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Objective: The aim of this study is to assess reliability of 2D Fluoroscopy in Minimal Invasive 
Surgery Transforaminal Lumbar Interbody Fusion (MIS-TLIF) through evaluation of perforation 
indices in 1,200 percutaneous pedicle screw instrumentation. Methods: It is a single center 
retrospective study of 300 consecutive patients undergoing single level minimal invasive lum-
bar interbody fusion surgery (MIS-TLIF) under 2D Fluoroscopy. Percutaneous pedicle screws 
were analyzed with post-operative CT scan to assess accuracy of pedicle screw placement, 
Grades of perforation, Critical vs. Non critical Nature, Location of violation. Neurological im-
plications of misplaced screws, Demographic, Clinical Parameters, outcome scores viz. Visual 
Analogue Score (VAS), Oswestry Disability Index (ODI) were also assessed. Results: Overall 
rate of screw perforation was 5% (60/1,200) with different grades of perforation(Medial=24, 
Lateral=30, Inferior=1, Superior=5, Anterior=0) (Grade 1=42, Grade 2=18, Grade 3=0). Critical 
perforations were noted in 18 patient but none of the patients with critical and non critical 
perforation developed any neurological complications or post-operative leg pain. Conclusion:
This study showed overall pedicle perforation rate of 5% (60/1,200) in lower lumbar single 
level MIS-TLIF for grade 1 degenerative spondylolisthesis including grade 1 perforations are 
3.5% and grade 2 perforation are 1.5%. 2D Fluoroscopy guided percutaneous pedicle screws 
placement with appropriate technique in MIS-TLIF is an acceptable and reliable procedure 
with low rates of screw related complications and revisions.

Key Words: Critical perforations, Degenerative lumbar disease, Minimally invasive surgery 
(MIS), Pedicle screws, Transforaminal lumbar interbody fusion

INTRODUCTION

Advances in minimally invasive spinal surgery (MISS) are chang-
ing the ways operative treatment approaches of spinal disorders. 
Since the development of tubular retractors facilitating a micro-
surgical decompression of spinal degenerative pathology, MIS 
has evolved to permit placement of instrumentation percuta-
neously or through mini open approaches8,22,30). These techniques 
may show improved outcomes and reduced complications, such 
as a reduction of persistent back problems caused by muscular 
atrophy and decreased trunk extensor strength from iatrogenic 
muscle denervation5,9,12,13,27,31). Application of transpedicular 
screws for spinal instability had undergone technique refine-
ments pursuing 100% accuracy. Pedicle screw fixation is a well- 
known and safe technique for spine surgeons with a low rate 

of complications however risk of serious neurological lesions, 
cerebrospinal fluid leaks, vascular and visceral injuries have 
raised interest to evaluate safety and accuracy for pedicle screw 
placement. Transforaminal lumbar interbody fusion (TLIF) is one 
of the most commonly performed lumbar fusion procedures. 
Evolved from a posterior lumbar interbody fusion approach, 
it allows an anterior fusion through a unilateral posterior ap-
proach while avoiding the risks associated with excessive Dural 
sac retraction, bilateral posterior lumbar dissection and graft 
placement11). Accurate pedicle screw placement using MIS tech-
niques requires significant learning curve in the operative techni-
que due to lack of direct visibility of correct entry point like 
in open surgery and relies on tactile feedback of surgeon and 
intraoperative fluoroscopy with sequential biplanar imaging. 
Studies performing evaluation of perforation indices in percu-
taneous pedicle screws instrumentation in MIS-TLIF are scanty. 
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Fig. 1. Ⓐ Minimally invasive transforaminal lumbar interbody fusion preoperative X-ray, Ⓑ intraoperative photograph showing
paramedian skin incisions, Ⓒ intraoperative 2D fluoroscopy Anteroposterior image, Ⓓ intraoperative 2D fluoroscopy lateral 
image, Ⓔ Minimally invasive transforaminal lumbar interbody fusion postoperative X-ray.

The objective of this study was to evaluate the radiographic 
accuracy of 2D fluoroscopy guided percutaneous technique 
for pedicle screw placement in MIS-TLIF procedure for the lumbar 
spine. Bridging the gap between comprehensive understandings 
of the factors involved in pedicle screw perforation and their 
clinical correlation is a critical component in avoiding revision 
surgery and to deal with the complications associated with that 
surgery. This study aimed to assess the perforation indices of 
pedicle screw in MIS-TLIF and to elucidate the factors influencing 
perforation incidence.

MATERIALS AND METHOD

This retrospective radiological observational study analysed 
300 consecutive single level lower lumbar MIS-TLIF cases (1,200 
screws). The study was reviewed and approved by the Human 
Ethics Committee of the Bombay Hospital and Medical Research 
Centre (IRB approval no. 182/12/2019). Informed consent was 
taken from all individual participants included in this study. 
In total, 300 patients who underwent single level MIS-TLIF from 
June 2012 to June 2017 were included with a minimum follow 
up of 24 months. As all patients had screws placed bilaterally, 
this study has evaluated a total of 1200 screws. Inclusion criteria 
were as follows: (1) single level lumbar or lumbosacral sympto-
matic degenerative spondylolisthesis grade 1 (Fig. 1Ⓐ) and (2) 
failed conservative trial of 3 months. Exclusion criteria were 
as follows: (1) Multilevel spinal instability (2) Previous spinal 
surgery (3) Spinal trauma or infection, and (4) deformity. The 
surgical decision to undergo MIS-TLIF was based on patient 
preference for MIS and thorough clinical and radiological evalua-
tion including preoperative X-ray, CT scan and MRI. All surgeries 
were performed by a single experienced surgeon at single centre 

using and maintaining the same perioperative protocols.

1. Surgical Procedure

Under general anesthesia and prone position, Anteroposterior 
(AP) and lateral fluoroscopic images are obtained and the verte-
brae to be instrumented are marked with the 2D fluoroscopy. 
Patients who underwent MIS-TLIF had screws placed through 
paramedian incisions approximately 2 cm long and 3-5 cm lateral 
to the midline at appropriate level (Fig. 1Ⓑ). We used a more 
lateral incision lateral to the border of the pedicle for adequate 
medial convergence especially in lumbar vertebrae to create 
the right trajectory for placement of pedicle screws and to 
avoid superior facet joint violation during insertion. The incision 
should be sufficient enough to accommodate the screw extender 
system. A transpedicular channel is created using the Jamshidi 
needle under AP and lateral 2D fluoroscopic guidance starting 
from 2 o’clock position of the pedicle. The needle is advanced 
using a mallet into the pedicle approximately 25-30 mm into 
the bone with care taken not to advance across the medial 
border of pedicle in 9 o’clock position in AP view (Fig. 1Ⓒ). Guide 
wires are subsequently inserted into the pedicles through the 
needles and confirmed fluoroscopically (Fig. 1Ⓓ). The serial dila-
tors were used to dilate over the guide wires and the pedicles 
were tapped using a cannulated tap. Screws were placed with 
corresponding screw extenders and the rod was introduced 
with a device through same or a separate proximal stab incision. 
After placement of locking-cap screws through the screw exten- 
ders and with application of compression, the screws were tor-
qued and the screw extenders were removed10). All screws were 
put by single surgeon standing on right side of patient so both 
right and left side screws were inserted from right side of the 
patient. The basic steps of MIS-TLIF procedure was followed 
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Table 1. Patient demographic and surgical data

Variable value (N=300)

Age (mean) 55.56±9.8

Sex

  Male      132

  Female      168

Levels

  L4-L5      168

  L5-S1      132

Total number of screws    1,200

Perforation rate   60 (5%)

Grading of pedicle screw perforation

  Grade 0 1,140 (95%)

  Grade 1    42 (3.5%)

  Grade 2    18 (1.5%)

  Grade 3       0

Critical perforation    18 (1.5%)

Non critical perforation    42 (3.5%)

Mean surgical time (minutes)  145±11

Mean surgical blood loss (mL)  110±8.5

Fig. 2. Different grades of pedicular wall perforation. Ⓐ Grade 1, Ⓑ Grade 2, Ⓒ Grade 3.

for neural decompression and fusion using the tubular system.

2. Evaluation Method

Postoperative routine AP and lateral plain radiographs were 
performed within 48 hours after surgery (Fig. 1Ⓔ). CT scan is 
more accurate than standard radiographs for evaluating the 
accuracy of pedicle screw placement revealing 10 times more 
medial wall perforations. However, the criteria for accuracy 
vary in the literature, ranging from encroachment of the pedicle 
wall to millimetres of breach15,16,28,33). The CT scan with 2 mm 
axial slices with sagittal and axial reconstructive images adjusted 
parallel to the pedicle screws was used to assess pedicle screw 
perforation in all patients that is performed within three weeks 
of surgery. A quick MRI scan was considered mandatory in 
cases of worsening postoperative radiculopathy or neurological 
deficits. Two of the authors who were unaware of the surgical 
procedures reviewed the CT images independently to evaluate 
the perforation rate and other indices on both sides: (1) Direction 
of perforation (medial/lateral/superior/inferior/anterior) (2) Per- 
foration rate (number of perforation/total number of screws 
placed) (3) Accuracy of pedicle screw placement and percentage 
of accurately placed screws (4) Perforation grading as per Mirza 
et al.19) (Table 2) and (5) Critical/Non-critical perforation (pedicle 
Screw penetration >2 mm was taken as critical because it could 
lead to neurovasucular and visceral injury. Screw penetration 
<2 mm that remains within safe zone was classified as non-crit-
ical). So grade 2 and grade 3 are critical perforation group. 
The clinical outcome in the form of VAS and ODI were evaluated 
postoperatively at three weeks postoperatively in patients with 
and without perforations.

3. Statistical Analysis

The statistical analysis was done with student t-test using 
SPSS 20.0 software and Microsoft excels statistical function. 
P-value <0.005 was considered as significant value. Post ope- 
rative CT scan analysis was done with the help of DICOM soft- 
ware viewer.

RESULTS

The study included 300 consecutive patients (168 females 
and 132 males) with symptomatic (mechanical and radicular) 
lumbar or lumbosacral degenerative spondylolisthesis grade one 
who underwent MIS-TLIF. The mean age was 55.56±9.8 years 
with a male to female ratio of 132/168 (Table 1). The overall rate 
of pedicle screw perforation was 5% (60/1,200) in single level 
lower lumbar MIS-TLIF. The CT scans showed 42 (3.5%) screws 
with grade 1 perforation and 18 (1.5%) screws with grade 2 
and no screw in grade 3 perforations (Table 2) (Fig. 2). The 
pedicle screw placement at L5 had a higher incidence of pedi- 
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Table 2. Mirza et al. classification for pedicle perforation

Grades Degree of cortical violation (mm)

0 <0

1 0-2

2 2-4

3 >4

Table 3. Pedicle perforation rate

Variable Incidence (Out of 1,200)

Pedicle level

  L4 Right 05

Left 03

  L5 Right 20

Left 12

  S1 Right 12

Left 08

Perforation direction

  Medial 24

  Lateral 30

  Superior 05

  Inferior 01

  Anterior 00

Body mass index (kg/m2)

  <30 18

  >30 42

Depth of spine (mm)

  <50 21

  >50 39

Table 4. Clinical outcome: the perforated group and non-perforated group

Clinical score Perforation group Non perforation group p-value

Mean preoperative VAS 8.001±0.28 8.101±0.49 <0.0001

Mean postoperative VAS 3.023±0.61 3.178±0.56 <0.0001

Mean preoperative ODI 58.29±3.17 59.71±4.39 <0.0001

Mean postoperative ODI 28.14±1.93 28.78±5.99 <0.0001

cle perforation in comparison to L4 and S1 with 53.3% at L5 
level and 13.4% at L4 and 33.3% at S1 level (Table 3). Moreover, 
on comparing direction of breach, there was 5 pedicle screw 
showed breach in superior and 1 in inferior pedicle wall and 
no breach in anterior wall of the vertebral body. While compa- 
ring lateral and medial wall breach, 50% screws showed breach 
on lateral wall while 40% screws showed breach on medial 
pedicle wall. On further evaluation of lateral wall breach rate, 
60% breach occurred at L5 level and 26% at S1 level and 14% 
at L4 level. While medial wall breach rate is 15% at L4, 50% 
occurred at L5 level and 35% at S1 level It has also been seen 
that out of total 60 pedicle screw perforation about 37 (61%) 
perforation occurred on right side and maximum 20 (33.3%) 

particularly at the level of L5. Total number of critical breach 
in this study is 18 (30%) but all them were asymptomatic or 
with no neurological injury. The best time to revise a nonopti- 
mally positioned screw is in the primary surgery howbeit in 
this retrospective study, only one screw revision immediately 
after primary surgery was necessary because of a medial breach 
in an moderately osteoporotic patient although removing mal- 
positioned pedicles screws may cause catastrophic spinal cord 
injury and/or dural tear with CSF leakage. Screw loosening and 
failure of fusion construct was not observed postoperatively 
in 2 yrs followup. The mean surgical time was 145±11 minutes 
and mean Blood loss was 110±8.5 mL. There were no intra oper-
ative CSF leaks and no post operative neurological injury arousing 
of misplaced screws in any patients. Significant improvement 
was noted in clinical outcome in the form of VAS, (3.023±0.61) 
in perforation group and (3.178±0.56) (p-value <0.0001) in non 
perforation group and in ODI, (28.14±1.93) in perforation group 
and (28.78±5.99) (p-value <0.0001) in non perforation group, 
postoperatively (Table 4). Perforation rate in patients with BMI 
>30 kg/m2 was significantly higher than those with BMI <30 kg/m2. 
The increased depth of the spine (>50 mm) was also significantly 
associated with the higher incidence of perforation rate.

DISCUSSION

MIS-TLIF has been introduced with the goals of smaller ope- 
rative wounds, reduced trauma to paraspinal muscles, and quic- 
ker postoperative recovery, all of which may in turn result in 
minimal blood loss, decreased hospital stay, and decreased rates 
of surgical site infection23). The accuracy, safety, and perforation 
of pedicle screws inserted with the conventional open method 
has been widely studied with perforation rates ranging from 
1.5% to 25% in clinical studies14). Although 2D Fluoroscopic-gui- 
ded percutaneous pedicle screw placement has been proved 
accurate and safe in previous literature however there had 
a large variation in the published data on perforation rates 
of this technique. Moreover misplaced screws is a deviation 
from the perfect screw position and does not necessarily equate 
with negative outcomes for the patient7). The technique of percu-
taneous pedicle screw placement under 2D fluoroscopic guid-
ance markedly minimizes inaccurate screw placement to increase 
its reliability but intraoperatively it is very essential to con-
tinuously monitor the position of pedicle screws and have full 
control of the guide wire from insertion to removal with special 
care taken to avoid advancement of the guide wire, while in-
troducing the tap and screws or backward dislodgment, while 
removing the tap because inaccurate screw placement can result 
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in serious neurologic or vascular, visceral injuries. 2D Fluorosco- 
pic-guided percutaneous pedicle screw placement technique 
has variable pedicle perforation rate in lumbosacral region in 
the previous studies ranging from 2.6% to 14.3%1,26) and the 
overall rate of pedicle screw perforation is 5% (60/1,200) in this 
study and that is almost comparable to above mentioned study. 
Oh et al.21) reported a higher perforation rate in L4 and lower 
perforation rate in S1 when compared to L5, possibly explained 
by incremental pedicular size caudally but incidentally in this 
study the lowest perforation rates were found at L4 and S1 
equally. A study has shown that most percutaneous pedicle 
perforations were directed laterally (39.8%), followed by medially 
(25.7%) and majority of the perforations were grade 1 (8.4%) 
with no screw-related complications18). Our study results also 
show most perforations were directed laterally (30, 50%), fol-
lowed by medially (24, 40%) with none of the perforations led 
to any screw-related complications. It is observed that screws 
percentage fully contained in the pedicle ranging from 69-94% 
using free-hand technique, from 28 to 85% in 2D fluoroscopy, 
from 89 to 100% with the help of CT guided navigation and 
81-92% using 2D fluoroscopy-based navigation6). The above 
study observes that medial wall breach is more commonly ob-
served in free-hand technique, whereas lateral wall breach is 
in 2D fluoroscopy guided navigation technique. This present 
study also observed 95% screws fully contained in the pedicle 
and lateral pedicle wall breach more commonly using 2D fluoro-
scopy although lateral pedicle wall breach is less likely to asso-
ciated with neurological injury. Historically, the primary safety 
concerns associated with pedicle screw placement have been 
complications related to neurologic or vascular injuries17). Ante- 
riorly misplaced screws can have potentially devastating compli-
cations due to penetration of vascular, visceral, sympathetic 
and neural structures by the screws34). Neural injuries were 
observed in association with medial or inferior pedicular wall 
breach, although the severity of such injuries has not been 
clearly demonstrated4,32). Complications related to screw malpo-
sitioning were not observed in this study at final follow up. 
Chiu et al.2) showed that greater caution must be taken during 
the insertion of L5 and S1 percutaneous pedicle screws be- 
cause of greater angulation of pedicles of these segments, 
the variable anatomy in their vertebral bodies and the morpho- 
logy of the spinal canal at this location. Several reports had 
documented screw perforations rates from 3.0% to 7.3% with 
computer-assisted percutaneous screws placement24,35). Simi- 
larly in this study pedicle perforation rate is higher at L5 level 
particularly on right side could possibly be due to surgeon’s 
position i.e. on the right side of the patient while putting screws 
on both sides, variable anatomy of L5 pedicle required more 
mediolateral retraction and valid area of the pedicle screw tra-
jectory of L5 was not as broad as expected. Computer-assisted 
navigation percutaneous pedicle screw placement is a novel 
alternative to fluoroscopic-guided percutaneous pedicle screw 
placement. A study comparing percutaneous pedicle screw per-
foration rate with Computer-assisted navigation technique is 
0% while in fluoroscopic-guided technique shows 3.3% pedicle 

perforation rate the difference of which is statistically signifi- 
cant (p<0.05; chi-test)20). Despite the disadvantages of more 
radiation exposure, 2D fluoroscopic-guided screws placement 
may still remain as the most feasible technique in many centers 
due to the cost, availability, ease of use and need of extra 
time for registration of anatomic landmarks in computer assisted 
navigation devices. To increase the accuracy and precision 
of percutaneous pedicle screw insertion technique without 
use of a navigation system we need to evaluate  the causes 
of pedicle screw misplacement. Several authors have reported 
that obesity is a significant risk factor for pedicle screw misplace-
ment14,36). Intraoperative 2D fluoroscopic identification of ana-
tomical landmarks are frequently blurred in high BMI patients, 
moreover obesity bring about excessive bleeding and also mus-
cle retraction is more difficult to perform. Therefore, we advice 
that surgeons should pay more attention to inserting pedicle 
screws in bulky patients. According to Kim et al. fluoroscopic 
images are often blurred in areas where the tissue is bulky 
particularly multifidus muscle14). Rosen et al. has shown obesity 
is not a risk factor for complications during MIS-TLIF25). However 
accurate insertion of pedicle screw is affected by obesity in 
this study, with perforation rate in patients with BMI >30 kg/m2 
was significantly higher than those with BMI <30 kg/m2. Another 
important factor for screw misplacement observed in this study 
was pedicle convergent angle in mediolateral or axial direction. 
In this study most of pedicle perforation occurred in lateral 
direction, means more discrepancy between the pedicle medial 
convergent angle and the screw trajectory angle was found, 
i.e. more medial convergent angle should be given. So 2D fluoro-
scopy guided percutaneous pedicle screws placement with cor-
rect axial trajectory in True anteroposterior view in MIS-TLIF 
helps in reducing screw related complications and revision 
surgery. Other parameters like age and gender did not affect 
the pedicle screw perforation rate and final outcome in this 
retrospective study. MIS-TLIF in particular, can result in incre- 
ased 2D fluoroscopy exposure times29). Bearing in mind that 
surgeon and staff are exposed to radiation during their daily 
routine, one has to find solutions to reduce the occupational 
radiation exposure which also makes using 2D fluoroscopy safe 
and reliable in minimal invasive techniques. Firstly Radiation 
protection principles like wearing adequate lead equipment 
(including thyroid shield and lead glass goggles), having trained 
technicians and keeping a distance from the radiation source 
are well known measures. Secondly It is important to point 
out that it is not only the surgical technique but the fluoroscopic 
techniques like application of pulsed fluoroscopy and digital 
spot image helps to minimize radiation exposure3).

Tips for safe pedicle screws placement:
1. A more lateral skin incision in lumbar vertebrae will create 

the right trajectory for instrumentation placement in line 
with long axis of the pedicle.

2. Vigilant jamshidi needle management is critical in prevent-
ing inadvertent guide wire advancement and pullout. The 
tap and screw should typically follow the guide wire path 
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which could otherwise lead to misplaced screw insertion.
3. The jamshidi needle tip might slip away from the entry 

point when the needle direction is usually not perpendicular 
to the cortical bone surface at the entry point so surgeon 
should make a pilot hole before entering into pedicle.

4. To save time and reduce radiation exposure, we prefer 
to cannulate all pedicles, at least on each side, using 
AP projection with confirmation provided using lateral 
projection. Guide wires are then placed and advanced 
using the same lateral projection.

While looking at limitations in this study few of them are 
following. The small sample size is one of the limitation. A large 
cohort study is required to establish the feasibility and effec-
tiveness of 2D fluoroscopic assisted percutaneous pedicles 
screw insertion in MIS-TLIF. Secondly, this was a single institute, 
single surgeon-based study, so result of our study cannot be 
generalized as it may differ with the experience of the surgeon. 
The assessment of perforation rate based on CT grading system 
used in our study is not validated as it is only descriptive 
classification. Thirdly, the lack of comparison with other assis- 
ted techniques for screw insertion like open procedure, 3D 
fluoroscopy, O-arm and navigation could be one of the limi- 
tations. Fourth, the complications that were to be recorded in 
this study were complications directly caused by perforated 
screws not other perioperative or intraoperative complica- 
tions. Inspite of above limitations, properly pursuing technique 
of percutaneous pedicle screw placement is shown to achieve 
pedicle perforation rate comparable to that is witnessed using 
navigation guided techniques.

CONCLUSION

This study showed overall pedicle perforation rate of 5% 
(60/1,200) with 2D Fluoroscopy guided lower lumbar single level 
MIS-TLIF for grade 1 degenerative spondylolisthesis including 
grade 1 perforations are 3.5% and grade 2 perforation are 1.5%. 
While most Perforations are non-critical and lateral. 2D Fluoro- 
scopy guided percutaneous pedicle screws placement with ap-
propriate technique in MIS-TLIF is an acceptable and reliable 
procedure with low rates of screw related complications and 
revisions. However this technique is associated with initial learn-
ing curve and technical skills that can be gained by enough 
experience while role of physical factors like high BMI, depth 
of spine and anatomical variations in avoiding pedicle screw 
misplacement cannot be ignored. The results of this study needs 
further validation through large multi-centre and randomised 
studies that can evaluate feasibility and accuracy of 2D fluoro-
scopy guided MIS-TLIF.
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