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Abstract Objective Normal cervical spine canal morphometry is critical for understanding
the pathology of certain diseases and for proper preoperative planning. Computerized
tomography (CT) scan can replace older conventional radiography techniques by pro-
viding more accurate morphometric measurements. This study was aimed to find out
various dimensions of the cervical spinal canal of central Indian population.

Materials and Methods A prospective study was conducted including 100 consec-
utive cervical spine CT scan of asymptomatic adult subjects. The anteroposterior sag-
ittal canal diameter (SCD), transverse canal diameter (TCD), canal surface area (CSA),
and Pavlov-Torg Ratio (PTR) from C2 to C7 were calculated.

Statistical Analysis Data were entered in Microsoft Excel Sheet 2007 and statistical
analysis was performed by IBM SPSS statistics 2.0 version. p-Value < 0.05 was consid-
ered as significant.

Results Age ranged from 18 years to 77 years with mean age 39.5 years. There was
no significant difference in all the dimensions (SCD, TCD, CSA) in male and female
except at C2 level, where SCD, TCD, and CSA were significant larger in male. The
mean SCD, TCD, and CSA is largest at C2 level (14.4 £ 1.63 mm, 21.57 # 1.59 mm,
and 156.20 + 24.98 mm?, respectively) and smallest at C4 level (12.77 + 1.48 mm,
20.37 £ 1.72 mm, and 130.42 £ 21.20 mm?). PTR showed very little variation.
Conclusion Normal values of cervical spinal canal could serve as a future reference.
CT scan provides more accurate measurement. More studies are needed as there could
be variations in dimensions in different regions in India.
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for factual measurement of cervical spinal canal, in which
plain X-ray was used, were deficient in congeniality due to
magnification discrepancies.'> Computerized tomography
(CT)-based studies comprehended various parameters such
as pedicle measurements, foraminal dimensions, vertebral
body width, and lateral mass dimensions.®” Nonetheless,
there are only a very few studies pinpointing singularly
on spinal canal diameter and these studies exhibit
regional and ethnic diversification in cervical spinal canal
morphometry.81°

Introduction

Cervical cord forms an integral anatomical and neurolog-
ical part of spinal cord. The degenerative and traumatic
pathologies affecting this region are manifold in charac-
ter that can lead to severe neurological ailments and even
mortality. Compromise in canal diameter is pivotal while
managing the pathologies in this region. Hence, an insight
of the normal cervical spine canal morphometry and its
normal reference value are essential. Antecedent studies
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The aim of current study was to survey morphometric
details of the cervical spinal canal on CT scan in central India.
Our data could be a pragmatic tool for preoperative planning
and postoperative follow-up of patients with cervical canal
stenosis.

Material and Methods

This study was conducted in department of Neurosurgery,
NSCB Medical College Hospital, Jabalpur and its affiliated CT
scan center during the period from May 2018 to April 2019.
Asymptomatic adult subjects of both sex and age equal to or
above 18 years were included in the study. Exclusion crite-
ria were age less than 18 years, history of any spinal trauma,
surgery or pathology, history of significant neck pain, and
evidence of congenital anomalies involving cervical spine.
After prior approval from ethical committee, all subjects
underwent CT cervical spine in a 16-row bright speed CT
scan (GE healthcare) machine. CT scans were done in supine
with neutral neck position. At all vertebral levels (C2-C7),
anteroposterior(mid-sagittal) canal diameter (SCD) and
transverse canal diameter (TCD) were measured. With the
help of imaging software, canal surface area (CSA) was cal-
culated. Pavlov-Torg ratio (PTR) was also calculated for each
vertebral level as described by Pavlov et al (~Fig. 1).

Data were entered in Microsoft Excel Sheet 2007 and
statistical analysis was performed by IBM SPSS statistics
2.0 version. p-Value < 0.05 was considered as significant.
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Results

Mid-sagittal anteroposterior canal diameter (SCD), TCD,
CSA, and PTR at C2 toC7 levels were measured in 100
asymptomatic adult subjects. Mean age of study population
was 39.5 years (range: 18-77 years). There were 53 male
and 47 female subjects with mean weight and height of
54.65 (+13.6) kg and 155.55(+10) cm, respectively (~Table 1).

The mean SCD, TCD, CSA, and PTR from C2 to C7 in all 100
subjects are shown in =Table 2. There is no significant differ-
ence in all the dimensions (SCD, TCD, CSA) in male and female
except at C2 level, where SCD, TCD, and CSA were significant
larger in male. (SCD: 14.80 + 1.67 mm vs. 13.99 * 1.47 mm,
p <0.0003; TCD: 21.9 £ 1.7 mm vs. 21.1 £ 1.29 mm, p < 0.009;
CSA: 163.2 £ 26.7 mm? vs. 148.2 + 20.7 mm?, p <0.002). The
mean SCD, TCD, and CSA was largest at C2 level (14.4+1.63 mm,
21.57 £ 1.59 mm, and 156.20 + 24.98 mm?, respectively) and
smallest at C4 level (12.77 + 1.48 mm, 20.37 + 1.72 mm, and
130.42 +21.20 mm?). PTR was highest at C2 level. Subaxial cer-
vical spine showed very little variation in PTR.

Discussion

Pathologies of the cervical spine are prevalent in all parts of
the world. Unabridged anatomical know-how of this region
is of paramount importance prior to handling them. Mor-
phological divergence of cervical spinal canal among differ-
ent races, religions, body habitus, gender, and geographical
areas is well acknowledged. Although there are many studies

Fig. 1 (A) Sagittal canal diameter (SCD) at mid-vertebral level and vertebral body diameter (VBD) were measured on the mid-sagittal images.
(B) Transverse canal diameter and (C) Canal surface area (CSA) were measured on the axial images from C2 to C7.

Table 1 Patients’ characteristics (age in y, weight in kg, and height in cm)

Patients’ characteristics Total (100) Male (n = 53) Female (n = 47)

Age = SD (range) 39.53+16.8 42,22 +18.2 36.5+14.54
(18-77) (18-77) (18-75)

Height + SD (range) 155.55+10 159.24 £ 10 151.30+8.25
(122-176) (122-176) (122-168)

Weight £ SD (range) 54.65+13.6 56.77 £ 14 52.21+12.78
(38-90) (36-90) (36-90)

Abbreviation: SD, standard deviation.
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PTR was proposed in 1987 as a radiographic tool to mea-
sure spinal canal stenosis.’ Significant spinal stenosis and an
increased risk for neurologic injury are considered when the
ratio is less than 0.80 and 0.70, respectively.>!*?° [n compari-
son to spinal-canal diameter, the PTR is a worthier indicator
of spinal stenosis; however, it is highly variable between dif-
ferent genders and races.'**' Herzog et al evaluated PTR on
the basis of plain radiographs, and reported a high sensitiv-
ity but a poor positive predictive value.?? Contrarily, CT scan
and MRI perform accurate measurements of the anatomical
structures of the cervical spine, thus avoiding technical errors
that could lead to false calculations.!® The average PTR in our
study was 0.86 + 0.05 with no significant gender discrepancy.

Strengths and Limitations

The robustness of current study is a substantial sample size.
Also, morphometric analysis was based on CT scan that is a
more meticulous tool than conventional radiograph. In CT
scan, we had calculated the accurate transverse diameter and
surface area that are equivalently imperative in predicting
the spinal stenosis. This study does have some limitations.
First is that, pediatric age group, which is the age group for
anomalies of this region, has not been studied. Also, we cal-
culated dimensions at mid-vertebral level, while the degen-
erative pathology commonly affects the interbody level.

Conclusion

In conclusion, CT scan provides more accurate morphomet-
ric measurement of cervical spine in normal asymptomatic
population as compared with plain radiographs. These mor-
phometric dimensions show ethnic, racial, and geographical
variations and hence normal reference value of population of
particular region is important. These reference values can be
useful aid in preoperative evaluation, surgical planning, and
postoperative follow-up of cervical stenosis patients. Com-
parison with cervical canal stenosis patient’s data will be
helpful for further anatomical and pathological correlation.
Study on pediatric group is also required for assessment of
congenital anomalies.
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