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SUMMARY: Thoracic pedicles are important during the surgical repair of the thoracic spine deformities. Individuals show
considerable differences in the asymmetric dimensions of the thoracic pedicles across populations. The purpose of tlsiscstudy wa
determine the thoracic pedicle size and angle in adult Malawian cadavers and to suggest the clinical implications assogiatld pa
the transpedicular fixation of spinal deformities. Adult thoracic vertebra from undetermined sex specimens (n=227) frdetathe ske
collection in the Anatomy Division, Biomedical Sciences Department, College of Medicine, University of Malawi were measured to
assess the pedicle width, pedicle height, chord length, transverse diameter, interpedicular distance, transverse aditkagitties.

The mean pedicle width was 4. ¥1.83 mm (left side) and 4.821.77 mm (right side) and the mean pedicle height was +268L mm

(left side) and 12.6& 2.54 mm (right side). The mean transverse pedicle angle was#2.23@ degrees (left side) and 12:4@8.34
degrees (right side). The mean sagittal pedicle angle was 224 degrees (left side) and 9#4Q.76 degrees (right side). The mean
interpedicular distance was 16.62.23 mm. Our sample population generally showed smaller thoracic pedicle dimensions than those
reported in other populations. Prior knowledge of the variations regarding the thoracic pedicle dimensions is vital éominetitst

of the pedicle screw size and design. Most importantly the information helps surgeons during preoperative planning pédiadeans
thoracic spine fixation and radiological interpretation.
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INTRODUCTION

The use of pedicle screws during posterior spindlecause the thoracic vertebral pedicles are smaller in size
fixation has become increasingly common worldwid@and more variable when compared to the standard lumbar
(Chadheet al, 2003; Yuet al, 2014). Pedicle screws offer vertebral pedicles (Patil & Bhuiyan; Sheétyal, 2011).
rigid segmental fixation after decompression and arthrodesis
for various disorders of the spine, including scoliosis, Pedicles are the strongest parts of the vertebra and
spondylolisthesis, fractures, tumour and iatrogenic ahey are seldom impaired even during vertebral osteoporosis
degenerative instability (Patil & Bhuiyan, 2009). Many(McLain et al, 2002; Shettet al). The information about
pedicle screw systems have been developed and theytlad pedicle morphology particularly the length and width
involve the insertion of screws through the pedicle (frordimensions are important as they can be used in the selection
the posterior aspect) into the vertebral body (Morales-Avalasid design of suitably sized pedicle screws for posterior
etal, 2014). The screws enable various devices (plates, ragsnspedicular spinal fixation (Avutret al, 2014). For a
or wires) to be applied to the spine for the purpose ehfe passage through the pedicle, fixation screws require a
immobilisation or fixation (Morales-Avalost al). The use minimum of 0.5mm clearance on each side to avoid
of pedicle screws in the thoracic spine poses a great challepgeforation of the pedicle cortex (Gokoeinal, 2018).
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Several studies have investigated the morphology ahd was approved by the University of Malawi’s College of
vertebral pedicles using differing measurement techniqubtedicine Research and Ethics Committee (COMREC) with
such as direct measurement on dry bones or cadaverglearance number P02/10/872. The study was conducted
measurement on plain radiographs and or computerised adult human cadaveric dry thoracic vertebrae obtained
tomographic scans (Acharga al, 2010; Avuthwet al; Yu  from the Anatomy Division Bone Collection housed in the
et al). Evidence has shown that no significant differencBiomedical Sciences Department, College of Medicine,
exists between data obtained from computed tomograpltaiversity of Malawi. The study sample included only the
scans and direct cadaveric measurements @tah, 1994; vertebra prepared from adult Malawian cadavers. A total of
Maaly et al, 2010). However, significant population and227undamaged and pathology free thoracic vertebrae
ethnic differences in the vertebral pedicle morphometry haebtained from individuals aged between 21-82 years were
been reported (Datir & Mitra, 2004; Tahal, 2004; Lehman selected for the study. The typical osteological features of
Jr.et al, 2014), hence there is a need for tailor-made vertthe thoracic vertebrae were utilised during the correct
bral pedicle screws for specific populations to ensurdassification of the vertebrae.
successful posterior transpedicular fixation. There are no
known studies in the literature on the thoracic vertebrdeasurements.The following parameters were measured
pedicles in Southern African populations includindFig. 1A-E) as described previously (Zindriekal, 1987;
Malawians. Therefore, the present study was conductedWéinsteinet al., 1992).
describe the morphometric characteristics of the thoracic
vertebral pedicles in adult Malawians in order to inform thA. Pedicle height (sagittal diameter) at the isthmus of the
design and size of the pedicle fixation screws to be safely pedicle: This vertical distance between superior and in-
used in adult Malawians during the surgical repair of spinal ferior margin of the pedicle at its midpoint was measured
disorders. using a Vernier calliper.

B. Pedicle width (transverse diameter) at the isthmus of the

pedicle: This distance was measured between medial and
MATERIAL AND METHOD lateral surfaces of the pedicle at its midpoint, at the right
angle to the long axis of the pedicle. The pedicle axis

was defined as a line perpendicular to and bisecting the

The current study was conducted in accordance with narrowest diameter of the pedicle measured using a
the Government of Malawi, Anatomy Act No. 14 of 1990 Vernier calliper.

Fig. 1. Photographs showing the various measurements that were taken on the vertebra. A. Pedicle width, B. Pedicledmesgbts€. T
angle, D. Sagittal angle, E. Chord length and F. Interpedicular distance.
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C. Sagittal pedicle angle: This angle was measured betwe 0 0

—

a line passing through the pedicle axis and superior vt ¢ ; -

tebral margin in the sagittal plane measured using :

goniometer. - -
D. Transverse pedicle angle: this angle was measur |

between the midsagittal plane (line) and the plane (linZ —_ -

meters
30
1

§ 8 = e
bisecting the pedicle measured using a goniometer. - —

E. Chord length (screw path length): This distance wi £ - RS RS —+ 4
measured from the most posterior aspect of the lami — —
cortex to the anterior cortex of the vertebral body alon T T T T
the pedicle axis measured using a Vernier calliper. LChod  RChod  LPHeght ~RPHeght ~ LPWdh  RP.Wdh

F.Interpedicular distance: this is the distance between t ChordLengh, P Helghtand P Widh

medial surfaces of the right and left vertebral pedicles

taken at the level of the isthmus using a Vernier CaIIipe'f.'g' 2. Trends in relationships between left and right chord length,
pedicle height and pedicle width. Shows trends in relationships

etween left (L) and right (R) chord length (red), pedicle height

Da_ta analysis.The Qata were managed |_n Microsoft EXC?Fque) and pedicle width (purple). There is significant difference
(Microsoft Corporation) and analysed using SPSS® versigh the chord length and pedicle widthg05); no significant

21. A p-value <0.05 was considered significant at the 95 fffference in the pedicle height between left and right (p?0.05).
confidence interval. Quantitative data were presented using

descriptive statistics (mean, range and standard deviation).

Univariate analyses of continuous data were performed using  The mean chord length of the thoracic vertebra on

paired sample student t-test to compare mean pedideth the right and left sides was 3G:8834 mm and 30.40

dimensions of the right and left sides. + 4.899 mm respectively. It ranged from 20.00 — 46.00
mm in length. The mean chord length on the left side was
significantly larger than that on the right sides(@.05)

RESULTS (Table | and Fig. 2). The Interpedicular distance ranged
from 12.00 - 23.00 mm with a mean of 1662.22 mm
(Table I).

In the present study, there was a significant
difference in the mean pedicle width between the right As presented in Table | and Figure 3, there was a
(mean: 4.81% 1.7744) and left (mean:4.707 1.840) statistically significant difference in the mean transverse
pedicles (p < 0.001) with the mean on the right side beipgdicle angles between left and right side (p<0.001)
larger than on the left side (Table | and Fig. 2). Pedictanging from 8 - 20 degrees on the left and 9 - 20 degrees
width on both sides ranged from 2.0 - 11.0 mm. The mean the right, with a larger mean on the right side. There
pedicle height on the right and left sides was 122643 was also statistically significant difference in the mean
and 12.63 2.605 respectively but there was no statisticallyagittal pedicle angles between left and right sid@.(b)
significant difference between the sidex(p.05) (Table ranging from 4.00 - 18.00 degrees on both sides (Table |
| and Fig. 2). and Fig. 3).

Table I. A summary of descriptive analyses and comparison of means of the left and right thoracic pedicle width, heigmgyithord
interpedicular distance and the sagittal and transverse pedicle angles.

Variable Width(mm) Height (mm) Chord Length (mm) Sagittal angle Transverse angle Interpedicular

(degrees) (degrees) distance (mm)
Left Right Left Right Left Right Left Right Left Right

Mean 4.707 4.819 12.63 12.46 30.40 30.08 9.24 9.4 12.22 12.46 16.67

Std Deviation 1.840 1.774 2.605 2.543 4.899 4.734 2.665 2.762 2.301 2.341 2225

Std Error 0.122  0.118 0.173 0.169 0.325 0314 0.117 0.183 0.153 0.155 0.148

Mode 4 4 12 12 27 27 8 10 11 11 15

Minimum 2 2 7 7 20 21 4 4 8 9 12

Maximum 11 11 19 19.5 46 46 14 18 20 20 23

P-value 0.001* 0.434 0.001* 0.005%* 0.001*

Remarks S NS S S S

n = 227, * = Significant difference (S), NS = No significant difference.
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o in the American population (Zindrickt al). In addition,
—r— the mean pedicle height of Malawian thoracic vertebra is

: i comparably higher than that observed in the dry bone study
5 pemn B in the Indian population (Patil & Bhuiyan). Clinically, the
- § BN pedicle height like the width dimension influences pedicle
; — screw selection due to the clearance it gives to the surgeon
o | BE at the time of the pedicle aiming (Patil & Bhuiyan). In most
' ' * * studies, it has been established that the pedicle height is
. e LT RATansere always greater than the pedicle width, and the present study
S Taneess fwes corroborates this finding (Berst al, 1987; Lieret al, 2007;
Fig. 3. Trends of relationships between left and right pedicle sagitRaiet al, 2010).
angle and left and right pedicle transverse angles. Shows trends of
relationships between left and right pedicle sagittal angle (yellow) The mean transverse pedicle angle in the pre-sent
and left and right pedicle transverse angles (green). In both pedisigidy is similar to that reported in other populations (Zindrick
sagittal apd transverse angles there is significant difference betvvpeefrhl; Paiet al; Singhet al). The knowledge of transverse
left and right sides &0.05). pedicle angle is important during screw placement as any
inadvertent medial perfora-tion due to wrong placement of
DISCUSSION the pedicle screw can put the spinal cord at risk or cause
vascular injury (Patil & Bhuiyan; Hotchkist al). The mean
sagittal pedicle angle in the present study agrees with the
The current study examined the dimensions of tHedings of a study done on the Indian population (Datir &
thoracic vertebral pedicles of the Malawian population anditra). But the mean sagittal pedicle angle in the present
their implications in transpedicular screw fixations duringtudy is generally smaller than those of Taiwanese and
the surgical fixation of the vertebral spine. Numerous studiédsnerican populations (Zindricgt al; Lienet al; Singhet
reported on the variations of the dimensions of the vertebgdl) suggesting that there are differences in the morphometric
pedicles in various populations, particularly at the thinnedimensions among different ethnic groups. These variations
point on the isthmus (Panjadt al, 1991; Weinsteirt al;  on the mean sagittal pedicle angle could not only bebecauseof
Patil & Bhuiyan; Singhet al, 2011). These dimensional geographical, nutritional and genetic factors, but also due to
variations are population specific and may be attributed ttifferent techniques and methodologies used to assess the
genetic, environmental and regional differences. Suangle. Sagittal pedicle angle is important in accurate screw
variations have profound implications on the diameter gflacement as inferior migration of the screw may re-sult in
the screws to be used during spinal fixation. During spinadjury to the spinal nerve roots.
fixation, the pedicle screw must avoid damaging the cortex
of the pedicle in order to preserve the spinal cord (on the  The present study observed that the mean chord
medial surface) and spinal nerve roots and ganglia (on bdgimgth of the adult Malawians is lower than that reported in
the superior and inferior surfaces) (Patil & Bhuiyan|ndian dry bones (Patil & Bhuiyan) and American cadaveric
Hotchkisset al, 2016). samples (McLairet al). These variations further indicate
population specificity (Table II). In addition, it is
The mean pedicle width of the thoracic vertebrdemonstrated that pedicle dimensions in Koreans, Chinese
reported in the present study is consistent with the findin@ngaporeans and Japanese are generally smaller than in
from an Indian population (Singtt al) but smaller than the populations from the western countries (€l ; Nojiri et
one reported in the American population (Pangtbal). al., 2005; Lehman Jet al). On the other hand, significant
The current observation of the variant mean pedicle widfiedicle size differences between Indian and Caucasian
supports population specificity on this dimension. Duringopulations are also reported (Chadhal ; Acharyeet al).
transpedicular spine fixation, the pedicle width is importarthe mean chord length in the present study is, however, si-
as it determines the diameter of the screw that can balar to the mean chord length reported in a Singaporean
accommodated safely in a pedicle without breaching iopulation (Taret al). The chord length variations per ver-
medial and lateral cortices (Weinstednh al.; Patil & tebral region indicated for the design of screws that avoid
Bhuiyan). perforating the anterior cortex of the vertebra body, which
may lead to injuries of the vital organs and major blood
The mean pedicle height in the present studyessels such as the descending aorta (Lehmatraly. The
corresponds with that reported in a cadaveric study in theean interpedicular distance in the present study is smaller
Indian population (Datir & Mitra) and a radiographic studyhan that reported in the Indian (Datir & Mitra) and French
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Table Il. Summary comparison of Malawian thoracic pedicles with other populations.

Transverse Angle Sagittal Angle

Pedicle width  Chord length

Pedicle height

Specimen Type

Population

Author/year

(Range in mm) (range in degrees (range in degree

(range in mm)
23.4-45.7

40-115

(range in mm)

-7-10
0-31

CT

South Indian
French
Korean

Shettyet al.(2011)

13-23
3-35

5.26-13.72
20-110
20-12.0

3.9-9.7

10.3-19.9
7.0-20.0
5.0-14.8
9.6-19.8
6.9-19.3
6.8-17.2
6.1-15.9
65-24.1
7.0-19.5

Cadaveric

Chayne<t al.(2001)
Kim et al.(1994)

-10-50

23-40

Dry bones

27-51

Cadaveric

American

McLain et al.(2002)
Nojiri et al.(2005)

Paiet al.(2010)

-1-30

-8 40

33.8-43.9
25.7-50.8

Dry bones

Japanese
Indian

8.1-26.5

35-10.6
295-9.93

Cadaveric

-1.57-22.13

-12.3-35.65

21.49-38.93

Dry bones

Indian

Singhet al.(2011)
Yu et al.(2014)

249-12.96
25-12.0
2.0-11.0

Dry bones

CT

American

-7— 32
4-18

-17- 335

8-20

23-61

American

Zindrick et al.(1987)
Curent study

21-46

Dry bones

Malawian

Morphometric description of thoracic vertebral pedicles in adult Malawian cadavers and implications for transpedicular spine

fixation. Int. J. Morphol., 39(6)L575-1580, 2021.

(Chaynest al, 2001) populations. The interpedicular distance determines
the design of the inter-rode support system and also directs the screw path
to avoid damage to spinal nerve roots, dura matter and spinal cord (Patil &
Bhuiyan). It is therefore important to consider population variations during
the designing of pedicle screws to minimize iatrogenic injuries €Tab;

Noijiri et al; Lehman Jret al.).

In conclusion, the current study population showed smaller pedicle
dimensions when compared to other populations. The varying pedicle
dimensions are population specific. Surgeons should, therefore, take this
into consideration during preoperative planning and when choosing
transpedicular screws for use during thoracic spine fixation in adult
Malawians.
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RESUMEN: Los pediculos de las vértebras toracicas son importantes duran-
te la reparacion quirargica de las deformidades de la columna toracica. Los individuos
muestran diferencias considerables en las dimensiones asimétricas de las vértebras
toracicas entre poblaciones. El propdésito de este estudio fue determinar el tamafio y el
angulo los pediculos de las vértebras toracicas en cadaveres de Malawi adultos y
sugerir las implicaciones clinicas asociadas a la fijacién transpedicular de las defor-
midades espinales. Se midieron 227 vértebras toracicas de muestras de individuos de
sexo indeterminado de la coleccion esquelética en la Division de Anatomia, Departa-
mento de Ciencias Biomédicas, Facultad de Medicina, Universidad de Malawi para
evaluar el ancho del pediculo, la altura del pediculo, la longitud, el diAmetro transver-
sal, distancia interpedicular y &ngulos pediculares transversales y sagitales. El ancho
medio del pediculo fue de 4,#11,83 mm (lado izquierdo) y 4,821,77 mm (lado
derecho) y la altura media del pediculo fue de 12,8361 mm (lado izquierdo) y
12,60+ 2,54 mm (lado derecho). El &ngulo pedicular transverso medio fue det12,22
2,3 grados (lado izquierdo) y 12,4&@,34 grados (lado derecho). El &ngulo pedicular
sagital medio fue de 9,242,67 grados (lado izquierdo) y 9,4®,76 grados (lado
derecho). La distancia interpedicular media fue de H6523 mm. La poblacion de
esta muestra mostr6 dimensiones de los pediculos de las vértebras toracicas general-
mente mas pequefas que las informadas en otras poblaciones. El conocimiento previo
de las variaciones con respecto a las dimensiones de los pediculos de las vértebras
torécicas es vital para la determinacion del tamafio y disefio del tornillo pedicular. Lo
mas importante es que la informacién ayuda a los cirujanos durante la planificacion
preoperatoria para la fijacién transpedicular de la columna toracica y su interpreta-
cion radioldgica.

PALABRAS CLAVE: Vértebra toracica; Dimensiones del pediculo; Toni-
llos pediculares; Fijacion espinal; Malauies.
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