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Background: To provide the anatomic basis for the clinical application of the 
transpedicular screw fixation.
Materials and methods: Thirty spine (C2–L5) specimens were used. The width of 
the pedicle cortex and width of the pedicle medullary cavity (WPC and WPMC), 
and the height of the pedicle cortex and height of the pedicle medullary cavity 
(HPC and HPMC) were measured at the isthmus of the pedicle using computed 
tomography (CT) scanning.
Results: Width of the pedicle medullary cavity changed in a three-dovetailed-sad-
dle shape with four peaks and three valleys, namely C2 (high), C4`5 (low), T2 (high), 
T4 (the lowest), T12 (high), L1 (low) and L5 (the highest). HPMC of the cervical pedicle 
changed in a saddle shape, gradually increasing from C5–L5. WPC, WPMC, HPC 
and HPMC showed a regular change, respectively. In each segment, the superior 
border of the pedicle cortex had a nearly consistent thickness to the interior 
border within an identical pedicle, while the pedicle cortex thickness radio of the 
medial and lateral border was nearly 3:1 among the cervical pedicles, 2:1 among 
thoracic pedicles, and 1:1 among lumbar pedicles.
Conclusions: Both HPMC and WPMC are the dominant factors for the choice of 
screw diameter, but HPMC should also be considered in C2–T1 pedicles, especially 
C6 and C7. Additionally, the screw for C3–6 or T4–6 pedicles should be about 3.0 mm 
in diameter. (Folia Morphol 2019; 78, 3: 476–480)
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INTRODUCTION
Posterior transpedicular screw fixation of the spine 

is widely used in clinical practice as an important fix-
ation method for the spine disorder. However, due to 
the large morphological changes in different segments 
of the vertebra, especially the internal morphological 

structure of the pedicle, improper selection of screw 
specifications and poor screw placement can lead to 
spinal cord injury and other serious complications [4].

Choosing the proper screw diameter, which is de-
termined by width of the pedicle medullary cavity 
(WPMC) and/or the height of the pedicle medullary 
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cavity (HPMC) is one of the critical factors in trans-
pedicular screw fixation. However, there are only a few 
reports concerning the measurement of the medullary 
cavity in the pedicle and the bony cortex thickness of 
each pedicle. Ninomiya et al. [4] measured the cortex 
thickness of both medial and lateral borders of verte-
bral pedicles in L3–5 of 5 spines. Wu et al. [7] measured 
WPMC of pedicles in L1–5 of 100 spines using computed 
tomography (CT) scanning. Li et al. [3] conducted  
a vertical CT measurement on C3–7 using X-ray radio-
graphs. However, the systematic reports concerning 
the vertical CT measurement of the thoracic pedicles 
and lumbar pedicles using CT scanning have not been 
available so far. In order to provide anatomical basis for 
the application of the transpedicular screw fixation, we 
conducted CT scanning of the bone matrix of vertebral 
pedicles (C2–L5) in 30 intact spines and 24 patients.

MATERIALS AND METHODS
From 100 adult spinal specimens in the Inner 

Mongolia region, 15 male and 15 female spines were 
randomly selected and their the pedicle cortex and 
medullary cavity (WPC and WPMC), and the height 
of the pedicle cortex and medullary cavity (HPC and 
HPMC) as well as the bony cortex thickness of the 
medial, lateral, superior and inferior border at the 
pedicles isthmus of C2–L5 were measured respectively 
using CT scanning (Fig. 1).

RESULTS
WPC, WPMC and WPMC/WPC

Both WPC and WPMC of C2–L5 pedicles changed 
in a three-dovetailed-saddle shape (Table 1) with 
four peaks and three valleys, as follows: C2 (high), 

C4`5 (low), C7–T1 (high), T4–5 (lowest), T11–12 (high), 
L1 (low) and L5 (highest). The ratio of WPMC/WPC 
changed with an obvious regularity, with all of the 
ratios above 55.0% and with the highest radio in C2 
and the lowest ratio in L5.That indicated that medul-
lary cavity of pedicles was comparatively larger than 
the bony cortex.

WPC, WPMC and TPMC/TPLC

The value of WPC minus WPMC was equivalent to 
the summed pedicle cortex thickness of medial border 
plus that of lateral border, the mean thickness being 
2.1 mm among lumbar pedicles. The ratio of TPMC/ 
/TPLC changed from 3:1 to 2:1 and finally to 1:1 among 
cervical, thoracic and lumbar pedicles, respectively.

HPC, HPMC and HPMC/HPC

Both HPC and HPMC showed a saddle shape in the 
cervical segment, increasing gradually from C5 to L5 
(Table 2), the lowest augment being from C3 to C6, the 
lowest value being in C5, and the highest value being 
in T12 followed by T11 and L5. In terms of HPMC/HPC 
ratio, the value was the highest in C2, less than 50.0% 
in C3–6, between 57.0% and 66.7% in C7–T9, between 
71.8% and 75.9% in T10–L5 with no obvious trend ob-
served. That is to say, HPMC was 75.0% of HPC in C2 
and T10–L5 while the ratio was less than 50.0% in C3–6.

HPC-HPWC and TPSC/TPIC

The value of HPC minus HPMC is equivalent to the 
summed pedicle cortex thickness of superior border 
plus that of inferior border. The mean value of cervical 
pedicles was 3.3 mm in C3–6 but was lower in C2 and the 
mean value of both thoracic pedicles and lumbar pedi-
cles was 4.0 mm. The value of TPSC/TPIC changed mildly 
from C2–L5, ranging from 1.0 to 1.3, which suggested 
that the thickness of the superior border was approx-
imately equal to that of the inferior border (Table 2).

WPMC/HPMC

The WPMC/HPMC ratio of cervical pedicles was 
higher than 90.9%, actually higher than 100.0% in 
C6–7 and lower than 50.0% in T4–L2, which suggested 
that WPMC of 11 pedicles in this region was less than 
half of HPMC (Table 2).

DISCUSSION
The spine is surrounded by trachea, oesophagus, 

thoracic aorta and heart, etc. Improper selection of 
screw length and diameter will not only cause injury 

Figure 1. Vertical computed tomography image of the pedicles 
isthmus.
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to the structure around the vertebra, but also dam-
age the spinal cord, lead to paralysis of the patient. 
It is one of the critical factors in transpedicular screw 
fixation to choose the proper screw diameter, which 
is determined by pedicle morphology [4].

Selection of screws

In the lumbar segment WPMC is less than HPMC, 
so the screw diameter should be determined by 
WPMC. WPMC of L3 and L2 is less than half of HPMC, 
so the diameters of both screws should be determined 
by WPMC and two screws of 4.0–5.0 mm in diam-
eter can be applied in L3–5. Only one screw with the 
corresponding diameter was applied in the surgeries 
involving the 16 cases of lumber injury and its effect 
was good, reducing risks of using two screws. Owing 
to the fact that the vertical CT image of the lumbar 
pedicles shows a vertical-ellipse shape similar to “O”, 
the medullary cavity is large and the pedicle cortex 
of medical, lateral, superior and inferior borders is 
relatively thicker, great resistance was encountered 

during the placement of the threaded pin or screw. 
However, the safety of the surgical procedure was 
secured, which is one of the reasons why it is exten-
sively applied in clinical practice. Some reports only 
presented the thickness of medial and lateral borders 
in L3–5 [4], the value of which is comparatively lower 
than our measurement. Wu et al. [7] did not list the 
values of the lumbar pedicle cortex and its medullary 
cavity, but only their ratio, which is similar to our 
results, except for that of the L1.

With only few exceptions (23.3%) the WPMC of 
the thoracic pedicle is generally lower than HPMC 
in T1, and the WPMC of T4–5 is only about 3.0 mm. 
Therefore, a pedicle hook can be applied in case of 
a screw that is too thin to use. The tomographs of 
the medullary cavity mostly show a round shape or 
a transverse-ellipse shape in T1, mostly a vertical-el-
lipse shape in T11 and T12, with the others being sim-
ilar to an car shape or a sole shape with the upper 
part wider, the lower part narrower and the costal 
neck occupying the middle notch with extremely thin 

Table 1. The width of the pedicle cortex and width of the pedicle medullary cavity (WPC and WPMC) and the mathematic relationship 
between them

Vertebra WPC WPMC WPMC/WPC WPC-WPMC TPMC/TPLC

C2 7.6 ± 1.8 (4.3–12.5) 6.0 ± 1.4 (4.0–7.8) 78.9% 1.6 ± 0.4 2.8

C3 5.1 ± 0.7 (3.5–6.8) 3.1 ± 0.7 (2.0–4.3) 60.8% 2.0 ± 0.4 2.8

C4 5.0 ± 0.8 (3.3–6.8) 3.0 ± 0.8 (1.8–4.6) 60.0% 2.0 ± 0.5 2.9

C5 5.2 ± 0.8 (3.5–6.9) 3.0 ± 0.6 (1.9–4.4) 55.7% 2.2 ± 0.4 2.8

C6 5.6 ± 0.9 (3.5–7.8) 3.3 ± 0.6 (1.9–4.4) 58.9% 2.3 ± 0.5 3.0

C7 6.5 ± 0.8 (4.5–8.5) 4.7 ± 0.8 (3.2–6.5) 72.3% 1.8 ± 0.4 3.2

T1 8.4 ± 1.2 (5.7–11.1) 5.5 ± 1.1 (4.0–7.2) 65.5% 2.9 ± 0.7 1.9

T2 6.4 ± 1.3 (4.2–12.3) 4.7 ± 0.8 (3.2–6.5) 71.8% 1.7 ± 0.3 2.0

T3 4.9 ± 1.0 (2.5–7.2) 3.5 ± 1.1 (4.0–7.2) 71.4% 1.4 ± 0.5 2.5

T4 4.4 ± 0.9 (2.4–6.3) 2.9 ± 0.6 (1.2–4.1) 66.0% 1.5 ± 0.3 2.1

T5 4.6 ± 1.0 (2.3–7.3) 3.0 ± 0.6 (1.8–4.0) 65.5% 1.6 ± 0.4 2.2

T6 4.9 ± 1.0 (2.3–7.5) 3.3 ± 0.9 (1.5–4.8) 67.3% 1.6 ± 0.5 2.0

T7 5.3 ± 1.1 (2.7–7.7) 3.5 ± 1.0 (1.6–5.6) 66.0% 1.8 ± 0.4 2.3

T8 5.6 ± 1.2 (3.4–7.9) 3.6 ± 0.9 (1.9–5.1) 64.3% 2.0 ± 0.3 2.6

T9 6.2 ± 1.1 (4.0–8.5) 4.0 ± 0.9 (2.8–5.9) 64.5% 2.2 ± 0.4 2.2

T10 7.6 ± 1.3 (4.8–10.3) 4.7 ± 0.9 (3.0–6.3) 61.8% 2.9 ± 0.5 2.3

T11 8.4 ± 1.5 (5.7–11.8) 5.5 ± 1.2 (3.8–7.7) 65.5% 2.9 ± 0.4 2.2

T12 8.2 ± 1.5 (5.5–13.0) 6.0 ± 1.2 (3.6–8.0) 68.3% 2.6 ± 0.6 2.0

L1 7.2 ± 1.4 (5.6–10.0) 4.2 ± 1.0 (2.6–6.1) 58.3% 3.0 ± 0.8 1.3

L2 7.6 ± 1.3 (5.0–12.0) 4.8 ± 1.1 (3.1–6.5) 61.3% 2.9 ± 0.7 1.2

L3 9.4 ± 1.6 (5.8–14.0) 6.2 ± 1.3 (4.3–8.2) 66.0% 3.2 ± 0.8 1.1

L4 10.5 ± 1.7 (7.0–14.5) 7.4 ± 1.4 (4.8–10.0) 70.5% 3.1 ± 0.6 1.2

L5 13.2 ± 3.0 (9.4–18.0) 9.6 ± 1.7 (6.0–13.5) 72.7% 3.6 ± 1.0 1.1
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pedicle cortex, which has no resistance to the screw. 
Therefore, the risks of placement into costovertebral 
joints and accidental injuries of the adjacent struc-
tures increase, which has great importance in clinical 
practice.

Few reports are concerned with the medullary 
cavity of cervical pedicle. Li et al. [3] reported that 
the screw diameter was determined by the WPMC 
after measuring WPMC and HPMC of C3–7 using X-ray 
photographs, which was similar to the results of our 
measurements, with a tolerable difference of less than 
0.8 mm. At the same time, Li et al. [3] reported that 
the value of C5, which is the farthest from the gravita-
tional line of human body, is the lowest, while WPMC 
is higher than HPMC in both C6 and C7. However, we 
believe that both WPMC and HPMC must be meas-
ured in C3–6, especially in C6 and C7, otherwise, pedicle 
fracture is likely to occur due to its narrow medullary 
cavity and the required accuracy in placement point, 
placement angle, diameter and length of the screw. 
The upper part of axis vertebral pedicle is obviously 

wider than either the middle or the lower part of it, 
but the pedicle cortex of the upper part is thicker 
than that of either the middle or the lower parts. 
As a result, the tomographs of the medullary cavity 
mostly manifest a vertical-ellipse shape or a round 
shape. It has been reported that screw fixation was 
not feasible for axis vertebra after the outer diameter 
of pedicles was measured [1], relevant research and 
clinical application studies have also been reported 
[5, 6]. Screw fixation has been performed on a patient 
with fissure on the isthmus of the right side of C2 
pedicle into which a screw of 4.5 mm in diameter was 
successfully placed. The results of our study also show 
that the screw of 4.0–5.0 mm in diameter is feasible 
for C2, but individual difference should be taken into 
consideration due to a large range of its WPMC and 
HPMC [6]. All of pedicle cortex of the lateral border 
in C2–7 is extremely thin while that of the superior, 
inferior and medial border is comparatively thicker, 
showing a typical C shape in CT image. Therefore, 
injuries of the cervical nerve root and/or vertebral 

Table 2. The height of the pedicle cortex and height of the pedicle medullary cavity (HPC and HPMC) and the mathematic relationship 
between them

Vertebra HPC HPMC HPMC/HPC HPC-HPMC TPSC/TPLC WPMC/HPMC

C2 8.4 ± 1.1 (8.2–10.3) 66.4 ± 0.9 (5.5–7.9) 76.2% 2.0 ± 0.5 1.2 93.7

C3 6.9 ± 0.9 (5.0–10.0) 3.3 ± 0.8 (2.1–4.4) 47.8% 3.6 ± 0.6 1.1 93.9

C4 6.8 ± 0.9 (4.7–9.5) 3.3 ± 0.5 (2.5–4.5) 48.5% 3.5 ± 0.6 1.1 90.9

C5 6.4 ± 0.7 (4.5–8.2) 3.1 ± 0.7 (2.2–4.5) 46.9% 3.3 ± 0.5 1.1 96.7

C6 6.5 ± 0.8 (5.2–9.4) 3.2 ± 0.5 (2.2–3.9) 49.2% 3.3 ± 0.4 1.1 103.1

C7 7.3 ± 0.9 (5.3–9.6) 4.5 ± 0.6 (3.2–5.5) 61.6% 2.8 ± 0.5 1.0 104.4

T1 9.6 ± 1.2 (6.5–12.8) 6.4 ± 0.7 (5.5–7.7) 66.7% 3.2 ± 0.7 1.2 85.9

T2 11.3 ± 1.3 (7.9–11.6) 6.6 ± 0.6 (5.3–7.8) 58.4% 4.7 ± 0.8 1.2 71.2

T3 11.7 ± 1.5 (8.1–14.2) 6.8 ± 0.7 (5.5–8.0) 58.1% 4.9 ± 0.7 1.3 51.5

T4 11.4 ± 1.6 (7.1–14.6) 6.5 ± 0.7 (5.1–9.8) 57.0% 4.9 ± 0.8 1.3 44.6

T5 11.4 ± 1.4 (8.2–15.0) 6.9 ± 0.8 (5.3–10.0) 60.5% 4.6 ± 0.5 1.1 43.5

T6 11.3 ± 1.3 (8.2–14.3) 6.8 ± 0.8 (5.3–10.3) 60.2% 4.5 ± 0.6 1.1 48.5

T7 11.5 ± 1.3 (8.3–14.3) 7.1 ± 0.8 (5.5–10.2) 61.7% 4.4 ± 0.5 1.0 49.3

T8 12.0 ± 1.3 (8.8–14.2) 7.3 ± 0.9 (5.8–10.6) 60.8% 4.7 ± 0.7 1.0 49.3

T9 12.9 ± 1.4 (9.6–15.4) 8.5 ± 0.8 (6.1–11.8) 65.9% 4.4 ± 0.6 1.1 47.0

T10 14.9 ± 1.5 (10.8–18.2) 10.7 ± 1.1 (8.3–14.0) 71.8% 4.2 ± 0.7 1.0 43.9

T11 16.6 ± 1.6 (12.4–20.5) 12.6 ± 1.2 (9.9–14.4) 75.9% 4.0 ± 0.6 1.0 43.6

T12 16.9 ± 1.5 (14.1–22.5) 12.8 ± 1.3 (9.8–15.2) 75.7% 4.1 ± 0.7 1.0 43.8

L1 15.5 ± 1.4 (10.2–18.8) 11.4 ± 1.2 (8.2–14.0) 73.5% 4.1 ± 0.6 1.1 36.8

L2 15.0 ± 1.5 (11.0–18.1) 11.1 ± 1.1 (8.5–13.5) 74.0% 3.9 ± 0.5 1.1 43.2

L3 14.6 ± 1.5 (10.3–18.2) 10.7 ± 1.3 (8.3–13.0) 73.3% 3.9 ± 0.5 1.1 57.9

L4 14.5 ± 1.9 (9.6–19.8) 10.5 ± 1.4 (8.0–13.3) 72.4% 4.0 ± 0.8 1.0 70.5

L5 16.7 ± 2.8 (11.3–25.0) 12.4 ± 2.0 (8.6–15.9) 74.3% 4.3 ± 0.6 1.1 77.4



480

Folia Morphol., 2019, Vol. 78, No. 3

vessels are likely to occur in case of screw deviating 
to the right and a vague resistance by hand sense.

The ideal diameter of the screw should be selected 
according to its corresponding medullary cavity. At 
the same time, some scholars claim that a slightly big-
ger screw should be used, which renders putting the 
screw into the pedicle cortex in order to strengthen 
its anti-extractability and anti-arcuatability [2]. In view 
of clinical experience, the nature of pedicle features 
and their critical adjacent structures, we believe that 
a slightly thinner screw is safer to use.

Key points in clinical application

According to anatomical observations and clin-
ical documentations, tomographs of the C2 pedicle 
indicating an ellipse shape of its medullary cavity, do 
not show its actual appearance and, therefore, the 
use of screw of 4.0–5.0 mm in diameter is feasible. 
The medullary cavity of C3–6 is narrow, so CT scanning 
or magnetic resonance imaging scanning should be 
carefully performed to choose the screw of proper 
diameter. As far as C6 and C7 are concerned, diameter 
of the screw should be determined by HPMC or both 
HPMC and WPMC, the surgery should be monitored 
by X-ray radiography for precise apposition and en-
try, and should be directed strictly in order to avoid 
injuries and serious complications.

The lateral bony cortex of cervical and thoracic 
pedicles is quite thin and offers hardly any resistance 
to the insertion of the screw, so great care should be 
taken during operation. In addition, the medullary 
cavity of C3–6 is narrow and so is that of T4–6, there-
fore, screw of 3.0 mm in diameter should be applied 
with caution, as such screw may be the only choice 
for the surgery.

CONCLUSIONS
Twenty-four patients were involved in the clinical 

application of the theory, including 17 males and  
7 females aged 18–62 years, among whom one had 
spondyloschisis of C2 isthmus, two had C6–7 fracture, 
one had T4–5 fracture, one had tumour of vertebral 
canal, one had T5 fracture and the remaining pa-
tients had T10–L5 fractures. In all cases, the surgical 
procedures of the transpedicular screw fixation were 

performed, with the reference to the results of our 
measurements. All of the screws chosen for the sur-
geries were suitable except for one which was too 
thin and too loose for T12. The therapeutic efficacy 
was generally satisfying.
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