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ReVIeW Abstract

Pedicle screw fixation technique has been established as the safe standard for instrumentations in all spinal 
regions. However, the screw position is sometimes suboptimal. Cortical breaches may occur in different 
regions of the vertebrae. In addition to compromising bone purchase, pedicle perforations may endanger 
neural, vascular, and visceral structures. Moreover, a mispositioned screw can result in a greater risk of 
instrumentation failure. The accuracy of screw insertion has become a frequent topic of recent publications 
on spine surgery. Despite that, there is no unified way of reporting pedicle screws position. Several different 
scales are used. Given the multitude of used classifications and rarity of reported complications exact 
clinical relevance of pedicle screw misplacements remain unclear. In this article, the authors review types of 
scoring systems and propose a structured way for pedicle screw position grading based on a combination 
of the most used classifications.
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Streszczenie

Stabilizacja z użyciem śrub przeznasadowych jest podstawową techniką w chirurgii wszystkich odcinków 
kręgosłupa. Pomimo powszechnie uznawanego bezpieczeństwa połozenie śrub przeznasadowych nie 
zawsze jest optymalne. Do perforacji kręgu przez śrubę może dojść w różnych jego miejscach. Może 
skutkować to nie tylko osłabionym osadzeniem imlantu w kości, ale też grozić uszkodzeniem struktur 
nerwowych, naczyniowych oraz narządów wewnętrznych. Co więcej, nieoptmalnie położone śruby mogą 
powodować obniżoną wytrzmałość i większe ryzyko powikłań w postaci mechanicznego uszkodzenia 
instrumentarium. Precyzja położenia śrub przeznasadowych jest popularnym tematem w literaturze 
dotyczącej chirurgii kręgosłupa. Pomimo tego wciąż nie ustalono jednolitego sposobu opisu położenia śrub 
przeznasadowych. Używanych jest wiele skal. Z powodu ich mnogości i małego odsetka raportowanych 
powikłań stabilizacji przeznasadowej dokładne kliniczne znaczenie położenia śruby jest wciąż nieznane. 
W artykule proponują jednolity sposób oceny położenia śrub przeznasadowych w oparciu o poszechnie 
używane klasyfikacje.

Słowa kluczowe: klasyfikacja, śruby przeznasadowe, położenie śrub przeznasadowych, strefy bezpieczeńswa

Introduction

Since the pedicle screw fixation technique became wide-
ly used, spinal surgeons have paid increasing attention to 
the accuracy of screw placement [1,2]. However, the screw 
position is sometimes suboptimal. Cortical breaches may 
occur in different regions of the vertebrae. In addition to 
compromising bone purchase, pedicle perforations may 
endanger neural, vascular, and visceral structures [1,3,4]. 
Proximity to these structures can influence the decision to 

revise or remove misplaced screws. In most cases, minor 
cortical violations are considered clinically silent [1,3–6]. 
However, even the initially silent violations may be respon-
sible for instrumentation failure, instability, reduced fusion 
rate and accelerated adjacent-level degeneration [3,7–9].

Another factor that causes the need for a structured as-
sessment of pedicle screw positioning is the growing role of 
defensive medicine [10]. In this context, spine surgeons are 
especially at risk. In the USA, it takes about five years on 
average for a case to be adjudicated [5, 11, 12].
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As a result, physicians spend an average of 27.2% of 
their careers in an open lawsuit.

Although clinically relevant complications related to 
screw misplacement are very rare and occur in less than 
0.5%, neurological deficits attributed to misplaced screws 
and decreased stability leading to delayed complications 
represent the most frequent and highest payouts in spine 
malpractice claims. For that reason, meticulous docu-
mentation of pedicle screw position is a common area 
for avoiding malpractice claims and subsequent payouts 
involving misplaced pedicle screws [10]. Traditionally, 
pedicle screw insertion under the guidance of fluoroscopy 
techniques relies on clinical experience and anatomic land-
marks. Development of intraoperative CT and neuronavi-
gation improved accuracy in the placement of the pedicle 
screws, reduced complications, and allowed intraoperative 
inspection of pedicle screws in three dimensions [13, 14]. 
Furthermore, a growing number of surgeons acquire low-
dose postoperative CT images to assess and ensure accu-
rate pedicle screw placement. That opportunity created a 
need for pedicle screw position grading. To date, there are 
no established standards for grading screw malposition. 
Nevertheless, the accuracy of screw insertion has become 
a frequent topic of recent publications on spine surgery. 
The literature features many incomparable classifications, 
mostly introduced for single papers without intra-rater 
and inter-rater agreement assessment. This potential het-
erogeneity could produce biases in meta-analyses and sys-
tematic reviews that access accuracy [13, 15]. In this arti-
cle, the authors review commonly used grading systems for 
pedicle screw placement and propose a structured way of 
screw position evaluation.

Pedicle screws accuracy grading systems 

The most accurate way to access pedicle screw placement 
is to measure cortical breach out of vertebrae or pedicle on 
a CT scan [9]. Several scales are used. The most compre-
hensive systematic review, which analyzed 43.305 pedicle 
screws in a total of 3,442 patients, identified 68 articles, of 
which only 37 had comparable methodology [9].

The majority of these 37 papers use grades based on 
2mm increments in intra or post-operative CT imaging 
[5,16–18]. 

These systems are more or less modifications of the 
first grading system proposed by Gertzbein and Robbins 
in 1990 [19]. The slight differences mostly considered the 
number and nomenclature of grading categories. Only 7 
reported on the intra-rater and inter-rater reliability, which 
was substantial in 6 papers (k = 0.65-0.85) and (ICC = 
0.62-0.69).

The second most used systems delineate only two 
grades (“in” or “out”), regardless of the region of cortical 
breakthrough. 

In several articles, screw placement is described with 
respect to the location of the pedicle perforation (medial, 
lateral, superior, or inferior), whereas in others, malpo-
sition is expressed in relation to the percentage of screw 
diameter lying outside the osseous confines, but the re-
gion of violation is not indicated. Furthermore, in another 
meta-analysis, Kosmopoulos et. al report that only 50% of 
included studies even detailed how the evaluation was per-
formed [20].

Only a few grading scales consider the remaining dis-
tance to the anatomical structures at risk. In other studies, 
the authors have merely reported the incidence of screw 
malposition without describing the features of the mis-
placements. Any classification includes the presence and 
absence of clinical symptoms corresponding to pedicle 
screw malposition [9]. 

Gertzbein–Robbins classification

The first structured evaluation system for the position of 
screws in the pedicle was introduced in 1990 by Gertzbein 
and Robbins [19]. GRS is the most common classification 
for assessing PS placement in the available literature, with 
substantial reported reliability [9].

The classification concerned the position of screws in 
the thoracic spine. The authors divided the position of 
the screws outside the pedicle: into lateral and medial and 
graded the position in 2 mm increments. While the screw’s 
ideal position, which lies entirely within the vertebral body 
and pedicle bone, is undisputed, the question remained as 
to how much of the position outside the epiphysis could 
be considered safe. The authors hypothesised that a me-
dial lesion of the pedicle up to 4 mm remains within the 
anatomical safety zone, and a screw positioned in this way 
can be considered an acceptably positioned screw (Tab. 1).

Screws located correctly in the safe (acceptable) zone 
are screws located medially outside the epiphysis up to 4 
mm (grades A, B, C) and screws located lateral to the ped-
icle (regardless of grade).

The main limitation of this scale is the lack of determi-
nation of the presence and direction in which the screw 
breaks through the vertebral body. 

Heary classification

Considering the limitations of Gertzbein and Robbins 
classification, as safe screw placement is not limited to the 
proper position in the pedicle, Heary et al. in 2004 pre-
sented a classification that assessed the position of screws 
in the thoracic spine in relation to the vertebral body and 
pedicle (Tab. 2) [21]. In the thoracic region, screws mis-
placed anteriorly can endanger visceral structures such as 
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the thoracic pleura, lungs, esophagus, and aorta. Addition-
ally, this grading system clearly distinguished medial and 
lateral pedicle violations [3]. Moreover, the classification 
proposed by Heary considers the pedicle-rib complex or 
“effective pedicle” in the thoracic spine. 

The pedicles in the thoracic region are smaller and ex-
hibit a high degree of variability among patients [22–24]. 
Therefore, the placement of pedicle screws in this region is 
technically more challenging and at greater risk of malpo-
sition and biomechanical failure. In many cases, the pedi-
cles are unacceptably narrow to place pedicle screws. 

The pedicle-rib complex is a three-dimensional an-
atomic structure surrounded by the transverse process, 
pedicle, rib, costal transverse process joint, and rib head 
joint [25] (Fig. 1). 

This relationship increases the effective width of cor-
tical bone in which a screw can be safely placed since a 
perforation of the lateral pedicle wall can be effectively 
compensated by the adjacent rib.

Table 1. Gertzbein-Robbins classification

Gertzbein and Robbins classification

A Fully intrapedicular position without 
breach of pedicle cortex.

1   2

B Exceeding the pedicle cortex < 2 mm.
1. medially
2. laterally
3. superiorly 
4. inferiorly 

1   2   3   4

C Exceeding the pedicle cortex 2-4 mm.
1. medially
2. laterally
3. superiorly 
4. inferiorly

1   2   3   4

D Exceeding the pedicle cortex 4-6 mm.
1. medially
2. laterally
3. superiorly 
4. inferiorly

1   2   3   4

E Exceeding the pedicle cortex > 6 mm 
or is outside of the pedicle.
1. medially
2. laterally
3. superiorly 
4. inferiorly

1   2   3   4
 

 
 

Fig. 1. Pedicle-rib complex 

Left pedicle screw is placed in true pedicle. Right pedicle screw is placed in effective pedicle 

composed with pedicle-rib complex.  

Fig. 1. Pedicle-rib complex. Left pedicle screw is placed in true pedicle. 
Right pedicle screw is placed in effective pedicle composed with pe-
dicle-rib complex.
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The trajectory of extrapedicular screw is farther away 
from the spinal canal than that of intrapedicular screws. 
The concept of an effective pedicle in the pedicle rib com-
plex allows for safe use of adequate-size screws that exceed 
the diameter of the pedicle. This is particularly useful in 
the middle thoracic spine (T3-T6), where pedicles are ex-
tremely small. In this region, Heary Grade II placement is 
suggested rather than Grade I [21]. 

However, caution must be taken in the upper (T1-T2) 
thoracic region because of the proximity of spinal nerves 
critical for the upper limbs motor function. The major 
limitation of Heary classification is the lack of reliability 
assessment. 

Gertzbein–Robbins classification – Breadow 
modification for cervical spine

Anatomically, the cervical pedicle diameter is narrow, and 
the pedicle axis is more convergent [26–30]. Complex neu-
ral anatomy and proximity of vertebral artery results in a 
higher risk of complications [8]. Consequently, in 2015, 

Table 2. Heary classification

Heary classification 

Grade I Well-placed screw entirely contained within the pedicle and VB

  

Grade II Screws violated the lateral pedicle wall but were still contained 
within the pedicle–rib complex, and the tip of the screw was enti-
rely contained within the VB

Grade III Implants were those in which the screw tip penetrated the anterior 
or lateral VB

  

Grade IV Screws breached the medial or inferior pedicle borders

  

Grade V Positioning was reserved for screws that endangered the spinal 
cord, nerve root, or great vessels by violating the VB or pedicle cor-
tices, and that required immediate removal and/or revision of the 
construct

    

Breadow et al. modified the Gertzbein and Robbins classi-
fication adapting it to the cervical spine (Tab. 3) [27]. 

Pedicle screws safety zones

Although simple to use, most pedicle screw accuracy grad-
ing systems fail to point out the clinical relevance of the 
breaches, which should be the major objective. Various 
definitions of the position of the screw beyond the pedicle 
have been encountered in the literature, and the discussion 
of an acceptable position remains open [5,9,10,21,31–38]. 
Medial breaches of up to 2 mm are generally accepted as 
safe. Transient or permanent neurologic deficit occurrence 
has been exclusively reported for medial breaches of at least 
4 mm. Based on these findings, Kim et al., proposed more 
clinically oriented concepts of “safe zones” as follows [42]:
1. “definite safe zone” position of the screw beyond the 

pedicle margin up to 2 mm;
2. ”probably safe zone” position of the screw beyond the 

pedicle margin from 2 mm to 4 mm; 
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Table 3. Gertzbein–Robbins classification – Breadow modification for cervical spine

Gertzbein and Robbins classification – Breadow modification 

A Fully intrapedicular position 
without breach of pedicle cortex
Exceeding the pedicle cortex  
> 1 mm

1   2

B Exceeding the pedicle cortex  
1 mm to ≤ 2 mm

 

C Exceeding the pedicle cortex  
> 2 mm to ≤ 3 mm

D Exceeding the pedicle cortex  
3 mm to ≤ 4 mm

E Exceeding the pedicle cortex  
4 mm or is outside of the pedicle.
1. medially
2. medially
3. narrowing of the lumen of the 
vertebral artery opening by more 
than half the diameter of the screw

1   2   3

3. ”questionable safe zone” with a screw position beyond 
the pedicle margin of 4 mm to 8 mm on the medial side, 
but without conflict with neural structures as assessed by 
intraoperative neurophysiological examination. 
This concept was further developed by Sarwahi et al., 

who reported a novel classification system aimed at recog-
nizing potentially clinically significant pedicle screw mis-
placements and considering the location of the breach and 
the remaining distance between the screw and the anatom-
ical structures at risk [3]. 
1. Screws at risk (SAR): screws breaching medially by 

more than 4mm or screws breaching laterally or anteri-
orly that impinge (< 1 mm distance between screw tip 
and organ) on anatomic structures of concern such as 
the aorta, trachea, and esophagus (Fig. 1).

2. Indeterminate misplacements (IMP): screws breaching 
medially 2 to 4 mm or screws breaching laterally or an-
teriorly that are adjacent (> 1–2 mm distance between 
the screw tip and organ) to anatomic structures of con-
cern.

3. Benign misplacements (BMP): screws breaching the 
cortical wall, but not placing any structures at risk.

4. Accurately placed (AP): screw completely contained by 
the pedicle.
However, it is unknown if the chosen cut-off of  

< 1 mm between the screw tip and the organ at risk for de-
fining screw at risk due to anterolateral breaching is optimal  
[25, 43]. 
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Conclusions

A standardized method to access pedicle screw placement 
is needed. Currently, the most widely used and accepted 
grading system for pedicle screw accuracy is the 2 mm in-
crement grading system based on CT imaging. However, 
an, ideal grading system should include imaging and clin-
ical data. The numerous classifications employed impede 
conducting unbiased meta-analyses. This combined with 
the rarity of reported complications means that the exact 
clinical relevance of pedicle screws misplacements remains 
unclear. When intra or postoperative CT imaging is per-
formed in the absence of more clinically oriented classifi-
cations, the authors suggest performing assessment using 
two classifications simultaneously: Gertzbein–Robbins 
and Heary in the thoracic and lumbar segments and the 
Gertzbein–Robbins classification as modified by Bradlow 
in cervical spine. The pedicle screw grading system should 
be regarded as a tool, not an outcome measure. The evalu-
ation of a successful fusion surgery should always include a 
clinical assessment and an appraisal of the screw position.

References

1. de Kater EP, Sakes A, Edström E, et al. Beyond the pedicle screw–a 
patent review. Eur Spine J. 2022; 31: 1553–1565. https://doi.
org/10.1007/s00586-022-07193-z.

2.  Kobayashi K, Ando K, Nishida Y, et al. Epidemiological trends in 
spine surgery over 10 years in a multicenter database. Eur Spine J. 
2018; 27:1698–1703. https://doi.org/10.1007/s00586-018-5513-4.

3.  Sarwahi V, Wendolowski SF, Gecelter RC, Amaral T, Lo Y, Wollowick 
AL, Thornhill B. Are We Underestimating the Significance of Pedicle 
Screw Misplacement? Spine (Phila Pa 1976). 2016 May; 41(9): E548-
55. doi: 10.1097/BRS.0000000000001318.

4.  Kim YJ, Lenke LG, Bridwell KH, et al. Free Hand Pedicle Screw Place-
ment in the Thoracic Spine: Is it Safe. Spine (Phila Pa 1976) 2004; 29: 
333–342. https://doi.org/10.1097/01.BRS.0000109983.12113.9B.

5.  Mac-Thiong JM, Parent S, Poitras B, et al. Neurological outcome and 
management of pedicle screws misplaced totally within the spinal ca-
nal. Spine (Phila Pa 1976) 2013; 38: 229–237. https://doi.org/10.1097/
BRS.0b013e31826980a9.

6.  Gautschi OP, Schatlo B, Schaller K, Tessitore E. Clinically rele-
vant complications related to pedicle screw placement in thora-
columbar surgery and their management: A literature review of 
35,630 pedicle screws. Neurosurg Focus. 2011; 31: 1–9. https://doi.
org/10.3171/2011.7.FOCUS11168.

7.  Amaral TD, Hasan S, Galina J, Sarwahi V. Screw Malposition: Are 
There Long-term Repercussions to Malposition of Pedicle Screws? 
J Pediatr Orthop. 2021 Jul 1; 41(Suppl 1): S80-S86. doi: 10.1097/
BPO.0000000000001828. 

8.  Soliman MAR, Khan S, Ruggiero N, et al. Complications associated 
with subaxial placement of pedicle screws versus lateral mass screws 
in the cervical spine: systematic review and meta-analysis comprising 
1768 patients and 8636 screws. Neurosurg Rev. 2022; 45: 1941–1950. 
https://doi.org/10.1007/s10143-022-01750-2.

9.  Aoude AA, Fortin M, Figueiredo R, et al. Methods to determine ped-
icle screw placement accuracy in spine surgery: a systematic review. 
Eur Spine J. 2015; 24: 990–1004. https://doi.org/10.1007/s00586-015-
3853-x

10.  Sankey EW, Mehta VA, Wang TY, et al. The medicolegal impact 
of misplaced pedicle and lateral mass screws on spine surgery in 
the United States. Neurosurg Focus. 2020;  49: 1–8. https://doi.
org/10.3171/2020.8.FOCUS20600.

11.  Makhni MC, Park PJ, Jimenez J, et al. The medicolegal landscape 
of spine surgery: how do surgeons fare? Spine J. 2018; 18: 209–215. 
https://doi.org/10.1016/j.spinee.2017.06.038.

12.  Daniels AH, Ruttiman R, Eltorai AEM, et al. Malpractice litiga-
tion following spine surgery. J Neurosurg Spine. 2017; 27: 470–475. 
https://doi.org/10.3171/2016.11.SPINE16646.

13.  Sun J, Wu D, Wang Q, et al Pedicle Screw Insertion: Is O-Arm–Based 
Navigation Superior to the Conventional Freehand Technique? A 
Systematic Review and Meta-Analysis. World Neurosurg. 2020; 144: 
e87–e99. https://doi.org/10.1016/j.wneu.2020.07.205

14.  Beisemann N, Gierse J, Mandelka E, et al. Comparison of three im-
aging and navigation systems regarding accuracy of pedicle screw 
placement in a sawbone model. Sci Rep. 2022; 12: 1–11. https://doi.
org/10.1038/s41598-022-16709-y.

15.  Shin BJ, James AR, Njoku IU, Härtl R. Pedicle screw navigation: a 
systematic review and meta-analysis of perforation risk for com-
puter-navigated versus freehand insertion: A review. J Neuro-
surg Spine. 2012; SPI 17: 113–122. https://doi.org/https://doi.
org/10.3171/2012.5.SPINE11399.

16.  Abe Y, Ito M, Abumi K, et al. A novel cost-effective computer-as-
sisted imaging technology for accurate placement of thoracic pedicle 
screws: Technical note. J Neurosurg Spine SPI. 2011; 15: 479–485. 
https://doi.org/https://doi.org/10.3171/2011.6.SPINE10721.

17.  Costa F, Cardia A, Ortolina A, et al. Spinal Navigation: Standard Pre-
operative: Versus: Intraoperative Computed Tomography Data Set 
Acquisition for Computer-Guidance System: Radiological and Clin-
ical Study in 100 Consecutive Patients. Spine (Phila Pa 1976). 2011; 
36: 2094–2098. https://doi.org /10.1097/BRS.0b013e318201129d.

18.  Cui G, Wang Y, Kao T-H, et al. Application of Intraoperative Com-
puted Tomography With or Without Navigation System in Surgical 
Correction of Spinal Deformity: A Preliminary Result of 59 Consec-
utive Human Cases. Spine (Phila Pa 1976). 2012; 37: 891–900. https://
doi.org /10.1097/BRS.0b013e31823aff81.

19.  Gertzbein SD, Robbins SE. Accuracy of Pedicular Screw Placement 
In Vivo. Spine (Phila Pa 1976); 1990; 15: 11–14. https://doi.org 
/10.1097/00007632-199001000-00004.

20.  Kosmopoulos V, Schizas C. Pedicle Screw Placement Accuracy: A 
Meta-analysis. Spine (Phila Pa 1976). 2007; 32: E111–20. https://doi.
org/10.1097/01.brs.0000254048.79024.8b.

21.  Heary RF, Bono CM, Black M. Thoracic pedicle screws: postoperative 
computerized tomography scanning assessment. J Neurosurg. 2004 
Apr; 100(4 Suppl Spine): 325-31. doi: 10.3171/spi.2004.100.4.0325.

22.  Zheng C, Huang Q, Hu Y, et al. Computed tomographic morphome-
try of thoracic pedicles: Safety pedicle parameter measurement of the 
Chinese immature thoracic spine. Int Orthop. 2009; 33: 1663–1668. 
https://doi.org/10.1007/s00264-008-0675-z.

23.  Liau KM, Yusof MI, Abdullah MS, et al. Computed tomographic mor-
phometry of thoracic pedicles: Safety margin of transpedicular screw 
fixation in Malaysian Malay population. Spine (Phila Pa 1976). 2006; 
31: 545–550. https://doi.org/10.1097/01.brs.0000225978.97652.e0.

24.  Pai BS, Gangadhara, Nirmala S, et al. Morphometric analysis of the 
thoracic pedicle: An anatomico-radiological study. Neurol India. 
2010; 58: 253–258. https://doi.org/10.4103/0028-3886.63808.

25.  Chen F, Liu X, Wang G, et al. Anatomic Relationship of Bony Struc-
tures in Pedicle-Rib Unit and its Significance. World Neurosurg. 
2020; 139: e691–e699. https://doi.org/10.1016/j.wneu.2020.04.108.

26.  Chanplakorn P, Kraiwattanapong C, Aroonjarattham K, et al. Mor-
phometric evaluation of subaxial cervical spine using multi-detector 
computerized tomography (MD-CT) scan: the consideration for cer-
vical pedicle screws fixation. BMC Musculoskelet Disord. 2014; 15: 
125. https://doi.org/10.1186/1471-2474-15-125.

27.  Bredow J, Oppermann J, Kraus B, et al. The accuracy of 3D fluoros-
copy-navigated screw insertion in the upper and subaxial cervical 
spine. Eur Spine J. 2015; 24: 2967–2976. https://doi.org/10.1007/
s00586-015-3974-2.

28.  Sai Kiran NA, Sivaraju L, Vidyasagar K, et al. Safety and Accuracy of 
Anatomic and Lateral Fluoroscopic-Guided Placement of C2 Pars/
Pedicle Screws and C1 Lateral Mass Screws, and Freehand Placement 
of C2 Laminar Screws. World Neurosurg. 2018; 118: e304–e315. 
https://doi.org/10.1016/j.wneu.2018.06.184.

29.  Bredow J, Meyer C, Scheyerer MJ, et al. Accuracy of 3D fluorosco-
py-navigated anterior transpedicular screw insertion in the cervi-
cal spine: an experimental study. Eur Spine J. 2016; 25: 1683–1689. 
https://doi.org/10.1007/s00586-016-4403-x.

30.  Adamski S, Węclewicz MM, Rocławski M, et al. Minimally invasive 
lateral occipitocervical fixation: case series and technique descrip-
tion. Eur Spine J. 2022; 31: 2714–2722. https://doi.org/10.1007/
s00586-022-07278-9.

31.  Jiang B, Karim Ahmed A, Zygourakis CC, et al. Pedicle screw accura-
cy assessment in ExcelsiusGPS® robotic spine surgery: Evaluation of 
deviation from pre-planned trajectory. Chinese Neurosurg J. 2018; 4: 
1–6. https://doi.org/10.1186/s41016-018-0131-x.



171

Adamski S et al. Review of currently used classifications for pedicle screw position grading in cervical, thoracic and lumbar spine

32.  Mason A, Paulsen R, Babuska JM, et al. The accuracy of pedicle 
screw placement using intraoperative image guidance systems: A 
systematic review. J Neurosurg Spine. 2014; 20: 196–203. https://doi.
org/10.3171/2013.11.SPINE13413.

33.  Sarwahi V, Wendolowski SF, Gecelter RC, et al. Are we underes-
timating the significance of pedicle screw misplacement? Spine 
(Phila Pa 1976). 2016; 41: E548–E555. https://doi.org/10.1097/
BRS.0000000000001318.

34.  Chu YL, Chen CH, Tsuang FY, et al. Incomplete insertion of pedicle 
screws in a standard construct reduces the fatigue life: A biomechan-
ical analysis. PLoS One. 2019; 14: 1–11. https://doi.org/10.1371/jour-
nal.pone.0224699

35.  Zhang JN, Fan Y, Hao DJ. Risk factors for robot-assisted spinal pedi-
cle screw malposition. Sci Rep. 2019; 9: 1–6. https://doi.org/10.1038/
s41598-019-40057-z.

36.  Amaral TD, Hasan S, Galina J, Sarwahi V. Screw Malposition: Are 
There Long-term Repercussions to Malposition of Pedicle Screws? 
J Pediatr Orthop. 2021; 41: S80–S86. https://doi.org/10.1097/
BPO.0000000000001828.

37.  Espejo MAP. Free Hand Pedicle Screw Placement in the Thoracic 
Spine: Is It Safe? Yearb Neurol Neurosurg. 2006: 295–296. https://doi.
org/10.1016/s0513-5117(08)70425-3.

38.  Perna F, Borghi R, Pilla F, et al. Pedicle screw insertion techniques: an 
update and review of the literature. Musculoskelet Surg. 2016; 100: 
165–169. https://doi.org/10.1007/s12306-016-0438-8.

39.  Kim MC, Chung HT, Cho JL, et al. Factors affecting the accurate 
placement of percutaneous pedicle screws during minimally inva-
sive transforaminal lumbar interbody fusion. Eur Spine J. 2011; 20: 
1635–1643. https://doi.org/10.1007/s00586-011-1892-5.

40.  Pankowski R, Dziegiel K, Roclawski M, et al. Intraoperative Neu-
rophysiologic Monitoring (INM) in scoliosis surgery. Stud Health 
Technol Inform. 2012; 176: 319–321.

41.  Pankowski R, Mikulicz M, Rocławski M, et al. “Gdańska” technika 
implantacji śrub przeznasadowych w operacyjnym leczeniu skoliozy 
idiopatycznej-opis metody “Gdansk” technique of pedicle screws 
placement in posterior scoliosis surgery-description of the method. 
Chir Narzadow Ruchu Ortop Pol. 2016; 81: 31–37.

42.  Husted DS, Haims AH, Fairchild TA, et al. Morphometric Com-
parison of the Pedicle Rib Unit to Pedicles in the Thoracic Spine. 
Spine (Phila Pa 1976). 2004; 29: 139–146. https://doi.org/10.1097/01.
BRS.0000105537.49674.A3.

43.  Ansorge A, Sarwahi V, Bazin L, et al. Accuracy and Safety of Pedicle 
Screw Placement for Treating Adolescent Idiopathic Scoliosis: A Nar-
rative Review Comparing Available Techniques. 2023.

Declaration of conflicting interests
The author(s) declared no potential conflicts of interest with respect  
to the research, authorship, and/or publication of this article.

Funding
The author(s) received no financial support for the research, author-
ship, and/or publication of this article.


