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Introduction
Spine degenerative and traumatic pathologies have a considerably high impact in cost and 

economic resources. Wide spectrum of these pathologies demands advance techniques that 
includes complex reconstructions of the anterior and posterior spine. One of the most widely 
tools used for its adequate stabilization is transpedicular fixation, which proven biomechanical 
advantages. During the last decade with the advent of minimally invasive techniques includes 
thoracolumbar fractures and various degenerative processes of the lumbar spine that are 
managed through the placement of the transpedicular percutaneous screws, and offers 
benefits related to less muscle manipulation, blood stray minor, shorter recovery period 
and better cosmetics results. For the precise placement of pedicle screws by percutaneous 
technique, is requires a training in minimally invasive techniques including deep anatomical 
knowledge with adequate radiological correlation and careful preoperative planning. In this 
study, we propose to plan the precision placement of the transpedicular percutaneous screws 
in a case series from 4 hospitals using a basic planning tool as fine section tomography of 
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Abstract

Background: Transpedicular fixation is useful to resolve various degenerative and traumatic diseases of 
the thoracolumbar spine. Minimally Invasive Percutaneous Transpedicular Fixation (MIPTF) is preferred 
by many spine surgeons for its advantages related to less tissue damage, however, a constant concern of 
surgeons is the precision in percutaneous screw placement. The purpose of the study is to illustrate the 
utility of performing preoperative tomographic planning by analyzing the morphometric characteristics 
of each individual vertebra to increase the accuracy of thoracolumbar percutaneous transpedicular screw 
placement.

Methods: Preoperative Computed Tomography (CT) of 96 patients with MIPTF between April 2016 and 
December 2024 were included. 34 patients with traumatic disease and 62 patients with degenerative 
disease. In all cases, a postoperative tomography was obtained to verify the location of the screws. OsiriX 
DICOM Viewer program was used to perform the analysis of each fixed vertebra. No Intraoperative 
Neurophysiological Monitoring (INM) was used. We used conventional C-arm fluoroscopy.

Result: 438 screws were placed by two experienced surgeons at four medical centers. 433 (98.85%) 
screws with intrapedicular position and 5 (1.14%) screws with extrapedicular position showing eruption 
of the cortical vertebral body and external cortical pedicle that involved less than 50% of its diameter in 
the five cases. The positioning accuracy was graded using the Gertzbein and Robbins classification.

Conclusion: Performing preoperative morphometric analysis with CT prior to thoracolumbar 
percutaneous transpedicular fixation is an acceptable conduct to increase fixation accuracy in absence 
of INM.

Keywords: Planning CT pedicle screw; Percutaneous transpedicular fixation
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the spine segment, focusing on the level that will be instrumented 
considering all the morphological and dimensions of each vertebra 
with their own characteristic. Several studies that demonstrate 
the utility of preoperative morphometric analysis to improve 

the precision of spinal instrumentation at cervical, thoracic, and 
lumbosacral spine levels and the variability of the morphometric 
characteristics of each vertebra (Figure 1) & [1-10].

 
Figure 1: Axial sections of two L5 vertebrae. A. 43-year-old male. B. 39-year-old female. Differences are observed in 

the shape (ovoid in A and conical in B) and angulation required for pedicle screw placement.

Material and Methods

Figure 2: Gertzbein & Robbins CT classification [11]. Grade 1 (0mm), Grade 2 (<2mm), Grade 3 (2-4mm), and Grade 
4 (>4mm).

Observational experimental study of 96 consecutive cases 
operated by two Spine Surgeons between April 2016 to December 
2024 in 4 Hospitals in Ecuador have been analyzed. All cases were 
operated by transpedicular percutaneous fixation with or without 
arthrodesis of the anterior spine according to the individual 

requirement of each patient. 62 cases of lumbar spine degenerative 
pathology and 34 cases of thoracic or lumbar fractures were treated. 
All the cases operated by transpedicular percutaneous fixation and 
non-monitored Jamshidi needle by cannulation technique (without 
neurophysiological monitoring support). In all cases we used 
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conventional C-arm fluoroscopy with anteroposterior and lateral 
projections. Each case had a fine section computed tomography of the 
vertebral segment focusing on the vertebra that will be fixed. With 
the tomography we proceed to measurement of the dorso-ventral 
and lateral-medial diameter of each pedicle, the angle of the lateral 
medial trajectory (inclination in the axial plane) was performed, as 
well as a morphometric analysis of each vertebral body to optimize 
the precision of the diameter and length of each screw applied, the 
initial location in the anteroposterior view of each Jamshidi needle, 
and its approximate angle of incidence during cannulation in the 
sagittal and axial planes. The Osirix (TR) program was used to 
perform the measurements and planning (Figure 2). Postoperative 
tomographies were performed within the first 72 hours to verify 
the location of each screw in the axial, sagittal, coronal planes, and 
3D reconstruction. The positioning accuracy was graded using the 
Gertzbein and Robbins classification [11]. A clinical correlation of 
the postoperative tomographic findings was performed, verifying 
the absence of radiculopathy. In all cases, biplanar fluoroscopy 
was used as an intraoperative instrumentation tool. Intraoperative 
neurophysiological monitoring and other precision tools such as 
conventional navigation were not used.

Result
The postoperative tomography of the 96 operated cases was 

analyzed (Table 1). The positioning accuracy was graded using 
the Gertzbein and Robbins classification [11]; in the 62 cases 
with degenerative pathology, a precise placement of the screws 
was observed in the axial plane (without injury to the external or 
internal cortical pedicles or vertebral bodies) in 61 (98.38%) cases 
and in 1 (1.61%) case, an eruption of the cortical vertebral body and 
external cortical pedicle was observed by a single screw (unilateral) 
that involved less than 50% of its diameter (Figure 3). In the 34 
cases with traumatic pathology, a correct placement was found in 
32 (94.11%) cases in 2 (5.88%) cases there was evidence of an 
eruption of the cortical vertebral body and external cortical pedicle 
by two screws in both cases with involvement of less than 50% 
diameter. In 96 (100%) cases of the study, a correct postoperative 
location was observed in the tomographic sagittal plane (without 
eruption of the upper and lower pedicle cortical). In any case 
(0%) was the appearance of radiculopathy (or worsening of the 
previous) or neurological deficit associates with the placement of 
the pedicle screws.

Table 1: Clinical outcomes, surgical parameters, and pedicle screw placement accuracy across 96 surgical cases (438 
screws).

Result

# Screws 438 screws (average/surgery: 6,7)

Surgical time Average 55min (first 6 months: 120min)

Radiation time Average 2.0min (first 6 months: 8.2min)

Surgical bleeding Average 90ml

Cases 96 cases:

Acuracy 62 degenerative (64.5%): Acuracy 61 cases (98.38%), 1 case malposition (1.61%): 1 secrew

Screws

34 traumatic (35.41%): Acuracy 32 (94.11%), 2 cases malposition (2 screws per case)

438 screws:

433 (acuracy 98.85%) Malposition 5 (1.14%)

Complications

Pseudoartrosis 4 cases (4.16%); 12 screws with osteolysis (2.73%)

Radiculopathy/neurological deficit: 0 (0%)

Superficial infection: 2 (3.8%)

Death: 2 (2.08%) unrelated to surgery (pneumonia/abdominal trauma)
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Figure 3: Tomographic planning in spondylolisthesis L4-L5 case (A) Planning in right and left sagittal (B) and axial 
(C) planes, with graphic planning of the potential directions, length and diameter of the screws. Radiographic and 

tomographic results (D, E, F) according to the previous planning.
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Discussion
The relevance of preoperative planning in anterior and posterior 

instrumentation of the spine has been demonstrated by Abuzayed 
et al. [12] found differences compared to a number of previous 
morphometric studies performed mainly on a white population. 
Also, documented the individual morphometric differences of the 
same parameters in the same subgroups. These results emphasize 
the importance of preoperative computed tomography and 
conventional radiography of each patient in planning a surgical 
procedure and selecting the appropriate size of the instruments, 
thus avoiding possible postoperative complication related to 
implants [12]. Precision in the placement of transpedicular screws 
continues to be a concern in spine surgeons; anatomical knowledge, 
surgical technique and radiological relationships are crucial to 
achieve an effective trajectory in this type of instrumentation. 
Anatomical characteristics can vary between different pathologies 
(degenerative, traumatic, etc) and patients and even from one 
population to another. These morphological considerations 
are analyzed in several studies. Kaur et al. [1] concluded that a 
knowledge of the anatomical and radiological characteristics of the 
spine is essential to safely guide surgical and anesthetic procedures 
in the Indian population. Computerized software can help 
appropriately select implant sizes during spinal surgery [1]. Yoshida 
et al. [2] reported the accuracy of percutaneous thoracolumbar 
screw placement using fluoroscopy in oblique projections based on 
preoperative tomographic analysis; they concluded that minimally 
invasive lumbosacral Percutaneous Pedicle Screws (PPS) placement 
using the conventional fluoroscopic technique carries an increased 
risk of inaccurate screw placement and resultant neurological 
deficits, compared with that of the open procedure. Inaccuracy 
tended to be distributed between medial and lateral perforations 
of the L5 pedicle, as a result of pedicle morphology and the PPS 
pathway. Oblique fluoroscopic views, based on CT measurement, 
may allow accurate PPS insertion with a shorter fluoroscopy time 
[2]. 

Our study uses preoperative CT analysis, making measurements 
of each vertebra, identifying its morphology and variables that may 
be present not only at the pedicle level but also in the morphology 
of the vertebral body and pedicle direction, which may affect the 
trajectory of screw placement. This allows for individualized 
placement of percutaneous thoracolumbar screws in each 
case, increasing accuracy. This approach is supported by other 
studies that analyze the morphological characteristics of pedicles 
extensively in animal and human models to improve pedicle screw 
placement, whether conventional or percutaneous [5,6,8,9,13]. 
Liljenqvist et al. [14] concluded that morphometry in scoliotic 
vertebrae is substantially different from that of vertebrae in normal 
spines, with an asymmetrical intravertebral deformity shown in 
scoliotic vertebrae. Pedicle screw instrumentation on the concavity 
in the apical region of thoracic curves appears critical because of 
the small endosteal pedicle width; confirming the need for detailed 
planning [14]. This procedure has also been used for cervical 
pedicle screw and cervicothoracic junction insertion, improving 

accuracy and reducing the number of complications [3,4,7]. On the 
other hand, preoperative morphometric analysis has improved the 
accuracy of iliosacral screw placement in several reports [15,16]. 
It is essential that surgeons involved in these minimally invasive 
techniques acquire experience in percutaneous screw placement 
and that their learning curves be improved through the application 
of precise techniques [11,17]. 

An interesting study by İştemen et al. [18] supports the utility 
of preoperative prone position computed tomography in free hand 
subaxial cervical pedicular screwing reduces malposition and 
complications; this could be replicated at the lumbar level [18]. A 
cadaveric study by Kim SB et al. [19] reported the potential utility 
of patient-specific drill template with a preplanned trajectory has 
been considered a promising solution that may reduce the rate 
of spinal screw malposition without additional intraoperative 
radiation exposure. They used cortical bone trajectory screw 
technique that yields effective mechanical and clinical results, 
improving the holding screw strength with less invasive exposure. 
This cadaveric report could be interesting if the screws could be 
placed percutaneously; therefore, similar studies are needed. The 
use of current technology such as navigation and robotic arms 
improves the accuracy of percutaneous pedicle screw placement. 
Groisser BM et al. [20] reported the first description of a fully 
automated algorithm for determination of the technical accuracy of 
pedicle screw placement that does not require human intervention 
in the rigid-body alignment or measurement process; the technical 
accuracy results from this study of the Mazor X Stealth robotic 
system were equivalent to or better than reported accuracy from 
any prior in vivo or cadaver study [20]. We consider this study 
optimize the learning curve for surgeons that start their experience 
with percutaneous transpedicular techniques because it provides 
a preliminary tomographic view of the anatomy of each individual 
vertebra. This approach could be enhanced by using monitored 
Jamshidi needles when is possible. It is likely at the beginning of 
the learning curve of surgeons will tend to place screws with less 
convergence due to concerns about neurological damage, especially 
in pedicles that present greater technical difficult, such as the mid-
thoracic pedicles.

Conclusion
a)	 The meticulous elaboration of an adequate tomographic 
planning for the execution of a transpedicular percutaneous 
fixation is a useful tool in the management of traumatic and 
degenerative thoracolumbar pathologies.

b)	 Preoperative tomographic planning allows obtaining 
adequate levels of precision in percutaneous thoracolumbar 
transpedicular fixation, showing special importance in cases 
where certain current precision technological elements such as 
O-ARM or conventional navigation and even neurophysiological 
intraoperative monitoring are not available. 

c)	 We consider that our behavior potentially benefits 
adding the use of monitored Jamshidi needles (intraoperative 
neurophysiological monitoring).
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d)	 It is likely that the rotational component of certain 
fractures adds a greater degree of difficulty in the intraoperative 
cannulation of the pedicles with laborious dynamics in the 
incidence angles of the C-arm.

e)	 The collaboration of a technician trained in the use of the 
C-arm during these procedures is crucial.

f)	 There could be an inconclusive tendency to direct the 
screws in a lateral trajectory at the beginning of the learning 
curve, it could be due to the inherent fear of avoiding a medial 
trajectory toward the canal.

g)	 Another aspect that could improve the behavior is to use 
an extrapedicular technique in certain thoracic pedicles the 
merit it, such as bicorticals.
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