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Abstract

Background/Objectives: A thorough understanding of spinal anatomy is essential for diag-
nostic assessment and surgical intervention. Interspinous distance (ISD), neuroforaminal
dimensions (NFDs), and disc space height (DSH) have each been studied separately; how-
ever, their interrelationship remains unstudied. Given the use of interspinous implants as a
minimally invasive treatment for lumbar stenosis and degenerative disc disease, defining
these relationships is of growing clinical significance. This study investigates the correla-
tion between ISD and both NFDs and DSH in a normative population and whether ISD
varies with demographic factors. Methods: A retrospective chart review was performed on
852 patients who underwent CT imaging of the lumbar spine. ISD was measured from L1
to L5 as the shortest distance between the most caudal tip of the superior spinous process
and the inferior spinous process. DSH was measured at the anterior, middle, and posterior
margins. NFDs were assessed in axial and sagittal views, including axial width, craniocau-
dal height, and foraminal area. Statistical analysis assessed correlations between ISD, NFDs,
DSH, and demographic variables. Results: No strong correlation was observed between
ISD and either NFDs or DSH. Slightly greater correlation was present at L1-L3, weakening
at L4-L5, where interspinous implants are most commonly placed. Demographic analysis
revealed no consistent relationship between ISD and ethnicity, sex, or BMI. While it may be
expected that larger ISD correlates with greater NFDs or DSH, our findings do not support
this assumption. Conclusions: ISD does not strongly correlate with NFDs or DSH, and
demographic factors do not significantly influence ISD in a healthy population.

Keywords: lumbar spine; interspinous distance; neuroforamina; disc space; morphometric
analysis; computed tomography

1. Introduction

Lumbar decompression, stabilization, and interspinous implant procedures rely on
modifying spinal morphology to relieve symptoms associated with neural compression [1].
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Therefore, a thorough understanding of spinal anatomy is essential for both diagnostic
assessment and surgical intervention. While interspinous distance (ISD), neuroforaminal
dimensions (NFDs), and disc space height (DSH) have each been studied separately [2-5],
their relationship concerning size remains unstudied. Prior research has established nor-
mative values for NFDs [4] and investigated how these dimensions correlate to DSH and
patient demographics [6]; however, there is limited data on how ISD correlates with these
parameters. Given the use of interspinous implants as a minimally invasive treatment for
lumbar stenosis and degenerative disc disease, defining these relationships is of growing
clinical significance [7].

Interspinous implants expand the ISD to indirectly decompress neural structures, al-
tering NFDs and DSH [8,9]. While studies have examined the effects of these implants [8,9],
little is known about the baseline anatomical correlations between these structures. Ad-
ditionally, demographic factors such as ethnicity, sex, and body mass index (BMI) may
influence ISD, yet their impact remains undefined. Previous literature has demonstrated
racial and anthropometric variability in other spinal parameters [4-6,10-12], but it remains
unclear whether these factors affect ISD in a normative population.

This study investigates the correlation between ISD and both NFDs and DSH in
a normative population. Additionally, we assess whether the ISD varies in relation to
demographic factors. To our knowledge, this is the first study to evaluate these relationships
in a large, healthy cohort. By defining these relationships, this research provides insights
that may improve the precision of interspinous implant placement and improve patient
outcomes in minimally invasive spinal surgery.

2. Materials and Methods

Following Institutional Review Board approval (#5250240), a retrospective chart review
was conducted on patients who underwent lumbar spine computed tomography (CT)
imaging at a single tertiary academic medical center between January 2013 and January
2023. All CT scans were acquired using a GE Discovery 750 HD 64-slice CT scanner. Patient
consent was not required due to the retrospective and radiographic nature of the study.
Patients were included if their CT imaging provided continuous visualization in both
sagittal and axial views, extending from the superior endplate of L1 to the caudal tip of the
L5 spinous process. Patients were excluded if they demonstrated any pathologic spinal
anatomy, including congenital lumbar stenosis, spinal fracture, neuroforaminal stenosis,
spinal malignancy, spinal infection, prior spinal surgery, congenital growth delays, or
chromosomal abnormalities. After applying exclusion criteria and removing duplicate
records, a final cohort of 852 patients was identified. All imaging data were reviewed using
Enterprise Imaging version 8.3x (AGFA HealthCare, 2023, Mortsel, Belgium).

The authors took axial and sagittal CT imaging measurements and first located the
midline of the lumbar spine in both views. All measurements were performed by seven
trained evaluators using a standardized protocol under the supervision of a board-certified
musculoskeletal radiologist, with consistent anatomical landmarks used across evaluators
to minimize measurement variability. Then, the measurements were taken at each level
from L1 to L5. Figure 1 provides an illustration of the measurement technique for ISD,
measured as the shortest vertically linear distance between the most caudal tip of the
superior spinous process down to the top of the inferior spinous process in the mid-sagittal
plane. DSH was measured between each vertebra using sagittal CT views and recorded
in the mid-sagittal plane anteriorly, at the middle, and posteriorly. These distances were
defined as the shortest vertical distances between the superior and inferior endplates at
their respective vertebra, as illustrated in Figure 2.
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Figure 2. Disc Space Height Measurement at L3-L4.

NFDs were assessed bilaterally at each lumbar level using both axial and sagittal CT
images. Axial anterior—posterior (AP) width was defined as the shortest distance between
the posterior inferior corner of the superior vertebra and the anterior border of the superior
articular process of the lower vertebra. Foraminal height was defined as the maximum
vertical distance between the inferior border of the pedicle of the superior vertebra and the
superior border of the pedicle of the inferior vertebra. The foraminal area was calculated by
manually tracing the bony boundaries of the foramen on sagittal slices using the freeform
area tool within the Enterprise Imaging 8.3.x platform (AGFA HealthCare, 2023, Mortsel,
Belgium). These three measurements are demonstrated in Figure 3.
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Figure 3. Neuroforaminal dimension measurements at L2 (left to right): axial AP width, craniocaudal
height, and foraminal area.

All statistical analyses were performed using R version 4.5.1 (R Core Team, 2025,
Vienna, Austria). A two-sided significance threshold of p < 0.05 was applied for all tests.
No imputation was performed for missing data; instead, missing values were handled
using pairwise deletion to maximize the use of available data and preserve sample size,
thereby maintaining statistical power. To assess associations between ISD and continuous
morphometric variables, including DSH, NFDs, and BMI, Spearman’s rank correlation test
was used due to the non-parametric distribution of the data. Spearman’s rank correlation
coefficients > 40.7 were considered strong, those between +0.4 and £0.7 were considered
moderate, those between +0.1 and +0.4 were considered weak, and values below +0.1
were considered to indicate no correlation [13]. Sex-based differences in ISD were analyzed
using the Mann—-Whitney U test, a non-parametric alternative to the independent samples
t-test. Differences across racial and ethnic groups were evaluated using the Kruskal-Wallis
test. When statistically significant differences were observed, Dunn’s test was used for
post hoc pairwise comparisons. For each comparison, the Hodges-Lehmann estimator
was calculated to provide a non-parametric estimate of the median difference, which was
reported along with 95% confidence intervals.

3. Results

After applying the exclusion criteria from the original imaging dataset, a total of
852 patients were included in the final study cohort. Included patients were between
18 and 38 years of age, with an average age of 27.87 £ 5.08 years. The cohort had a mean
BMI of 28.21 4 7.11, a mean height of 1.69 & 0.11 m, and a mean weight of 80.46 £ 22.10 kg.
The sex distribution was 54.3% female and 45.7% male. The population was racially and
ethnically diverse, with 50.7% identifying as Hispanic/Latino, 33.6% as White, 11.4% as
Black, and 4.4% as Asian.

Table Al presents the means and standard deviations of ISDs measured at each lumbar
level from L1 to L5. Table A2 summarizes the DSH measurements at the anterior, middle,
and posterior locations of each level. Table A3 describes the bilateral NFDs, including axial
AP width, craniocaudal height, and foraminal area, at each lumbar level. These tables are
provided in Appendix A.

The correlation between ISD and both DSH and NFD measurements was assessed
using Spearman’s rank correlation and is reported in Tables 1 and 2, respectively. All
correlation coefficients for ISD vs. DSH ranged from 0 to £0.18, reflecting mostly no
correlation with a few weak statistically significant correlations observed at the L2 middle
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DSH (p = —0.11, p < 0.01), the L3 and L4 posterior DSHs (p = 0.12, p < 0.01 for both), and
the L5 anterior and middle DSHs (p = —0.18 and —0.13, p < 0.01, respectively). Remaining
values showed no significant correlation (1 p| < 0.1). In Table 2, nearly all ISD vs. NFD
correlations were significant but very weak (p = —0.03 to 0.28), with a few values indicating
no correlation. Most results were statistically significant, except for the L3 right AP width
(p = 0.08), the L4 right AP width (p = 0.10), and both left and right L5 craniocaudal heights
(p = 0.46 and 0.47, respectively). However, even where statistical significance was present,
the strength of correlation remained uniformly weak, underscoring that significance does
not imply clinical or anatomical relevance in this context.

Table 1. Spearman’s rank correlation between interspinous distance and disc space height measurements.

95% Confidence Interval

Level Measurements p (Spearman’s Correlation) Lower Bound Upper Bound p-Value
Anterior Disc Space Height 0.02 —0.06 0.11 0.56
L1 Middle Disc Space Height —0.03 —0.11 0.05 0.46
Posterior Disc Space Height 0.07 0.00 0.15 0.07
Anterior Disc Space Height —0.05 —-0.12 0.04 0.26
L2 Middle Disc Space Height —0.11 -0.19 —0.02 <0.01
Posterior Disc Space Height 0.07 —0.01 0.15 0.09
Anterior Disc Space Height 0.00 —0.08 0.08 0.97
L3 Middle Disc Space Height —0.01 —0.09 0.07 0.85
Posterior Disc Space Height 0.12 0.04 0.20 <0.01
Anterior Disc Space Height —0.01 —0.09 0.07 0.77
L4 Middle Disc Space Height 0.01 —0.07 0.09 0.78
Posterior Disc Space Height 0.12 0.04 0.20 <0.01
Anterior Disc Space Height —-0.18 —0.25 —0.10 <0.01
L5 Middle Disc Space Height -0.13 —0.21 —0.04 <0.01
Posterior Disc Space Height —0.05 —0.13 0.04 0.26

Table 2. Spearman’s rank correlation between interspinous distance and neuroforaminal measurements.
, . 95% Confidence Interval

Level Measurements p (Spearman’s Correlation) Lower Bound Upper Bound p-Value
Axial AP Width 0.13 0.05 0.21 <0.01
L1 Left Craniocaudal Height 0.17 0.08 0.26 <0.01
Foraminal Area 0.26 0.18 0.33 <0.01
Axial AP Width 0.12 0.04 0.20 <0.01
L1 Right Craniocaudal Height 0.17 0.09 0.25 <0.01
Foraminal Area 0.28 0.20 0.35 <0.01
Axial AP Width 0.16 0.08 0.24 <0.01
12 Left Craniocaudal Height 0.14 0.06 0.22 <0.01
Foraminal Area 0.19 0.10 0.27 <0.01
Axial AP Width 0.16 0.08 0.24 <0.01
L2 Right Craniocaudal Height 0.14 0.06 0.23 <0.01
Foraminal Area 0.20 0.12 0.28 <0.01
Axial AP Width 0.09 0.01 0.17 0.03
L3 Left Craniocaudal Height 0.11 0.03 0.20 <0.01
Foraminal Area 0.18 0.09 0.26 <0.01
Axial AP Width 0.07 0.00 0.16 0.08
L3 Right Craniocaudal Height 0.12 0.03 0.19 <0.01
Foraminal Area 0.16 0.08 0.24 <0.01
Axial AP Width 0.08 0.00 0.16 0.05
L4 Left Craniocaudal Height 0.11 0.03 0.19 <0.01
Foraminal Area 0.13 0.05 0.21 <0.01
Axial AP Width 0.07 —0.01 0.15 0.10
L4 Right Craniocaudal Height 0.12 0.04 0.20 <0.01

Foraminal Area 0.16 0.08 0.24 <0.01
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Table 2. Cont.
Level Measurements p (Spearman’s Correlation) Losz‘]?oiﬁgﬁdence[;;;?;vgzun d p-Value
Axial AP Width 0.12 0.03 0.20 <0.01
L5 Left Craniocaudal Height 0.03 —0.05 0.11 0.46
Foraminal Area 0.14 0.06 0.22 <0.01
Axial AP Width 0.11 0.03 0.19 <0.01
L5 Right Craniocaudal Height —0.03 —0.11 0.05 0.47
Foraminal Area 0.17 0.09 0.25 <0.01
Ethnic differences in ISD were evaluated using the Kruskal-Wallis test and are sum-
marized in Table 3. Statistically significant variation was observed across ethnic groups
at the L1 (p = 0.01) and L2 (p = 0.04) lumbar levels. No significant differences were found
at L3, L4, or L5 (p > 0.05 for all). Post hoc pairwise comparisons using Dunn’s test with
Hodges-Lehmann estimates are presented in Table 4. At L1, ISD was significantly smaller
in Black patients compared to White patients (Hodges-Lehmann estimate: —1.80, 95% CI:
—2.90to —0.70, p = 0.01). Similarly, at L2, Black patients demonstrated significantly smaller
ISD values than White patients (HL estimate: —1.40, 95% CI: —2.40 to —0.30, p = 0.048). All
other pairwise comparisons at both levels were not statistically significant after adjustment
for multiple comparisons (p > 0.05).
Table 3. Kruskal-Wallis test comparing interspinous distance measurements across ethnic groups at
each lumbar level.
Level .Caucasian His.panic/Latino Afri.can American . Asian p-Value
Median IOR Median IQR Median IQR Median IQR
L1 12.60 5.08 11.70 4.60 10.70 5.08 12.45 2.83 0.01
L2 10.50 4.40 10.30 4.00 9.45 5.58 11.00 6.00 0.04
L3 7.20 4.30 7.50 3.65 6.65 4.68 7.75 3.48 0.18
L4 5.70 3.40 5.80 3.20 4.95 3.85 6.00 3.50 0.16
L5 5.80 3.30 5.80 3.20 5.05 3.43 6.20 4.10 0.41

Table 4. Dunn’s post hoc pairwise comparisons of ISD measurements by ethnicity with Hodges—
Lehmann estimates and 95% confidence intervals.

. . 95% Confidence Interval Adjusted
Comparison Groups Level Hodges-Lehmann Estimate Lower Bound Upper Bound p-Value
Asian L1 1.10 —0.50 2.80 1.00
\E L2 1.90 0.10 3.60 0.17
Black
Asian L1 0.30 —1.00 1.50 1.00
VS L2 0.70 —0.70 2.20 1.00
Hispanic/Latino
Asian L1 —0.50 —2.00 0.80 1.00
\& L2 0.50 —1.00 2.00 1.00
White
Black L1 —0.90 -1.90 0.10 0.54
VS L2 -1.10 -2.10 —0.10 0.18
Hispanic/Latino
Black L1 —-1.80 —2.90 —0.70 0.01
\E L2 —1.40 —2.40 —0.30 0.05
White
Hispanic/Latino L1 —0.80 —1.50 —0.20 0.06
VS L2 —0.30 —0.80 0.30 1.00
White

Sex-based comparisons of ISD were assessed using the Mann-Whitney U test and are
summarized in Table 5. Statistically significant differences were observed between male
and female patients at the L1 (p = 0.04) and L5 (p < 0.01) lumbar levels. At L1, males had
higher ISD values (median: 12.30 mm) compared to females (median: 11.60 mm), with



Tomography 2025, 11, 100

7 of 11

a Hodges—Lehmann estimate of —0.60 mm (95% CI: —1.20 to 0.00). At L5, males again
showed higher ISD values (median: 6.00 mm vs. 5.40 mm), with a Hodges-Lehmann
estimate of —0.70 mm (95% CI: —1.10 to —0.30). No significant differences were observed
atL2, L3, or L4 (p > 0.05 for all).

Table 5. Mann—-Whitney U test results comparing interspinous distance between male and female
patients at each lumbar level, including Hodges—Lehmann estimates and confidence intervals.

Female Male . 95% Confidence Interval
Level Median IQR Median IQR Hodges-Lehmann Estimator Lower Bound Upper Bound p-Value
L1 11.6 4.8 12.3 4.45 —0.60 -1.20 —0.00003 0.04
L2 10.2 42 10.5 4.65 —0.40 —-0.90 0.20 0.16
L3 7.5 41 7.2 37 0.10 —0.40 0.60 0.70
L4 5.65 3.6 5.8 3.4 —0.30 —0.70 0.10 0.17
L5 5.4 3.1 6 3.6 -0.70 -1.10 —0.30 <0.01

The relationship between BMI and ISD was evaluated using Spearman’s Rank correla-
tion and is presented in Table 6. A weak negative correlation was observed at L1 (p = —0.09,
p = 0.05), indicating a slight trend toward lower ISD values with higher BMI. No significant
correlations were found at L2 through L5 (p > 0.14 for all), and all correlation coefficients
were below +0.1, indicating no meaningful association between BMI and ISD at these
levels.

Table 6. Spearman’s rank correlation coefficients assessing the relationship between BMI and ISD at
each lumbar level, with corresponding confidence intervals.

95% Confidence Interval

Level p (Spearman’s Correlation) Lower Bound Upper Bound p-Value
L1 —0.09 —-0.17 —0.003 0.051
12 -0.07 -0.15 0.02 0.14
L3 —0.001 —0.09 0.09 0.98
L4 0.07 —0.02 0.14 0.14
L5 —0.00002 —0.08 0.09 1.00

4. Discussion

This study is the first to systematically investigate the relationship between ISD, NFDs,
and DSH across the lumbar spine in a large, healthy cohort. Prior studies have established
normative values for these lumbar morphometric features independently [2-5], but none
have directly assessed how ISD correlates with surrounding anatomical structures. Given
the increasing use of interspinous implants to treat lumbar stenosis and disc degenera-
tion [14,15], understanding the anatomical context of ISD is of growing clinical importance.

No strong correlation was observed between ISD and either NFD or DSH measurements.
Although it may seem intuitive that a larger ISD would correspond to greater foraminal or
disc space dimensions, as has been shown in other regions of the spine [16,17], our findings
do not support this assumption. Across all five lumbar levels, correlation coefficients were
consistently weak or absent, with only a handful reaching statistical significance. These results
suggest that ISD alone may not be a reliable marker for predicting adjacent morphometric
dimensions under normal anatomical conditions. Although several relationships were sta-
tistically significant, the strength of correlation remained uniformly weak, reinforcing the
importance of distinguishing statistical from anatomical or clinical relevance.

Interestingly, the few weak correlations that did emerge were more commonly observed
at upper lumbar levels, L1 and L3. In contrast, levels L4 and L5, the most frequent targets
for interspinous implant placement, showed minimal to no correlation [8]. This finding may
reflect both anatomical and technical factors. Spinal curvature and increased lordosis at the
lower lumbar spine can distort sagittal imaging planes, potentially introducing measurement
errors [18]. Alternatively, the reduced correlation at these levels may represent a genuine
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anatomical dissociation between interspinous and adjacent structures, underscoring the
importance of careful, level-specific evaluation when planning surgical interventions.

Demographic analysis further underscored the variability and complexity of ISD.
Unlike previous studies that demonstrated racial and anthropometric variability in spinal
morphology [4-6,10-12], our findings suggest that ISD remains relatively stable across
populations under normal anatomic conditions. Sex-based comparisons demonstrated sta-
tistically larger ISDs in males at L1 and L5; however, differences were minor in magnitude
and not observed consistently across all levels, reinforcing that ISDs do not significantly
vary between males and females [10]. Although significant differences in ISD were noted
between Black and White patients at L1 and L2, no clear ethnic trends were identified
overall [19]. Lastly, no meaningful correlation was found between BMI and ISD at any
level, differing from prior studies linking higher BMI to morphometric variation in the
lumbar spine [20]. These findings indicate that the ISD remains relatively stable across sex,
racial, and anthropometric groups in healthy individuals.

Our findings challenge the intuitive assumption that greater ISD corresponds to larger
NFDs or DSHs. This concept is particularly relevant for surgical practices that rely on
interspinous implants designed to indirectly decompress neural elements by increasing
ISD [14]. Given our findings that ISD does not strongly correlate with NFD or DSH
in asymptomatic patients, device sizing and positioning should not rely solely on ISD.
Moreover, the weak and inconsistent associations at the most clinically utilized levels, L4
and L5, underscore the need for specific radiographic assessment of target structures prior to
surgical planning [8]. Given the normative population studied, it remains unclear whether
similar patterns would be observed in the presence of pathology, such as lumbar stenosis,
spondylolisthesis, disc degeneration, or synovial cysts, where anatomical relationships
may shift [21-23]. Additionally, future studies should also assess how these relationships
change following surgical intervention, as postoperative alterations in ISD may influence
adjacent morphometric parameters.

This study has several limitations that should be taken into account when interpreting
the results. As a retrospective analysis conducted at a single tertiary care center, the
findings may not be generalizable to broader populations. While this study aimed to define
normative anatomical relationships, our dataset may reflect demographic or institutional
biases not present elsewhere. The analysis was limited to patients aged 18 to 38 years
with normal lumbar anatomy to isolate baseline relationships between ISD, NFDs, and
DSH. Although this approach minimizes confounding from degenerative pathology, it also
restricts the applicability of the study’s findings to clinical populations in which spinal
disease is more prevalent [24]. Additionally, anatomical distortion from lumbar lordosis and
the sagittal curvature of the lower spine may have introduced variability in measurement
accuracy, particularly at the L4 and L5 levels. These levels are especially relevant to
interspinous implant placement but are also more susceptible to error due to imaging angle
and alignment [18]. Although all measurements were performed using a standardized
protocol under the supervision of a board-certified musculoskeletal radiologist, subtle
variability between measurement takers may still have influenced the results.

5. Conclusions

This study is the first to systematically examine the relationship between ISD, NFDs,
and DSH across the lumbar spine in a healthy adult population. Contrary to common
assumptions, ISD did not strongly correlate with either NFDs or DSH at any level, suggest-
ing it may not be a reliable proxy for these spinal parameters under normal anatomical
conditions. Weak correlations observed at upper lumbar levels were not present at L4
and L5, the levels most commonly targeted by interspinous implants [8]. Demographic
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variables, including sex, ethnicity, and BMI, showed minimal and inconsistent associations
with ISD. These findings underscore the importance of individualized assessment, rather
than relying solely on ISD, in clinical decision-making and device planning. Future re-
search should investigate whether these relationships change in the presence of pathology
or postoperatively to better inform surgical strategies and implant design.
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Abbreviations

The following abbreviations are used in this manuscript:

ISD  Interspinous Distance

DSH  Disc Space Height

NFD Neuroforaminal Dimension
AP Anterior-Posterior

BMI  Body Mass Index

CT Computed Tomography

Appendix A

Table Al. Interspinous Distance Descriptive Values.

Level Mean (mm) SD
L1 11.91 3.47
L2 10.29 3.14
L3 7.76 2.95
14 6.08 2.55

L5 6.21 2.8
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Table A2. Disc Space Height Descriptive Values.

Level Variable Mean (mm) SD
Anterior DSH 5.54 1.75

L1 Middle DSH 6.63 1.35
Posterior DSH 3.15 1.19

Anterior DSH 6.46 1.81

L2 Middle DSH 8.02 1.58
Posterior DSH 4.13 1.27

Anterior DSH 7.71 1.86

L3 Middle DSH 8.94 1.57
Posterior DSH 4.73 1.40

Anterior DSH 9.19 2.06

L4 Middle DSH 9.43 1.69
Posterior DSH 491 1.53

Anterior DSH 10.68 2.71

L5 Middle DSH 8.24 1.97
Posterior DSH 3.80 1.45

Table A3. Neuroforaminal Dimensions Descriptive Values.

Level/Side Variable Mean (mm) SD
Axial AP Width 9.20 2.07

L1 Left Craniocaudal Height 17.53 2.23
Foraminal Area 129.71 31.37

Axial AP Width 9.19 2.04

L1 Right Craniocaudal Height 17.46 2.22
Foraminal Area 130.63 31.45

Axial AP Width 8.93 1.90

L2 Left Craniocaudal Height 18.63 2.20
Foraminal Area 139.79 33.98

Axial AP Width 9.04 1.97

L2 Right Craniocaudal Height 18.64 2.33
Foraminal Area 141.38 33.85

Axial AP Width 8.74 1.92

L3 Left Craniocaudal Height 18.73 2.39
Foraminal Area 140.13 33.97

Axial AP Width 8.73 1.87

L3 Right Craniocaudal Height 18.54 2.38
Foraminal Area 139.46 34.20

Axial AP Width 8.09 1.89

L4 Left Craniocaudal Height 18.06 2.55
Foraminal Area 131.79 32.20

Axial AP Width 8.10 2.00

L4 Right Craniocaudal Height 17.80 2.37
Foraminal Area 130.44 30.88

Axial AP Width 8.23 2.33

L5 Left Craniocaudal Height 15.63 2.65
Foraminal Area 118.04 31.09

Axial AP Width 8.51 2.37

L5 Right Craniocaudal Height 15.55 2.63
Foraminal Area 119.85 30.92

References

1.  Katz, J.N.; Zimmerman, Z.E.; Mass, H.; Makhni, M.C. Diagnosis and Management of Lumbar Spinal Stenosis: A Review. JAMA
2022, 327, 1688-1699. [CrossRef]

2. Albietz, ].S.; Rosasarellano, P.; Fleming, ].C.; Gurr, K.R,; Bailey, S.I; Bailey, C.S. An Anatomic Study of the Interspinous Space of
the Lumbosacral Spine. Eur. Spine J. 2012, 21, 145-148. [CrossRef]


https://doi.org/10.1001/jama.2022.5921
https://doi.org/10.1007/s00586-011-1970-8

Tomography 2025, 11, 100 11 of 11

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Neumann, P.; Wang, Y.; Karrholm, J.; Malchau, H.; Nordwall, A. Determination of Inter-Spinous Process Distance in the Lumbar
Spine. Eur. Spine J. 1999, 8, 272-278. [CrossRef]

Razzouk, J.; Vyhmeister, E.; Carter, D.; Sajdak, G.; Nguyen, K.; Carter, M.; Kagabo, W.; Ramos, O.; Wycliffe, N.; Cheng, W.;
et al. Normative Measurements of L1 to S1 Neuroforaminal Dimensions Derived From Plain Film Radiography, Computed
Tomography, and Magnetic Resonance Imaging. Spine 2024, 49, 432—442. [CrossRef]

Bach, K.; Ford, ].; Foley, R.; Januszewski, J.; Murtagh, R.; Decker, S.; Uribe, ].5. Morphometric Analysis of Lumbar Intervertebral
Disc Height: An Imaging Study. World Neurosurg. 2019, 124, e106—-e118. [CrossRef] [PubMed]

Shin, D.; Vyhmeister, E.; Im, D.; Fay, A.; Faehner, O.; Cabrera, A.; Bouterse, A ; Seo, L.; Bedward, D.; Carter, M.; et al. Lumbar Disc
Space Height in Relation to Neural Foraminal Dimensions and Patient Characteristics: A Morphometric Analysis from L1-S1
Using Computed Tomography. Brain Spine 2024, 5, 104162. [CrossRef] [PubMed]

Sobottke, R.; Schliiter-Brust, K.; Kaulhausen, T.; Rollinghoff, M.; Joswig, B.; Stiitzer, H.; Eysel, P.; Simons, P.; Kuchta, J. Interspinous
Implants (X Stop®, Wallis®, Diam®) for the Treatment of LSS: Is There a Correlation between Radiological Parameters and Clinical
Outcome? Eur. Spine J. 2009, 18, 1494-1503. [CrossRef] [PubMed]

Grasso, G.; Giambartino, F.; Iacopino, D.G. Clinical Analysis Following Lumbar Interspinous Devices Implant: Where We Are
and Where We Go. Spinal Cord 2014, 52, 740-743. [CrossRef]

Lee, J.; Hida, K,; Seki, T.; Iwasaki, Y.; Minoru, A. An Interspinous Process Distractor (X STOP) for Lumbar Spinal Stenosis in
Elderly Patients: Preliminary Experiences in 10 Consecutive Cases. J. Spinal Disord. Tech. 2004, 17, 72-77. [CrossRef]

Harianja, G.; Razzouk, J.; Lindsey, W.; Urbina, B.; Cabrera, A.; Thomas, L.; Bouterse, A.; Wycliffe, N.; Cheng, W.; Danisa, O. Anatomic
Assessment of L1-S1 Neuroforaminal Dimensions Using Computed Tomography. J. Bone Jt. Surg. Am. 2023, 105, 1512-1518. [CrossRef]
Shin, D.; Shin, B.; Brandt, Z.; Nguyen, K.; Battikha, A.; Carter, D.; Carter, M.; Razzouk, J.; Wycliffe, N.; Cheng, W.; et al.
Morphometric Analysis of Cervical Disc Space Height and Interpedicular Distance Using Computed Tomography. Surg. Neurol.
Int. 2024, 15, 196. [CrossRef]

Razzouk, J.; Case, T.; Vyhmeister, E.; Nguyen, K.; Carter, D.; Carter, M.; Sajdak, G.; Kricfalusi, M.; Taylor, R.; Bedward, D.; et al.
Morphometric Analysis of Cervical Neuroforaminal Dimensions from C2-T1 Using Computed Tomography of 1,000 Patients.
Spine J. 2024, in press. [CrossRef] [PubMed]

Dancey, C.; Reidy, J. Statistics Without Maths for Psychology, 4th ed.; Pearson Education: London, UK, 2007.

Kabir, S.M.R.; Gupta, S.R.; Casey, A.T.H. Lumbar Interspinous Spacers: A Systematic Review of Clinical and Biomechanical
Evidence. Spine (Phila Pa 1976) 2010, 35, E1499-E1506. [CrossRef]

Poetscher, A.W.; Gentil, A.F.; Ferretti, M.; Lenza, M. Interspinous Process Devices for Treatment of Degenerative Lumbar Spine
Stenosis: A Systematic Review and Meta-Analysis. PLoS ONE 2018, 13, e0199623. [CrossRef]

Wang, Y.; Zhang, P; Yan, X.; Wang, J.; Zhu, M.; Teng, H. The Correlation between Lumbar Interlaminar Space Size on Plain
Radiograph and Spinal Stenosis. Eur. Spine J. 2023, 32, 1721-1728. [CrossRef]

Cinotti, G.; De Santis, P.; Nofroni, I.; Postacchini, F. Stenosis of Lumbar Intervertebral Foramen: Anatomic Study on Predisposing
Factors. Spine 2002, 27, 223-229. [CrossRef]

Been, E.; Barash, A.; Pessah, H.; Peleg, S. A New Look at the Geometry of the Lumbar Spine. Spine 2010, 35, E1014-E1017.
[CrossRef]

Shaw, ].D.; Shaw, D.L.; Cooperman, D.R.; Eubanks, ].D.; Li, L.; Kim, D.H. Characterization of Lumbar Spinous Process Morphol-
ogy: A Cadaveric Study of 2,955 Human Lumbar Vertebrae. Spine J. 2015, 15, 1645-1652. [CrossRef]

Kaya Ayvaz, D.; Kervancioglu, P.; Bahsi, A.; Bahsi, I A Radiological Evaluation of Lumbar Spinous Processes and Interspinous
Spaces, Including Clinical Implications. Cureus 2021, 13, €19454. [CrossRef]

Widmer, J.; Fornaciari, P.; Senteler, M.; Roth, T.; Snedeker, ].G.; Farshad, M. Kinematics of the Spine Under Healthy and
Degenerative Conditions: A Systematic Review. Ann. Biomed. Eng. 2019, 47, 1491-1522. [CrossRef]

Been, E.; Li, L.; Hunter, D.J.; Kalichman, L. Geometry of the Vertebral Bodies and the Intervertebral Discs in Lumbar Segments
Adjacent to Spondylolysis and Spondylolisthesis: Pilot Study. Eur. Spine J. 2011, 20, 1159-1165. [CrossRef] [PubMed]

Ganau, M,; Ennas, F; Bellisano, G.; Ganau, L.; Ambu, R.; Faa, G.; Maleci, A. Synovial Cysts of the Lumbar Spine—Pathological
Considerations and Surgical Strategy. Neurol. Med. Chir. 2013, 53, 95-102. [CrossRef]

Hicks, G.E.; Morone, N.; Weiner, D.K. Degenerative Lumbar Disc and Facet Disease in Older Adults. Spine 2009, 34, 1301-1306.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1007/s005860050172
https://doi.org/10.1097/BRS.0000000000004857
https://doi.org/10.1016/j.wneu.2018.12.014
https://www.ncbi.nlm.nih.gov/pubmed/30579030
https://doi.org/10.1016/j.bas.2024.104162
https://www.ncbi.nlm.nih.gov/pubmed/39759965
https://doi.org/10.1007/s00586-009-1081-y
https://www.ncbi.nlm.nih.gov/pubmed/19562386
https://doi.org/10.1038/sc.2014.100
https://doi.org/10.1097/00024720-200402000-00013
https://doi.org/10.2106/JBJS.22.01394
https://doi.org/10.25259/SNI_279_2024
https://doi.org/10.1016/j.spinee.2024.05.001
https://www.ncbi.nlm.nih.gov/pubmed/38705281
https://doi.org/10.1097/BRS.0b013e3181e9af93
https://doi.org/10.1371/journal.pone.0199623
https://doi.org/10.1007/s00586-023-07646-z
https://doi.org/10.1097/00007632-200202010-00002
https://doi.org/10.1097/BRS.0b013e3181ddd433
https://doi.org/10.1016/j.spinee.2015.03.007
https://doi.org/10.7759/cureus.19454
https://doi.org/10.1007/s10439-019-02252-x
https://doi.org/10.1007/s00586-010-1660-y
https://www.ncbi.nlm.nih.gov/pubmed/21181481
https://doi.org/10.2176/nmc.53.95
https://doi.org/10.1097/BRS.0b013e3181a18263

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	Appendix A
	References

