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Abstract

Background: Even though pedicle screw application is a common procedure, and in-spite of spine surgeons being
proficient with the technique, mal-positioning of pedicle screws can still occur. We intend to determine by postoperative
CT analysis, the incidence of pedicle screw breach in the thoracolumbar spine despite satisfactory intraoperative
placement confirmed by fluoroscopy.

Materials and methods: Consecutive patients diagnosed with thoracolumbar fractures who underwent open or mini-
mally invasive posterior stabilization under fluoroscopic guidance were retrospectively reviewed. Postoperative CT
scans of patients were analysed to determine the incidence of pedicle breach despite satisfactory intraoperative place-
ment, and also to determine the factors that can predict a breach during intraoperative assessment.

Results: A total of 61 patients with 513 thoracolumbar pedicle screws were available for analysis. Based on our post-
operative CT assessment, 28 screws (5.5%; 18 thoracic screws; 10 lumbar screws) had breached the pedicle. There were 14
minor (<3 mm) and 14 major (≥3 mm) breaches. The minimally invasive technique had a significantly lower breach rate
compared to open surgery (1.9% vs. 7.9%). By retrospectively analysing the intra-operative fluoroscopic images, we
determined certain parameters that could predict a breach during surgery.

Conclusion: Pedicle breaches can still be present despite satisfactory placement of screws visualized intra-operatively.
A medial breach is most likely when the length of the pedicle screw spans only up to 50% of the vertebral body as seen
on the lateral view but the pedicle screw tip has already transgressed the midline as seen on an AP view. A lateral breach
is likely when the tip of the pedicle screw is overlapped by the screw head or is only minimally visualized on an AP
view.
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1. Introduction

P osterior stabilization using pedicle screws
and rods is a long-established gold standard

technique of spinal fixation which plays an
important role during surgery for spinal in-
stabilities, deformity, degeneration, infection and

tumours [1e7]. Although it has become a com-
mon procedure, and in-spite of spine surgeons
being proficient with the technique, malposi-
tioning of pedicle screws can still occur [8, 9].
Such malpositioning not only compromises the
stability of the construct but also endangers
neural integrity [10]. Various authors have
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reported different rates of pedicle breach ranging
between 1.7% to 35% during open pedicle screw
placement and 2.6% to 12.3% during minimally
invasive pedicle screw placement [11e14]. For
both open and minimally invasive techniques,
intraoperative assessment of pedicle breach is
generally done with the help of fluoroscopy;
however, such interpretation may be affected by
the screw length, rotation and image quality.
Therefore, we would like to determine by post-
operative CT analysis, the incidence of pedicle
screw breach despite normal intraoperative im-
aging with fluoroscopy. We also performed a
retrospective review of those patients who had a
pedicle breach to determine the errors that may
have caused the surgeon to accept that the screws
were perfect by assessing the fluoroscopic image.

2. Materials and methods

With approval from our institutional review
board, electronic records of consecutive patients
diagnosed with thoracolumbar fractures who un-
derwent posterior stabilization during a particular
period were retrospectively reviewed. Only those
patients who had their intraoperative fluoroscopic
images and postoperative CT scan images saved in
our picture archiving and communication system
(PACS) were included for analysis. Since we do not
routinely perform a postoperative CT scan except
for patients with thoracolumbar fractures, other
patients with tumour, infection, degenerative con-
ditions, and deformity, had to be excluded. All
procedures were performed by the same surgical
team using either the open approach or the mini-
mally invasive approach, and the pedicle screws
were placed under fluoroscopic guidance.

In the open approach, a standard posterior
midline incision was made, and layer wise dissec-
tion was carried out to expose the posterior ele-
ments including the facet joints and transverse
process of the segments to be instrumented. The
entry point for both the thoracic and lumbar pedi-
cles were made as per described techniques based
on anatomical landmarks [15, 16]. Pedicle probing
and tapping were done free hand, and the trajectory
was confirmed using fluoroscopy, followed by
pedicle screw insertion. In the minimally invasive
approach, either multiple stab incisions were made
on the skin or a single midline skin incision with
multiple stab incisions on the facia was made. Un-
like the open approach, the entry point was made
under fluoroscopic guidance with a Jamshidi needle

through which a guide wire was inserted. Tapping
was carried out after removal of the needle leaving
the guide wire in place which was later removed
after placement of a cannulated pedicle screw. It
was mandatory that all the pedicle screws demon-
strated acceptable placement in the intraoperative
fluoroscopic image and if not, the screws were
revised until satisfactory placement was achieved.

The postoperative CT scans were analysed by a
clinician who was not a part of the surgical team.
Pedicle breach was classified into three grades: 1)
No breach, 2) Minor breach (<3 mm) and 3) Major
breach (�3 mm). This classification was based on
other published clinical studies demonstrating that
breach rates up to 3 mm could be associated without
serious complications [17]. We also performed a
subgroup analysis comparing breach rates between
open and minimally invasive techniques. The intra-
operative fluoroscopic images of those patients
identified with pedicle breach post-operatively were
analysed to determine the factors that may have
influenced the surgeon to accept that the screws
were perfect during the intraoperative assessment.

All statistical analysis was performed using Stata,
version 13 (StataCorp LP, TX), with statistical sig-
nificance being defined as a p value of <0.05. The
Chi-square test or Fischer's exact test was used
wherever appropriate to determine significance.
The study was approved by our institutional review
board and was performed in accordance with the
ethical standards laid down in the most recent
version of the 1964 Declaration of Helsinki, or
comparable ethical standards.

3. Results

The selected sample consisted of 61 patients
(Male ¼ 40; Female ¼ 21) with a mean age of
40 years (Range ¼ 19 e 77 years). All patients had
sustained thoracolumbar injuries and underwent
surgery in the form of posterior stabilization using
pedicle screws and rods. A total of 513 pedicle
screws were applied under fluoroscopic guidance.
Based on our post-operative CT assessment, 28
screws (5.5%) had pedicle breaches; among which,
18 occurred in the thoracic spine, while 10 occurred
in the lumbar spine (Table 1). There were 14 major

Table 1. e Number of pedicle breaches according to levels.

Level No. of Pedicle Breaches

Upper Thoracic (T1 e T4) 2

Mid Thoracic (T5 e T8) 1

Lower Thoracic (T9 e T12) 15

Upper Lumbar (L1 e L3) 9

Lower Lumbar (L4 e L5) 1
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and 14 minor breaches, constituting for 2.75% each.
17 (61%) of the breaches were medial and 10 (36%)
were lateral (Fig. 1). There was only 1 superior
breach and no inferior breach (Fig. 2). Based on our
subgroup analysis, minimally invasive screw fixa-
tion (29 patients; 210 screws) had a breach rate of
1.9% (4 screws) as compared to open fixation (32
patients; 303 screws) which had a breach rate of
7.9% (24 screws). This difference was clinically sig-
nificant (p ¼ 0.0048). Despite the pedicle breach,
none of our patients had any neurological
compromise.

By retrospectively evaluating the intra-operative
radiographs of patients who were identified to have
a breach, we derived some fluoroscopic parameters
that would suggest the same during surgery. A
medial breach is most likely when the length of the
pedicle screw spans only up to 50% of the vertebral
body as seen on the lateral view but the pedicle
screw tip has already transgressed the midline as
seen on an AP view (Fig. 3). A lateral breach is likely
when the tip of the pedicle screw is overlapped by
the screw head or is only minimally visualized on an
AP view (Fig. 4).

4. Discussion

Technological advancements have made spine
surgery safer, predictable and precise [18e20].
However, recent advancements such as computer
navigation and robotic assistance for placement of
pedicle screws come at a cost and are not univer-
sally available at present [18]. Hence, surgeons at
most institutions rely on conventional intra-opera-
tive fluoroscopy to place pedicle screws, a technique
that is long proven to be effective [21]. Despite
satisfactory placement of the pedicle screws as seen
on intra-operative fluoroscopic imaging, pedicle
breaches can still be present [8, 9]. This could be due
to false interpretation influenced by the screw
length, rotation and image quality. These factors can
affect the assessment of screw placement both
during open and minimally invasive procedures.
Literature has produced mixed data on whether the
percutaneous approach has shown better placement
accuracy compared to the open technique [22e25].

Some studies have shown no significant differ-
ence in breach rate between open and percutaneous
approach [26, 27]; whereas, Chapman et al, on

Fig. 1. Post-operative axial CT image depicting a) Minor breach (<3 mm) and b) Major breach (�3 mm).

Fig. 2. Postoperative CT image showing various directions of pedicle screw breach. a) Medial; b) Lateral; c) Superior.
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studying 1609 screws, found a significantly lower
breach rate on using the percutaneous technique
compared to the open technique [28]. Similarly, our
study also showed a significantly lower pedicle
breach rate using the percutaneous technique (1.9%)
over the open technique (7.9%). Besides the known
benefits of minimally invasive techniques such as
reduced bleeding risk, damage to soft tissues, and
post-operative pain, the improved accuracy of
pedicle screw placement suggests that it is a good
alternative to the open technique [29]. However, this
may not be related to the technique but could be a
result of more frequent use of fluoroscopy during
minimally invasive posterior stabilization.

From our study, it was also evident that breaches
occurred more frequently in the thoracic pedicles
than the lumbar pedicles. This could be attributed to
the smaller size of the thoracic pedicles and its
proximity to the midline when compared to lumbar
pedicles [30e34]. Similarly, Parker et al, in their
study of 6816 pedicle screws, reported that breaches
occur more frequently in the thoracic pedicles than

in the lumbar pedicles [11]. However, unlike our
cohort, they reported more lateral breaches than
medial or superior breaches. Given the higher
incidence of breach in thoracic pedicles, we could
selectively utilize additional fluoroscopic guidance
while screw insertion to avoid screw malpositioning,
identify misplaced screws and reposition them
intraoperatively.

A cadaveric study done by Agarwal et al found the
sensitivity and specificity of postoperative CT scans
to pick up pedicle screw breach was 91.52% and
95.02% respectively [35]. However, not all patients
with pedicle breaches present with neurological
deficits [36e39]. Lotfinia et al reported that nerve
root injury with radicular pain and/or neurological
deficits was observed only in 15.1% patients with
mal-positioned screws [12]. In our study, none of the
patients with pedicle screw breach developed
neurological deficits. This shows that post-operative
CT scans may be too sensitive in picking up pedicle
screw breaches that are not of any clinical concern;
however, it gave us the opportunity to reassess the

Fig. 3. a) Intra-operative fluoroscopy image showing the left lumbar level 2 pedicle screw tip touching the midline on a PA view; b) Screw length
spanning up to 50% of the vertebral body in the lateral view; c) Post-operative axial CT image showing a major medial breach of the pedicle.

Fig. 4. a) Intra-operative fluoroscopy image showing the tip of the left thoracic level 10 pedicle screw being overlapped by the screw head; b) Post-
operative axial CT image showing a major lateral beach of the pedicle.
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intraoperative fluoroscopic images to retrospec-
tively determine the signs of pedicle breach.

With the advent of neuromonitoring, intra-
operative assessment of potential pedicle breaches
that can compromise neurological integrity has
improved [10, 40, 41]. In combination with fluoros-
copy, neuromonitoring has become a valuable tool
to identify such breaches [42]. However, we did not
use neuromonitoring as a routine for trauma pa-
tients at our institute during the period of this study
as most trauma surgeries were done as emergency
procedures. This may have influenced our rate of
pedicle breaches. Moreover, being a retrospective
study, there are several limitations to be considered.
Firstly, we only included consecutive trauma pa-
tients who underwent posterior stabilization and we
excluded other patients who underwent surgery for
indications such as degeneration, deformity, infec-
tion and tumours. Also, since the mean age of our
selected sample was only 40 years, older patients
with degenerative changes having abnormal pedicle
entry points or anatomy only constituted a small
part our cohort. Considering these factors, our study
lacks in overall estimation of pedicle breach at large.
In addition, it should also be noted that the sur-
geries were performed by the same surgical team
and our breach rates may not represent that of a
surgeon who has newly adopted the technique.

5. Conclusion

Among a total of 513 pedicle screws, 28 screws
(5.5%) were found to have breached the pedicle; of
which, there were 14 minor (<3 mm) and 14 major
(�3 mm) breaches. The minimally invasive tech-
nique had a significantly lower breach rate
compared to open surgery (1.9% vs. 7.9%). Breaches
occurred more frequently in the thoracic pedicles
than the lumbar pedicles. We identified certain pa-
rameters on intra-operative fluoroscopic imaging to
predict a possible pedicle breach: 1) When the
length of the pedicle screw spans only up to 50% of
the vertebral body but the pedicle screw tip has
already transgressed the midline as seen on an AP
view, then there is most likely a medial pedicle
breach and 2) When the tip of the pedicle screw is
overlapped by the screw head or is only minimally
visualized on an AP view, then there could be a
lateral breach.

References

[1] Boucher HH. A method of spinal fusion. J Bone Joint Surg Br
1959;41-B(2):248e59.

[2] Roy-Camille R, Saillant G, Berteaux D, Salgado V. Osteo-
synthesis of thoraco-lumbar spine fractures with metal plates

screwed through the vertebral pedicles. Reconstr Surg
Traumatol 1976;15:2e16.

[3] Fourney DR, Abi-Said D, Lang FF, McCutcheon IE,
Gokaslan ZL. Use of pedicle screw fixation in the manage-
ment of malignant spinal disease: experience in 100
consecutive procedures. J Neurosurg 2001;94(1 Suppl):25e37.

[4] Masferrer R, Gomez CH, Karahalios DG, Sonntag VK. Effi-
cacy of pedicle screw fixation in the treatment of spinal
instability and failed back surgery: a 5-year review.
J Neurosurg 1998;89(3):371e7.

[5] Kaliya-Perumal AK, Yeh YC, Niu CC, Chen LH, Chen WJ,
Lai PL. Is convex derotation equally effective as concave
derotation for achieving adequate correction of selective
Lenke's type- 1 scoliosis? Indian J Orthop 2018;52(4):363e8.

[6] D'Souza AR, Mohapatra B, Bansal ML, Das K. Role of Pos-
terior Stabilization and Transpedicular Decompression in
the Treatment of Thoracic and Thoracolumbar TB: A
Retrospective Evaluation. Clin Spine Surg 2017;30(10):
E1426e33.

[7] Zeiller SC, Lee J, Lim M, Vaccaro AR. Posterior thoracic
segmental pedicle screw instrumentation: evolving methods
of safe and effective placement. Neurol India 2005;53(4):
458e65.

[8] Galindo MH, Galindo RH, Medeiros RC, Pereira AF,
Ferreira MA, Rangel TDM. Parafusos pediculares mal pos-
icionados pela t�ecnica freehand: qual o real valor para o
surgimento de les~oes neurol�ogicas? Coluna/Columna. 2013;
12(4):315e8.

[9] Nevzati E, Marbacher S, Perrig W, Soleman J, Diepers M,
Fandino J. Accuracy of pedicle screw placement in the
thoracic and lumbosacral spine using conventional intra-
operative fluoroscopy placement technique: A single-center
analysis of 1236 consecutive screws. J Neurol Surg A Cent
Eur Neurosurg 2012;73:A002.

[10] Kaliya-Perumal AK, Charng JR, Niu CC, et al. Intraoperative
electromyographic monitoring to optimize safe lumbar
pedicle screw placement - a retrospective analysis. BMC
Musculoskelet Disord 2017;18(1):229.

[11] Parker SL, McGirt MJ, Farber SH, et al. Accuracy of free-
hand pedicle screws in the thoracic and lumbar spine:
analysis of 6816 consecutive screws. Neurosurgery 2011;68(1):
170e8. discussion 8.

[12] Lotfinia I, Sayahmelli S, Gavami M. Postoperative computed
tomography assessment of pedicle screw placement accu-
racy. Turk Neurosurg 2010;20(4):500e7.

[13] Nimjee SM, Karikari IO, Carolyn AHAB, et al. Safe and ac-
curate placement of thoracic and thoracolumbar percuta-
neous pedicle screws without image-navigation. Asian J
Neurosurg 2015;10(4):272e5.

[14] Kwan MK, Chiu CK, Chan CYW, Zamani R, Hansen-
Algenstaedt N. The use of fluoroscopic guided percutaneous
pedicle screws in the upper thoracic spine (T1-T6): Is it safe?
J Orthop Surg (Hong Kong) 2017;25(2). 2309499017722438.

[15] Puvanesarajah V, Liauw JA, Lo SF, Lina IA, Witham TF.
Techniques and accuracy of thoracolumbar pedicle screw
placement. World J Orthop 2014;5(2):112e23.

[16] Mattei TA, Meneses MS, Milano JB, Ramina R. Free-hand"
technique for thoracolumbar pedicle screw instrumentation:
critical appraisal of current "state-of-art. Neurol India 2009;
57(6):715e21.

[17] Smith ZA, Sugimoto K, Lawton CD, Fessler RG. Incidence of
lumbar spine pedicle breach after percutaneous screw fixa-
tion: a radiographic evaluation of 601 screws in 151 patients.
J Spinal Disord Tech 2014;27(7):358e63.

[18] Kaliya-Perumal AK, Oh JYL. Technological advancements
that can be adopted for performing a safe vertebral column
resection. Indian Spine J 2020. https://doi.org/10.4103/isj.isj_
17_19.

[19] Kaliya-Perumal AK, Soh T, Tan M, Nolan CP, Yu CS, Oh JY.
Spinal Navigation during Orthopedic Residency Training: A
Double-Edged Sword? Clin Orthop Surg 2019;11(2):170e5.

[20] Kaliya-Perumal AK, Limthongkul W, Oh JY. Utilization of
Spinal Navigation to Facilitate Hassle-Free Rod Placement

34 X.L. CHONG ET AL
INCIDENCE OF PEDICLE BREACH FOLLOWING SPINAL INSTRUMENTATION

BioMedicine
2020;10:30e35

O
R

IG
IN

A
L

A
R

T
IC

L
E



during Minimally-Invasive Long-Construct Posterior
Instrumentation. Asian Spine J 2019;13(3):511e4.

[21] Sethi A, Lee A, Vaidya R. Lumbar pedicle screw placement:
Using only AP plane imaging. Indian J Orthop 2012;46(4):
434e8.

[22] Kocis J, Kelbl M, Kocis T, Navrat T. Percutaneous versus
open pedicle screw fixation for treatment of type A thor-
acolumbar fractures. Eur J Trauma Emerg Surg 2018. https://
doi.org/10.1007/s00068-018-0998-4.

[23] Tian F, Tu LY, Gu WF, et al. Percutaneous versus open
pedicle screw instrumentation in treatment of thoracic and
lumbar spine fractures: A systematic review and meta-
analysis. Medicine (Baltimore) 2018;97(41):e12535.

[24] Wang H, Zhou Y, Li C, Liu J, Xiang L. Comparison of Open
Versus Percutaneous Pedicle Screw Fixation Using the
Sextant System in the Treatment of Traumatic Thor-
acolumbar Fractures. Clin Spine Surg 2017;30(3):E239e46.

[25] Kreinest M, Rillig J, Kuffer M, Grutzner PA, Tinelli M,
Matschke S. Comparison of pedicle screw misplacement
following open vs. percutaneous dorsal instrumentation after
traumatic spinal fracture. Eur J Trauma Emerg Surg 2019.
https://doi.org/https://doi.org/10.1007/s00068-019-01245-8.

[26] Nottmeier EW, Seemer W, Young PM. Placement of thor-
acolumbar pedicle screws using three-dimensional image
guidance: experience in a large patient cohort. J Neurosurg
Spine 2009;10(1):33e9.

[27] Phan K, Rao PJ, Mobbs RJ. Percutaneous versus open pedicle
screw fixation for treatment of thoracolumbar fractures:
Systematic review and meta-analysis of comparative studies.
Clin Neurol Neurosurg 2015;135:85e92.

[28] Chapman TM, Blizzard DJ, Brown CR. CT accuracy of
percutaneous versus open pedicle screw techniques: a series
of 1609 screws. Eur Spine J 2016;25(6):1781e6.

[29] Yang WE, Ng ZX, Koh KM, et al. Percutaneous pedicle screw
fixation for thoracolumbar burst fracture: a Singapore
experience. Singapore Med J 2012;53(9):577e81.

[30] Jeswani S, Drazin D, Hsieh JC, et al. Instrumenting the small
thoracic pedicle: the role of intraoperative computed to-
mography image-guided surgery. Neurosurg Focus 2014;
36(3):E6.

[31] Pai BS, Gangadhara Nirmala S, Muralimohan S, Varsha SM.
Morphometric analysis of the thoracic pedicle: an anatom-
ico-radiological study. Neurol India 2010;58(2):253e8.

[32] Soh TLT, Kho KC, Lim ZK, Tandon AA, Kaliya-Perumal AK,
Oh JYL. Morphological Parameters of the Thoracic Pedicle in

an Asian Population: A Magnetic Resonance ImagingeBased
Study of 3324 Pedicles. Global Spine J 2020. https://doi.org/
10.1177/2192568220906137.

[33] Lien SB, Liou NH, Wu SS. Analysis of anatomic morphom-
etry of the pedicles and the safe zone for through-pedicle
procedures in the thoracic and lumbar spine. Eur Spine J
2007;16(8):1215e22.

[34] Ugur HC, Attar A, Uz A, Tekdemir I, Egemen N, Genc Y.
Thoracic pedicle: surgical anatomic evaluation and relations.
J Spinal Disord 2001;14(1):39e45.

[35] Agarwal A, Chauhan V, Singh D, Shailendra R,
Maheshwari R, Juyal A. A comparative study of pedicle
screw fixation in dorsolumbar spine by freehand versus
image-assisted technique: A cadaveric study. Indian J
Orthop 2016;50(3):243e9.

[36] Gautschi OP, Schatlo B, Schaller K, Tessitore E. Clinically
relevant complications related to pedicle screw placement in
thoracolumbar surgery and their management: a literature
review of 35,630 pedicle screws. Neurosurg Focus 2011;31(4):
E8.

[37] Du JY, Wu JS, Wen ZQ, Lin XJ. Treatment strategies for early
neurological deficits related to malpositioned pedicle screws
in the lumbosacral canal: A pilot study. Bone Joint Res 2016;
5(2):46e51.

[38] Aoude A, Ghadakzadeh S, Alhamzah H, et al. Postoperative
Assessment of Pedicle Screws and Management of Breaches:
A Survey among Canadian Spine Surgeons and a New
Scoring System. Asian Spine J 2018;12(1):37e46.

[39] Gavassi BM, Pratali RR, Barsotti CEG, Ferreira RJR,
Santos FPE, Oliveira CEAS. Positioning of pedicle screws in
adolescent idiopathic scoliosis using electromyography.
Coluna/Columna 2015;14(2):97e100.

[40] Kundnani VK, Zhu L, Tak H, Wong H. Multimodal intra-
operative neuromonitoring in corrective surgery for adoles-
cent idiopathic scoliosis: Evaluation of 354 consecutive cases.
Indian J Orthop 2010;44(1):64e72.

[41] Min WK, Lee HJ, Jeong WJ, et al. Reliability of Triggered
EMG for Prediction of Safety during Pedicle Screw Place-
ment in Adolescent Idiopathic Scoliosis Surgery. Asian Spine
J 2011;5(1):51e8.

[42] Malham GM, Goss B, Blecher C. Percutaneous Pedicle Screw
Accuracy with Dynamic Electromyography: The Early
Experience of a Traditionally Open Spine Surgeon. J Neurol
Surg A Cent Eur Neurosurg 2015;76(4):303e8.

BioMedicine
2020;10:30e35

X.L. CHONG ET AL
INCIDENCE OF PEDICLE BREACH FOLLOWING SPINAL INSTRUMENTATION

35

O
R

IG
IN

A
L

A
R

T
IC

L
E


	Incidence of pedicle breach following open and minimally invasive spinal instrumentation: A postoperative CT analysis of 513 pedicle screws applied under fluoroscopic guidance
	Recommended Citation

	Incidence of pedicle breach following open and minimally invasive spinal instrumentation: A postoperative CT analysis of 51 ...
	1 Introduction
	2 Materials and methods
	3 Results
	4 Discussion
	5 Conclusion
	References


