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INTRODUCTION

Few studies have investigated measurements of disc space height (DSH) or interpedicular 
distance (IPD), with previous exploration of DSH focusing significantly on lumbar, rather than 
cervical, intervertebral disc space.[3] Both DSH and IPD have demonstrated significant usage in 

ABSTRACT
Background: This study utilized computed tomography (CT) to establish normative radiographic morphometric 
measurements of cervical disc space height (DSH) and interpedicular distance (IPD) and document the influence 
of patient sex, race, ethnicity, and anthropometric characteristics.

Methods: Cervical CTs of 1000 patients between 18 and 35 years of age without known spinal pathology were 
reviewed. Statistical analyses included the assessment of associations between patient height, weight, sex, race, 
and ethnicity regarding DSH and IPD.

Results: Irrespective of disc level, average DSH measurements were as follows: anterior height of 2.6 ± 1.0 mm, 
middle height of 4.1 ± 1.2 mm, and posterior height of 1.8 ± 1.0 mm. IPD was only measured between C3 
and C7 vertebrae, and irrespective of disc level, the mean IPD measurement was 21.1 ± 1.5 mm. Significant 
differences for anterior, middle, posterior DSH, and IPD were observed in all disc levels. Significant 
differences in DSH and IPD were observed for all anthropometric factors of sex, race, and ethnicity relative to 
vertebral level. Males had significantly larger DSH and IPD measurements across all vertebral levels compared 
to females. Caucasians had larger DSH and IPD at select vertebral levels compared to African Americans and 
Hispanics.

Conclusion: This study describes measurements of DSH and IPD between C2 and T1 levels in 1000 healthy 
18–35-year-old subjects without known pathology. DSH and IPD measurements varied based on patient sex, race, 
ethnicity, and disc level.
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the indication of spinal pathology.[6] However, the literature 
has neither adequately explored the normative values of 
DSH and IPD nor investigated deviations from the norm as 
indicators of spinal pathology.

To address these needs, this study aims to build on 
the foundations laid by Razzouk et al. in determining 
normative measurements of spinal anatomy. This prior 
study sought to establish normative measurements of 
cervical neuroforaminal dimensions (CNFD).[10] Similarly, 
the purpose of this study was to use computed tomography 
(CT) of young patients free of spinal pathology to 
establish normative measurements of DSH and IPD and to 
investigate the influence of patient sex, race, ethnicity, and 
anthropometric characteristics.

MATERIALS AND METHODS

Patient selection

Following IRB approval (#5240124), we reviewed CT 
(GE Discovery 750 HD 64-slice CT scanner) of the cervical 
spine without contrast or soft neck tissue of 1000  patients 
between 18 and 35  years of age free of spinal pathology. 
All CT scans were performed between January 2014 and 
January 2023. Patient consent was not required due to 
the nature of this retrospective and radiographic study. 
Relevant spinal pathology was identified based on previous 
diagnoses in either the patient’s radiographic or electronic 
medical records. A  total of 4762 subjects were screened, of 
which 3762 were excluded from the study. Table 1 reports all 
exclusion criteria and a description of the excluded cohort. 
Patient weight, height, body mass index (BMI), sex, race, and 
ethnicity were recorded at the time of imaging. Racial and 
ethnic data were obtained through the patient’s self-reported 
answers regarding their racial and ethnic heritage in the 

electronic medical record. Table 2 reports a description of the 
included cohort.

Data collection

Images were reviewed and measured by eight medical 
students trained by a board-certified neuroradiologist (NW) 
using the IMPAX6 (Agfa-Gavaert, Mortsel, Belgium) picture 
archiving and communication system with window and level 
designations of 2000 Hounsfield Unit (HU) and 500 HU, 
respectively. DSH and IPD were calculated according to the 
borders of the vertebral outline using the IMPAX6 tracing 
freeform tool and were measured in the sagittal and axial 
views, respectively. Anterior, middle, and posterior DSH 
were defined as the distances between the respective anterior, 
middle, and posterior edges of neighboring endplates 
in millimeters (mm). IPD was defined as the maximum 

Table 1: Exclusion criteria and excluded cohort.

Exclusion criteria Number of excluded 
patients (Total=3762) 

Not between 18 and 35 years of age 1309
Incomplete or poor imaging 967
Congenital cervical stenosis 327
Achondroplasia 2
Cerebral palsy 4
Klippel‑Feil anomaly 0
Neck or upper extremity pain or 
numbness

354

Traumatic spinal injury with/
without bone injury

264

Spinal malignancy 22
Spinal infection 27
Existing spinal hardware 0
Previous cervical spinal surgery 486

Figure  1: Measurement technique of cervical disc space height.  
H: Height.

Figure  2: Measurement technique of cervical interpedicular 
distance. Arrow showcases measurement technique/taken of IPD.
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distance between the medial aspects of the pedicles at a 
given vertebral level. Figure  1 illustrates the measurement 
technique for disc space height. Figure  2 illustrates the 
measurement technique for IPD. Interobserver reliability 
was assessed through the intraclass correlation coefficient 
(ICC) two-way mixed model on absolute agreement, and 
the ICC was found to be excellent at 0.792 with a 95% 
confidence interval of 0.736 to 0.842.[2,5,11]

Statistical and power analysis

Data collection and visualization were performed using 
Microsoft Excel version 16.58 (Microsoft Corporation, 2022, 
Redmond, WA, USA). SPSS version  28 (IBM  Corporation, 
2021, Armonk, NY, USA) was utilized for all subsequent 
statistical analyses with alpha defined as P  < 0.05. 
Kolmogorov–Smirnov tests and Q-Q plots were used 
to assess data normality, and Levene’s homogeneity of 
variance test and regression residual plots were used to 
evaluate homoscedasticity.[8,12,13] Pearson correlation tests 
were performed to assess associations among radiographic, 
demographic, and anthropometric variables, with correlation 
coefficients categorized as weak, moderate, and strong, 
corresponding to value ranges of 0–0.4, 0.4–0.7, and 0.7–1, 
respectively.[9] Differences in DSH and IPD based on sex, 
race, and ethnicity were assessed using a two-way analysis 
of covariance with anthropometric covariates, estimated 
marginal means, and type  III sum-of-square specification. 

Measurement differences among disc levels were analyzed 
using one-way analysis of variance (ANOVA) with post hoc 
Bonferroni and Tukey corrections.

Non-directional partial correlation power analysis was 
conducted with a sample size of 1000, specified parameters 
of 0.05 for an alpha, a null value of zero, a partial correlation 
parameter of 0.300, and an assumed number of four 
variables to be partially out. An achieved power of 100% was 
determined by power analysis. A  one-way ANOVA power 
analysis was conducted with specified parameters of 0.05 
for alpha, a standard deviation of 1.0, and sample groups of 
357, 245, 144, and 83 (corresponding to the racial and ethnic 
subgroups of our study) with similar achieved power of 100%.

RESULTS

Disc space height and IPDs

Irrespective of disc level, average DSH measurements were 
as follows: anterior height of 2.6 ± 1.0 mm, middle height of 
4.1 ± 1.2 mm, and posterior height of 1.8 ± 1.0 mm. IPD was 
only measured between C3 and C7 vertebrae, and irrespective 
of disc level, the mean IPD measurement was 21.1 ± 1.5 mm. 
Table  3 displays both mean DSH and IPD measurements 
per disc level. Significant differences for anterior, middle, 
and posterior DSH, and IPD were observed in all disc levels. 
Table  4 reports disc-level dependent comparisons in DSH 
and IPD measurements.

Table 2: Description of included cohort.

1000 patients total
Patient characteristic Mean (SD) Sex Race

Male 514 Caucasian 245
Age 25.9±5.8 years Female 486 African 

American
144

Height 1.68±0.11 m * * Asian 83
Weight 81.88±24.11 kg * * Hispanic 357
Body mass index 27.68±7.89 kg/m2 * * Other 18
* * * * N/A 153
SD: Standard deviation, Asterix shows no value.

Table 3: Mean (SD) cervical DSH and IPD.

Disc Level DSH C3‑C7 IPD
Anterior Middle Posterior Mean (SD) Min Max

C2‑C3 2.4 (0.8) 4.0 (1.1) 2.0 (0.8) 24.2 (1.5) 22.0 31.0
C3‑C4 2.5 (0.9) 4.3 (1.0) 2.0 (1.5) 25.2 (1.7) 22.5 30.1
C4‑C5 2.6 (1.0) 4.1 (1.0) 2.0 (0.8) 25.8 (1.9) 22.5 31.9
C5‑C6 2.8 (1.1) 4.1 (1.0) 1.9 (0.9) 26.2 (1.9) 23.0 31.8
C6‑C7 2.9 (1.1) 4.4 (2.2) 1.8 (1.0) 25.4 (1.9) 22.5 32.0
C7‑T1 2.3 (1.0) 3.7 (1.0) 1.4 (0.8) * * *
DSH: Disc space height, IPD: Interpedicular distance, SD: Standard deviation, Asterix shows no value.
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Table 4: Differences in cervical DSH and IPD measurements based on disc level.

Level of reference Level of comparison Mean difference (Reference‑Comparison)
Anterior DSH Middle DSH Posterior DSH C3‑C7 IPD

MD P MD P MD P MD P

C2‑C3 C3‑C4 −0.2 0.040 −0.3 0.010 −0.1 1.000 −1.0 <0.001
C4‑C5 −0.3 <0.001 −0.1 1.000 −0.1 1.000 −1.6 <0.001
C5‑C6 −0.5 <0.001 −0.1 1.000 0.0 1.000 −2.0 <0.001
C6‑C7 −0.6 <0.001 −0.4 <0.001 0.2 0.010 −1.2 <0.001
C7‑T1 0.0 1.000 0.3 <0.001 0.5 <0.001 * *

C3‑C4 C2‑C3 0.2 0.040 0.3 0.010 0.1 1.000 1.0 <0.001
C4‑C5 −0.2 0.210 0.2 0.530 0.0 1.000 −0.6 <0.001
C5‑C6 −0.3 <0.001 0.2 0.630 0.1 1.000 −1.0 <0.001
C6‑C7 −0.4 <0.001 −0.2 0.470 0.2 <0.001 −0.3 0.196
C7‑T1 0.2 0.010 0.6 <0.001 0.5 <0.001 * *

C4‑C5 C2‑C3 0.3 <0.001 0.1 1.000 0.1 1.000 1.6 <0.001
C3‑C4 0.2 0.210 −0.2 0.530 0.0 1.000 0.6 <0.001
C5‑C6 −0.1 0.490 0.0 1.000 0.1 1.000 −0.4 0.006
C6‑C7 −0.2 <0.001 −0.3 <0.001 0.2 <0.001 0.4 0.020
C7‑T1 0.3 <0.001 0.4 <0.001 0.5 <0.001 * *

C5‑C6 C2‑C3 0.5 <0.001 0.1 1.000 0.0 1.000 2.0 <0.001
C3‑C4 0.3 <0.001 −0.2 0.630 −0.1 1.000 1.0 <0.001
C4‑C5 0.1 0.490 0.0 1.000 −0.1 1.000 0.4 0.006
C6‑C7 −0.1 0.710 −0.3 <0.001 0.2 0.020 0.7 <0.001
C7‑T1 0.5 <0.001 0.4 <0.001 0.5 <0.001 * *

C6‑C7 C2‑C3 0.6 <0.001 0.4 <0.001 −0.2 0.010 1.2 <0.001
C3‑C4 0.4 <0.001 0.2 0.470 −0.2 <0.001 0.3 0.196
C4‑C5 0.2 <0.001 0.3 <0.001 −0.2 <0.001 −0.4 0.020
C5‑C6 0.1 0.710 0.3 <0.001 −0.2 0.020 −0.7 <0.001
C7‑T1 0.6 <0.001 0.7 <0.001 0.3 <0.001 * *

C7‑T1 C2‑C3 0.0 1.000 −0.3 <0.001 −0.5 <0.001 * *
C3‑C4 −0.2 0.010 −0.6 <0.001 −0.5 <0.001 * *
C4‑C5 −0.3 <0.001 −0.4 <0.001 −0.5 <0.001 * *
C5‑C6 −0.5 <0.001 −0.4 <0.001 −0.5 <0.001 * *
C6‑C7 −0.6 <0.001 −0.7 <0.001 −0.3 <0.001 * *

DSH: Disc space height, IPD: Interpedicular distance, Bold denotes values with P < 0.05 which is significant. Asterix shows no value.

Table 5: Differences in DSH and IPD measurements based on patient sex.

Measurement Male Female Mean difference 
(Male‑Female)

95% confidence interval P‑value
Mean SD Mean SD Lower Bound Upper Bound

C2‑C3
DSH

Anterior 2.6 0.9 2.2 0.9 0.4 0.3 0.5 <0.001 
Middle 4.3 1.0 3.9 1.1 0.4 0.2 0.6 <0.001
Posterior 2.1 0.9 1.9 0.9 0.2 0.1 0.4 <0.001

IPD
C3 24.4 1.7 23.8 1.2 0.6 0.3 0.9 <0.001

C3‑C4
DSH

Anterior 2.8 1.0 2.3 0.9 0.5 0.3 0.6 <0.001
Middle 4.5 1.0 4.1 1.0 0.5 0.3 0.6 <0.001
Posterior 2.3 1.8 1.9 0.8 0.4 0.2 0.6 <0.001

IPD
C4 25.4 1.7 24.7 1.5 0.6 0.3 1.0 <0.001

(Contd...)
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Table 5: (Continued).

Measurement Male Female Mean difference 
(Male‑Female)

95% confidence interval P‑value
Mean SD Mean SD Lower Bound Upper Bound

C4‑C5
DSH

Anterior 3.0 1.1 2.4 0.9 0.6 0.5 0.8 <0.001
Middle 4.4 1.0 4.1 2.7 0.4 0.1 0.7 0.013
Posterior 2.2 0.9 1.9 0.8 0.2 0.1 0.4 <0.001

IPD
C5 26.1 1.9 25.2 1.6 0.9 0.6 1.2 <0.001

C5‑C6
DSH

Anterior 3.2 1.1 2.4 1.0 0.8 0.6 1.0 <0.001
Middle 4.4 1.0 4.0 1.0 0.5 0.3 0.6 <0.001
Posterior 2.1 0.9 1.9 0.8 0.1 0.0 0.3 0.043

IPD
C6 26.5 1.9 25.7 1.6 0.8 0.5 1.1 <0.001

C6‑C7
DSH

Anterior 3.4 1.2 2.4 1.0 1.0 0.8 1.1 <0.001
Middle 4.8 2.6 4.2 1.0 0.6 0.3 0.9 <0.001
Posterior 1.9 1.1 1.8 0.9 0.0 ‑0.1 0.2 0.655

IPD
C7 25.7 1.9 25.0 1.6 0.7 0.4 1.1 <0.001

C7‑T1
DSH

Anterior 2.6 1.0 2.1 0.9 0.5 0.4 0.7 <0.001
Middle 3.9 1.0 3.7 1.0 0.2 0.1 0.4 0.005
Posterior 1.6 0.8 1.5 0.8 0.1 0.0 0.2 0.092

DSH: Disc space height, IPD: Interpedicular distance, SD: Standard deviation, Bold denotes values with P < 0.05 which is significant.

Table 6: Mean DSH and IPD measurements based on patient race and ethnicity.

Measurement African American Caucasian Hispanic Asian Other
Mean SD Mean SD Mean SD Mean SD Mean SD

C2‑C3
DSH

Anterior 2.4 0.9 2.7 0.9 2.3 0.9 2.3 0.9 2.5 0.8
Middle 3.9 1.1 4.3 1.3 4.0 1.0 3.9 1.1 4.2 1.0
Posterior 2.1 1.0 2.1 1.0 1.9 0.9 1.9 0.8 1.9 0.9

IPD
C3 24.0 1.6 24.6 1.7 24.0 1.5 24.2 1.6 24.5 1.2

C3‑C4
DSH

Anterior 2.5 1.0 2.7 1.0 2.5 1.0 2.3 0.9 2.5 0.9
Middle 4.1 1.0 4.5 1.0 4.3 1.0 4.3 1.1 4.5 1.0
Posterior 2.1 0.8 2.2 0.9 2.1 1.8 1.9 0.8 2.0 1.0

IPD
C4 25.0 1.4 25.5 1.8 25.0 1.6 24.8 1.8 25.5 1.1

C4‑C5
DSH

Anterior 2.7 1.1 2.9 1.1 2.7 1.0 2.3 0.8 2.7 1.0
Middle 4.2 1.0 4.3 1.0 4.3 2.5 4.1 1.0 4.1 1.0
Posterior 2.2 0.9 2.1 0.8 2.0 0.9 1.8 0.7 2.1 0.8

(Contd...)
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Table 6: (Continued).

Measurement African American Caucasian Hispanic Asian Other
Mean SD Mean SD Mean SD Mean SD Mean SD

IPD
C5 25.7 1.7 26.2 2.0 25.6 1.8 25.7 1.7 26.1 1.3

C5‑C6
DSH

Anterior 2.8 1.1 3.1 1.2 2.8 1.1 2.6 1.1 2.8 1.0
Middle 4.2 0.9 4.3 1.0 4.2 1.0 4.1 1.1 4.3 0.9
Posterior 2.3 0.9 2.0 0.9 25.9 1.8 1.6 0.5 2.0 0.7

IPD
C6 26.1 1.8 26.6 1.8 1.9 0.9 26.3 2.6 25.9 1.3

C6‑C7
DSH

Anterior 2.9 1.2 3.2 1.2 2.9 1.2 2.6 1.3 3.1 1.0
Middle 4.3 1.1 4.5 1.1 4.6 2.6 4.3 1.2 4.7 0.8
Posterior 2.0 0.8 1.8 0.9 1.8 1.1 1.5 0.9 1.7 0.7

IPD
C7 25.3 1.8 25.8 1.9 25.2 1.8 25.4 1.9 25.6 1.5

C7‑T1
DSH

Anterior 2.3 0.9 2.6 1.1 2.3 1.0 2.3 1.1 2.5 0.8
Middle 3.9 1.0 3.7 1.1 3.8 1.0 4.0 1.0 3.9 0.9
Posterior 1.8 0.8 1.5 0.8 1.5 0.8 1.4 0.7 1.4 0.8

DSH: Disc space height, IPD: Interpedicular distance, SD: Standard deviation

Table 7: Mean differences in cervical DSH and IPD measurements among African American, Caucasian, Hispanic, and Asian cohorts.

Disc level Reference Comparison Mean difference (Reference‑Comparison)
Anterior DSH Middle DSH Posterior DSH IPD

MD P MD P MD P MD P

C2‑C3 African American Caucasian −0.3 0.007 −0.4 0.009 0 1 −0.6 0.034
African American Hispanic 0.1 1 −0.2 0.633 0.2 0.071 −0.1 1
African American Asian 0.0 1 0.0 1 0.2 1 −0.2 1
Caucasian African American 0.3 0.007 0.4 0.009 0 1 0.6 0.034
Caucasian Hispanic 0.4 <0.001 0.2 0.033 0.3 0.006 0.5 0.008
Caucasian Asian 0.4 0.918 0.4 1 0.2 1 0.4 1
Hispanic African American −0.1 1 0.2 0.633 −0.2 0.071 0.1 1
Hispanic Caucasian −0.4 <0.001 −0.2 0.033 −0.3 0.006 −0.5 0.008
Hispanic Asian −0.1 1 0.1 1 0.0 1 −0.1 1
Asian African American 0.0 1 0.0 1 −0.2 1 0.2 1
Asian Caucasian −0.4 0.918 −0.4 1 −0.2 1 −0.4 1
Asian Hispanic 0.1 1 −0.1 1 0.0 1 0.1 1

C3 ‑ C4 African American Caucasian −0.2 0.556 −0.4 0.012 0 1 −0.5 0.158
African American Hispanic 0 1 −0.2 0.264 0 1 0.1 1
African American Asian 0.3 1 −0.2 1 0.3 1 0.2 1
Caucasian African American 0.2 0.556 0.4 0.012 0 1 0.5 0.158
Caucasian Hispanic 0.2 0.201 0.2 0.191 0.1 1 0.6 0.005
Caucasian Asian 0.4 0.746 0.2 1 0.3 1 0.7 1
Hispanic African American 0 1 0.2 0.264 0 1 −0.1 1
Hispanic Caucasian −0.2 0.201 −0.2 0.191 −0.1 1 −0.6 0.005
Hispanic Asian 0.3 1 0.0 1 0.2 1 0.1 1
Asian African American −0.3 1 0.2 1 −0.3 1 −0.2 1

(Contd...)
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Table 7: (Continued).

Disc level Reference Comparison Mean difference (Reference‑Comparison)
Anterior DSH Middle DSH Posterior DSH IPD

MD P MD P MD P MD P

Asian Caucasian −0.4 0.746 −0.2 1 −0.3 1 −0.7 1
Asian Hispanic −0.3 1 0.0 1 −0.2 1 −0.1 1

C4 ‑ C5 African American Caucasian −0.2 0.296 −0.1 1 0.1 0.908 −0.5 0.246
African American Hispanic 0 1 −0.1 1 0.2 0.059 0.1 1
African American Asian 0.4 1 0.1 1 0.4 0.633 −0.1 1
Caucasian African American 0.2 0.296 0.1 1 −0.1 0.908 0.5 0.246
Caucasian Hispanic 0.2 0.075 0 1 0.1 0.425 0.6 0.01
Caucasian Asian 0.6 0.263 0.2 1 0.3 1 0.4 1
Hispanic African American 0 1 0.1 1 −0.2 0.059 −0.1 1
Hispanic Caucasian −0.2 0.075 0 1 −0.1 0.425 −0.6 0.01
Hispanic Asian 0.4 1 0.2 1 0.2 1 −0.2 1
Asian African American −0.4 1 −0.1 1 −0.4 0.633 0.1 1
Asian Caucasian −0.6 0.263 −0.2 1 −0.3 1 −0.4 1
Asian Hispanic −0.4 1 −0.2 1 −0.2 1 0.2 1

C5 ‑ C6 African American Caucasian −0.3 0.071 −0.1 1 0.2 0.12 −0.5 0.221
African American Hispanic 0 1 0 1 0.4 <0.001 0.1 1
African American Asian 0.2 1 0.1 1 0.7 0.024 −0.2 1
Caucasian African American 0.3 0.071 0.1 1 −0.2 0.12 0.5 0.221
Caucasian Hispanic 0.3 0.008 0.1 0.811 0.1 0.222 0.6 0.004
Caucasian Asian 0.5 0.919 0.2 1 0.5 0.348 0.3 1
Hispanic African American 0 1 0 1 −0.4 <0.001 −0.1 1
Hispanic Caucasian −0.3 0.008 −0.1 0.811 −0.1 0.222 −0.6 0.004
Hispanic Asian 0.2 1 0.1 1 0.3 1 −0.4 1
Asian African American −0.2 1 −0.1 1 −0.7 0.024 0.2 1
Asian Caucasian −0.5 0.919 −0.2 1 −0.5 0.348 −0.3 1
Asian Hispanic −0.2 1 −0.1 1 −0.3 1 0.4 1

C6 ‑ C7 African American Caucasian −0.3 0.154 −0.2 1 0.2 0.231 −0.5 0.208
African American Hispanic 0 1 −0.3 0.638 0.2 0.116 0.1 1
African American Asian 0.3 1 0.0 1 0.5 0.477 −0.1 1
Caucasian African American 0.3 0.154 0.2 1 −0.2 0.231 0.5 0.208
Caucasian Hispanic 0.3 0.035 −0.1 1 0 1 0.5 0.017
Caucasian Asian 0.5 0.585 0.1 1 0.3 1 0.4 1
Hispanic African American 0 1 0.3 0.638 −0.2 0.116 −0.1 1
Hispanic Caucasian −0.3 0.035 0.1 1 0 1 −0.5 0.017
Hispanic Asian 0.3 1 0.3 1 0.3 1 −0.1 1
Asian African American −0.3 1 0.0 1 −0.5 0.477 0.1 1
Asian Caucasian −0.5 0.585 −0.1 1 −0.3 1 −0.4 1
Asian Hispanic −0.3 1 −0.3 1 −0.3 1 0.1 1

C7 ‑ T1 African American Caucasian −0.3 0.051 0.1 0.74 0.3 0.038 * *
African American Hispanic 0 1 0.1 0.976 0.3 0.016 * *
African American Asian −0.1 1 −0.1 1 0.4 0.85 * *
Caucasian African American 0.3 0.051 −0.1 0.74 −0.3 0.038 * *
Caucasian Hispanic 0.3 0.019 0 1 0 1 * *
Caucasian Asian 0.2 1 −0.3 1 0.1 1 * *
Hispanic African American 0 1 −0.1 0.976 −0.3 0.016 * *
Hispanic Caucasian −0.3 0.019 0 1 0 1 * *
Hispanic Asian 0.0 1 −0.2 1 0.1 1 * *
Asian African American 0.1 1 0.1 1 −0.4 0.85 * *
Asian Caucasian −0.2 1 0.3 1 −0.1 1 * *
Asian Hispanic 0.0 1 0.2 1 −0.1 1 * *

DSH: Disc space height, IPD: Interpedicular distance, Bold denotes values with P < 0.05 which is significant., MD: Mean Difference
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Influence of sex, race, and ethnicity

Significant differences in DSH and IPD were observed for 
all anthropometric factors. Male patients had significantly 
larger measurements in both DSH and IPD across all 
vertebral levels compared to female patients. Table 5 reports 
significant differences in DSH and IPD measurements 
based on patient sex. Race-based analyses demonstrated 
statistically significant differences relative to vertebral level. 
Table  6 reports mean measurements for DSH and IPD 
based on patient race and ethnicity, and Table  7 reports 
significant differences between different racial and ethnic 
groups with respect to DSH and IPD. Table 8 showcases a 
correlation matrix which failed to appreciate any significant 
relationships between height, weight, BMI, CNFD, DSH, 
and IPD.

DISCUSSION

This study seeks to provide anatomic standards for 
understanding cervical DSH and IPD. In contrast to 
Frobin et al., who indicated an average DSH of 0.35, our 
study measures DSH in three different locations, yielding 
an average anterior DSH of 2.6 ± 1.0  mm, middle DSH 
of 4.1  ±  1.2  mm, posterior DSH of 1.8 ± 1.0  mm, thus 
increasing the precision of measurement. In addition, 
our study encapsulates 1000 subjects, greatly expanding 
on their initial 135-subject sample size.[3] In addition, 
Razzouk et al. found no sex-based differences in CFND 
measurements,[10] but we found that males had larger 
DSH and IPD across all vertebral levels. We also found 
that Caucasian subjects had larger DSH and IPD at select 
vertebral levels compared to their African American, 
Hispanic, and Asian counterparts.

Determining a healthy DSH and IPD is fundamental to 
defining what constitutes disease and recognizing how 
changes in postoperative DSH and IPD can impact clinical 
and radiological outcomes, as seen in patients experiencing 
nerve root injury or undergoing anterior cervical discectomy 
and fusion surgery.[1,4] Although Liu et al. sought to 
investigate ways in which DSH serves as a predictive index 
for spinal pathology,[7] the lack of normative values has barred 
the determination of how variability in these measurements 
relates to the development of disease. Thus, our study 
provides a baseline series of normative measurements against 
which future research can compare measurements in various 
disease processes.

CONCLUSION

This study describes measurements of DSH and IPD between 
C2 and T1 in 1000 healthy 18–35-year-old subjects. DSH and 
IPD measurements vary based on patient sex, race, ethnicity, 
and disc level.
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