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ABSTRACT  

Background: Pedicle screw misplacement in spine surgeries leads to many 

complications include nerve root injury, CSF leak, pedicle fracture, screw 

fatigue, screw breakage (Adnan A. Faraj et al., 1997).[1] So, we are involved in 

reducing pedicle screw breaches with use of Computed Tomography images 

taken preoperatively to know the vertebral anatomy and to minimize the 

breaches based on it. Aim: The aim of this study is to know the effectiveness of 

free hand technique in pedicle screw fixation done with CT evaluation and to 

assess the placement of screws relating to spinal canal and neural foramen. 

Materials and Methods: In this study, 28 patients who had been planned for 

pedicle screw instrumentation, the pedicle dimensions were measured 

preoperatively and the screw breaches were evaluated on postoperative day one, 

with 1 mm CT images. Sample group had both traumatic and non-traumatic 

patients. Intra-operatively, C-arm was used in all the cases. Postoperative 

pedicle screw breaches had been graded using Gertzbein-Robbins classification. 

The breaches graded, grade C or more, considered as misplaced screws, which 

could cause morbidity to patients. Result: Among 141 pedicle screws (in 74 

spinal levels) inserted in 28 patients (12 traumatic and 16 non-traumatic), zero 

breaches noted in six patients, totally 60 breaches, among them 15 screws are 

misplaced, with accuracy rate of 89.3% and breach rate of 10.6%. Misplaced 

screws were significantly more common in non-trauma cases, with 14 out of 15 

screws (93.3%), in contrast, only 1 misplaced screw (8.3%) was observed in 

trauma cases. Conclusion: Pedicle screw insertion with pre operative CT 

evaluation has reduced significant breach in surgery, which analyzed through 

post operative CT evaluation, yet, further evaluation regarding intraoperative 

factors need to done to reduce pedicle breaches with emerging modalities in 

spine surgery. 

 
 

 

INTRODUCTION 
 

Many modalities are available to reduce the pedicle 

screw breaches from free hand technique, computer-

assisted Orthopedic Surgery Planning System 

(Othmar Schwarzenbach et al., 1997),[2] computed 

tomography assisted navigation technique to 

advanced robot assisted techniques, yet the screw 

breaches are happening which leads to complications 

(Alexander Perdomo‐Pantoja et al., 2019).[3] 

Computed tomography assisted techniques are 

feasible and more accessible than any other 

techniques. Our aim of this study is to know the 

effectiveness of free hand technique in pedicle screw 

fixation done with CT evaluation. 

 

 

MATERIALS AND METHODS 
 

According to the study (Mesare et al., 2021),[4] 

,analysis of these pedicle screws using postoperative 

CT scans accuracy of pedicle screw fixation of 

lumbar spine was (95.25%),so p is taken as 95.25%, 

absolute precision 8%, confidence limit 95% as limit 

(using open epi software sample) size is calculated to 

be 28.We enrolled the study subjects from 28 patients 

with traumatic origin and non-traumatic – 

Degenerative, Isthmic spondylolisthesis which is 

unstable nature. The mean age of the 17 men and 11 

women was 44.6 years (Range: 19 to 70 years). The 

indications for these patients include traumatic 12 

patients includes burst, chance fracture with or 

without neurological deficit based on Thoracolumbar 

Injury Classification and Severity Score (TLICS) 
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(Lee et al., 2005),[9] if ≥5(more than or equal to 5), 

patients underwent surgery. Non traumatic patients 

all are unstable spondylolisthesis individuals with 

clinical neurological deficit. All patients took CT, 

MRI scan preoperatively and CT scan on Post 

operative day one. 

CT scan done in CT TOSHIBA AQUILLON 

LIGHTNING MODEL (16 Slice) – TS – 035A/4C 

(Equipment ID: G-XL-83855, Equipment Serial 

number: 4AC1762277), 1 mm CT cuts for all cases 

pre and post operatively. To make the measurement 

calibrations more accurate, the patients were laid in 

the gantry isocentre of CT machine with the sagittal 

axis along C7 and S1 spinous process.  

CT scan evaluation done in bone window using 

Vitrea viewer (v 6.9.87.1) with 1 mm cut CT images. 

In all approaches incision made one level above and 

one level below the surgical level. Inter-nervous 

plane created between two paraspinal muscles. Axial 

cuts for placement of pedicle screws and its relation 

to the spinal canal by measuring pedicle width at 

isthmus, pedicle axis length including the vertebral 

body upto anterior cortex, transverse angle along the 

axis of pedicle in relation to sagittal plane 

preoperatively and for medial, anterior, lateral 

breaches of pedicle screws postoperatively. Sagittal 

cuts for pedicle height at level of isthmus, sagittal 

angle in caudocranial axis of pedicle aiming 

anterosuperior part of vertebral body in relation to 

transverse plane preoperatively and neural foramen 

involvement, inferior and superior breaches of 

pedicle screws postoperatively.  

Diapason polyaxial pedicle screws are commonly 

used today for fixations and also used in this study for 

its high pull out strength (Amy W. L. Kwok et al., 

1996) (Ching‐Chi Hsu et al., 2005).[11,12] In our study 

we used, convergence trajectory with caudocranial 

insertion as it shows more superior than both cortical 

bone trajectory and traditional trajectory (Wray et al., 

2015) (Cho et al., 2010).[7,8] 

PREOPERATIVE CT EVALUATION 

EVALUATION OF TRAJECTORY  

To assess the orientation of pedicle axis 

preoperatively and axis of pedicle screw 

postoperatively which the orientation is 

caudocranial(-)/craniocaudal (+) and mediolateral (-) 

/ lateral-medial (+), the signs are used in the study 

with reference to previous studies (Cool et al., 2021) 

(Farshad et al., 2022).[10,11] 

 

 
Figure 1: Signs assigned to trajectories based on its 

orientation to transverse and sagittal plane (Cool et al., 

2021),[10] 

 

Axial CT cuts: Pedicle width – External cortical 

diameter measured at the level of isthmus. Pedicle 

axis length –From outer lamina to inner side of 

vertebral body cortex along the center of pedicle. In 

S1, the length measurement included the outer aspect 

of anterior cortex for bicortical purchase in 

cephalomedial trajectory (Shaikh et al., 2012).[12] S1 

axial cut measurements. Here, it is measured in 

anterolisthesis individual whose sacral pedicle 

alignment and sacral body are not overlapping 

because of listhesis. Hence in mid-sagittal, sacral 

promontory (as we used medial trajectory) to spinous 

process measurement done and used that in 

measuring sacral axial measurements. Transverse 

angle (axial angle) of pedicle in relation to sagittal 

plane along the pedicle Axis. Sagittal CT cuts: 

Pedicle height – External cortical diameter 

measurement at level of isthmus in sagittal plane. 

Sagittal angle in relation to transverse plane along the 

center of pedicle axis in sagittal cuts. 

Post- operative evaluation of breaches: Breaches 

were evaluated using the Gertzbein & Robbins 

classification (Elswick et al., 2020) (Gertzbein & 

Robbins, 1990).[17,18] Grade A and B can be a 

considered as breached yet satisfactory result. In 

grade C to E, the penetration depth was more than 2 

millimeters along the pedicle inferiorly, superiorly, 

laterally, medially, or anywhere from the corpus, the 

screw was considered misplaced as reference 

literatures (Mesare et al., 2021) (Silbermann et 

al,2011).[4,13] 
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DISCUSSION 
 

In this study, we used totally 141 pedicle screws 

fixation done in 28 patients (27 open, one 

percutaneous fixation in trauma patient), in which 69 

screws in trauma patients and 72 in non- trauma 

patients. Total breaches occurred is 60, with 15 

screws are misplaced. Misplaced screws most 

commonly occurred in non-traumatic individuals, 

which is 14 among 15 misplaced screws and is 

statistically significant. Non traumatic cases operated 

for central canal stenosis and unstable 

spondylolisthesis with pars defect and neural 

involvement particularly in all cases below and at the 

level of L3.The deformed morphology and sclerotic 

bone and unstable nature of spine during entry point 

and trajectories, and the intervertebral anatomic 

relationships while the patient is prone during surgery 

may not match the preoperative CT data taken in 

prone – which can be rectified with intraoperative 3D 

O-arm based navigation technique (Yoshimoto 

Ishikawa et al., 2011),[19] may be the major cause for 

high level of misplaced screws among them. The 

breaches yet occurred in traumatic patients but they 

comes under low grade breaches except one in 

thoracic spine which is grade C. This can be 

explained by sone intact soft tissue structure with 

non-deformed anatomy landmarks, which done from 

D10 to L4. No patients developed any deficit 

postoperatively. The advanced methods like robot 

assisted, CT navigation technique and Orthopaedic 

planning systems are developed, the CT based 

preoperatively evaluated pedicle screw fixation 

seems more practical as the robotic assisted surgery 

are reduced intraoperative radiation exposure yet it 

increases intraoperative time, 3D fluoroscopy 

increases the accuracy tin pedicle screw fixation but 

heavily increases radiation exposure among surgical 

team and patients intraoperatively, Orthopaedic 

planning system and computer guided navigation 

techniques need deep pre operative planning and 

anatomic matching which not yet normalized 

everywhere. Using navigation techniques itself has 

higher breach rate in thoracic spine compared to 

lumbar vertebrae (Victor Kosmopoulos et al., 

2007).[14] Among 141 pedicle screws (in 74 spinal 

levels) inserted in 28 patients (12 traumatic and 16 

non-traumatic), zero breaches noted in six patients, 

totally 60 breaches, among them 15 screws are 

misplaced, with accuracy rate of 89.3% and 

misplaced breach rate of 10.6%. The breach rate is 

higher when compared to Aigner et al. (2021),[15] 

Mesare et al. (2021),[4] and lower compared to Salem 

et al. (2021).[16] 

 

CONCLUSION 
 

From the above inference and from reference 

literature with free hand techniques, pedicle screw 

insertion with pre operative CT evaluation has 

reduced significant breach in surgery, post operative 

complications in most prevalent practically 

accessible technique, which analyzed through post 

operative CT evaluation, yet, further evaluation 

regarding intraoperative factors need to done to 

reduce pedicle breaches with emerging modalities in 

spine surgery. 
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