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Morphometrics of T11-L5 Vertebrae in Jordanian Population:
CT Scan-Based Study
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SUMMARY: The study will provide information on the morphometrics of the vertebrae, which can be used to guide clinicians
on the appropriate size of transpedicular screws to use in spine interventions among the Jordanian population and foe ctudipes ati
with other races. A retrospective analysis of normal CT scans of the lumbar and thoracolumbar areas was done. Linear and angula
measurements of 336 vertebrae were collected for 25 males and 23 females. The results were compared between right and left and
between both sexes. The L5 has the longest AVBH and the shortest PVBH in both sexes, it also, had the shortest andlaidest pedic
both males and females. ratio of the AVBH to PVBH showed progressive increase in both sexes from T11 to L5. Similarly, the VBW
increased progressively from the top to the bottom in both sexes, but it was significantly different between both sexesastie L1
most cranially oriented vertebrae in males while the L2 showed the most cranial orientation in females. Both sexes L5ostas the m
caudally oriented vertebrae. This study provides a database for vertebral morphometrics in the Jordanian populatioslighere are
differences between the right and left side in the upper studied vertebrae (T11-L2) and some measurement showed sigraficast dif
between males and females. These findings need to be taken into consideration when inserting pedicle screws.
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INTRODUCTION

Spinal fusion is one of several interventions used hyompromise the biomechanical stability of the construct and
spine surgeons to treat the widely diverse spinal pathologiéise patient clinical outcome adversely (dtral, 2017).
this includes degenerative disease of the spine, tumors,
infection, spinal deformity, spinal injuries, and instability. Various intra-operative imaging techniques advances
Though there have been several additions to the posterior splmale improved the accuracy of pedicle screws insertion (Mason
fusion like anterior, lateral, and oblique interbody fusions oveat al, 2014). However, the free hand technique and intra-
the last few decades (Reisereal, 2020), the use of pedicle operative fluoroscopy are the low-cost options available in
screws as primary fusion technique or to supplement othmany middle- and low-income countries (deal, 2022).
methods of fusions remains the gold standard particularly Accurate and safe screw placement are mandatory to improve
the thoraco-lumbar spine. the clinical outcomes, improve fusion rates and avoid
complications, this is extensively reliant on a deep knowledge
The estimated number of elective lumbar fusion hasf the radiological and surgical anatomy of the thoracolumbar
increased by 63 % between 2004 and 2015 in the United Stategebrae.
(Martin et al, 2019). With estimated incidence of pedicle
screws misplacement of 15 % utilizing free hand technique This study aims at understanding the morphological
(Hicks et al,, 2010). In addition to risk of injury to nervousfeatures of thoraco-lumbar vertebrae from CT scan images in
tissue and major vascular structures, with its catastropttite Jordanian population, and to create a database for
results, from mal-positioned pedicle screw, it may alsoomparison with other races and populations.

1 Department of Special Surgery, Faculty of Medicine, The Hashemite University, Az-zarga —Jordan.
2 Prince Hamza Hospital, Amman, Jordan.
3 Faculty of Medicine, The Hashemite University, Az-zarqa-Jordan.

Received:2023-06-16  Accepted: 2023-07-22

1330



AL-MOUSA, A.; LUAY ABU ALIA1,2; IBRAHIM ELHAJ3 & YAZAN ALDARAWI. Morphometrics of T11-L5 vertebrae in Jordanian population: CT scan-based Study.
Int. J. Morphol., 41(5)L330-1335, 2023.

MATERIAL AND METHOD
- Anterior Vertebral Body Height (AVBH) measured at the
mid sagittal plan.
This is a retrospective analysis of thoraco-lumbar CTPosterior Vertebral Body Height (PVBH) measured at the
scans from patients who underwent imaging for variousmid sagittal plan.
indications. The study was approved by the institutionalVertebral Body Width (VBW): The widest part of the ver-
review board and all patient information was de-identified tebral body at the mid pedicle level.
to protect patient privacy. - Angle of upper end plate of vertebral body with Horizon-
tal line in the midsagittal plan, (Angel of Vertebral Body
Adult patients (aged 18 years and older) who Orientation (AVBO))
underwent Thoraco-lumbar CT scan and included vertebralner cancellous pedicle height.
(T11 to L5) with good quality images, no abnormal findings Outer cortical pedicle height.
and minimal artefact were included in this study. ThePedicle width.
following were excluded from analysis A) Patients with Angle formed by the longitudinal trajectory of the right
congenital spine anomalies. B) Patients with previous spinalnd left-sided pedicles and the midline anteroposterior axis
surgery. C)Patients with spinal trauma. of the vertebra (Pedicle Axis Angle (PAA)).
- Postero-anterior Trajectory’s Length of the Pedicle from the
A total of 336 vertebrae CT scan images were hypothetical entry point of the screw to the anterior cortex
reviewed, the images were obtained by 16 row multidetectoof the vertebra (PTLP) for the right- and left-sided pedicles.
CT scanner (Philips brilliance), Allimages were obtained at
2 mm slice thickness, The following measurements were All measurements were obtained by two independent
documented by a dedicated workstation using pictubservers, Intra- and inter-observer reliability was assessed
archiving and communication system (Fig. 1):

Theangle of upper e
vertebral body with Horizontal line Outer Inner

cortical cancellous
pedicle pediclgsheight
height ’

Fig. 1 lllustrates the different measurement calculated on lumbar CT scans. a) Midsagittal cut showing orange line
AVBH, red line shows PVBH, and white line shows the angle formed by the superior endplate and a horizontal line b)
coronal views at the mid pedicle level solid yellow line shows the outer cortical pedicle height, dashed yellow line
shows the inner cancellous pedicle height. ¢) Sagittal view showing the mid pedicular level at which measurements
are taken. d) axial views, light blue line shows the pedicle width, dark blue line shows (VBW), solid green line shows
PTLP, PAA is shown by the angle formed by the dashed and solid green lines
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using intra-class correlation coefficient (ICC), Any Though VBW increased gradually from T11to L5 in
discrepancies between the two observers were resolveddngh sexes ranging between (3.79 cm to 5.15 cm) for males
consensus. The data was analyzed using SPSS versiora@8 (3.17 cm to 4.75 cm) for females and the VBW was
(IBM Corp., Armonk, NY, USA), student's t-test was usegignificantly larger in males (p value <.05), the overall
to compare the morphometric parameters between timerease in the VBW was 1.5 more times in females in
different levels of the lumbar spine, and between males acdmparison to 1.35 in males. The p-values were significant
females. And a p-value <0.05 was considered statistically0.05) at each level when comparing male to female.
significant.
For males, the most cranially oriented vertebrae were

the L1 with a mean angle of (9.43D+4.98), compared to
RESULTS the L2 in females which had and angle of (158+5.1).

Whilst both males and females had the L5 vertebrae as the

most caudally oriented vertebrae with mean angles of (-14.2
Vertebral body measurementsThe AVBH was the longest SD+7.4) and (-15.63 SD+7.42) for males and females
at L5 level for both males (2.7 cm $@23) and females respectively. Statistical difference between males and female
(2.65 cm S0.26) which also, was found to have thewvas seen between T11 and L2 with a p value <0.05, this
shortest PVBH at (2.34 cm 3D.24) for males and (2.23 statistical significance is lost between L3 and L5. The Ver-
cm Sx0.25) for females. While the T11 showed the shortettbral body measurements are summarized in Table I.
AVBH in both males and females (2.22 cm+R018) and
(2.1 cm (SI20.2) respectively, the L2 level showed the Trajectory length and axial angle: The longest PTLP
maximum posterior height in males (2.87 cmtB[22) and was found at the level of L2 for both males and females at a
(2.7 cm S30.19) in females. The ratio of AVBH/PVBH mean of (5.68 cm S[x.43) and (5.39 cm SB42)
showed progressive increase from the level of T11 to L5,riéspectively. While male shortest mean of PTLP was (5.18
ranged between (.88 to 1.16) in males and (.9 to 1.19)ém SDt0.59) at the level of T11, female shortest PTLP was
females. The ratio was almost equal to one at the level of B T11 with a mean of (4.68 SD.51). While there was no
in males and L3 in Females. A significant difference betweestatistical evidence of differences between the right and the
both sexes in the PVBH was maintained from T11 to L3 ardft side in both sexes, there was significant differences
lost afterwards, while the AVBH was different between T1{p<0.05) between males and females noted at all levels except

and L1 only. for the T12 and L3.
Table I. Summarizes Vertebral body dimensions.
Ti1 Ti2 L1 L2 L3 L4 L5

Male Female Male Female Male Female Male Female Male Female Male Female Male
VBW 3.63 3.17 3.79 3.38 3.92 3.45 4.03 3.63 4.27 3.82 4.61 4.17 5.15
(cm) (£0.33) (+0.26) (+0.35) (+0.3) (+0.32) (+0.33) (+0.35) (+0.31) (+0.32) (+0.31) (+0.36) (+0.42) (+0.44)
AVBH 2.22 21 2.37 2.25 2.53 2.42 2.69 2.6 2.66 2.6 2.61 2.62 27
(cm) (+0.18) (0.2) (#0.21)  (x0.17) (#0.2) (+0.15)  (x0.22)  (*0.17)  (¥0.23)  (¥0.22)  (*0.24)  (¥0.27)  (x0.23)
PVBH 2.53 2.34 2.72 2.52 2.84 2.67 2.87 2.7 2.78 2.6 2.6 2.52 2.34
(cm) (£0.15) (+0.22) (+0.2) (+0.19) (+0.26) (+0.18) (£0.22) (+0.19) (+0.25) (+0.18) (+0.27) (+0.22) (+0.24)
Ratio: AVBH 0.88 0.9 0.88 0.9 0.9 0.91 0.94 0.97 0.96 1 1.01 1.04 1.16
/ PVBH
AVBO 4.85 7.5 7.24 10.88 9.47 123 8.43 11.5 4.97 7.42 -3.04 -4.96 -14.2
(degrees) (£3.96) (+4.84) (+4.15) (+6.65) (+4.98) (+4.7) (x4.44) (+4.06) (+3.76) (+4.94) (+6.04) (+3.87) (27.4)

VBW: Vertebral Body Width in CM, AVBH: Anterior Vertebral Body Height in cm, PVBH: Posterior Vertebral Body Height in cm, AXig§ei of
Vertebral Body Orientation in degrees.

The PAA showed a significant difference(p<.05) irPedicle Morphometrics:In males the L4 and L5 equally had
the upper four levels (T11-L2) between the left and the rigttie shortest pedicles as measured by the outer cortical height
side, but these differences completely dissipated at the lovegr both sides right and left with average height of (1.38 cm
levels(L3-L5), however, there was no differences betwee3Dz+ 0.21), the L5 was the shortest for females with an avera-
males and females. The widest PAA was at the level of Ige height of (1.28 cm SD18). Again, the L5 showed the
in males (24.59SD+4.33) and females (25.25D+5.34), shortest inner cortical height for both males and females with
in contrast the T11 had the narrowest angle among ath average of (.72 cm S2) and (.68 cm SB.15)
vertebras and in both sexes with a mean of (21S823.42)  respectively. Nonetheless, the L5 had the widest pedicle for
in males and (11.69SD #4.2) in females, results are all sexes and in both sides, it had an average width of (1.51
summarized in Table II. cm SDt.31) in males and (1.39 cm %24)in females.
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Table Il. Summarizes trajectory length and axial angle, both PAA and PTLP for both sexes and sides.

Ti1 T12 L1 L2 L3 L4 L5
Male Female Male Female Male Female Male Female Male Female Male Female Male

PTLP 5.24 4.75 5.42 5.13 5.69 5.21 5.72 5.41 5.51 5.22 5.37 4.97 5.28

(Left, cm) (+0.56) (+0.48) (+0.6) (0.57) (+0.39) (+0.43) (+0.45) (+0.41) (+0.6) (£0.5) (+0.49) (+0.45) (+0.4)

PTLP 512 461 5.21 5.03 5.62 51 5.64 5.37 557 531 5.26 5.01 5.22
(Right, cm) (+0.62) (+0.54)  (x0.62)  (x0.56) (0.46) (x0.52)  (x042) (£0.44)  (x0.55) (x055)  (x0.53)  (+0.48) (0.37)
PAA 13.53 13.78 13.22 13.94 13.76 13.75 13.82 14.42 16.03 15.62 18.91 19.13 25.39
(Left, Degrees) (¥3.42) (#391)  (¥2.43) (£5.17) (+2.75) (+4.17) (¥2.91) (+2.31)  (*3.05) (£2.15)  (+3.49) (£¥2.14) (+4.72)
PAA 10.31 9.59 11.26 10.41 11.53 11.53 12.63 12.02 14.58 14.44 18.5 18.27 238
(Right,Degrees) (£2.59) (#341)  (+3.69) (£4.29) (+4.06) (+3.38) (£4.49) (#3.7) (£3.71) (£3.06) (+4) (+2.36) (+3.83)

The T11 had the highest pedicle in both measurememtsdicle height, while there was a significant difference
of inner and outer cortical heights for both males and femalbstween sexes in the outer pedicle height for T11 to L3, this
with an average outer cortical height of (1.7 cmxSD) for  difference was limited to T11 and T12 when measuring the
males and (1.55 cm S[19) for females, while it averagedinner cortical height. The left pedicle width showed a
on the measurement of the inner cortical height at (1.03 @tatistical difference between males and females (p<.05) at
SD+.19) in males and at (.92 cm $26) in females. While L1 to L4, on the right-side pedicles a similar significance
the narrowest pedicle in both males and females coincideds seen at T12, L1 and L4 (Table IlI).
at the L1 with a mean of (.75 cm $9) for males and (.61
cm SDt.18) for females. Reliability studies: Intraclass correlation coefficient (ICC)
ranged from .867 to .977, The angular measurements showed

There was no statistical difference between right dhe lowest ICC intra rater reliability compared to length
left side regarding pedicle width neither to inner or outaneasurements which all showed results above.93.

Table Ill. Summarizes pedicle morphometrics, including the outer cortical pedicle height, inner cancellous pedicle heididlend p
width for both sides and sexes.

Ti1 T12 L1 L2 L3 L4 L5
Male Female Male Female Male Female Male Female Male Female Male Female Male

Left outer 1.7 1.56 1.69 155 1.62 15 1.59 1.41 151 1.39 1.38 1.32 1.38
cortical (#0.17) (+0.19) (+0.16) (+0.15) (x0.17) (+0.15) (x0.22) (+0.13) (x0.2) (0.13) (x0.21) (+0.15) (x0.21)
Right outer 1.7 1.54 1.67 1.55 1.61 15 157 1.4 15 1.38 1.37 1.31 1.37
cortical (0.17) (+0.19) (+0.15) (+0.16) (+0.18) (+0.15) (+0.22) (+0.14) (+0.2) (£0.12) (+0.22) (+0.15) (+0.21)
Leftinner 1.03 0.93 1.05 0.93 0.95 0.9 0.85 0.75 0.86 0.78 0.81 0.73 0.73
cortical (+0.19) (+0.16)  (¥0.21)  (¥0.19)  (#0.22)  (#¥0.12)  (¥0.21)  (+0.14)  (0.23) (#0.13)  (x¥021)  (x0.15)  (+0.19)
Right inner 1.03 0.92 1.02 091 0.93 0.88 0.83 0.75 0.84 0.77 0.78 0.75 0.72
cortical (+0.2) (+0.16)  (#0.23)  (¥0.23)  (¥0.23)  (#¥0.13)  (¥022)  (+0.14)  (0.23) (#0.14)  (x022)  (+0.14) (+0.2)
Left pedicle 0.84 0.71 0.85 0.72 0.76 0.63 0.8 0.68 0.95 0.81 12 1.01 1.56
width (+0.25) (+0.25) (+0.26) (£0.23) (+0.17) (+0.18) (£0.22) (*0.15) (+0.24) (+0.18) (+0.27) (+0.16) (+0.31)
Right pedicle 0.78 0.69 0.82 0.68 0.74 0.6 0.74 0.65 0.92 0.8 114 0.99 1.46
width (+0.24) (+0.25) (+0.21) (£0.2) (x0.2) (x0.18) (x0.22) (+0.16) (+0.24) (+0.18) (x0.24) (+0.15) (+0.33)
DISCUSSION

Excluding non-elective spinal fusions, the numbestability of the construct and patient clinical outcomes.
of elective spinal fusion has increased by 63 % over ti8afeand accurate positioning of pedicle screws is crucial to

period of eleven years in the United States (Maatial,
2019). This is likely to apply to the rest of the world andascular or neural injury (Modit al, 2008).
particularly in low to middle income countries. Pedicle

screws for posterolateral fusion or to augment interbody
fusion is becoming a standard of care in degenerative spiystematic review, comparing studies using free-hand
disease, especially in spondylolisthesis, recurrent disechnique, Fluoroscopy aided, CT navigation and

herniation, deformity and unstable spinal fractures.

prevent disastrous complications perioperatively like

In 2012, Gelaliset al. (2012) confirmed in a

fluoroscopy-based navigation, the superiority of navigation-
based techniques over free hand and fluoroscopy aided
The lumbar spine is by far the most common site faechniques. Though the cost of navigation, robotic or

degenerative disease of the spine. Patients do present wiimplate assisted pedicle screws insertion maybe offset by
different symptoms including low back pain, radicular pairmeducing the rate of complications, hospital stay and re-
lower limb weakness and neurogenic claudicatioroperation rates, but the capital investment in such
Accurately placed pedicle screws improve the biomechanidachnologies remains out of reach of many centers in the
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world particularly in low to middle income countries.similar reported finding, nor a clear explanation for this
Nonetheless and despite Gelatsal (2012) findings free difference.
hand techniques and fluoroscopy assisted pedicle screws
insertion remain the main techniques for implantation of The longest PTLP was found at L2 in both males and
pedicle screws world (Faldiret al, 2021).Vertebral females, it is similar to the findings in the Turkish male
morphometrics varies among different ethnic groupgopulation, but different in females where the L3 showed
significantly and a thorough knowledge of the lumbathe longest PTLP. For the Greek population the L4 was found
vertebrae morphometric in different populations is of essenttehave the longest PTLP according to Grigaal (2019).
to reduce complication rates and improve clinical
outcomes(Christodoulcet al, 2005; Dzierzanowskat al, Despite its merits this paper is limited by the fact it
2019).there is no previous studies which describe thesmas carried on non-pathological CT scans, which is not
measurement in the Jordanian population and this will Ibgpical for patients who needs surgical intervention and thus
the first to report these results. we are not aware of the implication of pathologies
particularly the degenerative disease of the spine, Also, due
Previous report by Grivast al (2019) on the Greek to the limitation on the sample size we were not able to clarify
population found the longest AVBH to be at the L5 levehge related changes on the spine.
with a mean of (2.85 cm SI255) for males and (2.7 cm
SD+0.23) for females, this is in comparison with (2.7 cm
(SD+£0.23)) for Jordanian males and (2.65 cm£8R26)) CONCLUSION
for Jordanian females . When compared to our studied levels,
the L5 will also have the shortest PVBH in both populations.
The ratio of AVBH/PVBH progressive increase from top to In conclusion, This study reports the radiological
bottom would reflect the contribution of each vertebral bodyarametric characteristics of the thoraco-lumbar (T11-L5)
morphology to the normal lumbar lordosis. The anglepine of the Jordanian population based on non-pathological
between the superior end plate and the horizon whicomputed tomography, with no significant differences noted
contributes to the lumbar lordosis was widest in both tifeom published literature.
Jordanian and the Greek at the L5 and in both populations
the angle was wider in females, this is likely to be explained
by the fact that females has a greater sacral slope compakédMOUSA, A.; LUAY ABU ALIA1,2; IBRAHIM
to males (Baileyet al., 2016). ELHAJ3 & YAZAN ALDARAWI. Morfometria de las vér-
tebras T11-L5 en una poblacion jordana: Estudio basado en
The pedicle width is a major determinant to théomografia computarizad#nt. J. Morphol., 41(5)L330-
diameter of the screw a pedicle can accommodate. The widE385, 2023.
pedicle was found at L5, this is consistent with previous
studies of the Greek, American and Turkish populations RESUMEN: Este estudio proporciona informacion
(Zindrick et al, 1987; Gulegt al, 2017; Grivaset al, sobre la morfometria de las vértebras, la cual puede ser uti-
2019).The height of the pedicle, both the outer cortical afidada por los médicos oara determinar el tamafio adecuado
inner cortical, was inversely related to the level, with thde los tornillos transpediculares a utilizar en intervenciones
T11 has the tallest pedicle of all vertebrae in males ané columna en la poblacién jordana y para estudios compa-
females and on both sides right and left. This is agarativos con otras grupos. Se realizé un analisis retrospecti-
consistent with Grivast al (2019) findings of the Greek vo de tomografias computarizadas normales de las areas
population when similar levels are compared. lumbar y toracolumbar. Se recogieron medidas lineales y
angulares de 336 vértebras de 25 hombres y 23 mujeres.
The PAA is fundamental to the screw insertiorLos resultados se compararon entre vértebras derechas e iz-
trajectory, the finding did not differ from our clinical practicequierdas y entre ambos sexos. La L5 tiene el AVBH mas
where we do 15,20- and 25-degrees medial angulationlatgo y el PVBH mas corto en ambos sexos, también tenia
L3, L4 and L5 respectively on screw implantation. Howevegl pediculo mas corto y mas ancho tanto en hombres como
between T11 and L2 we do symmetrical angulation on tle® mujeres. La relacion de AVBH a PVBH mostr6 un au-
right and left between 10 -15 degrees, to our surprise thrento progresivo en ambos sexos de T11 a L5. De manera
PAA was significantly wider on the left compared to thesimilar, el VBW aument6 progresivamente de arriba hacia
right between T11 and L2 with a p-value <0.05, a findingbajo en ambos sexos, pero fue significativamente diferente
that need to be taken in consideration when inserting pediclettre ambos sexos. La L1 fue la vértebra mas orientada
screws. In our literature search, we were not able to findceanealmente en los hombres, mientras que la L2 mostré la
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orientacion mas craneal en las mujeres. En ambos sexogvain, B. I; Mirza, S. K.; Spina, N.; Spiker, W. R.; Lawrence, B. &
fue la vértebra mas orientada caudalmente. Este estudio proBrodke: D. S. Trends in lumbar fusion procedure rates and associated
. . hospital costs for degenerative spinal diseases in the United States,
porciona una base de datos para la morfometria vertebral ey, 1 2015spine (Phila Pa 1976), 44(359-76, 2019.
la poblacion jordana, donde existen ligeras diferencias eWason, A.; Paulsen, R.; Babuska, J. M.; Rajpal, S.; Burneikiene, S.;
tre el lado derecho e izquierdo en las vertebras superioresNelson, E. L. & Villavicencio, A. T. The accuracy of pedicle screw
estudiadas (T11-L2). Algunas mediciones mostraron dife- g';‘;eemggg)fg‘g'ng;aoz%elrz“"e image guidance sysfesurosurg.
rencias significativas entre hombres y mujeres. Estos hasqi N suh, S. W.: Femandez, H.: Yang, J. H. & Song, H. R.

llazgos deben tenerse en cuenta al insertar tornillos Accuracy and safety of pedicle screw placement in neuromuscular

pediculares. scoliosis with free-hand techniqugur. Spine J., 17(12)686-96,
2008.
. . i . Reisener, M. J.; Pumberger, M.; Shue, J.; Girardi, F. P. & Hughes, A. P.
PALABRAS ,CLAVE' Pediculo; Morfomet”a Trends in lumbar spinal fusion-a literature revidwSpine Surg.,
lumbar; Jordania; Vértebra lumbar; Estudio basado en 6(4):752-61, 2020.
tomografia computarizada. Zindrick, M. R.; Wiltse, L. L.; Doornik, A., Widell, E. H.; Knight, G. W,;

Patwardhan, A. G.; Thomas, J. C.; Rothman, S. L. & Fields, B. T.
Analysis of the morphometric characteristics of the thoracic and lum-
bar pediclesSpine (Phila Pa 1976), 12(260-6, 1987.
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