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					Abstract  

					Context: Precise anatomical knowledge of lumbar pedicle dimensions is necessary to make a clinical diagnosis of lower back pain, and any  

					structural deviation of the pedicles may result in interference with the weight transmission mechanism and compression of neural structures.  

					Aim: To evaluate the morphometric dimensions of lumbar vertebral pedicles among normal adults in Kano by using computerized tomography  

					scan images. Materials and Method: This was a hospital-based cross-sectional study that was conducted in the radiology department of  

					Aminu Kano Teaching Hospital (AKTH). This study was conducted over 1 year and included 110 adults aged 18–75 years involving both  

					sexes in Kano, using their CT scan images from L1 to L5, following IRB ethics approval. Each vertebral pedicle was measured in transverse  

					and sagittal planes. The measurements included the pedicle width (PW), sagittal pedicle height (SPH), and the pedicle chord length (PCL) of  

					individual pedicles. The mean and standard deviations for each measurement parameter were determined, and parametric correlation tests were  

					performed to determine the relationships between age, sex, and ethnicity. Statistical Analysis Used: Data analysis was performed using the  

					statistical software package IBM SPSS Statistics version‑23 for Windows. The signiﬁcance level was considered at P < 0.05. Results: Mean  

					PW size increased craniocaudally along the lumbar spine from L1 (7.49 ± 1.52 mm) to L5 (14.31 ± 1.93 mm). Agradual decrease in mean SPH  

					sizes from L1 (14.53 ± 1.32 mm) to L5 (11.73 ± 1.38 mm) was noted, while mean PCL showed an irregular “U” pattern, with the smallest size  

					at L4 (44.63 ± 3.42 mm) and highest at L2 (46.80 ± 3.85 mm). All measured dimensions were signiﬁcantly higher in the right pedicles and  

					among male subjects (P < 0.05). Age and ethnicity did not consistently aﬀect pedicle dimensions (P > 0.05). Conclusion: This study observed  

					right pedicle dimensions and male subjects as having signiﬁcantly larger pedicle diameters, with age and ethnicity not having a signiﬁcant  

					eﬀect on pedicle sizes across all vertebral levels.  
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					The pedicle of the lumbar vertebra is the junction between  

					introduction  

					the posterior and the anterior constructs of the spine and  

					To ensure eﬀective surgical anatomy practice, individuals  

					forms the strongest part of the lumbar vertebra. The pedicle  

					must have an intimate knowledge of spinal anatomy and be  

					is short and thick and is made of entirely cortical bone with  

					able to localize the bony and neural structures accurately. This  

					a small core of cancellous bone.[3] The upper margins form  

					usually requires a melding of directly visualized anatomic  

					the superior vertebral notch, and the lower margins form  

					landmarks, proprioceptive feedback, and radiographically  

					the inferior vertebral notch, with both contributing to  

					acquired data.[1]  
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					The lumbar vertebrae are the third of the craniocaudal order of  

					arrangements of the bony spinal vertebral column consisting of  

					ﬁve serially arranged vertebral bodies on the lower aspect of  

					the human spine and happen to be the most mobile portion of  

					the entire vertebral column and accounting for approximately  

					12% of overall body length.[1,2]  
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					corresponding intervertebral foramen.[3] As the pedicle is  

					the sample size formula for descriptive study and adjusted for  

					a ﬁnite population of <10,000 without replacement as shown  

					below.[8,9]  

					the strongest part of the lumbar vertebrae, it acts as a strut  

					to transmit compressive forces and muscular movements  

					between the body and neural arch, in which it serves as  

					a beam connecting the anterior and posterior columns of  

					the spine.[3] In addition, the pedicle is a key element for  

					the surgical management of lumbar spinal disorders due  

					to the use of pedicle screws as the mainstream for lumbar  

					fusion surgeries.[3] The ﬁxation of the lumbar spine is  

					needed for various spinal problems such as fractures in  

					the lumbar spine, resection of tumors in vertebral bodies,  

					gross spondylolisthesis, and lumbar instabilities.[3,4] In  

					addition, the pedicle serves as the main access port for  

					surgical procedures performed in the vertebral body, such  

					as biopsies, vertebroplasties, and kyphoplasties.[5]  

					Z2 pq  

					d2  

					n =  

					Where:  

					•ꢀ n = minimum sample size  

					•ꢀ Z = Percentage of the standard normal distribution curve,  

					which deﬁnes 95% conﬁdence interval and equals to 1.96  

					•ꢀ p = Expected prevalence in the target population estimated  

					to have a particular characteristic. No reasonable estimates  

					of 50% (0.5) were used.  

					•ꢀ q = complementary probability, which equals to 1 − p  

					•ꢀ d = Relative precision level, which is 5% and equivalent  

					to 0.05.  

					Furthermore, the inherent racial variations in human  

					skeletal morphology have long been well known; hence, the  

					morphometry of the pedicle also varies from population to  

					population. Even within the same population, anatomical  

					variations have been reported on the pedicle shape, size, and  

					angulation within diﬀerent sex, race, and ethnic and regional  

					groups.[3]  

					Therefore, n = 1.962 × 0.5 × 0.5/0.052  

					= 384.16  

					Rounded up to n = 385.  

					•

					Using the ﬁnite population correction formula to estimate  

					the sample size (used for sampling from a population less  

					than 10,000 without replacement):[9]  

					N0 = n × N/  

					The present study was computed tomographic scan-based,  

					which has been recognized as an excellent method of assessing  

					pedicle morphometry for the measurement of relevant lumbar  

					pedicle parameters.[6,7] It also attempted to deduce more  

					generalized and valid data on lumbar pedicle morphometry  

					in the Hausa Fulani population of northern Nigeria by  

					comparing it with available literature. This can be used for  

					the development and fabrication of ethnic speciﬁc implant  

					devices and will assist in reducing inadvertent surgical errors  

					on account of variations in anatomy despite proper surgical  

					techniques.  

					•

					•

					n + (N − 1)  

					Where N is the population size, which was 130. This was  

					calculated from the number of patients’attendees per day  

					multiplied by the number of days of data collection (within  

					13 weeks, i.e., 5 days = 65 days) ~ 65 × 2 = 130.  

					N0 = 385 × 130/  

					•

					385 + (130 − 1)  

					•

					•

					•

					= 97.37  

					Rounded up to 100  

					An additional 10% sample was added to improve the  

					precision of the study.  

					Materials and Method  

					Study design  

					•

					Final sample size = 110.  

					This was a cross-sectional, hospital-based study conducted  

					over a 1 year period from September 2018 to September  

					2019.  

					All 110 patients underwent abdominopelvic/lumbosacral CT  

					scan imaging (T12–S1 portions) using the helical computed  

					tomography machine – 164 slice Aquillion prime TSX‑303A,  

					Toshiba Medical Systems Corporation, 1385, Shimoshigami,  

					Otawara‑Shi, Tochigi‑Ken 324‑8550, Japan, 2014. The scan  

					parameters for each patient are as follow: Tube potential of  

					120kV; 200 mAs; collimation of 0.625mm; Volume CTDI of  

					7‑8mGy; 3mm slice thickness and a pitch of 0.52mm/s. The  

					sagittal and coronal thin-cut reconstructions (a slice thickness  

					of 0.625 mm and a ﬁeld of view of 160 mm2) from the entire  

					raw data axial images of the lumbar spine (L1–L5).[10] Vital  

					advanced multimodality visualization clinical imaging was  

					performed using software/workstation version 6.6.3 (Vital  

					Images Inc., Japan. ©2013).  

					Data collection  

					Adults aged 18–75 years referred for abdominopelvic CT  

					scan at the Radiology Department of Aminu Kano Teaching  

					Hospital, Kano-Nigeria with no history or clinical evidence  

					of lumbosacral disease or other systemic diseases aﬀecting  

					the vertebrae were recruited into the study after obtaining  

					informed consent.All subjects outside the age of 18–75 years,  

					pregnant women, history of low-back surgery, those with  

					clinical diagnosis of lumbosacral pathology or sacralization  

					of last lumber vertebrae, and those who did not give consent  

					were excluded from the study.  

					An independent convenient sampling technique was applied.  

					Subjects who satisﬁed the inclusion criteria were recruited  

					consecutively until the required sample size was achieved using  

					Measurements  

					Pedicle width (PW) was considered as the distance between  

					the medial and lateral cortical surfaces of the pedicle at its  
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					Lawal, et al.: Lumber vertebral pedicle CT scan dimensions  

					Figure 1: Axial section of the CT scan image through the pedicle  

					midpoint (isthmus) showing pedicle width (PW) measurement (horizontal  

					short blue lines)  

					Figure 2: Sagittal reformatted section of lumbar spine CT scan through  

					the pedicle showing sagittal pedicle height (SPH) measurement (vertical  

					blue lines)  

					midpoint, measured at right angles to the long axis of the  

					pedicle on an axial view [Figure 1].[11,12]  

					Table 1: Sociodemographics of the studied subjects  

					Sex  

					Frequency  

					Percentages  

					Pedicle height at the midpoint of the pedicle was considered  

					as the vertical distance between the superior and inferior  

					borders of the pedicle at its midpoint taken in the sagittal  

					view [Figure 2].[13,14]  

					Male  

					Female  

					Total  

					51  

					59  

					46  

					54  

					110  

					110  

					Age group  

					Frequency  

					Percentages  

					18–24  

					25–34  

					35–44  

					45–54  

					55–64  

					65–74  

					Total  

					10  

					23  

					20  

					27  

					27  

					3

					9

					21  

					18  

					25  

					25  

					3

					Pedicle chord length (PCL) was measured as the distance  

					between the posterior cortical entry point of the pedicle and  

					the anterior vertebral cortex in line with the axis of the pedicle  

					taken in the sagittal view [Figure 3].[12]  

					-The ﬁnal minimal pedicle dimensions were determined by the  

					average of measurements from the three consecutive images at  

					a standard millimeter scale with the same process performed  

					independently for each pedicle (left and right) as well as for  

					each level.[15] All measurements were done manually using  

					the Vitrea software calipers/rulers on the workstation monitor,  

					and the calibration of the workstation was predetermined by  

					the manufacturer.  

					110  

					100  

					were males and 54% (59) were females, as shown in [Table 1].  

					The average age was 43.4 (SD: ±13.27) years, with the  

					majority (50%) of the subjects belonging to the 45–64 years  

					age group [Table 1]. The predominant proportion of the  

					subjects (89.9%, 99) belonged to the Hausa ethnic group, while  

					only 4.6% (5), 2.7% (3), and 2.8% (3) belonged to the Fulani,  

					Igbo, and Yoruba/other smaller tribes, respectively.  

					Analysis  

					Data were analyzed using the statistical software package IBM  

					SPSS Statistics version‑23 for Windows. The intraobserver  

					reliability was calculated using the Cronbach α(0.86; P = 0001).  

					Descriptive statistics were presented as mean ± standard  

					deviations as well as proportions/percentages where applicable.  

					Student t-test, Pearson’s correlation, andANOVAwere all used  

					as applicable of <0.05 was considered signiﬁcant.  

					The mean PW diameter showed a gradual increase from L1 to L5  

					on the right and left sides, with the gradual increase observed on  

					both sides showing a statistically signiﬁcant diﬀerence between  

					right and left pedicles at L1 to L4 (P < 0.05) only [Table 2].  

					However, the mean sagittal pedicle height (SPH) showed a  

					steady decrease from L1 to L5 on the right and left with SPH  

					noted to be signiﬁcantly higher on the right side at all the  

					lumbar vertebral levels from L1 to L5 [Table 2]. In addition, the  

					mean PCLdimensions showed an irregular sinusoidal pattern;  

					an increase at L2, and then a decrease at L3 and an increase at  

					L4 and L5 on the right and left sides, respectively. There was  

					also an overall signiﬁcantly higher PCL diameter on the right  

					pedicles at all lumbar levels [Table 2].  

					Ethical approval  

					Ethical approval was obtained from the Institutional  

					Research and Ethics Board of Aminu Kano Teaching  

					Hospital (NHREC/21/08/2008/AKTH/EC/2319).  

					results  

					There was a total of 110 study subjects, out of which 46% (51)  
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					Table 2: Descriptive statistics of computed tomographic measurements of lumbar vertebral pedicle parameters (mm) of  

					study subjects  

					Vertebra  

					L1 (n=110)Min  

					RPW  

					4.80  

					12.90  

					7.68  

					1.53  

					4.40  

					13.20  

					7.91  

					1.60  

					6.30  

					13.90  

					9.37  

					1.73  

					RPCL  

					36.20  

					57.90  

					45.95  

					4.18  

					RSPH  

					11.20  

					18.70  

					14.62  

					1.43  

					LPW  

					4.90  

					12.50  

					7.49  

					1.52  

					4.90  

					13.40  

					7.78  

					1.67  

					6.10  

					13.10  

					9.21  

					1.65  

					LPCL  

					37.50  

					55.60  

					45.41  

					3.93  

					LSPH  

					11.40  

					18.00  

					14.53  

					1.32  

					Max  

					Mean  

					SD  

					L2 (n=110) Min  

					35.90  

					56.60  

					46.68  

					3.92  

					11.50  

					18.00  

					14.62  

					1.44  

					37.90  

					57.50  

					46.80  

					3.85  

					11.50  

					18.80  

					14.45  

					1.42  

					Max  

					Mean  

					SD  

					L3 (n=110) Min  

					Max  

					38.30  

					57.70  

					46.41  

					3.68  

					10.50  

					21.80  

					14.14  

					1.59  

					37.50  

					57.20  

					46.06  

					3.44  

					10.00  

					18.20  

					14.15  

					1.45  

					Mean  

					SD  

					7.60  

					35.20  

					9.50  

					7.70  

					37.60  

					9.40  

					L4 (n=110) Min 10.32 24.38 4.04 3.96 18.48 3.14 3.18  

					Max  

					Mean  

					21.40 38.52 8.42 8.26 36.78 6.36 5.52  

					15.28 31.02 6.35 5.95 27.73 4.47 4.23  

					2.45 2.91 1.06 1.22 4.36 0.76 0.61  

					47.14  

					11.54  

					3.81  

					55.40  

					44.63  

					3.42  

					17.10  

					12.94  

					1.51  

					15.90  

					11.14  

					1.76  

					54.80  

					44.72  

					3.30  

					20.20  

					12.91  

					1.62  

					SD  

					8.90  

					35.70  

					8.60  

					9.60  

					18.90  

					8.30  

					L5 (n=110) Min  

					Max  

					19.30  

					14.32  

					1.85  

					58.90  

					44.81  

					4.28  

					15.70  

					11.72  

					1.46  

					20.20  

					14.31  

					1.93  

					58.20  

					44.81  

					4.32  

					14.90  

					11.73  

					1.38  

					Mean  

					SD  

					RPW, Right pedicle width; RPCL, Right pedicle Chord length; RSPH, Right sagittal Pedicle height; LPW, left Pedicle width; LPCL, Left pedicle Chord  

					length; LSPH, Left sagittal pedicle Height; NS, not signiﬁcant  

					minimum at L1 level for left pedicles. The diﬀerence in  

					SPH dimensions between the right and left sides was  

					statistically signiﬁcant (P < 0.05). In addition, among females,  

					maximum SPH was seen at L1 on both right and left sides  

					and thinnest pedicles at L5 bilaterally with a signiﬁcantly  

					higher measurement for SPH on the right side at all vertebral  

					levels (P < 0.05). A signiﬁcant gender diﬀerence was thus  

					observed at L1–L3 and right L5 levels (P < 0.05), while L4 and  

					left L5 did not attain statistical signiﬁcance, although males had  

					a larger diameter for SPH at those vertebral levels too [Table 3].  

					In addition, the PCL dimensions were signiﬁcantly larger  

					among male subjects at all vertebral levels, except for left  

					PCL, which was also larger among males but did not attain  

					Figure 3: Axial section of the CT scan image through the  

					pedicle midpoint (isthmus) showing pedicle‑chord length (PCL)  

					measurement (thick blue line)  

					statistical signiﬁcance [Table 4].  

					The measured PW and SPH dimensions on the right and left  

					sides did not signiﬁcantly correlate linearly with the advancing  

					age of subjects at all lumbar vertebral levels [Tables 5 and 6].  

					Among male subjects, the PW on both sides was maximal  

					at L5 and minimum at L1 vertebral levels, with these  

					diﬀerences in PW dimensions signiﬁcantly thicker on the  

					right side (P < 0.05). Similarly, among females, a similar  

					pattern was noted, with the right L5 PW dimensions highest  

					and signiﬁcantly lowest on left L1 vertebrae (P < 0.05).  

					Comparison of the PW between both sexes showed statistically  

					signiﬁcant higher dimensions at all lumbar vertebral levels  

					among male subjects than females (P < 0.05) as shown in  

					Table 3.  

					The mean PW diameter of the Igbos ethnic group showed the  

					largest measurements at L5 levels on both sides, followed by  

					Fulani and Hausa groups, with their maximum dimensions  

					at L5 vertebral levels. The Yoruba ethnic group had the  

					least diameter for PW seen at the L1 level. There was no  

					signiﬁcant ethnic diﬀerence in PW dimensions at all vertebral  

					levels (P > 0.05).  

					The PW increased steeply from L1, reaching a maximum  

					at L5 with a signiﬁcant mean diﬀerence in PW dimensions  

					observed between adjacent lumbar vertebrae levels across all  

					segments (L1 vs. L2, L2 vs. L3, L3 vs. L4, and L4 vs. L5),  

					However, the SPH dimension on the right side was maximum  

					at L2 and minimum at L5 and was maximum at L1 and  
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					and these diﬀerences arose majorly from L4 and L5 vertebrae  

					Table 3: Comparison of measurements of lumbar  

					vertebral parameters in male and female subjects on  

					computed tomography (CT) images (mm)  

					levels on the right and left sides (P < 0.001).  

					discussion  

					Measurement  

					Male  

					Female  

					P

					The lumbar vertebrae have large kidney-shaped vertebral  

					bodies. They have no costal articular surface but have long  

					spinous processes as well as pedicles and laminas, and the  

					sizes of the lumbar vertebral pedicles vary from one vertebral  

					segment to the next. As a result of these characteristics, the  

					lumbar vertebrae are diﬀerent from the other vertebrae in the  

					human spine.[16]  

					(mean±SD)  

					(mean±SD)  

					L1  

					RPW  

					RSPH  

					LPW  

					LSPH  

					L2  

					8.34±1.55  

					15.15±1.29  

					8.14±1.59  

					14.95±1.31  

					7.10±1.25  

					14.16±1.39  

					6.93±1.22  

					14.16±1.22  

					<0.001  

					<0.001  

					<0.001  

					0.001  

					RPW  

					RSPH  

					LPW  

					LSPH  

					L3  

					8.59±1.69  

					15.17±1.31  

					8.44±1.76  

					14.84±1.42  

					7.33±1.28  

					14.15±1.38  

					7.22±1.38  

					14.11±1.35  

					<0.001  

					<0.001  

					<0.001  

					0.007  

					The main goal of this study was to quantify the dimensions  

					of the lumbar pedicles and to better deﬁne the demographic  

					factors that could ultimately govern the caliber selection of  

					pedicle screws in cases of surgical interventions.  

					RPW  

					RSPH  

					LPW  

					LSPH  

					L4  

					10.17±1.68  

					14.53±1.72  

					9.85±1.63  

					14.51±1.36  

					8.68±1.48  

					13.81±1.41  

					8.65±1.47  

					13.83±1.47  

					<0.001  

					0.019  

					The participants included in this study were of mean age of  

					43.4 (±13.27), years with most of them being in the 45–54  

					and 55–64 years age group, accounting for a total of 50% of  

					subjects who participated, which is similar to the mean age  

					of subjects studied by Azu et al.[17] in Kwazulu Natal, South  

					Africa. It is also in tandem with the adult age of 42.3 years  

					studied by Varol TC et al. in Turkey.[18] It is, however, slightly  

					diﬀerent from the study of Chawla et al.[19] in Northwest India  

					who studied adult vertebrae greater than 25 years of age by  

					using CT scans.[19]  

					<0.001  

					0.015  

					RPW  

					RSPH  

					LPW  

					LSPH  

					L5  

					12.59±5.17  

					13.19±1.54  

					11.69±1.79  

					13.14±1.56  

					10.64±1.57  

					12.72±1.45  

					10.66±1.60  

					12.72±1.67  

					0.012  

					NS  

					0.002  

					NS  

					RPW  

					RSPH  

					LPW  

					LSPH  

					14.75±1.81  

					12.07±1.64  

					14.70±1.81  

					11.87±1.62  

					13.95±1.81  

					11.42±1.22  

					13.97±1.99  

					11.61±1.14  

					0.023  

					0.022  

					0.046  

					NS  

					Our study found that mean PW gradually increases from L1  

					to L5, in concordance with the work of Azu et al.[17] from  

					their direct caliper measurements of osteological specimens  

					in SouthAfrican subjects.[17] In addition, Gocmen-Mas et al.[20]  

					from their MRI studies of morphometric parameters of lumbar  

					vertebrae of healthy adult Turkish population showed a similar  

					pattern of measured dimensions increasing cranio-caudally.[20]  

					Similarly, Wolf et al.[21] reported a similar pattern of increments  

					in PW diameter from L1 to L5 among the adult Israeli  

					population using CT scans, thus suggesting similarities in the  

					trend of lumbar vertebral body sizes from both imaging and  

					direct measurements.[21] This increase may be due to more  

					weight-bearing capabilities of the lower lumbar vertebrae.  

					Values are mean±SD. RPW, Right pedicle width; RPCL, Right pedicle  

					Chord length; RSPH, Right sagittal Pedicle height; LPW, left Pedicle  

					width; LPCL, Left pedicle Chord length; LSPH, Left sagittal pedicle  

					Height; NS, not signiﬁcant  

					Table 4: Comparison of dimensions of lumbar vertebral  

					pedicle chord length among male and female subjects on  

					computed tomography (CT) images (mm)  

					Measurement  

					Male  

					(mean±SD)  

					Female  

					(mean±SD)  

					P

					L1  

					The PW dimensions on the right pedicles in our study were  

					higher than the left side from L1–L5 segments with L1–L4  

					attaining a statistical signiﬁcance at P < 0.05. These were a  

					bit diﬀerent from the study by Marasini et al.,[11] in which  

					they measured pedicle dimensions among the Nepalese  

					population by using plain radiographs and found dimensions  

					of the right and left lumbar pedicles to be diﬀerent at all  

					levels.[11] However, the difference was not found to be  

					signiﬁcant statistically. In addition, Chawla et al.[19] showed  

					insigniﬁcant diﬀerences in measurements between the right  

					and left lumbar pedicles (P > 0.05) among the North‑West  

					Indian population.[19] Similarly, Tan et al.[22] revealed close  

					mean values for both the left and right pedicle parameters of  

					height or width among the Chinese Singaporean population,  

					suggesting that measurements of one pedicle at the same  

					RPCL  

					LPCL  

					L2  

					47.13±4.23  

					46.24±4.17  

					44.94±3.89  

					44.69±3.61  

					0.006  

					0.041  

					RPCL  

					LPCL  

					L3  

					47.75±3.78  

					47.53±3.75  

					45.75±3.84  

					46.17±3.85  

					0.007  

					NS  

					RPCL  

					LPCL  

					L4  

					47.46±3.63  

					46.92±3.37  

					45.51±3.52  

					45.33±3.35  

					0.005  

					0.015  

					RPCL  

					LPCL  

					L5  

					45.64±3.09  

					45.69±3.37  

					43.76±3.47  

					43.89±3.02  

					0.003  

					0.004  

					RPCL  

					LPCL  

					46.24±4.43  

					46.18±3.78  

					43.57±3.76  

					43.63±4.45  

					<0.001  

					0.002  

					Key: LPCL=left Pedicle chord length; RPCL=right pedicle chord  

					length  
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					Lawal, et al.: Lumber vertebral pedicle CT scan dimensions  

					variations in their dimensions in the diﬀerent populations  

					Table 5: Correlation of age with lumbar pedicle  

					width (PW) measurements  

					studied and hence should be given special importance before  

					a surgical approach.[24] However, Ban, et al.[25] found similar  

					SPH diameters from L1 to L5 vertebrae among dried human  

					specimens of South Koreans.[25]  

					Lumbar  

					Age and RPW  

					Coefficient of  

					correlation (r)  

					P

					Age and LPW  

					Coefficient of  

					correlation (R)  

					P

					Segment  

					Concerning age, Yu et al.[26] showed that PH generally  

					increased with age among adult Americans studied in the US.  

					However, PW failed to consistently demonstrate statistically  

					signiﬁcant diﬀerences within age groups among measured  

					bones of osteological collections (P > 0.05).[26] This is in  

					contrast to this study, which found no signiﬁcant correlation  

					of SPH with the age of study subjects.  

					L1  

					L2  

					L3  

					L4  

					L5  

					0.08  

					0.03  

					0.11  

					0.10  

					0.04  

					0.42  

					0.72  

					0.27  

					0.32  

					0.69  

					0.06  

					0.03  

					0.54  

					0.78  

					0.60  

					0.92  

					0.66  

					0.05  

					−0.10  

					−0.04  

					Pearson’s correlation coeﬃcient (r)  

					Table 6: Correlation of age with sagittal pedicle  

					height (SPH) measurements  

					The variations in the diameters of the pedicles associated  

					with the diﬀerent genders could, therefore, be attributed to  

					the weight-bearing function of the spine. It seems reasonable  

					to suggest that the vertical diameter contributes more to  

					weight-bearing functions than the horizontal diameter. The  

					larger vertical diameter of the pedicle of the 1st lumbar  

					vertebra (in both males and females) as compared with the  

					vertical diameters of the 2nd and 3rd lumbar pedicles in this study  

					could also be explained by the weight-bearing function. The  

					1st lumbar pedicle is located at the thoracolumbar transitional  

					junction. This junction is the site of a complex zygoapophyseal  

					joint (the thoracolumbar mortice joint), which is adapted to  

					withstand marked compressive forces transmitted from the  

					relatively immobile thoracic segment to the highly mobile  

					lumbar segment of the vertebral column.[27] It suggests that  

					the vertebrae and pedicles at this junction were reinforced  

					to withstand the forces that had to be transmitted across this  

					junction.  

					Lumbar  

					Segment  

					Age and RSPH  

					Coefficient of  

					correlation (r)  

					P

					Age and LSPH  

					Coefficient of  

					correlation (R)  

					P

					L1  

					L2  

					L3  

					L4  

					L5  

					0.17  

					0.01  

					0.69  

					0.90  

					0.31  

					0.74  

					0.43  

					0.21  

					0.01  

					0.27  

					0.32  

					0.64  

					0.28  

					0.96  

					0.10  

					0.05  

					−0.03  

					−0.08  

					−0.11  

					−0.01  

					Pearson’s correlation coeﬃcient (r)  

					vertebral level suﬃce in the evaluation of morphometry  

					among Asians.[22]  

					This study observed signiﬁcant gender diﬀerences in PW  

					measurements across all lumbar vertebral levels (P < 0.05),  

					with males having larger PW diameters on both right and left  

					sides than females. However, Azu et al.[17] found signiﬁcant  

					diﬀerences at L1 and L3 vertebrae only among males, while  

					Alam et al.[23] found overall pedicle transverse diameters to  

					be signiﬁcantly greater in the male Pakistani population at  

					L2 and L5 vertebrae.[17,23] In contrast, Singel et al.[3] reported  

					that the vertical height of the pedicle and its width among  

					the West-Indian population was greater in females than in  

					males, although the diﬀerence was minimal.[3] These gender  

					diﬀerences could be due to inherent genetic and hormonal  

					diﬀerences that have been found to have some inﬂuence on  

					bone development among humans and could also be explained  

					in terms of the greater upper body weight of males. There  

					was no statistically signiﬁcant correlation between the ages  

					of subjects with PW in this study.  

					This study showed the PW to be lower than the pedicle height in  

					all vertebral levels, although various authors have documented  

					that the cross-section of the pedicles is oval; hence, the sagittal  

					pedicle isthmus width is always greater than the transverse  

					pedicle isthmus width, which is the limiting factor in choosing  

					the diameter of the pedicle screws.[27‑30] Use of a larger size  

					screw will lead to the violation of the medial or lateral cortex  

					of the pedicle and may lead to neurologic deﬁcit.  

					The mean PCL in this study was found to have an oscillatory  

					pattern; an increase was noted at L2, then a decrease at L3,  

					and an increase at L4 and L5 on the right and left sides of the  

					measured vertebral pedicles, and a signiﬁcant diﬀerence was  

					noted at all lumbar level for PCL measurements of males and  

					females. This pattern is consistent with that obtained from  

					CT scan images of lower thoracic and lumbosacral spines of  

					patients from the Indian subcontinent by Chadha et al.[30] The  

					present data are quite comparable to those obtained by Kim  

					et al.[31] in their study in Korea.[31]  

					The SPH showed a signiﬁcant gradient decrease from upper  

					lumbar vertebrae to lower segments (L1–L5) on the right  

					and left sides and among both genders in this study, except  

					for male subjects, where the mean horizontal diameter of  

					the right L1 pedicle was similar to the diameter of the L2  

					pedicle. This cephalocaudal decreased diameter of SPH was  

					also noted from L1 to L4 by Morales-Avalos et al.[24] in their  

					study of dried specimens of osteological collections among  

					the Mexican population.Another study by Morales Avalos  

					R et al. noted that L5 vertebras exhibit the most evident  

					Our study reports a signiﬁcant level‑dependent diﬀerence in  

					the mean PW of subjects across all vertebral levels from L1  

					to L5 on the right and left sides (P < 0.001). This variation  

					was more pronounced at the L4 and L5 segments. This is in  

					concordance with the work of Alam et al.,[23] who observed  
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					statistically significant differences between pedicles at  

					some levels.[23] Similarly, Gulek et al.[32] had observed the  

					same level-dependent variations in Turkey using CT scan  

					measurements of L3–L5 pedicles, thus suggesting similarity  

					in a trend of lumbar vertebral pedicle variations from imaging  

					measurements.[32]  
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					parameters.[33] The above ﬁndings suggest a uniformity of  

					configuration and dimensions of the lumbar PW, which  

					transcends ethnicity and age.  

					9. Kasiulevicius V, Šapoka  

					V

					FR. Sample size calculation in  

					epidemiological studies. Gerontologija 2006;7:225–31.  

					10. Kang WY, Ahn JM, Lee JW, Lee E, Bae YJ, Seo J et al. Is multidetector  

					computed tomography comparable to magnetic resonance imaging  

					for assessment of lumbar foraminal stenosis? Acta Radiologica  

					2017;58:197‑203.  

					11. Marasini RP, Gautam P, Sherchan B, Gurung G, Bachchu RKC.  

					A morphometric study of lumbar spine pedicles in Nepalese population.  

					J Coll Med Sci 2014;10:12–7.  

					12. Li B, Jiang B, Fu Z, Zhang D, Wang T.Accurate determination of isthmus  

					of lumbar pedicle: A morphometric study using reformatted computed  

					tomographic images. Spine (Phila Pa 1976) 2004;29:2438–44.  

					13. Soumya P, Santhosh K, Viveka S, Mini K. Morphometric study of  

					pedicles of lumbar vertebrae in Southern India. J Evid Based Med  

					Healthc 2015;2:6182–91.  

					14. Zhuang Z, Xie Z, Ding S, Chen Y, Luo J, Wang X, et al. Evaluation  

					of thoracic pedicle morphometry in a Chinese population using 3D  

					reformatted CT. Clin Anat 2012;25:461–7.  

					15. Simpson V, Clair B, Ordway NR, Albanese SA, Lavelle WF. Are  

					traditional radiographic methods accurate predictors of pedicle  

					morphology? Spine (Phila Pa 1976) 2016;41:1740–6.  

					16. Marieb EN, Wilhelm PB, Mallat JB. Human Anatomy. 8th ed. Serina  

					Beauparlant, editor. Essex: Pearson Education Limited; 2017. p. 212‑3.  

					17. Azu OO, Komolafe OA, Ofusori DA, Ajayi SA, Naidu ECS,  

					Abiodun AA. Morphometric study of lumbar vertebrae in adult South  

					African Subjects. Int J Morphol 2016;34:1345–51.  

					18. Varol TC, Iyem EM, Cezayirli G, Erturk C, Kayalioglu H. Comparative  

					morphometry of the lower lumbar vertebrae: Osteometry in dry bones  

					and computed tomography images of patients with and without low. Int  

					J Med Res 2006;34:316–30.  

					19. Chawla K, Sharma M, Abhaya A, Kochhar S. Morphometry of the  

					lumbar pedicle in North West India. Eur J Anat 2011;15:155–61.  

					20. Gocmen‑Mas HK, Ertekin T, Edizer MI, Canan D, Duyar I. Evaluation  

					of lumbar vertebral body and disc: A stereological morphometric study.  

					Int J Morphol 2010;28:841–7.  

					The dimensions and parameters obtained from our study  

					give an understanding of the morphological relevance of the  

					lumbar vertebrae to clinical diagnosis of low-back pain for  

					clinicians and could also trigger forensic relevance due to  

					population‑speciﬁc variations in body dimensions.  

					Poor image quality due to motional blurring of some images  

					was a limiting factor in this study, in addition to being a  

					hospital-based study.Acommunity-based study will be a better  

					representation of lumber spine morphometry and thus should  

					be the focus of future studies.  

					conclusion  

					The present study invariably described the morphometric  

					dimensions of the lumbar vertebral pedicles by using CT  

					scan imaging and provided baseline data for the Northern  

					Nigerian population. In addition, the 110 lumbar pedicels  

					of adult Nigerians in this work highlighted the relationship  

					between pedicle dimensions and some demographic factors  

					of the adult Kano population, which revealed that sex too  

					consistently and signiﬁcantly inﬂuenced pedicle dimensions  

					and male individuals having larger pedicle sizes. However,  

					the diﬀerence in pedicle dimensions among age groups and  

					ethnicity did not consistently attain statistical signiﬁcance.  

					21. Wolf A, Shoham M, Michael S, Moshe R. Morphometric study of the  

					human lumbar spine for operation–workspace speciﬁcations. Spine  

					2001;26:2472‑7.  

					22. Tan SH, Teo EC, Chua HC. Quantitative three‑dimensional anatomy of  

					cervical, thoracic and lumbar vertebrae of Chinese Singaporeans. Eur  

					Spine J 2004;13:137–46.  

					23. Alam MM, Waqas M, Hussain S, Gohar J. Lumbar morphometry:  

					A study of lumbar vertebrae from a Pakistani population lumbar  

					morphometry: A study of lumbar vertebrae from a Pakistani population  

					using computed tomography scans. Asian Spine J 2014;8:421–6.  

					24. Morales-Avalos R, Leyva-Villegas J, Sánchez-Mejorada G,  

					Cárdenas-Serna M, Vílchez-Cavazos F, De León ÁMP, et al. Age- and  

					gender-related variations in morphometric characteristics of thoracic  

					spine pedicle. Clin Anat 2014;27:441–50.  

					25. Ban SSC, Sun WC, Il Seung S, Kwan YH, Young I. Morphometric Study  

					of the Pedicles of Lumbar Vertebrae in Koreans. J Korean Neurosurg  

					Soc 1999;28:1692‑8.  

					26. Yu CC, Yuh RT, Bajwa NS, Toy JO, Ahn UM, Ahn NU. Pedicle  

					morphometry of lumbar vertebrae. Spine (Phila Pa 1976) 2015;40:1639–  

					46.  

					Financial support and sponsorship  

					Nil.  

					Conflicts of interest  

					There are no conﬂicts of interest.  

					references  

					1. Standring S. Grey’s Anatomy: The Anatomical Basis of Clinical  

					Diseases. 41st ed. Standring Susan, editor. United Kingdom: Elsevier;  

					2016. p. 710–52.  

					2. Amonoo‑Kuoﬁ HS. Age‑related variations in the horizontal and vertical  

					diameters of the pedicles of the lumbar spine. J Anat 1995;186:321–8.  

					3. Singel TC, Patel MM, Gohil DV. A study of width and height of lumbar  

					pedicles in Saurashtra region. J Anat Soc india 2004;53:4–9.  

					4. Jeﬀrey SR, Kevin RM. Diagnostic Imaging: Spine. 3rd ed. Michal K KC,  

					27. Davis P. The thoraco lumbar mortice joint. J Anat 1955;89:370–7.  

					28. Krag MH, Weaver DL, Beynnon BD. Morphometry of the thoracic and  

					lumbar spine related to transpedicular screw placement for surgical  

					Nigerian Journal of Basic and Clinical Sciences ¦ Volume 21 ¦ Issue 2 ¦ May-August 2024  

					121  

				

			

		

		
			
				
					
				
			

			
				
					Lawal, et al.: Lumber vertebral pedicle CT scan dimensions  

					spinal fusion. Spine (Phila Pa 1976) 1988;13:27–32.  

					1994;19:1390‑4.  

					29. Esses S, Bednar D. The spinal pedicle screw: Techniques and systems.  

					Orthopeadic Rev 1989;18:676–82.  

					30. Chadha M, Balain B, Maini L. Pedicle morphology of the lower  

					thoracic, lumbar, and S1 vertebrae: An Indian perspective. Spine (Phila  

					Pa 1976) 2003;28:744–9.  

					32. Gulek B, Durgun B, Ozer HTE, Nazan Alparslan Z, Sarpel T, Erken E.  

					CT‑based morphometric data of L3‑L5 vertebrae:Anatomic and surgical  

					approach. Neurosurg Q 2007;17:92–7.  

					33. Masharawi YD, Gali P, Smadar S, Nili M, Bahaa M, Hila A, et al.  

					A morphological adaptation of the thoracic and lumbar vertebrae  

					to lumbar hyperlordosis in young and adult females. Eur Spine J  

					2010;19:768–73.  

					31. Kim NH, Lee HM, Chung IH, Kim HJ, Kim SJ. Morphometric study  

					of the pedicles of thoracic and lumbar vertebrae in Koreans. Spine  

					Nigerian Journal of Basic and Clinical Sciences ¦ Volume 21 ¦ Issue 2 ¦ May-August 2024  

					122  

				

			

		

	





EPUB/toc.xhtml

Table of Contents


		Page








EPUB/images/img_01.png






EPUB/images/img_07.png






EPUB/images/img_05.png













EPUB/images/img_04.png





