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Breach Rate Analysis of Pedicle Screw Instrumentation using Free-Hand
Technique in the Surgical Correction of Adolescent Idiopathic Scoliosis

Didik Librianto®, Ifran Saleh?, Fachrisal', Widyastuti Srie Utami®, Witantra Dhamar Hutami®

Learning Point of the Article:
Free-hand technique is safe and effective method of pedicle screw instrumentation for correction of AIS, however care should be taken as some
inherentfactors mayinfluence therisk of pedicle screwbreach.

Abstract

Introduction: Free-hand technique is one of the techniques used by spine surgeon during pedicle screw instrumentation of surgical correction
of spinal deformities, including scoliosis. The previous studies showed that this technique is safe. However, some inherent factors may influence
its outcomes, including screw breaching which is potentially violates spinal cord and other intimate structures. To confirm the safety and
accuracy of this technique, additional study measuring the breach rate of pedicle screw placementin scoliosis is mandatory.

Materials and Methods: We performed a retrospective study of patients with adolescent idiopathic scoliosis (AIS) from Fatmawati General
Hospital, Jakarta, treated for surgical correction during a period of 2017-2018 using free-hand technique for pedicle screw instrumentation.
Post-operative computed tomography scan (CT scan) was analyzed to measure the medial and lateral breaches. P < 0.0S was deemed to be
statistically significant.

Results: A total of 94 pedicle screws from six female patients with AIS were included in our study. Overall breach occurred in 33% instrumented
screws, the majority of it was a low-grade breach. Of the breached screws, medial and lateral breach occurred in 20% and 12% of screws,
respectively. There were no differences in the overall, medial, and lateral breaches between thoracic and lumbar vertebrae (P > 0.0S). Medial
breach was significantly higher in middle thoracic segment compared to other thoracic segments (P = 0.048). Risk of medial breach was 3 times
higher in the convex side of deformity (P = 0.012), whereas risk of lateral breach was 4.6 times higher in the concave side of the deformity (P =
0.021).

Conclusion: The majority of breached screws were low-grade violation within the safe zone, with no neurological sequelae. Our study found
thatfree-hand technique is safe and effective method of pedicle screw instrumentation for correction of AIS. Some inherent factors may influence
therisk of pedicle screwbreach.

Keywords: Adolescentidiopathicscoliosis, pedicle screwinstrumentation, free-hand technique, breach rate.

Introduction lumbar vertebrae are thicker. This makes the process of

For fusion of thoracolumbar during surgery, pedicle screw
instrumentation is almost always exclusively used. The choice
of using pedicle screw is due to its improved fusion rate and
rigidity, compared to its predecessors. It also has other
advantages biomechanically. Previously, pedicle screw was used
more frequently in lumbar vertebrae compared to other
vertebral segments. This was due to reason that the pedicles of

cannulation becomes easier, it has trajectories that do not
breach the important neurovascular structures, and makes it
less susceptible to serious neural damage due to medial breach
of the screw, because the components of cauda equina are much
less prone to damage [1].

In thoracic vertebrae, there is lower margin of error compared to
that of the previously mentioned lumbar vertebrae. The
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Figure 1: Grading of Medial Breach by Gertzbein Classification. Gertzbein classification

classifies the errantscrew into four grades: (a) Grade 0 - there is no breach (0mm), (b) Grade 1 -
breach of <2mm, (c) Grade 2 — breach of2-4 mm, and (d) Grade 3 - breach of >4 mm.

medially breached screw is able to injure the spinal cord,
whereas the laterally breached screw can injure other structures
closely related to the vertebrae. The previous studies showed
that the insertion of pedicle screw in thoracic vertebrae was
more difficult compared to insertion in lumbar vertebrae,
particularly in middle thoracic segment. The reason behind this
was that the pedicles in this area are the narrowest. There is also
a decreased space between the medial border of the pedicle and
spinal cord, making a study concluded that the translational
margin of error and the maximal permissible rotational error off
the pedicular axis is 1 mm and §, respectively [1]. Besides the
inherent complexity of the normal anatomy of the thoracic
vertebrae, the pre-existent pathologies cause more difficulty in
pedicle screw instrumentation. In patients with significant
scoliosis, the presence of rotation and asymmetric compression
of vertebrae can significantly alter pedicle anatomy, which
further complicate the pedicle screw placement [2].

In general, there are four modalities of pedicle screw insertion
during spine surgery, they are robot-assisted, computed
tomography (CT) navigation-guided, fluoroscopy-assisted,
and free-hand techniques. Free-hand technique uses surgeon's
appreciation of normal and abnormal spinal anatomy. In this
technique, the surgeon entirely depends on pre-operative
imaging and intraoperative anatomical landmarks [1]. The
previous studies of free-hand technique in the pedicle screw
instrumentation in scoliosis showed that free-hand technique is
safe [2]. To confirm the safety and accuracy of this free-hand
technique, additional study measuring the breachrate of pedicle
screw placement in scoliosis is mandatory.

» A - ]
Figure 2: Grading of lateral breach by Heary classification. (a) Grade II and (b) Grade III
violation.

We evaluated the breach rate of pedicle screw instrumentation
in patient with adolescent idiopathic scoliosis (ALS). We sought
the answers to five questions to establish the safety and accuracy
of this technique: (1) What is the overall breach rate of pedicle
screws instrumentation using free-hand technique? (2) Is there
any difference in breach rate between lumbar and thoracic
vertebrae? (3) Is the breach rate different for medially and
laterally directed screw? (4) What is the breach rate of pedicle
screw placement in different levels of the thoracic and lumbar
spine? and () Is there any difference in breach rate between
convexand concave sides?

Materials and Methods

This was a retrospective study of patients with AIS treated for
scoliosis correction in our center from 2017 to 2018. Post-
operative computed tomography scan (CT scan) was used to
measure the medially and laterally directed screw, and the
displacement was graded according to Gertzbein classification
(Fig. 1) for medially directed screw. The inferior and superior
breaches of pedicle screws were excluded. For laterally directed
screw, measurement of screw breach was according to Heary
classification (Fig. 2) [3, 4]. Gertzbein classification classifies
the breached screw into four grades: Grade 0 - there is no
breach (0mm), Grade 1 —breach of < 2 mm, Grade 2 — breach of
2-4mm,and Grade 3 —breach of >4mm [1].

Heary classification used for this study was Heary classification
Grade II where screw violates pedicles but screw tip is entirely
within the vertebral body and Grade III where the screw tip
penetrates lateral body [4]. The study was approved by the
Institutional Review Board and informed consent was obtained
from all participants. The upper, middle, and lower thoracic
spine were defined as thoracic vertebral level of Th1-Th4,
ThS-Th8,and Th9-Th12, respectively [S].

All surgeries were performed by the single surgeon (D.L) with
over 10 years experience in the treatment of AIS by free-hand
technique in Fatmawati General Hospital, Jakarta. Posterior
approach with pedicle screw instrumentation using free-hand
technique and intraoperative neuromonitoring (IONM) for
scoliosis correction was performed in all cases. Breach distance
seen in CT scan was measured using Radiant DICOM Viewer®
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software by single examiner (W.D.H) to minimize bias.
Statistical analysis was performed using SPSS® Software, and P
<0.05 was deemed to be statistically significant.

Results
Patient demographic

A total of 94 pedicle screws from six female patients with AIS
were included in our study. The mean age of the patient is 16.1
years old. No neurologic deficit occurred postoperatively in all
patients.

Breachrate analysis

According to the measurement, overall breach occurred in 31
(33%) instrumented screws, compared to 63 perfectly placed
screws (67%). Of the breached screws, medial breach occurred
in 19 screws (20%), whereas lateral breach occurred in 12
screws (12%).

Based on vertebral segments, overall breach in thoracic vertebra
occurred in 23 pedicle screws (24.5%), whereas in lumbar
vertebrae, overall breach occurred in 8 pedicle screws (8.5%).
This difference in the overall breach rate between thoracic and
lumbar vertebrae was not statistically significant (p = 0.554), as
shown in Table 1.

Analysis of medial breach

Medially breached screw was further classified according to
Gertzbein classification. Of the overall medially breached
screw, 11 (11.6 %) screws fell into Grade 1 violation, 6 (6.3%)
screws fell into Grade 2 violation, and 2 (2.1%) screws fell into
Grade 3 violation. Based on analysis, we did not find a
significant difference in the rate of medial breach between
thoracicand lumbarvertebrae (p=0.711) (Table2).

In thoracic vertebrae, medially breached screw occurred in 2
(3%), 9 (13.6%), and 3 (4.5%) screws in upper, middle, and
lower thoracic vertebrae, respectively. This finding was
statistically significant, in which the overall medially breached
screws occurred most commonly in the medial segment of
thoracic vertebrae (P = 0.048) (Table 3). About 9.6% of the
medially beached screw occurred as Grade 1 violation, whereas
Grade 2 and 3 violations of medially breach screw occurred in
4.3% and 1.1% of cases, respectively (Table 3).

In lumbar vertebrae, medial breach occurred as Grade 1
violation in two pedicles screws, Grade 2 violation also in two
pedicles screws, and Grade 3 violation in one pedicle screw. We
assessed the difference of grade of medial breach between
thoracic and lumbar vertebrae and found that there was no
significant difference in the grade of medial breach between

those two segments of vertebrae (P =0.762) (Table 4).

Analysis oflateral breach

Laterally breached screw was further classified according to
Heary classification. Of the overall laterally breached screw, 8
(8.51 %) screws fell into Grade II violation and 4 (4.26 %)
screws fell into Grade II violation. Based on analysis, we did not
find a significant difference in the rate of lateral breach between
thoracic and lumbar vertebrae (P =1,000) (Table S).

In thoracic vertebrae, laterally breached screw occurred in 4
(4.1%), 1 (1.5%), and 4 (6.1 %) screws in upper, middle, and
lower thoracic vertebrae, respectively. This finding showed that
there is no statistically significant difference in the rate of lateral
breach between segments of vertebrae (Table 6). About 6.4% of
the laterally breached screw occurred as Grade II violation,
whereas Grade III violations of laterally breach screw occurred
3.2 cases (Table6).

In lumbar vertebrae, lateral breach occurred as Grade II
violation in two pedicles screws and Grade III violation in one
pedicle screw. We assessed the difference of grade of lateral
breach between thoracic and lumbar vertebrae and found that
there was no significant difference in the grade of medial breach
between those two segments of vertebrae (P=0.927) (Table 7).

Breachanalysis according to the deformity

In all analyzed pedicle screws, 49 screws (52.1%) were inserted
in the concave side, whereas 45 screws (47.9%) were inserted in
the convex side. In the thoracic vertebrae, 36 screws (54.5%)
and 30 screws (45.5%) were inserted in concave and convex side
of deformity, respectively. In the lumbar vertebrae, 13 screws
(46.4%) were inserted in the concave side and 15 screws (53.6)
were inserted in the convex side. We did not find any significant
difference in overall breach rate between concave and convex
sides of the deformity (Table 8).

According to the analysis, there was statistically significant
difference in the rate of medial breach between the concave and
convex side, where the risk of medial breach increased 3.049
times in the convex side compared to that in the concave side of
the deformity (P = 0.012). This was shown by the finding that
medial breach occurred in 14 pedicle screws in the convex side,
in contrast to only S screws in concave side (Table 9).

For the lateral breach, 10 pedicle screws (10.6%) occurred in
the concave side and 2 pedicle screws (2.1%) occurred in the
convex side. This finding showed a significant difference in
which the risk of lateral breach increased 4.592 times in the
concave side compared to that in the convex side of the
deformity (P=0.021) (Table 10).
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Discussion

In general, there are four modalities of pedicle screw insertion
during spine surgery, they are robot-assisted, computed
tomography (CT) navigation-guided, fluoroscopy-assisted,
and free-hand techniques. A meta-analysis showed that among
those four techniques of pedicle screw insertion, there was no
statistical difference in the accuracy of the pedicle screw
placement. The accuracy for robot-assisted technique was
90.5%, for CT navigation-guided was 95.5%, for fluoroscopic-
assisted was 91.5%, and for free-hand technique was 93.1% [6].
Free-hand technique in the instrumentation of pedicle screw is
performed by placing the screw guided by knowledge of
anatomical landmark. It is also guided by pre-operative
anterior/lateral radiograph and CT scan review. An
intraoperative roentgenogram or C-arm image is not used to
confirm the correct position of the inserted pedicle screw [7].
This technique is considered to be challenging. However,
compared to others, free-hand techniques are less expensive
and less complex, with less radiation exposure to both patient
and surgeon and less intraoperative time [8]. Moreover, based
on previous researches, free-hand technique has an acceptable
safety and accuracy [9]. We performed this study to answer five
questions regarding the safety and the accuracy of free-hand
technique during pedicle screwinstrumentation.

Our study showed that breach rate of pedicle screw insertion
was 31%, of which, the rate of medial breach was 20% whereas of
lateral breach was 12%. According to previous research, the rate
of pedicle screw breach was as high as 39%, with the rate of
medial breach of 28% and lateral breach of 9% [10]. These
values seemed to show a relatively high rate of breach, however,
grading of the breach must be considered. As stated before,
Gertzbein classification divided the medial breach into three
grades. Our study found that most of the medial breach in
thoracic vertebrae occurred as Grade 1 violation followed by
Grade 2 and Grade 3 violation. Almost similar finding was also
encountered in lumbar vertebrae where Grade 1 and Grade 2
violations were more common compared to Grade 3 violation,
although these differences in the amount of medially breached
screws for each grade in both vertebral segments were not
significant (Table 4). The majority of lateral breach found in our
studywasalso as Grade Il lateral violation.

Grade 3 violation of medial breach, which occurred in one case
for each thoracic and lumbar vertebrae (Fig. 1), was measured
to be 5.05 mm and 4.84 mm, respectively. As reported, there
were no neurologic deficits suffered by all patients in this study.
This finding is explained by the study performed by Gertzbein
et al. [11] which stated that the safe zone of medial
encroachment to the spinal canal is 2-4 mm. Four millimeters
medial breach is tolerated without injuring the spinal cord or

cauda equina, because according to the study in anatomical
dissection, there is 2 mm of epidural space in lumbar vertebrae
and additional 2 mm of subarachnoid space in T10 to L4
vertebrae [ 12]. Moreover, there is probable spinal canal reserve
that not yet been studied. This spinal canal reserves that may
explain why in both screws from two patients did not cause
neurologic deficit despite medial breach of more than 4 mm.

For lateral breach, violation of the lateral wall of the pedicle in
the majority of the cases is not problematic, because the screw is
usually secured within the costovertebral articulation [13].
According to the previous researches, the lateral cortex may
suffer a breach of up to 6 mm without causing clinical
disturbances. There is also an inherent elasticity to the pedicle
of pediatric patients, which can support screws up to 115%
without causing cortical injury [12]. Moreover, researches
showed that lateral breach occurred more commonly than
medial breach, and most of the lateral breaches were expected as
a result of intended juxtapedicular screw placement which did
not require screw repositioning [ 14]. In our study, there were
not clinical consequences found caused by laterally breached
screw. This might explain the previous theories that lateral
breach screw is not a problematic because it is usually secured
within the costovertebral articulation when the breach is safe
within 6 mm of breach.

As mentioned before, the lumbar spine has thicker pedicle,
making them to be easier to cannulate. They also have
trajectories that do not breach important neural or vascular
structure, thus, theoretically, the lumbar spine is less susceptible
to serious neural damage, particularly of that caused by medial
screw violation [1]. The thoracic vertebrae, in other side, have
more anatomical varjation than lumbar vertebrae. The middle
segment of thoracic vertebrae has the narrowest pedicles and
decreased space between the medial border of the pedicle and
spinal cord [15]. Our study showed that the rate of overall
breach, medial breach, and lateral breach did not differ
significantly between thoracic and lumbar vertebrae (P > 0.05).
However, analysis of medial breach in thoracic vertebrae
showed that medial breach was significantly higher in middle
thoracic segment compared to that of upper and lower thoracic
segments (P = 0.048). This finding was explained by a study of
Liljenqvist [ 15] which found that the transverse pedicle width
in the middle segment of thoracic vertebrae was significantly
smaller. In contrast, we could not find any significant difference
in the rate oflateral breach in relation to the segments of thoracic
vertebrae.

Scoliotic vertebrae differ substantially to that of normal
vertebrae, where the former has asymmetrical intravertebral
deformity. In patients with significant scoliosis, the presence of
rotation and asymmetric compression of vertebrae can

Journal of Orthopaedic Case Reports | Volume 11 | Issue 1 | January 2021 | Page 38-44



Librianto D etal

www.jocr.co.in

Table 1: Overall breach rate in thoracic and lumbar vertebrae

Vertebral segment Breach P value OR (95% CI)
Yes (%)  No (%)
) 1.220
Thoracic 23 (24.5) 43 (45.7) 0.554 (0.623-2.389)
| Lumbar 8(8.5) 20(21.3) | |

Table 2: Rate of medial breach between thoracic and lumbar vertebrae

Medial breach

Vertebral segment P value OR (95% CI)
Yes No
Thoracic 14 (14.9%) 52 (55.3%) 0.711 1188
(0.473-2.982)
Lumbar 5(5.3%) 23 (24.5%) |

Table 3: Medial breach in thoracic vertebrae Tabtleb4: Grade of medial screw between thoracic and lumbar
vertebrae

Thoracic segment Medial breach P value | |Grade of medial breach Vertebral segment value
Yes No Thoracic Lumbar
Upper segment 2(3%) 18(27.3%) gi:g: (1) 2 3 8 56'3/: ?) 22 24105/: /)")
Medialsegment 9 (13.6%) 15(22.7%)  0.048 Grade 2 T
Lower segment 3(4.5%) 19 (28.8%) Grade 3 1(1L.1%)  1(1.1%)

Vertebral segment Lateral breach P value OR (95% CI)| | Thoracic segment Lateral breach P value
Yes No Yes No
) 527 1,273 Upper 4(6.1%) 16(24.2%) 0.234
Th 9 (9.6% 1,000 ;
oracie ©-6%)  60.6%) (0.372-4.353) Medial 1(1.5%) 23 (34.8%)
| Lumbar 3 (3.2%) 25 (26.6%) | Lower 4 (6.1%) 18 (27.3%)

Table 5: Rate of lateral breach between thoracic and lumbar vertebrae

Table 6: Lateral breach in thoracic vertebrae

Table 7: Grade of lateral screw between thoracic and
lumbar vertebrae

S t verteb . Breachin P (Chi-
Grade lateral breach egment vertebrae P Side £ square) OR (95% CI)
Thoracic Lumbar Yes No q
0 0
Grade 0 57 (60.6%) 25 (26.6%) I e I 0.861
Grade 2 6 (6.4%) 2 (2.1%) 0.927 (0.484-1.532)
Grade 3 3(32%)  1(1.1%) Convex 16 (17%) 29 (30.9%)

Table 8: Analysis of overall breaching rate according to the

side of deformity

Table 9: Analysis of the medial breach according to the side

of deformity of deformity
AERIETD G P value OR (95% CI) Lateralbreach — p lie  OR (95% CI)
Yes No Yes No
3.049 10 4592
Convex 14 31 0.012 9 :
(1.194-7.786) | [COm€aYE (106105 30 @137 0021 ) o3 19837)
|Concave 5 44 || convex 2 (2.1%) 43 (45.7%)

Table 10: Analysis of the lateral breach according to the side

significantly alter pedicle anatomy and complicate pedicle
screw placement. The endosteal width of the pedicle in the
concave side of the deformity is smaller than in the convex side
of the deformity [ 15]. Our analysis of the influence of the side of
deformity to the overall breach rate showed that there is no
difference in the overall breach rate between concave and
convex side of the deformity. Our finding is in accordance with
the finding by Min et al. [ 16] which found that the concave and
convex side of the deformity had similar rate of breach.
However, when we analyzed medial and lateral breach
individually, we found that each concave and convex side of the
deformity carried risk of screw breach. The risk of medial breach

was increased 3 times in the convex side of the deformity,
whereas the risk of lateral breach was increased 4.6 times in the
concave side of the deformity (P < 0.05). This means that if a
pedicle screw is to be inserted in the convex side, when the
breaching is to be happen, medial breach is the probable result.
The same also applied in the concave side, where the lateral
breachis the probable resultif the breachingis going to happen.

Literatures showed that instrumentation of pedicle screw
placement on concave side of AIS is known to be more difficult
than that of convex side screw instrumentation. The placement
of the convex screws is technically easier than that of the
concave side because of anatomical easiness to find the entry
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point of pedicle, less variation of pedicle morphology, and
bigger size of the pedicle width. However, insertion of the
convex screw may be more dangerous than insertion of the
concave one, because if the surgeon uses routine medial
angulation, the screw will be directed into the spinal canal,
creating medial breach [16]. This may explain our finding of
why the risk of medial breach is higher in the convex side of the
deformity. Smorgick et al. [17] in their study found that the
majority of the breach occurred as lateral breach in the concave
side, this was due to structural advantage of the thicker medial
pedicle wall compared to the lateral pedicle cortex. This finding
may also explain our finding on why concave side of the
deformityincreased therisk oflateral breach.

Conclusion

Our study enabled us to answer five questions arisen previously.
The overall breach rate using free-hand technique was 31%,
however, the majority of the breach is low-grade breach within
the safe zone. There was no difference in the overall, medial, and
lateral breach rate between lumbar and thoracic vertebrae, but
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