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Abstract Cervical pedicle screw is thought to be the
most stable instrumentation for reconstructive surgery of
the cervical spine. However, because of the unresolved
and inherent risk of neurovascular injuries due to screw
perforation, it remains not widespread nowadays despite
the excellent biomechanical property. Fifty-two consecu-
tive cases having undergone spinal reconstruction using
cervical pedicle screw were investigated. There were 24
females and 28 males. The mean follow-up period was
53 months. Those patients were stratified into three
groups according to the period of screw insertion. A total
of 280 screws were inserted. Ninety-two screws in 19
cases, 100 screws in 18 cases and 88 screws in 15 cases
were inserted in the earlier, the middle and the later
periods, respectively. Clinical results including compli-
cations were recorded in all cases. Screw perforations
were evaluated in both plain X-ray and CT. Screw per-
forations occurred in 11 (12.0%), 7 (7.0%) and 1 (1.1%)
screws in each period. There were no complications, such
as infection, neurological deterioration and neurovascular
injury directly related to screw insertion. The learning
curve showed a significant improvement especially in the
later period. However, the perforation rates in both the
earlier and middle periods must not be underestimated.
Surgeons with less experience must insert cervical pedicle
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screws with the assistance of a senior surgeon to avoid
lethal complications.
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Screw perforation - Learning curve

Introduction

Because of the biomechanical stability, the in vitro inves-
tigations of cervical pedicle screw (CPS) insertion have
been conducted by many researchers [11, 15, 16, 23-25,
32, 35, 36] Nowadays, the number of reports concerning
clinical application of CPS except for Abumi is gradually
increasing even though there is the unresolved and inherent
risk of neurovascular complications [12, 20, 30, 37, 40,
41]. It is very helpful for cervical spine surgeons who
would try to start cervical spine fusion with CPS to
appreciate the exact results including its accuracy and
complications.

Abumi et al. first reported the clinical application of
CPS [1, 2]. They showed much experience and excellent
results of cervical spine reconstruction using CPS [3-6, 8§,
17]. They advocated the screw insertion angle from 25° to
45° in the axial plane. In addition, they also mentioned that
the lateral location of the insertion point of CPS should
have been almost at a bisecting point of the width of each
facet. However, several in vitro studies showed that,
according to the exact pedicle axis, the appropriate inser-
tion of CPS should have been done both from a more lat-
eral point and in a steeper angle in the axial plane [17, 18,
38]. Abumi et al. also reported complications of CPS [7].
Especially, the pedicle perforation rate was 6.2% (45 out of
667 screws) and neurovascular complications occurred in
two screws. As well as Abumi et al. many authors showed
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that most of pedicle perforations occurred to the lateral
direction, which might cause injuries of the vertebral
artery. It is very important to lessen the screw perforation
rate and complications to apply this procedure safely and
effectively. Therefore, the methods to insert CPS should be
improved and become more sophisticated.

Some authors reported the improved accuracy and
insertion angle of CPS using navigation systems [24, 30,
37]. Tt is likely to be the best method to avoid the lethal
perforation of CPS at the present time. So far, it seems
unrealistic for every cervical spine surgeon to benefit from
the navigation system. Most surgeons will have to perform
CPS insertion under the guidance of fluoroscopy. There-
fore, the learning curve of CPS insertion using fluoroscopy
should be sternly investigated.

The objectives of this study are to report the learning
curve of CPS insertion and to evaluate whether this inno-
vative technique could be utilized by all cervical spine
surgeons without any special instructions.

Methods
Patient demographics

Fifty-two patients who underwent posterior cervical spine
fusion with CPS systems in our hospital from May 1998
were analyzed in the current study. There were 24 females
and 28 males. The mean age was 62.6 years, ranging from
21 to 87 years. The mean follow-up period was 53 months,
ranging from 6 to 113 months. The pathologies consisted of
cervical spondylotic myelopathy with either severe insta-
bility and kyphosis or athetoid cerebral palsy in 12, failed
cervical spine surgery including adjacent diseases, non-
union and postlaminectomy stenosis in 11, fracture and/or
dislocation in 9, cervical radiculopathy including cervical
unilateral amyotrophy in 6, metastatic spine tumor in 6,
rheumatoid arthritis in 6, pyogenic spondylitis in 2, atlan-
toaxial subluxation and retrodental pseudotumor in 1 each.

Complications

Because the aim of the current study is to analyze the
accuracy of CPS insertion radiologically, we have omitted
clinical evaluation from this paper except for complications
in relation to CPS insertion.

Instrumentations

The Ti-mini-VSP system (Depuy Spine, Inc., Raynham,
MA, USA), the Axon system (Synthes Spine, West Chester,
PA) and the Universal Spine System (Synthes Spine, West
Chester, PA) were used in 35, 15 and 2 cases, respectively.

The methods of pedicle screw insertion

All screws were inserted by the first author (H.Y.) without
assistances and/or instructions of experienced surgeons.
H.Y. started this technique after watching several cases of
posterior cervical spine reconstructions using CPS with
lateral fluoroscopy performed by several other experienced
surgeons.

The methods of CPS insertion were divided into three:

1. The first method in the earlier period (Period E): This
is according to that described by Abumi and Kaneda
[2]. An insertion hole is made on the posterior surface
of the lateral mass by a high-speed burr under the
guidance of lateral fluoroscopy at the bisecting point of
the width of each facet joint. A screw hole is excavated
by the original pedicle probe of the Ti-mini VSP
system. The angle of screw insertion in the axial plane
is aimed from 25° to 45° (Fig. 1a). This method was
applied to 92 screws in 18 cases.

2. The second method in the middle period (Period M):
an insertion hole is also made by a high-speed burr on
the surface of the lateral mass where the pedicle axis is
supposed to pass through. Using the same pedicle
probe as the earlier period, a screw hole is excavated at
the angle of 45° or more (Fig. 1b). This was applied to
100 screws in 19 cases.

3. The third method in the later period (Period L): the
methods to create an insertion hole and the aiming
angle of the screw hole are similar to those of Period
M. The original pedicle probe of Ti-mini-VSP in both
Periods E and M was relatively elastic. Therefore, it
was sometimes bent very easily when pushing the
probe to penetrate the pedicle or when the paraverte-
bral muscles interfered with the correct trajectory of
the pedicle probe, so that it occasionally led us to the
misplacement of screws. From this point of view and
due to the concept of a thoracic pedicle probe provided
by Kim et al. [22], we have developed a new pedicle
probe which is very stiff and is not bent at all with a
keener and more curved tip. This makes it very easy to
penetrate the sclerotic pedicle and to prevent breaching
of the lateral pedicle wall. Eighty-eight screws in 15
cases were inserted through this procedure.

In all periods, the longitudinal placement of the insertion
holes and the longitudinal direction of the screw holes were
confirmed with lateral fluoroscopy. Navigation systems
were not used in the current study.

Screw placement

A total of 280 CPS were inserted. In this study, C1 lateral
mass screws and thoracic pedicle screws that were inserted
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Fig. 1 The method of screw insertion in each period. a The method
of Period E. According to the original method provided by Abumi
et al. an insertion hole is made on the posterior surface of the lateral
mass by a high-speed burr under the guidance of lateral fluoroscopy at
the bisecting point of the width of each facet joint. Then, a screw hole
is excavated by a pedicle probe at the axial angle from 25° to 45°.
Thin white lines represent the width of a facet joint. A white circle is
the bisecting point of the width of a facet joint. White arrows are
acceptable screw trajectories. b The method of Period M: an insertion
point is made on the surface of the lateral mass where the pedicle axis

for patients having undergone either posterior atlantoaxial
fusion or posterior cervicothoracic fusion were excluded
from the current evaluation. The numbers of CPS were 16
in C2, 30 in C3, 48 in C4, 62 in C5, 74 in C6, 50 in C7,
respectively.

Radiological investigations

Radiological investigations were implemented using plain
X-ray films and computed tomography (CT). Both upward
and downward pedicle perforation were checked by obli-
que X-ray films. The medial and lateral perforations of
CPS were evaluated by CT. The perforation of a pedicle
screw was classified into three ways: (1) complete perfo-
ration (CP) was defined as deviation of the screws from
the pedicles by more than half of the screw diameter
(Fig. 4); (2) partial perforation (PP) was defined as devi-
ation from the pedicle of less than half of the screw
diameter; and (3) when the screw did not violate the
pedicle cortex and they were classified as having no per-
foration. Both the anatomical pedicle angle (APA) and the
screw trajectory angle (STA) in the axial plane were also
measured by CT in each patient (Fig. 1b). APA was
defined as an angle between a perpendicular line to a line
on the shortest distance between the transverse foramen
and the lateral recess, which is a pedicle axis, and a per-
pendicular line to the posterior surface of the vertebral
body. STA was also defined as an angle between an
inserted screw and a perpendicular line to the posterior
surface of the vertebral body. All measures of radiological
evaluation were compared in those three groups, i.e. from
Periods E to L. The accuracy of screw insertion and the
learning curve were analyzed intensively.

@ Springer

passes through. A screw hole is excavated at the angle of 45° or more.
Thin white arrows show the pedicle axis, which is defined as a
perpendicular line to a line on the shortest distance between the
transverse foramen and the lateral recess. A white circle is an
inserting point just on the surface where the pedicle axis passes
through. Thick white arrows are aiming screw trajectories. A black
line represents perpendicular line to the posterior surface of the
vertebral body, which is a base line of measurement of both
anatomical pedicle angles (APA) and screw trajectory angles (STA)

Statistical analysis

Chi-square test with Haberman’s residual analysis, analysis
of variance, multiple comparison using Fisher’s PLSD and
Spearman rank correlation were used for statistical analy-
ses. In each analysis, P values <0.05 were considered as
statistically significant.

Results
Complications

There were no complications such as neurovascular inju-
ries relating to CPS insertion. During the follow-up, three
patients died of diseases such as acute myocardial infarc-
tion, lung cancer and an accident not relating to cervical
spine problems.

Radiological assessments
Screw perforations and the learning curve

There were no screws showing either upward or downward
pedicle perforation in oblique X-ray films.

In the axial plane, a total of 19 screws (6.8%) were
considered as showing pedicle perforations. Five screws
were recognized as CP and the others were PP. All screws
that showed CP were lateral perforations. Five out of 14
screws that showed PP were medial perforations.

Figure 2 shows screw perforations in all patients in each
period. All CP occurred in Period E. There is a statistically
significant improvement of the learning curve of screw



Eur Spine J (2009) 18:1326-1334 1329
(No. of screw perforation) mCP 23
4
Period E Period M Period L
2

80 8 W11 o 1 el s

IJJHJIIIHIIIJJIIIIII

1 6 11 16 21

Fig. 2 An occurrence of screw perforations in 52 cases. The case
numbers are completely in order. The cases were divided into three
categories according to the methods of screw insertion, i.e. Period E
(the earlier period), Period M (the middle period) and Period L (the
later period). CP and PP mean complete screw perforation and partial

placement in Spearman rank correlation. (p = —0.674,
P < 0.001) The demographics of patients in each period
were showed in Table 1. There were no significant differ-
ence among three periods in terms of age, gender and
etiologies.

Table 2 summarized the results of screw perforations.
Screw perforations in Periods E, M and L were 11 (12.0%),
7 (7.0%) and 1 (1.1%), respectively. CP significantly
occurred in Period E in Haberman’s residual analysis

Table 1 Patients demographics in each period of CPS Insertion

Period E Period M Period L

Age (years) 60.3 £17.0 63.7+179 649 +11.6 NS*
Gender (n)

Female 8 8 8 NSP
Male 10 11 7

Entities (n)

Degenerative 10 13 9 NsP
Tumor 3 2

Inflammation 4 0

Trauma 1 2 4

The values of ages were means and standard deviations

Degenerative is including cervical spondylotic myelopathy, cervical
spondylotic radiculopathy, cervical myelopathy with athetoid palsy,
retrodental pseudotumor and cervical spondylotic amyotrophy

Tumor means metastatic spine tumors

Inflammation consists of rheumatoid arthritis

spondylitis

and pyogenic

Trauma contains fracture-dislocation of the cervical spine and
atlantoaxial dislocation due to odontoid fracture

CPS cervical pedicle screw
% NS not significant in ANOVA

® NS not significant in 12 test

31 36 41 46 51
(No. of cases)

perforation, respectively. All CP occurred in Period E. There is a
definite tendency that both CP and PP became less as we encountered
more cases. Spearman’s rank correlation shows a significant negative
correlation between case number and occurrence of screw perfora-
tions (p = —0.674, P < 0.001)

(P < 0.01). PP was not significant in y* analysis. The sum
of CP and PP was significantly frequent in Period E and
rare in Period L in Haberman’s residual analysis
(P < 0.05).

To eliminate the difference of the difficulty of screw
insertions among those periods, we investigated the num-
bers of pedicles with degenerative sclerosis that were dif-
ficult to insert the pedicle probe. Among them, we divided
those which were possible to excavate by pedicle probes
from the others which required to be drilled by Kirschner
wires [3]. The difficulty of pedicle screw insertion because
of degenerative sclerosis of the pedicles was evaluated by
operation records (Table 3) There were no significant dif-
ferences in terms of the above-mentioned factors among
three periods in ? test.

As shown in Table 4, screw perforations occurred two in
C3, eight in C4, seven in CS5, two in C6, whereas there were
no perforations in C2 and C7. Haberman’s residual analysis
revealed that perforations were more frequent in C4, but
less in C7 with statistical significance.

Radiological assessments
Screw insertion angles in the axial plane

The mean APA and STA of all cases in the axial plane
were shown in Table 5. The mean APA was generally
greater than the mean STA with statistical significance.
The differences of the average STA in each period were
also shown in Fig. 3. In Fig. 3, the mean APA in each
vertebra was superimposed by a bar graph. Except for C6
and C7, the mean STA in the later periods were steeper
than those in the earlier periods with statistical signifi-
cance. Although there was no statistical significance, the
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Table 2 Numbers of CPS with complete perforation and partial perforation in each period

Period E (92 screws) Period M (100 screws) Period L (88 screws) XZ test
PP (n) 6 7 1 NS
CP (n) 5% 0* 0* P <0.01
CP + PP (n) 11% (12.0%) 7% (7.0%) 1* (1.1%) P < 0.05
CPS cervical pedicle screw, PP partial perforation, CP complete perforation, NS not significant in y* test
? Not significant in Haberman’s residual analysis
* P < 0.01 in Haberman’s residual analysis
# P < 0.05 in Herberman’s residual analysis
Table 3 Numbers of CPS which were difficult to probe and/or drilled by K-wires in each period
Period E (92 screws) Period M (100 screws) Period L (88 screws) 12 test
Difficult pedicle probing () 15 7 NS
Drilled by K-wires () 9 NS
CPS cervical pedicle screw, NS not significant in y* test
Table 4 Numbers of screw perforation in each vertebra
C2 C3 C4 Cs C6 C7 % test
No. of CPS 16 30 48 62 74 50 P <0.01
No. of screw perforation 0 (0%) 2 (6.7%) 8 (14.6%) 7 (12.9%) 2 (2.7%) 0 (0%)
NS NS P <0.01 NS NS P < 0.05

CPS cervical pedicle screw, NS not significant in y” test

NS not significant in Haberman’s residual analysis

Table 5 The anatomical pedicle angles and the screw trajectory
angles in all vertebrae

Mean (°) Range (°)

Cc2

APA 29.8 27-33

STA 16.9 12-22
C3

APA 41.8 34-56

STA 274 1545
C4

APA 46.0 33-58

STA 28.9 1645
C5

APA 45.6 39-64

STA 28.7 1444
C6

APA 41.7 30-54

STA 28.9 9-41
C7

APA 27.0 21-34

STA 24.3 1549

APA anatomical pedicle angle, STA screw trajectory angle

@ Springer

mean STA in C6 and C7 tended to be steeper in the later
periods. As the periods advanced, STA became closer to
APA.

Figures 4 and 5 show representative cases in Periods E
and L, respectively. There are obvious differences of screw
insertion angles between them.

Discussion

There are many papers considering the characteristics and
efficacies of CPS in the in vitro study. They have analyzed
the screw perforation rates [9, 19, 21, 27, 28, 33, 34],
anatomical morphologies of the cervical pedicle and fea-
sible screw trajectories [10, 13, 17, 18, 24, 29], biome-
chanical stability of CPS compared with lateral mass screw
[11, 15, 16, 35], and other miscellaneous factors. [23, 25,
26, 32, 36] Contrarily, nowadays, we have a small number
of clinical case studies using CPS [12, 20, 30, 37, 40, 41]. It
is simply depending on the anatomical feature of the cer-
vical pedicles, which are surrounded between the trans-
verse foramens containing the vertebral arteries and the
neural canal of the spinal cord. Therefore, lateral and
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medial perforations of CPS possibly lead us to the injury of
the vertebral arteries and the spinal cord, respectively.
Owing to the inherent risk of neurovascular injuries, clin-
ical trials of CPS have not been widespread throughout the
world yet.

However, some clinical trials of CPS have been gradu-
ally increasing for sure and were reporting excellent
results. Because of the biomechanical stability, there are
many advantages to select CPS for posterior reconstruction
of the cervical spine, that is, the outstanding ability to
reduce and maintain the rigid deformities of the cervical
spine [5], high rate of bony fusion [39, 40, 41], early
mobilization of patients and satisfactory maintenance of
spinal alignment without excessive external fixation after
surgeries [4, 31] and miscellaneous others. In terms of
screw perforation, Abumi et al. [7] reported that the rate
was 6.7% (45 out of 669 screws). Yoshimoto et al. [40] and
Yukawa et al. [41] reported the entire rates were 11.1% (15
out of 134 screws) and 14.3% (59 out of 417 screws),
respectively. Kast et al. described the pedicle perforation
rate was up to 30% (28 out of 94 screws) including eight
screws with the critical breaching [20]. Neo et al. showed
29% of screw perforation (25 out of 86 screws) [30]. Ab-
umi et al. inserted CPS under the assistance of lateral
fluoroscopy, and Yukawa et al. under oblique fluoroscopy
(Table 6).

Richter et al. [37] mentioned that the rates of screw
perforations were 8.6% (8 out of 93 screws) under the
assistance of lateral fluoroscopy and 3.0% (5 out of 167
screws) with a navigation system. Kotani et al. [24]
reported 1.1% (1 out of 78 screws) of perforation with their
custom-made navigation system. Ito et al. [14] stated that,
in RA patients, no screws were perforated the pedicle under
the guidance of a navigation system but 22% (6 out of 27
screws) under conventional fluoroscopy (Table 6).
Although reports of Richter et al. showed excellent per-
foration rates with navigation systems, those of them and

the other authors who had inserted CPS under the guidance
of fluoroscopy did not show any perforation rates. CPS
insertion using a fluoroscopy is obviously less accurate
than that of with a navigation system.

The authors showed the learning curve of CPS insertion
in the current study. According to the review of the liter-
ature, there are no papers analyzing the learning curve of
CPS insertion. The screw perforation rates in Periods E, M
and L were 12.0, 7.0 and 1.1%, respectively, even though
the difficulty of pedicle probing and the demographics of
patients were not significantly different in each period.
Obviously, time related and hands on experience of the
authors to insert CPS could be a factor for the improved
accuracy. However, the authors believe that changes to the
methods of insertion CPS should have also been important
for an improved screw perforation rate. As showed in
Fig. 3, APA was much larger than STA. In addition, con-
sidering the fact that most of screw perforations were for
the lateral side, to put insertion points more lateral and to
make insertion angles larger, as explained in “Material and
methods”, were natural for us who intended to improve the
accuracy of screw insertion as mentioned previously by
Neo et al. [30]. As shown in Fig. 4, STA in each vertebra
was obviously improved as the periods advanced.

A custom-made pedicle probe was also likely to be
effective to improve the accuracy. The stiff property of the
new probe makes it relatively easy to aim the correct tra-
jectory of the screw holes, whereas the original pedicle
probe did not because of its elastic property. However, the
benefit to utilize the new pedicle probe was not proven in
the current study because the authors did not compare it
with the original one at the same period.

Table 4 showed the rate of pedicle perforation in each
vertebra. Pedicle perforations were significantly more fre-
quent in C4, but less in C7. However, except for two, those
were relatively frequent in C5 and less in C2 with marginal
significance. This coincides with the result reported by
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Fig. 4 A representative case of Period E. A 52-year-old man with
failed C4—C6 anterior fusion for cervical spondylotic radiculopathy. a
Anteroposterior X-ray film after surgery. b Postoperative CT at C6.
Right and left APA of C4 were 50° and 52°, respectively. The
corresponding STA were 40° and 28°, respectively. Left C4 screw was
recognized as “complete perforation”. Although the patient showed
neither neurological complications nor vertebral artery insufficiency,
screw removal was not undertaken. After 8 years of surgery, he is
doing well with some posterior neck pain and slight radicular pain in
the left arm

Karaikovic et al. [19]. From the anatomical point of view,
the pedicles of C4 and C5 are sometimes very stiff and
sclerotic. Therefore, surgeons should take care when
inserting CPS into both C4 and C5 whose APA are rela-
tively larger than the other.

@ Springer

Fig. 5 A representative case of Period L. A 48-year-old woman
suffering from athetoid cervical myelopathy who underwent C3—-C6
circumferential fusion with Axon system and SynCage-C was shown.
a Anteroposterior X-ray film after surgery. b Postoperative CT at C6.
Right and left APA of C6 were 54° and 51°, respectively. The
corresponding STA were 36° and 35°, respectively. Note all the
screws were obviously inserted in steeper angles than those of a case
in Fig. 4

The screw perforation rate of Period L, i.e. 1.1%), is just
as satisfactory as those reported by Richter et al. with
navigation systems. Therefore, the authors want to
emphasis that thorough trainings and experiences of cer-
vical spine surgeons will make CPS insertion with fluo-
roscopy just as safe as those with a navigation system.
However, the authors must not underestimate the perfora-
tion rates in Periods E and M. Indeed, there were no
complications of spinal reconstruction using CPS, but, that
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Table 6 Review of the

No. of screw perforation

Percentage (%) Methods of insertion

literature especially focusing on Author No. of CPS
screw perforation rates Abumi 667
Kotani 78
Y oshimoto 134
Richter 93
167
Neo 86
Kast 94
Yukawa 417
Ito 27
25

CPS cervical pedicle screw

45
1
15

25
28
59

6.7 Fluoroscopy (lateral)
1.1 Navigation
11.1 Fluoroscopy (lateral)
8.3 Fluoroscopy (lateral)
3.0 Navigation
29.1 Fluoroscopy (lateral)
29.8 Fluoroscopy (lateral)
14.3 Fluoroscopy (oblique)
27.3 Fluoroscopy (lateral)
0 Navigation

may have been merely good fortune because the authors
cannot help stating that the screw perforation rates in
Periods E and M were drastically high.

If the screw perforation causes nerve root irritation, the
screw should be removed as soon as possible. If it is pos-
sible for the screw misplacement to cause vertebral artery
involvement, the surgeons should decide whether the screw
must be removed. Either MR angiography or conventional
angiography is useful to investigate the flow of the corre-
sponding vertebral artery. Because, fortunately, the authors
have not experienced the cases with either nerve root irri-
tation or vertebral artery insufficiency, no cases underwent
screw removal in this series. However, especially con-
cerning the arterial involvement, the perforated screw
might cause the late onset of cerebral and/or cerebellar
infarction due to the chronic intimal injury of the vertebral
artery. Therefore, the screw at risk might be removed as
soon as possible.

If we accurately insert CPS, the authors assure that it
will become a very powerful and useful tool for surgeons
who want to reconstruct the cervical spine efficiently. To
lessen the screw perforation rates in early periods, less-
experienced surgeons must be assisted by experienced
cervical spine surgeons, and should avoid the dangers of
lethal and/or severe complications. When trying to begin
cervical spine reconstruction using CPS, the authors highly
recommend, from the view point of the learning curve, that
they should do so a while under the supervision of expe-
rienced cervical spine surgeons until they learn exquisite
techniques to insert CPS safely.

Conclusions

The learning curve of CPS insertion using lateral fluoros-
copy was retrospectively analyzed in 52 consecutive cases.
The screw perforation rates in the earlier, the middle and
the later period were 12.0, 7.0 and 1.1%, respectively. The
screw perforation rate of the later period was quite similar

to those with navigation systems in the literature. However,
surgeons must not underestimate the perforation rates of
both the earlier and the middle periods in the current study.
Less-experienced cervical spine surgeons should try this
procedure with the assistance of experienced surgeons.
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