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A comparative study of pedicle screw fixation in 
dorsolumbar spine by freehand versus image‑assisted 
technique
A	cadaveric	study

Archit Agarwal, Vijendra Chauhan, Deepa Singh1, Raghuvanshi Shailendra2, Rajesh Maheshwari, Anil Juyal

ABstrAct
Background: New and expensive technology such as three-dimensional computer assisted surgery is being used for pedicle 
screw fixation in dorsolumbar spine. Their availability, expenses and amount of radiation exposure are issues in a developing 
country. On the contrary, freehand technique of pedicle screw placement utilizes anatomic landmarks and tactile palpation without 
fluoroscopy or navigation to place pedicle screws. The purpose of this study was to analyze and compare the accuracy of freehand 
and image-assisted technique to place pedicle screws in the dorsolumbar spine of cadavers by an experienced surgeon and a 
resident. Evaluation was done using dissection of pedicle and computed tomography (CT) imaging.
Materials and Methods: Ten cadaveric dorsolumbar spines were exposed by a posterior approach. Titanium pedicle screws 
were inserted from D5 to L5 vertebrae by freehand and image-assisted technique on either side by an experienced surgeon and 
a resident. CT was obtained. A blinded radiologist reviewed the imaging. The spines were then dissected to do a macroscopic 
examination. Screws, having evidence of cortical perforation of more than 2 mm on CT, were considered to be a significant breach.
Results: A total of 260 pedicle screws were placed. The surgeon and the resident placed 130 screws each. Out of 130 
screws, both of them placed 65 screws each by freehand and image- assisted technique each. The resident had a rate of 
7.69% significant medial and 10.76% significant lateral breach with freehand technique while with image‑assisted had a rate 
of 3.07% significant medial and 9.23% significant lateral breach. The expert surgeon had a rate of 6.15% significant medial 
and 1.53% significant lateral breach with freehand technique while with image‑assisted had a rate of 3.07% significant medial 
and 6.15% significant lateral breach on CT evaluation.
Conclusion: Freehand technique is as good as the image-assisted technique. Under appropriate supervision, residents can 
safely learn to place freehand pedicle screws with an acceptable violation rate.
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introduction

The placement of pedicle screws is independent of facet 
or laminar integrity and thus has been very useful 
in deformity correction, traumatic, degenerative 
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and oncologic pathologies.1 A variety of techniques are 
currently being used for the placement of thoracolumbar 
pedicle screws.2 The new and expensive technology such 
as three-dimensional (3D) computer assisted surgery and 
computer-assisted fluoroscopy are not available in most 
places and requires high doses of radiation.3

The “freehand” technique for the placement of pedicle 
instrumentation relies completely on the use of visible as 
well as palpable anatomic landmarks for accurate pedicle 
screw placement. It is dependent on a clear exposition and 
identification of the posterior bony landmarks, including 
the lateral border of the pars interarticularis, the entire 
transverse process and the caudal and cephalad facet 
joints.1

This study evaluates the safety and accuracy of pedicle 
screw placement with a freehand technique versus 
image-assisted technique in cadavers as done by residents 
and expert surgeon. A misplaced screw does not necessarily 
have clinical consequences. A low rate of clinically 
relevant complications has been found in the literature.4 
Improvement in accuracy with the accumulation of 
experience for the resident was also evaluated.

MAtEriAls And MEthods

This observational cadaveric study was carried out over a 
period of 1 year after the approval by the Institutional Ethical 
Committee. Ten Indian cadavers from the Department of 
Anatomy were selected. The study was conducted by an 
orthopedic resident who, prior to study, had no experience 
at all with thoracic and lumbar pedicle screw placement and 
other, an experienced spine surgeon. Both surgeons placed 
pedicle screws by freehand and image-assisted techniques.

Operative procedure
Freehand technique
The cadavers were positioned prone and a standard 
posterior approach was used. The spinal level was 
confirmed clinically. Pedicle screws were inserted using the 
freehand technique and the point of entry was as described 
by the AO ASIF principles.5

Thoracic spine – the point of entry was just below the rim 
of the upper facet joint, 3 mm lateral to the center of the 
joint near the base of the transverse process. This screw 
was angled 7–10° toward the midline and 10–20° caudally.

Lumbar spine – the long axis of the pedicle pierced the 
lamina at the intersection of the two lines: A vertical line 
tangential to the lateral border of the superior articular 
process and a horizontal line bisecting the transverse 
process. Their point of intersection lay in the angle 

between the superior articular process and the base of the 
transverse process. The screws were converged by 5° at the 
thoracolumbar junction and by 10–15° as one progressed 
from L2 to L5.

After the initial exposure, each step was repeated 
sequentially at each level to be instrumented. A small pilot 
hole was made with an awl. A curved pedicle probe was 
then introduced with the tip pointing laterally till a depth 
of approximately 20 mm. The probe was then completely 
removed, rotated until it was pointing medially, reinserted 
to its depth of 20 mm down the previously made track and 
subsequently medial until 30 mm. The sagittal trajectory 
of the probe was based upon the external anatomy of the 
posterior thoracic spine – the lamina and spinous processes. 
The medial – lateral angulation of the probe was based 
upon the level of the thoracic spine. The hole was then 
palpated with a ball-tipped probe. If no breach was palpated 
that was subsequently dilated with a straight pedicle probe 
(4.2 or a 5.2 mm depending upon the level), the hole was 
palpated again. The hole was then tapped 1 mm smaller 
than the proposed screw diameter. That was palpated again 
followed by screw insertion. One single fluoroscopic image 
was taken to confirm that the length of the very first screw 
was appropriate and that the level instrumented was correct. 
Further screw lengths were then based upon the length of 
the first screw and the subsequent levels of the thoracic 
spine and lumbar spine. Fluoroscopy was not used during 
actual screw placement, but it was used to confirm good 
placement after the screws had been placed.

Image assisted technique
C-arm (Allengers HF 59 R) multi-planar fluoroscopic 
imaging was used. Cadavers were placed prone on a 
radiolucent table. A standard midline incision was used and 
the posterior elements were exposed from D5 to L5. Image 
was kept parallel to the superior endplate with spinous 
process in the center between the pedicles. This ensured that 
the fluoroscopic beam was parallel to the desired pedicle in 
the sagittal plane. In order to reduce parallax, each spinal 
level was centered in the fluoroscopic beam. This enabled 
us to visualize the pedicle round with sharp cortical margins. 
The pilot pedicle entry hole was marked. Awl was then 
inserted into the pilot hole, parallel to the radiographic 
beam of the C-arm. Probe was then passed to check for 
any perforations. Length of the implant was measured with 
depth gauze and tapping was done if needed, followed by 
screw insertion. Placement was verified by taking a lateral 
view with the C-arm.

Evaluation of the pedicle screw insertion
The vertebral column from T5 to L5 was dissected out 
en-bloc. Scanning was done by a 64 slice computed 
tomography (CT) scanner SOMATOM Sensation, SIEMENS 
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(Germany). Axial and multi-planar reformatted images 
were used for evaluating the exact position of the implant. 
Radiologist was blinded regarding the technique used 
for screw insertion. Subsequently, dissection was done 
and sections were cut at each vertebral level as shown in 
Figure 1. Macroscopic examination was done at each level 
for damage to the pedicular cortex which was recorded 
as either medial or lateral. From the CT, violations were 
quantified in millimeters and graded as either: No violation, 
<2 mm violation and >2 mm violation. Violation of more 
than 2 mm medially or laterally was recorded as a significant 
breach [Figure 2]. Encroachment in the foramina was 
checked on the 3D reconstruction of images.

Data were analyzed by using Microsoft Excel 2010 and 
statistical software IBM SPSS version 22.0 (SSPS south asia 
pvt. Ltd. Banglore, India). Chi-square test (Fischer exact 
test) was used to check the proportion of significant medial 
and lateral violations by both the techniques for resident 
and expert surgeon. The specificity and sensitivity of CT 
was estimated. P < 0.05 was considered to be significant.

rEsults

Pedicle screws were placed from D5 to L5 level in 
10 cadavers. A total of 260 pedicle screws were inserted. 
The surgeon and the resident placed 130 screws each. Out 
of 130 screws, each of them placed 65 screws by freehand 
and 65 by image-assisted technique.

Results of macroscopic evaluation, total number of breach on 
CT evaluation and significant breach are shown in Table 1.

The difference between the significant medial violations by 
both techniques was found to be statistically insignificant 
for resident as well as expert surgeon.

Similarly, difference between the significant lateral violations 
by both techniques was found to be statistically insignificant 
for the resident as well as an expert surgeon [Table 2].

Sensitivity and specificity of CT scan to evaluate pedicle 
violation with respect to macroscopic evaluation was 
calculated. Sensitivity and specificity of CT was found to 
be 91.52% and 95.02%, respectively.

Significant breach rates for dorsal and lumbar spine were 
further calculated separately. In the dorsal spine, the 
resident had a significant medial and lateral breaches of 
10 and 15% with a free hand technique. Whereas, with 
the image assisted technique, the significant medial and 
lateral breaches where 0 and 10% respectively. The expert 
surgeon had a significant medial and lateral breach of 10 
and 2.5% respectively with the free hand technique; with 
image assisted technique the significant medial and lateral 
breaches where 5 and 7% respectively.

The significant breaches were less in the lumbar region. 
The resident had a rate of 4% each medial and lateral 
breaches with the free hand technique; with image assisted 
technique it was 8% each medially and laterally. On the 

Figure 1: Lateral wall violation as seen on macroscopic examination
Figure 2: Computed tomography scan showing medial pedicle wall 
violation

Table 1: Results of macroscopic and CT evaluation
Findings Resident Expert surgeon

Freehand Image‑assisted Freehand Image‑assisted
Medial Lateral Medial Lateral Medial Lateral Medial Lateral

Macroscopic 3.07 18.46 0 16.92 3.07 7.69 0 18.46
Total number breach on CT 10.7 21.5 7.69 20 9.23 6.15 4.61 18.46
Significant breach on CT 7.69 10.76 3.07 9.23 6.15 1.53 3.07 6.15
All values in percentage. CT=Computed tomography
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other hand the expert surgeon did not have any significant 
breach with the free hand technique; with image assisted 
technique there were 4% significant lateral breaches and 
none medially [Table 3].

The difference between the breach rates of lumbar and 
dorsal spine was evaluated using the Chi-square test. 
The P value by Chi square test for violations in both the 
techniques by surgeons (resident and expert surgeon) was 
statistically not significant [Table 4].

Number of correctly placed screws by resident in each 
cadaver was recorded [Table 5] and a bar diagram was 
made [Figure 3]. A trend line was drawn to see the 
improvement in accuracy with experience.

Number of images taken during image-assisted placement 
of pedicle screws at each level was recorded for resident 
and the expert surgeon. Mean of total number of images at 
each level was calculated. The average number of images 
per screw taken by the resident was 5.26 while the expert 
surgeon took 4.55.

discussion

Spinal canal is not violated if a pedicle screw is completely 
contained within the pedicle. Pedicle screws that violate the 
medial pedicle cortex may increase the risk of neurologic 
deficit. Pedicle screws that violate the lateral pedicle cortex 
may increase the risk of vascular or visceral complications 
and loss of fixation if it occurs at the lower end of a 
construct.6 Different studies2,7-12 have come up with different 
violation rates with freehand technique [Table 6].

Wang et al. (2010)13 did a study on freehand thoracic 
pedicle screws placed by neurosurgery residents. On CT 
analysis, they were found to have 6% of medial cortical 
violation while 8.9% of lateral cortical violation. In our 
study, the orthopedic resident had a rate of 10.7% medial 
and 21.5% lateral violation.

Carbone et al. (2003)14 did a study to evaluate 
fluoroscopically assisted technique of thoracic pedicle 
screw insertion in unstable thoracic and thoracolumbar 
injuries. They had 10.3% of lateral and 2.4% of medial 
violation. 5.6% penetrated the vertebral body cortex. With 
the image-assisted technique in our study, the resident had 
a rate of 3.07% significant medial and 9.23% significant 
lateral breach. While the expert surgeon had a rate of 3.07% 
significant medial and 6.15% of significant lateral breach.

Misenhimer et al. (1989)15 documented that once the screw 
diameter exceeds the endosteal diameter of the pedicle or 
is >80% of the outer cortical diameter, then pedicle will 
adapt in one of the three ways: Pedicle expansion, pedicle 
cut out by screw threads, or pedicle fracture. In 72% of the 
cases, the fracture occurred laterally. At all levels, the medial 
cortex were 2–3 times thicker than the lateral cortex. Even in 
our study, there were 69.23% and 64% lateral wall violation 
by resident and expert surgeon, respectively. Similarly, 
Parker et al. (2011)12 had 61.3% of lateral violations.

The acceptable degree of medial and lateral pedicle breach 
is still controversial as it has varied in different studies. 
Gertzbein and Robbins16 (1990) believed that “safe zone” 
of allowable medial encroachment was 4 mm in relation to 
the intradural contents. They found that a CT myelogram 
postoperatively demonstrated 2 mm of the epidural space 

Table 2: P values by Chi‑square test for violations in both the 
techniques by surgeons
Surgeon Violation P
Resident Medial 0.233

Lateral 0.331
Expert surgeon Medial 0.183

Lateral 0.699
P<0.05=Significant

Table 3: Significant breach rates for dorsal and lumbar spine for both the surgeons in each technique
Spinal 
segment

Resident Expert surgeon
Freehand Image‑assisted Freehand Image‑assisted

Medial Lateral Medial Lateral Medial Lateral Medial Lateral
Dorsal spine 10 15 0 10 10 2.5 5 7
Lumbar spine 4 4 8 8 0 0 0 4
All values in percentage

Figure 3: Bar diagram showing correctly placed screws by resident in 
each cadaver by freehand and image-assisted technique



Agarwal, et al.: Pedicle screw fixation in dorsolumbar spine by freehand versus image assisted technique

 247 Indian Journal of Orthopaedics | May 2016 | Vol. 50 | Issue 3

with 2 mm of subarachnoid space from T10 to L4. They 
reported that 81% of screws were placed within 2 mm of 
medial border of pedicle and 6% had 4–8 mm of canal 
encroachment, out of which 2 of their patients developed 
temporary neurological complications. In another study, 
Belmont et al. (2002) are of the opinion that acceptable 
limits were 2 mm for medial wall penetration and 6 mm 
for lateral wall penetration.17 In our study, we considered 
2 mm medially as well as laterally to be the safe limit. The 
resident had a rate of 7.69% medial and 10.76% lateral 
breach in which violation was more than 2 mm with 
freehand technique while with image-assisted 3.07% medial 
and 9.23% lateral breach of more than 2 mm. While the 
expert surgeon had a rate of 6.15% medial and 1.53% 
lateral breach in which violation was more than 2 mm with 
freehand technique while with image-assisted 3.07% medial 
and 6.15% lateral breach of more than 2 mm.

Upendra et al.18 (2008) carried out a study to find the 
reason for the gap between high rates of pedicle screw 
violation and low rates of reported complications. The 
literature confirmed that only a small percentage of the 
misplaced screws actually cause any complication and some 
misplacement can be acceptable both in terms of safety 
and their biomechanical strength. They gave a concept 
of acceptable screw placements. It helped to differentiate 

between the benign marginal misplacements (acceptable) 
and those with dangerous placements of (unacceptable) 
screw. Reichle et al.19 (2002) in their study demonstrated 
that the thoracic pedicle screw which did not have a pure 
trabecular position and minimally perforated the pedicle 
wall was as good as the one which had pure trabecular 
position. For example, the in-out-in screws that had 70% 
strength of intrapedicular screws with <2 mm penetration 
through any of the cortices was considered acceptable.20

Correct pedicle screw placement requires use of the correct 
entry point on the posterior vertebral cortex, followed in the 
correct direction to stay within the cortex of the pedicle. The 
optimal anatomic location for screw entry in the thoracic 
spine is much more difficult to determine in comparison 
to the lumbar level. The generally considered rule that 
craniocaudal center of the pedicle is at the midpoint of the 
transverse process is not always true because of anatomic 
variability in the thoracic spine. The cross-sectional 
morphology of a single thoracic pedicle is widely variable 
in the coronal plane unlike large ovoid lumbar pedicle.21

In the lumbar spine, pedicles show an even greater variation 
in their orientation in the horizontal plane from L5 through 
L1. However, because of the large transverse diameter of 
lumbar pedicles, a violation of the pedicle cortex is less likely 
to occur, even when the screw is not exactly aligned with the 
pedicle axis. On the contrary, in the thoracic spine, a slight 
mismatch between the axis of the pedicle and that of the screw 
results in a violation of the pedicle cortex except for the lower 
three thoracic vertebrae.8 This is evident even in our study as 
well. Parker et al.12 too had statistically significant difference in 
number of breaches in the dorsal and lumbar spine.

In our study, we did not include deformed spine although 
it has been seen that accuracy of pedicle screw insertion 
by freehand technique is not significantly affected by it. 
Gruenberg et al.22 (2010) found no statistical difference 
in the rate of incorrectly placed screws in a scoliotic spine 
and a normal spine. Cui et al. (2012)23 found that just with 
freehand technique, the accuracy of lumbar pedicle screws 
was high enough for the experienced spine surgeons to not 
use a navigation system for lumbar pedicle screw placement. 
Therefore, they concluded that intraoperative CT navigation 
was helpful in placing difficult pedicle screws as in thoracic 
and cervical spine during spinal deformity correction 
surgery. In another study by Samdani et al., (2010)24 on 
thoracic pedicle screws, placed by freehand technique in 
adolescent idiopathic scoliosis, there was 6.42% medial and 
5.72% lateral violation. They concluded that these breaches 
did not cause any neurological injury. Modi et al. (2009)25 
used ideal pedicle entry point in thoracic spine by freehand 
technique in the treatment of adolescent idiopathic and 

Table 4: P values by Chi‑square test for violations in both the 
techniques by surgeons in dorsal and lumbar spine
Surgical technique Resident Expert surgeon
Freehand 0.08 0.06
Image-assisted 0.474 0.249

Table 5: Number of correctly placed screws by the resident in 
each cadaver
Cadaver number Freehand (n=13) Image‑assisted (n=13)
1 5 9
2 9 5
3 10 10
4 9 11
5 11 12

Table 6: Violation rates with freehand technique in different 
series
Authors Medial violation rate (%) Lateral violation rate (%)
Karapinar et al.2 1.87 2.81
Vaccaro et al.7 23.33 17.71
Fisher et al.8 13.4 17.9
Kim et al.9 1.4 (senior spine surgeon)

2.4 (spine fellow)
7 (senior spine surgeon)

6.8 (spine fellow)
Lee et al.10 1 2.3
Fennell et al.11 0 4.1
Parker et al.12 0.57 1.07
Our study 9.23 (expert surgeon)

10.7 (resident)
6.15 (expert surgeon)

21.5 (resident)
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neuromuscular scoliosis. They had an acceptable accuracy 
rate of 93% and found it to be a safe and reliable method.

The conduct of the procedure becomes efficient enough 
for its use in humans with experience, first in a supervised 
manner and then in an unsupervised clinical setting.26 
Gonzalvo et al. (2009)27 assessed learning curve of 
pedicle screw placement by a spine fellow who had no 
previous experience and found that the technique for an 
inexperienced spine fellow, reached after the placement of 
certain number of pedicle screws (80 pedicle screws in this 
study) correct. Gang et al.28 (2012) did a study on learning 
curve of thoracic pedicle screw placement using freehand 
technique in scoliosis for an inexperienced surgeon. 
They concluded that for an apprentice, an experience 
of at least 60 screw placements under the guidance of 
an experienced spine surgeon was required to use the 
technique independently. Similarly, in our study, accuracy 
was achieved by the inexperienced surgeon after placing 
approximately 60 screws. Thus, it is seen that by repeating 
an activity the efficiency to accomplish increases with time.

The use of fluoroscopy and exposure to ionizing radiation is 
a major concern to the spine surgeon. Surgeons can protect 
themselves with eyewear, thyroid shields and lead aprons. 
However, the surgeon’s hands are at the highest risk of 
radiation exposure. Rampersaud et al.3 (2000) evaluated 
the amount of radiation exposure to the surgeon’s neck and 
dominant hand during placement of pedicle screws from 
T11 to S1 using lateral fluoroscopy only in a cadaveric 
model. Average fluoroscopy exposure time was 9.3s/screw. 
The average number of fluoroscopic images taken per screw 
was 8.5. They reported a significant increase in hand dose 
rate when placement of the screw was on the same side of 
the beam source as well as when a heavier cadaver was 
imaged. In our study, average number of images taken per 
screw by the resident was 5.26 while the expert surgeon 
took 4.55. On comparing their data to other studies, 
Rampersaud et al. found that spine surgeons had a 10–12 
fold increase in hand radiation exposure compared with 
other musculoskeletal extremity procedures.

conclusion

We conclude that freehand technique of pedicle screw 
placement when performed in a step-wise manner is an 
accurate, reliable, safe, less time-consuming, with lesser 
radiation and cost effective method of insertion to treat a 
variety of spinal disorders.

Under appropriate supervision, residents can safely learn to 
place freehand pedicle screws with an acceptable violation 
rate.
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