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Pedicular and Extrapedicular Morphometric Analysis
in the Korean Population : Computed Tomographic
Assessment Relevance to Pedicle and Extrapedicle
Screw Fixation in the Thoracic Spine
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Objective : To evaluate the anatomical parameters that must be considered when performing thoracic transpedicular or extrapedicular screw
fixation.

Methods : We selected 958 vertebrae (1,916 pedicles) from 98 patients for analysis. Eight parameters were measured from CT scans : the
transverse outer pedicular diameter, transverse inner pedicular diameter, length, angle, chord length of the pedicles and the transverse width,
angle, and chord length of the pedicle-rib units.

Results : The age of the patients ranged from 21 to 82 years (mean : 48.2 years) and there were 57 men and 41 women. The narrowest
transverse outer pedicular diameter was at T5 (4.4 mm). The narrowest pedicle length was at T1 (15.9 mm). For pedicle angle, T1 was 31.6
degrees, which was the most convergent angle, and it showed the tendency of the lower the level, the lesser the convergent angle. The chord
length showed a horizontal pattern with similar values at all levels. For the PRU width, T5 showed a similar pattern to the pedicle width at 13.4
mm. For the PRU angle, T1 was the largest angle at 46.2 degrees and the tendency was the lower the level, the narrower the angle. For chord
length, T1 was the shortest at 46.9 mm and T8 was the longest at 60.1 mm.

Conclusion : When transpedicular screw fixations carried out at the mid-thoracic level, special care must be taken because there is a high
chance of danger of medial wall violation. In these circumstances, extrapedicular screw fixation may be considered as an alternative treatment.

KEY WORDS : Pedicle screws - Extrapedicular screws - Thoracic spine - Pedicle morphology - Spine fixation - Morphology.

INTRODUCTION

Transpedicular screw fixation methods are increasingly
being used worldwide and because transpedicular screws
provide sufficient mechanical strength and pull-out strength,
almost all spinal surgeons currently use transpedicular screw
systems™”. However, the mechanical properties of these
systems vary with regard to individual pedicular anatomy,

especially in pedicle width, length, angle, and chord length”.
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Especially in thoracic spine, the accuracy of pedicle screws
fixation may be prone to be lower than that of the lumbar
spine because of anatomical characteristics. Thus, the
importance of the anatomical morphometric structures of
the pedicle is emphasized®*”. For the purpose of overcom-
ing this weakness and the avoidance the inherent risks of
the conventional approach for pedicle screw placement,
Dvorak et al.” presented an assessment of an extrape-
dicular screw fixation technique in the thoracic spine. But
hitherto, there have been only a few reports about clinical,
radiological and biomechanical results of this techniques.
Thus, the authors measured the anatomical parameters
relevance to pedicle and extrapedicle screw fixations of
Korean populations and compared them with those of
other populations to reveal ethnic characteristics. Also, we
investigated the characteristics and usefulness of extrapedi-
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cular screw fixation in the point of anatomical aspects.

CT scans of the entire thoracic spine using a Philips
scanner (16 slice MX800IDT, Royal Philips Electronics
Inc., Amsterdam, Netherlands) with 2-mm slices were

MATERIALS AND METHODS

reviewed. A gantry was applied in tune with the direction

of the pedicle’s sagittal plane at each level. We selected 958

vertebrae (1,916 pedicles) from 98 patients for analysis.

The age of the patients ranged from 21 to 82 years (mean :
48.2 years) and there were 57 men and 41 women. The age

of the men ranged from 21 to 78 years (mean : 42.8 years)

and that of the women ranged from 24 to 82 years (mean :

Fig. 1. Measurements of parameters related to lengths, which were obtained
from preoperative axial computed tomography scans. A : transverse outer

pedicular width, B : transverse inner pedicular width, C : pedicular length, D :
pedicular chord length, E : extrapedicular width, F : extrapedicular chord

length.

Fig. 2. Measurements of parameters related to angles, which were obtained
from preoperative axial computed tomography scans. A : pedicular angle, B :

extrapedicular angle.
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52.6 years). Included diseases were trauma, tumor, infection,
degenerative and strain. Pathologic spines which were not
able to apply exact gantry were excluded. The regions for
which accurate measurements were impossible due to severe
anatomical distortions were excluded. For each body, five
parameters related to pedicles (transverse outer pedicular
diameter, transverse inner pedicular diameter, length, angle
and chord length) and three parameters related to extra-
pedicular structures (transverse width, angle and chord
length) were measured. Each sides of parameters, mean
values of both sides and standard deviations were determined
separately for males and females. Complete descriptions of
the measured parameters are presented in Fig. 1, 2.

RESULTS

The list of the pedicular morphometric and statistical data

of males and females based on CT measurements is shown
in Table 1. For each level, the means and standard deviations
of males and females went down the lists. The described
values were mean values calculated from both sides of
pedicles because right and left values showed no statistically
no differences. Table 2 is the list of the transverse width,
angle, and chord length of the pedicle-rib unit (PRU) in
the extrapedicular anatomical structure, in the same man-
ner as shown in Table 1. Table 3, 4, and 5 shows the lists of
the comparison studies with the previous data and the
current ones.

We used two sample t-tests for statistical analysis and SAS
version 9.1 as the statistical program. A p-value less than
0.05 was considered statistically significant.

Transverse outer pedicular diameter
For both males and females, T'1 was the widest at 8.4 mm

Table 2. Measurements of extrapedicular anatomic parameters : extrapedicular (pedicle-rib unit, PRU) width, angle, and chord length

Width Angle Chord Length
Level Men Woman Totdl TS Men Woman Totdl TS Men Woman Totdl TS
M O M O M D M SO M O M D M & M SO M D

T 206 214 178 170 193 236 00367 48 702 454 480 462 601 NS 481 326 463 282 469 335 00041
184 14 162 117 174 173 NS 381 780 371 688 376 702 NS 517 383 479 359 499 403 00005
T3 168 181 138 138 149 190 NS 317 676 325 469 321 581 NS 534 382 805 3H4 520 393 00103
T4 142 178 129 131 186 170 NS 200 476 209 508 204 48 NS 56 410 527 373 548 436 00008
™ 144 171 122 206 184 217 NS 22 444 091 457 2092 446 NS 887 412 B47 339 568 425 00003
6 145 216 132 101 139 18 NS 282 401 274 499 278 446 NS 602 455 b6 343 %87 445 00018
7 185 212 136 114 147 2001 NS 274 389 260 436 269 411 NS 621 417 54 319 601 441 <00001
8 160 204 139 147 181 210 NS 271 403 262 475 263 440 NS 619 451 576 321 601 453 <00001
9 167 25/ 150 101 160 225 NS 261 350 243 378 263 369 NS 619 404 573 358 600 447 <00001
To 177 280 160 125 170 224 NS 246 448 282 347 240 413 NS 613 440 50 364 592 484 <00001
T 188 247 163 158 177 246 NS 23 347 20 331 22 337 NS 585 448 530 38 563 503 <00001
T2 200 291 168 176 186 291 NS 209 314 199 332 204 323 NS 566 45 525 436 549 48 00018

Table 3. Comparison of computed tomography-measured pedicular width, angle, and chord length with previously reported data

Transverse Pedicular Width Pedicular Angle Chord Length
Llevel Kai™  Panjub® Nob®  Dati®  Zindrick®  CS Kail? - Panjab®  Nobi?  Dafi®  Zndrick®  C§ Kailn  Dati®  Zindick®  CS
(h=180) (=144 (h=43) (=18) (h=2042) (h=98) (N=180) (h=144) (h=43) (n=18) (h=2042) (h=98) (n=180) (N=18) (N=2236) (N=98)

m 797 85 96 58 19 78 219 271 344 27 266 316 335 311 369 336
7 669 82 64 54 7 69 180 286 310 18 191 214 350 310 357 345
B 53R 68 47 54 56 54 110 194 243 10 146 149 369 288 377 35.1
427 63 37 36 47 47 80 195 240 7 126 126 366 318 385 36.7
™ 482 60 43 40 45 44 65 156 206 5 94 100 373 347 419 403
6 464 60 38 40 52 51 54 164 207 5 96 88 381 36.1 21 26
7 47 59 46 44 53 56 44 207 181 4 87 80 385 368 26 438
8 487 67 48 45 59 6.1 36 196 179 2 81 72 387 398 454 45,1
9 527 77 54 50 6.1 64 28 148 164 2 76 74 386 206 452 465
70 59 90 58 57 63 69 13 124 181 3 46 76 377 388 40 456
m 678 98 86 74 78 78 01 131 185 0 12 72 363 386 418 432
n2 716 87 87 77 71 79 05 98 131 0 42 65 362 401 386 398

CS: current study
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Table 4. Comparison of pedicle width, angle, and chord length with data from studies that were measured from cadavers

Transverse Pedicular Width Pedicular Angle Chord Length
level Dufi®  Hou?  Scoles®  Ugu® Chaynes® Vaccaro® Daniel®  Kim'2  Dati®  Scoles? Chaynes? Vaccaro® Daniel®  Datid  Scoles?  Hou?
h=18) (=25 (=25 =14 (n=14) (O=824) (=6 =4 (=18 (=2 n=14) (n=824) n=6 (n=18) (=25 (=25
1l 73 73 6.7 8.3 81 30 208 215 209 2
7 63 6.2 65 70 6.1 19 173 16.3 209
B 52 39 53 59 60 46 12 153 13 19.2 303 31.6
T4 48 46 54 45 55 42 6 81 14 203 317
47 47 49 44 52 43 4 68 13 198 33.7
6 50 35 49 5.1 46 55 47 3 102 6.7 9 213 348 37.7
7 54 53 5.7 47 60 48 1 72 9 207 344
8 54 5.7 64 5.1 58 51 1 7.1 9 203 347
9 59 60 39 6.2 64 58 58 52 1 92 09 9 200 35 419 436
o 67 70 64 74 6.7 66 6.3 1 77 4 202 360 442
m 82 86 78 93 80 78 79 0 08 1 243 373 446
2 87 88 74 79 89 78 80 79 0 95 2 0 270 433 9.1
and 7.0 mm, respectively. The width gradually decreased
12 Compariion of ransverse pedicuar widh from T1 to T4 until it was the narrowest at T4, and then
10 gradually increased (Fig. 5). The narrowest region was T4
6l (males : 5.5 mm, females : 4.4 mm, total : 4.7 mm), and the
8 o e widest region was T1 (males : 8.4 mm females 7.0 mm). In
i ) — Pongn overall, the region with the greatest mean value was T12
] e DZE" (7.9 mm). Transverse outer pedicular diameter (TOPD)
27 ~ Dk | were larger at every level in males compared with females.
O T T T e e T e T T T We compared our data with the data of previous studies
Level ® (Fig. 3A). All of the data including the current data showed
the similar trend except for the data of Panjabi, which
. . showed generally large values in the upper levels. When the
0 Comparson ofpediedar andle data from cadaveric studies were compared with the current
zg e ﬁginpbi study, all of the data showed similar patterns except for
25 T Daniel’s data.
H S
gl Transverse inner pedicular diameter
2’ In males, the TIPD decreased until T4; it was the smal-
sl 2 B 1M T T LevTe7I B T TIOTIN2 lest at T4 and T, and increased again from T6. In females,
-0 the TIPD decreased until T5, and then steadily increased.
The narrowest region was T5 (males : 3.3 mm, females :
2.7 mm, total : 3.0 mm), and the widest region was T12
. Comparison of pedicular chord lengfh (6.9 mm) for males and T1 (4.8 mm) for females. T12 was
45 the widest in total with a mean of 6.2 mm and T5 was the
;‘2: narrowest in total with a mean of 3.0 mm. TIPDs were
% 2 also larger in males compared with females at every level.
Sl ok Previous studies measured outer pedicular width and very
by =z few measured inner pedicular width, so we could not
5 compare previous data with the current data.
R A A A TR TAR )
Level (©)| Pedicularlength

Fig. 3. Comparison study (measurement from computed tomography scan).
A : Transverse pedicular widths. B : Pedicular angles. C : Pedicular chord
lengths.

The pedicular length tended to increase from T1 to T6,
but it showed a pattern of relatively constant and similar
values after that. The narrowest region was T1 (males : 16.5
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15.3 mm) and the

mm, females :

Table 5. Comparison of extrapedicular width, angle, and chord length with data from studies that
were measured from cadavers

longest region was T6 (males : 19.1

Width Chord Length
mm, females : 17.7 mm). In overall, ) Sogearam e Duniel (cudeve)™ : e
the region with the longest value was RT. n RT. n o n m n
T12 (18.7 mm), and the region with T 193 13 162 %8
the shortest value was T'1 (159 mm) i 173 170 174 176 07 40 2099 500
The pedicle lengths were longer in 1 148 150 149 154 %3 48 50 529
males compared with females at every T4 140 143 136 141 05 02 5438 850
level. ] 135 143 134 140 515 517 5.8 5.9
T6 13.7 14.7 139 145 56.3 530 587 588
Pedicular ang|e il 145 143 147 153 56.3 540 601 602
The region that showed the widest 8 143 145 151 187 %8 %3 €0l 804
angle was T1 (33.2 degrees) for males 1) 158 155 160 164 578 590 600 601
nd T 096 der for ol T W MO M0y s @
was also T1 with a value of 31.6 de- ) (0 165 186 187 05 60 549 550
grees. The pedicular angle gradually
narrowed as the level progressed from
T1 to T12, and it was the narrowest at T12 (males : 6.5 Compatson of fransverse pedicuar width
degrees, females : 6.4 degrees, total : 6.5 degrees). There o
was no significant difference between male and female 94
patients at any level. ) 2 — Dot
Comparing the data of other researchers, the data have 5 ¢ —— Scoles
nearly the same values and trends as those of the present | i: o Eiﬂynes
data (Fig. 3B). When we examined the data of other resear- 2 ] - \égﬁiz?ro
chers who used cadavers, they showed the same trend, except 11 o g’s“
for the data of Daniel and Datir (Fig. 4B). T B u B BT B B o T2
Level @
Pedicular chord length
Chord length of the pedicle is the maximum length of a Comparison of pedicular angle
screw that can be inserted into each pedicle. Therefore, the ®
chord length is referred to as the “maximal pedicle screw zz o
pathway.” This value increased from T1 to T9, and showed § 0] o ook
a decreasing trend from T10 to T12. The shortest region | | - VOCFV;Q,;
was T1 (males : 34.6 mm, females : 31.7 mm), and the o) e
longest region was T9 (48.2 mm) for males and T10 (44.2 5
mm) for females. The region with the longest mean value N e SR S VA =
was T9 (46.5 mm). There was no significant difference noEemomen TéLevZ ®omone e
between male and female patients at any level. The data of
other studies showed nearly identical values and trends as Comparison of pedicular chord length
the current data (Fig. 3C, 4C). o
Extrapedicular width (pedicle rib unit width) . i:
The PRUW is the distance from the pedicle’s medial *é
border to the ribs lateral border. Like the pedicle width, the | £ —— Dair
PRUW decreased from T1 to T4 and T5, and then in- 2] e
creased to T12. The narrowest region was T4 (14.2 mm) for o] — e
males and T5 (12.2 mm) for females, and the widest region T e w6 T 8 T o T T
was T1 (males : 20.5 mm, females : 17.8 mm). PRUWs tevel @

were larger in males compared with females at every level.
There are no PRUW measurements using CT. Daniel’s

Fig. 4. Comparison study (measurement from cadavers). A : Transverse
pedicular widths. B : Pedicular angles. C : Pedicular chord lengths.
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Comparison of extrapedicular width and length

Milimeters

nm »' B ® 1B % 7 18 © N0 MM

Level

n2’

pedicular diameter, and pedicular
length were larger in males at almost

—e— PRUwidih Rt anie) every levels. However, the pedicle
—— PRU width Lt. (Daniel)
—=— PRU width Rt. (CS)
—&— PRU width Lt. (CS)
—*— Exfropedicular chord
length Rf. (Daniel)
—e— Exiropedicular chord
length Lt. (Danieh
—+— Extrapedicular chord
length Rf. (CS)
—=— Exfropedicular chord
length Lt. (CS)

angle and chord length showed no
differences between males and
females, which leads to the con-
clusion that the parameters related to
length, such as the gross measurements
of the body and pedicle width and
length, are proportional to sex, but
the parameters related to angle are not
related to sex. Furthermore, for pedicle
width, which is the most important

Fig. 5. Comparison of extrapedicular (pedicle-rib unit) widths.

ata, which was measured using cadavers, had similar
dat hich d g cad had 1
patterns and trends as the present data (Fig. 5).

Extrapedicular angle

The angle was the largest ac T1 (males : 46.8 degrees,
females : 45.4 degrees, total : 46.2 degrees), and gradually
decreased until T12, where the angle was the smallest
(males : 20.9 degrees, females : 19.9 degrees, total : 20.4
degrees). There was no significant difference between male
and female patients at any level.

Extrapedicular chord length

Extrapedicular chord length increased from T1 to T7, and
then tended to decrease until T12. The shortest region was
T1 (males : 48.1 mm, females : 45.3 mm), and the longest
region was T7 (62.1 mm) for males and T8 (57.6 mm) for
females. The regions with the longest mean value were T7
and T8 (60.1 mm). Extrapedicular chord length was
greater in males compared with females at every level. The
measurement data of Daniel and its trends were similar to
those of the current data (Fig. 5).

DISCUSSION

For the western population, Zindrick et al. first reported
the various parameters of thoracic pedicles by indirect meas-
urements using CT and for the Korean population, Kim et
al. reported direct measurements using cadavers'>*". Altho-
ugh the average height, weight, and BMI may differ by sex
and race, most previous reports calculated the mean values
of the total population without the division of males and
females. Hence, the authors statistically analyzed the meas-
urements of males and females and found that there were
statistically significant differences™. As shown in Table 1,
the transverse outer pedicular diameter, transverse inner

factor for pedicle screw fixation, this
study showed that the width between
the TOPD and TIPD was the narrowest at T, and it was
significantly narrower than other regions by around 5 mm
from T3 to T6. As shown in Tables 3 and 4, this result was
consistent with the results of other researchers, because the
difference is not large, we can say that the region with the
narrowest pedicle width is T4 or T5.

Nowadays, two insertional techniques which have been
frequently performed in the thoracic spine include the
straight-forward technique, in which the sagittal trajectory
of the screw parallels the superior endplate of the vertebral
body, and the anatomical trajectory, which is directed about
22 degrees in the cephalocaudal direction in the sagittal
plane and parallels the anatomical axis of the pedicle. In
both methods, the screws are ideally confined completely
within the pedicle. In the coronal or transverse plane,
pedicle axis varies slightly by level from near straight-
forward at T12 to approximately 25 degrees convergence in
the upper thoracic spine at T1"'%. Contrary to lumbar
pedicle, transverse width of thoracic pedicle is significantly
less than its height and it has less medial inclination. There
is scarcely located epidural space between the dural sac and
the medial wall of the pedicle, but there are a few millime-
ters spaces between the spinal nerve roots and superior or
inferior wall of the pedicle”'*'*'¥. Thus, transverse pedicular
width is more important than pedicular height. When
choosing between two techniques, the posterior surface
landmarks including transverse process, laminar, and facet
joint should be considered'>'®.

The transverse pedicular angle of lumbar vertebrae was
the narrowest at L1 and increased toward L5. However, the
angle was the largest at the upper thoracic (26.6-34.4
degrees) level and decreased toward the lower thoracic level;
it was the narrowest at T11 or T12'%"*%, This angle is in
reverse relation with the lumbar region.

Like the pedicle length, chord lengths are not greatly
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deviated and the relationships are horizontal, as shown in
the graph, which is similar to the reports of other authors.
The range is 28.8 mm to 46.5 mm. It is the shortest at T1
and the longest at T9 and T10. It becomes shorter toward
T12, but it is still longer than in the upper thoracic level .

In the case of extrapedicle parameters, it is not a single
anatomical structure, but a virtual complex structure that con-
sists of ribs and pedicles. This is referred to as the PRU'".
In this study, we observed the interesting results that are
different from the results of pedicles. Like the pedicle
width, the PRU width was the narrowest at the T4 and T'5
levels. As shown in the graph, the pattern is similar to that
of pedicle width, but the gaps between the levels were
smaller than those of pedicle width. This was very similar
to the direct measurements of cadavers by Daniel, as was
the difference between left and right. The transverse angle
of the PRU was the largest at T1 and decreased as the
thoracic level descended. The chord length of the PRU was
the shortest at T1 and gradually became longer, reaching
the maximum at T7 and T8, after which it gradually
became shorter. The width and angle of the PRU were not
different between males and females, but males appeared to
have a greater chord length. This is the difference in the
analysis results for various parameters between the pedicles
and PRU.

There are a few requirements for screw placement to
maintain better stability. The screw diameter must be
larger, the screw length must be longer, or the screw inser-
tional angle must be more convergent. When we compare
the data of various investigators including current study, the
probability of the medial wall violation is high during
pedicle screw fixation because the pedicles between T3 and
T7 are very narrow. To avoid violation, screws with smaller
diameters and less convergent angles must be selected, and
this is likely to lower the mechanical and pull-out strength.

To overcome this circumstance and avoid the violation by
pedicle screws, extrapedicular screws fixation was intro-
duced and has been performed in selected cases. Hitherto,
extrapedicular screws fixation is unfamiliar to the spine
surgeons. But, based on various anatomical and biome-
chanical studies, extrapedicular screws fixation maybe a
helpful alternative technique in the very narrowed pedicles,
especially mid thoracic spine. It provides a larger screw
diameter, longer screw length and more convergent angle.
Because of these reasons, this technique may be considered
as another method of salvage of a failed/violated pedicle”.

Some studies revealed that the biomechanical strength of
the extrapedicular screw fixation was not inferior to that of
the intrapedicular screw fixation. Dvorak et al.” reported
rhat the biomechanical superiority of the extrapedicular

screw fixation compared with intrapedicular screw fixation
was ascertained. This insistence was due to additional sites
of cortical bone purchase and the increased length of the
screws. Also, this technique provided longer screw distance
and reduction risks for violation of neurologic structures.
However, they concluded that the posterior element ana-
tomy was too variable to allow for a standardized insertion
technique and that clinical application of this technique
should be considered with cautious optimism in clinical
circumstances in which conventional insertion techniques
are not infeasible. On the other hand, Morgenstern et al."”’
found no difference in range of motion in the thoracic
spine constructs from T4-T8 when using either technique.
Extrapedicular screw constructs averaged about 75% of the
strength of transpedicular screws in this study and from a
biomechanical standpoint, was second only to that of
intrapedicular screw fixation when instrumenting the
thoracic spine. White et al.*® came to a conclusion that
transpedicular screws are biomechanically superior to the
extrapedicular screws, bu, this difference, however, was
small. Extrapedicular screws offer a useful alternative when
anatomy dictates their use with other screws in a segmental
spinal construct when anatomy precludes safe, traditional
placement. Previous investigations showed that biome-
chanical strengths of extrapedicular screws were not much
behind those of transpedicular screws.

CONCLUSION

The anatomical parameters of the pedicles and extra-
pedicles of thoracic vertebrae appear to differ greatly by
level, but exhibit a certain pattern or trend described as
above. The parameters related to length are different
between males and females with males having larger values.
There is no difference in the angle-related values between
males and females. In the mid-thoracic level, special care
must be taken during pedicle screw fixation because the
transverse pedicular width is very narrow. Particularly for
females, more attention should be given. In this circum-
stances, extrapedicular screws fixation would be considered
as an alternative.
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