indirectly reduce radiation exposure to pa-

ients and surgical staff. 
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