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ABSTRACT

Background: Despite its clinical importance, osteoporosis remains underdiagnosed, particularly in spinal surgery
patients, where bone quality affects surgical outcomes. Existing screening methods are often costly or inaccessible, highlighting
the need for a simpler alternative.

Objective: The purpose of the present study was to assess the canal bone ratio (CBR) as a predictive tool for bone mineral
density (BMD) in patients with lumbar degenerative diseases and establish a specific cutoff value for diagnosing osteoporosis.

Methods: A retrospective analysis was conducted of 102 patients older than 50 years who underwent lumbar spine
surgery at our institution from 2016 to 2024. Eligible patients underwent dual-energy x-ray absorptiometry (DXA), full-spine
x-ray imaging, and computed tomography within 3 months before their surgery. CBR measurements were obtained by analyzing
x-ray images for the inner and outer diameters of the femoral shaft 7 cm below the lesser trochanter. The Youden index based on
T score thresholds from DXA scans determined the optimal cutoff value for diagnosing osteoporosis using CBR.

Results: The cutoff value for CBR was 0.501, which was identified by analyzing BMD data from the lumbar spine and
femoral neck regions. This cutoff demonstrated a strong correlation with low BMD scores, exhibiting a sensitivity of 0.656 and
a specificity of 0.671 for identifying osteoporosis among the included patients. Additionally, CBR values negatively correlated
with T scores and computed tomography-based Hounsfield units values obtained from lumbar and femoral regions, reinforcing

its validity as a screening tool.
Conclusion:

CBR correlates with T scores from DXA and Hounsfield units values, establishing itself as a feasible and

practical screening tool for osteoporosis in patients with lumbar degenerative disease.

Clinical Relevance:
fragility.
Level of Evidence: 3.

Lumbar Spine

CBR facilitates early intervention and improves management in populations at high risk for bone

Keywords: canal bone ratio, osteoporosis, lumbar degenerative disease, bone mineral density, hounsfield units

INTRODUCTION

In recent decades, the growing elderly population has
increasingly required surgical interventions for spinal
disorders." A major issue within this demographic is
osteoporosis, a condition that remains underdiagnosed
and undertreated. Despite the known risks, osteoporosis
often goes unnoticed due to factors such as low health
literacy, socioeconomic challenges,z’3 and, notably,
insufficient proactive screening by health care profes-
sionals.* For instance, a survey of 349 orthopedic and
neurosurgeons revealed that only about one-fifth regu-
larly assessed bone density in their patients, highlight-
ing a statistical gap in standard care practices.’

In response to these challenges, opportunistic screen-
ing has emerged as a promising solution. This method

utilizes routine spinal imaging, such as computed tomog-
raphy (CT)-based Hounsfield units (HU)® and magnetic
resonance imaging (MRI)-based vertebral body quality
scores,’ before spine surgery to improve osteoporosis
screening rates. Moreover, dual-energy x-ray absorptiom-
etry (DXA) remains the criterion standard.®® However,
none of these options can be easily used for simple screen-
ing due to the high cost of the medical equipment involved.
Typically, the diagnosis and treatment of spinal degenera-
tive diseases require spinal x-ray imaging and CT/MRL"
However, considering the limited availability of CT and
MRI in low- and middle-income countries and the need
for practical screening tools that do not increase radia-
tion exposure or costs, this study focuses on the utility of
the canal bone ratio (CBR) in diagnosing osteoporosis.
The CBR, an x-ray—based measure, holds potential as a
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cost-effective alternative, offering comparative benefits in
cost, accessibility, and diagnostic effectiveness.'"'? Full-
length anterior-posterior and lateral x-ray imaging are
essential for assessing alignment."”” Additionally, spine
surgeons measure spinal and pelvic parameters to evalu-
ate compensation of the pelvis and lower limbs, typically
including the proximal femur. Preliminary evidence sug-
gests that CBR provides an alternative to DXA for quick
and accurate bone mineral density (BMD) measurements.
The present study aims to rigorously evaluate the pre-
dictive performance of CBR for bone density in patients
with lumbar degenerative disease (LDD). We hypothesized
that CBR can serve as a reliable indicator of bone density,
potentially replacing DXA in clinical settings where it is
unavailable. Our research seeks to establish specific cutoff
values for CBR that correlate with osteoporosis, thereby
enhancing the screening process and supporting better
management of osteoporosis in spinal surgery patients.

MATERIALS AND METHODS

Included Patients

We collected data from patients preparing for lumbar
spine surgery at our institution between April 2016 and
April 2024 who had undergone CT, MRI, and DXA. Eli-
gible participants were those aged 50 years or older with
lumbar spine imaging performed within 3 months before
their surgery. We excluded individuals who had previous
lumbar spine surgeries (such as posterior fusion or balloon
kyphoplasty), those with spinal conditions (including
tumors such as multiple myeloma and metastatic cancers,
inflammatory diseases such as ankylosing spondylitis and
tuberculosis, or significant scoliosis or deformities with a
coronal Cobb angle greater than 30°), or those with severe
vertebral fractures that hindered assessment. Basic demo-
graphic and clinical information, including age, gender,
height, weight, body mass index (BMI), and the type of
lumbar spinal disorder, was recorded.

Canal Bone Ratio

On whole-spine x-ray images, we marked a reference
line perpendicular to the femoral shaft running through the
center of the lesser trochanter. Lines were then measured
7 cm below this reference. At this height, the medulla-
cortical ratio was measured as the canal-bone ratio CBR
(inner diameter of the femoral shaft/outer diameter of the
femoral shaft; Figure 1)."*'” Two spine surgeons measured
CBR. They were blinded to BMD results during measure-
ments. One of the surveyors repeatedly measured radio-
graphs in random order after a 2-week interval to assess
the intraobserver variance. Moreover, the interobserver

variance among the 2 surveyors was also assessed by the
intraclass correlation coefficient (ICC).

Dual-Energy X-Ray Absorptiometry

Our research group followed the manufacturer’s rec-
ommendations and performed standard analysis proce-
dures for the spine and hip on all patients. We used DXA
to measure the BMD of the lumbar spine (L.1-L4) and the
left hip. BMD is defined as bone mineral content (BMC)
divided by the projected area of the scanned image, ie,
BMD = BMC/area (g/cm?). Patients lie on their backs on
the DXA table, with their legs elevated for lumbar spine
measurements and their feet placed in a brace for hip mea-
surements. A low-dose x-ray beam is passed through the
bones, and BMD is measured by calculating BMC divided
by the bone area. The entire procedure takes approxi-
mately 10 min.

Using the Horizon W system (Hologic, Inc.), DXA
scans provided BMD scores expressed as 7T scores for the
lumbar spine and femoral neck. A specialist radiologic
technologist and the automated densitometry software
determined these scores. T scores were used to classify
bone status into osteoporosis (7 score < —2.5), osteopenia
(T score < —1.0), and normal (7 score > —1 .0).16

In this study, we divided patients into 2 groups—an
osteoporosis group and a normal group—based on a T
score of —2.5 to measure the CBR cutoff value.

Measurements of HU Value

HU values were derived from presurgery CT scans of
the L1 to L4 vertebrae using established methods from
earlier studies. Scans were performed on 1 of 4 types of
Siemens helical CT scanners.”'” Parameters included a
120 kVp tube voltage, 280 mA current, and a slice thick-
ness of 3.0 mm at intervals of the same width. We focused
on 3 specific areas per vertebra: immediately below the
superior endplate, the vertebral body’s center, and just
above the inferior endplate. The most distinct cancellous
and cortical bone areas were targeted for region of interest
selection. After standardizing the placement of the region
of interest to exclude cortical bone, the average HU values
were calculated using the picture archiving and communi-
cation system.

Statistical Analysis

Data are presented as mean + SD or as number (%)
of patients. The Kolmogorov-Smirnov test confirmed
the normal distribution of the continuous variables. To
establish intra- and interrater reliability, the ICC was
calculated for the CBR measurements using a 1-way
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Figure 1. Method for measuring canal bone ratio (CBR). This figure illustrates the measurement of CBR using the femoral shaft, with an inner diameter of 15.7 mm
and an outer diameter of 28.3 mm. The calculated CBR is 0.554 (CBR = inner diameter/outer diameter).

random effects model and absolute agreement type. We
used the y* test to assess the associations between cate-
gorical variables across different groups. We employed
t tests and the Mann-Whitney U test to analyze con-
tinuous variables. Although the Kolmogorov-Smirnov
test confirmed a normal distribution, the correlation
between variables was investigated using Spearman’s
rank correlation coefficient (r) instead of Pearson’s cor-
relation. This decision was made due to potential out-
liers and the ordinal nature of some variables, which
may not fully meet the assumptions of Pearson’s cor-
relation. The area under the curve (AUC) was evaluated
using receiver operating characteristic (ROC) analysis.
Furthermore, the cut-off value for CBR corresponding
to a T score of —2.5 SD for diagnosing osteoporosis
was determined based on the Youden index. Data were
analyzed using IBM SPSS Statistics software (version

23.0, IBM Corp., Armonk, NY, USA). A P value of
<0.05 was considered statistically significant.

RESULTS

We studied 102 patients (49 men and 53 women)
with an mean age of 73.3 years. The mean height was
157.2 cm, weight was 60.0 kg, and the mean BMI was
24.2 kg/m?. Bone density measurements indicated a
lumbar BMD of 0.978 and a femoral neck BMD of
0.652. The average T scores for the lumbar and femoral
neck regions were 0 and —1.6, respectively. Based on
T scores, 30 patients had normal bone density, 40 had
osteopenia, and 32 had osteoporosis. Measurements of
the femoral shaft revealed an inner diameter of 14.1 cm
and an outer diameter of 28.7 cm, resulting in a CBR
of 0.491 (Table 1). In CBR, the intra- and interrater
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Table 1. Baseline characteristics of patients (N = 102).
Characteristic Value
Age, y, mean (SD) 73.3 (7.6)

Sex, men/women, n 49/53

Height, cm, mean (SD) 157.2 (8.8)
Body weight, kg, mean (SD) 60.0 (12.7)
BMI, mean (SD) 24.2 (3.8)
Indications, n (%)
LCS+ (LDS) 88 (86)
Degenerative lumbar scoliosis 99
Foraminal stenosis 44
Lumbar disc herniation 1(1)
Lumbar BMD, mean (SD) 0.978 (0.227)
Lumbar YAM BMD, %, mean (SD) 99.6 (22.8)
Lumbar spine 7 score, mean (SD) 0(2.0)
Femoral neck BMD, mean (SD) 0.652 (0.143)
Femoral neck YAM BMD, %, mean (SD) 82.2 (17.9)
Femoral neck T score, mean (SD) -1.6(1.6)
Low T score, mean (SD) -1.7 (1.5)
Low YAM BMD, %, mean (SD) 81.3(17.3)
T score, n (%)
Normal (>-1.0) 30 (29)
Osteopenia (<—1.0, >-2.5) 40 (39)
Osteoporosis (<-2.5) 32 (31)
Inner diameter of the femoral shaft, mean (SD) 14.1 (2.0)
Outer diameter of the femoral shaft, mean (SD) 28.7 (2.4)

CBR, mean (SD) 0.491 (0.058)

Abbreviations: BMD, bone mineral density; BMI, body mass index; CBR, canal
bone ratio; LCS, lumbar canal stenosis; LDS, lumbar degenerative spondylolisthesis;
YAM, young adult mean.

Note: Lower values of the 2 measured BMD sites signified “low 7 score” and “low
YAM BMD.”

reliability, as measured by the average ICC, were statis-
tically significant, with values of 0.933 (0.806-0.977,
P <0.001) and 0.955 (0.856-0.985, P < 0.001), respec-
tively.

Table 2 presents the Spearman correlation matrix
between CBR and HU at lumbar levels L1 through
L4. Significant negative correlations were found at all
individual levels (L1-L4), with correlation coefficients

Table 3. Spearman product-moment correlation matrix between lumbar T
score, femoral neck T score, low T score, and HU values.

Lumbar T Femoral neck

Variable CBR score T score Low T score
CBR
r 1.000 -0.425% —-0.338* -0.361*
P <0.001 0.001 <0.001
Lumbar T score
r 1.000 0.718* 0.776*
P <0.001 <0.001
Femoral neck
T score
r 1.000 0.981%*
P <0.001
Low T score
r 1.000
P

Abbreviation: HU, Hounsfield units.
*P < 0.05 indicates significant differences.

ranging from —0.290 to —0.385, indicating that lower
bone density is associated with higher CBR values.
Strong positive correlations were observed among HU
measurements across the lumbar levels, particularly
between L1 and L2 (r=0.867) and L2 and L4 compos-
ite (r = 0.905), suggesting consistent density patterns
across these segments. All reported correlations were
statistically significant, with P values less than 0.05.
Table 3 outlines the Spearman correlation matrix
among CBR and T scores at different anatomical sites.
There are significant negative correlations between
CBR and lumbar T score (r = —0.425), femoral neck T
score (r = —0.338), and low T score (r = —0.361), indi-
cating that higher CBR is associated with lower bone
density scores. Although a correlation was observed
between CBR and 7 score, no statistically significant
difference was found between CBR and age (Figure 2).

Table 2. Spearman product-moment correlation matrix between HU at L1-L4 and VBQ scores.

Variable CBR HU at L1 HU at L2 HU at L3 HU at L4 HU at L1-14
CBR

r 1.000 —-0.340* -0.385* -0.310% -0.290* —0.347*

P 0.001 <0.001 0.002 0.004 <0.001
HU at L1

r 1.000 0.867* 0.597* 0.649* 0.853*

P <0.001 <0.001 <0.001 <0.001
HU at L2

r 1.000 0.698%* 0.686* 0.905*

P <0.001 <0.001 <0.001
HU at L3

r 1.000 0.639* 0.870*

P <0.001 <0.001
HU at L4

r 1.000 0.843%*

P <0.001
HU at L1-1L4

r 1.000

P

Abbreviations: CBR, canal bone ratio; HU, Hounsfield units; VBQ, vertebral body quality.

*P < 0.05 indicates significant differences.
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Figure 2. Correlation graphs between (A) CBR and low T score and (B) CBR and age. Although a correlation was observed between CBR and T score (r = -0.361,
P < 0.001), there was no correlation between CBR and age (r = 0.164, P = 0.100). Abbreviation: CBR, canal bone ratio.

Patients were classified as osteoporotic if their T
score was —2.5 or lower and nonosteoporotic if it was
higher. Table 4 compares the clinical outcomes between
these 2 groups. Significant differences were observed
in several parameters, including age, sex distribution,
height, body weight, BMI, and BMD measurements
at both lumbar and femoral neck sites. Osteoporotic
patients were generally older, shorter, lighter, and had
significantly lower BMD and T scores. Additionally,
osteoporotic patients had higher CBR. Figure 3 shows

the AUC of CBR in the presence and absence of osteo-
porosis determined by receiver operating characteristic
curve analysis.

Table 5 presents the CBR cutoff values for distin-
guishing osteoporotic from nonosteoporotic patients
based on their BMD. A CBR cutoff of 0.501 was eval-
uated, showing an AUC of 0.715, with a confidence
interval (95% CI) ranging from 0.611 to 0.819. This
cutoff demonstrated a sensitivity of 0.656, specificity
of 0.671, accuracy of 0.667, recall of 0.656, and pre-
cision of 0.477. The distribution of patients above and

Table 4. Comparison of clinical outcomes in osteoporotic vs nonosteoporotic patients.

Characteristic Nonosteoporosis (n = 70) Osteoporosis (n = 32) P
Age, y, mean (SD) 72.1(8.0) 76.1 (5.6) 0.011°
Sex, men/women, n 43/27 6/26 <0.001*
Height, cm, mean (SD) 159.6 (8.5) 151.9 (7.2) <0.001*
Body weight, kg, mean (SD) 63.8 (12.6) 51.9 (8.4) <0.001*
BMI, mean (SD) 24.9 (3.7) 22.5(3.3) 0.002°
Tobacco use, n (%) 13 (19) 309) 0.194
Steroid use, n (%) 4(6) 6(19) 0.092
Indications, n (%)

LCS+ (LDS) 61 (87) 27 (84) 0.362

Degenerative lumbar scoliosis 7 (10) 2 (6)

Foraminal stenosis 1(1) 309)

Lumbar disc herniation 1(1) 0(0)
Lumbar BMD, mean (SD) 1.059 (0.213) 0.800(0.134) <0.001*
Lumbar YAM BMD, %, mean (SD) 107.8 (21.5) 81.5(13.1) <0.001*
Lumbar spine 7 score, mean (SD) 0.7 (1.9) -1.6(1.1) <0.001*
Femoral neck BMD, mean (SD) 0.717 (0.119) 0.509 (0.065) <0.001*
Femoral neck YAM BMD, %, mean (SD) 90.5 (14.9) 64.1 (7.6) <0.001*
Femoral neck T score, mean (SD) -0.9 (1.3) -3.2(0.6) <0.001*
Low YAM BMD, %, mean (SD) 89.3 (14.4) 63.7 (7.1) <0.001*
Low T score, mean (SD) -0.9 (1.3) -3.2(0.6) <0.001*
Inner diameter of the femoral shaft, mean (SD) 13.9 (2.0) 14.5 (1.9) 0.200
Outer diameter of the femoral shaft, mean (SD) 29.2 (2.3) 27.7(2.4) 0.005%
CBR, mean (SD) 0.477 (0.056) 0.521 (0.050) <0.001*

Abbreviations: BMD, bone mineral density; BMI, body mass index; CBR, canal bone ratio; LCS, lumbar canal stenosis; LDS, lumbar degenerative spondylolisthesis; YAM,

young adult mean.
Note: Data presented as mean (SD) or number of patients (%).
“Statistically significant.
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Figure 3. ROC curve for osteoporosis in patients with lumbar degenerative
disease. The results of the ROC curve analysis and the AUC of CBR-7 for the
proximal femora are shown. Abbreviations: AUC, area under the curve; CBR,
canal bone ratio; ROC, receiver operating characteristic.

below this cutoff indicated that 21 osteoporotic patients
had a CBR greater than 0.501 (Table 6). In comparison,
47 nonosteoporotic patients had a CBR less than 0.501,
illustrating the effectiveness of this threshold in clinical
assessment.

DISCUSSION

This study represents 1 of the first to evaluate femoral
radiographic parameters, specifically the CBR, for
assessing bone density in patients with LDD. Building
on the pioneering work of Ellis Barnett et al,'® who uti-
lized proximal femoral cortical bone thickness on x-ray
images to evaluate bone density, our findings indicate a
strong correlation between CBR and bone density mea-
sures, confirming the clinical utility of radiographic
parameters beyond traditional sites to include the spine,
particularly for patients with LDD. An easily accessi-
ble screening tool for osteopenia or osteoporosis using
plain radiographs is of great importance for spine sur-
geons to mitigate potential surgical risks during spinal
fusion surgery due to osteopenia and osteoporosis. In
our preoperative evaluation of patients with LDD using
DXA, 31% of patients had osteoporosis and 29% had
normal bone density. Patients with osteoporosis are at
a higher risk of complications related to spinal instru-
mentation, with reports indicating that half of the oste-
oporotic patients surgically treated face surgery-related

Table 6. Osteoporotic and nonosteoporotic patients by CBR.

Bone Mineral Density CBR >0.501 CBR <0.501 Total
Osteoporosis 21 11 32
Nonosteoporosis 23 47 70
Total 44 58 102

Abbreviation: CBR, canal bone ratio.

complications after spinal operations, compared
with less than a quarter of patients with healthy bone
quality.'® In patients with reduced bone density, compli-
cations reported include pedicle screw loosening, pseu-
darthrosis, proximal junctional kyphosis, and higher
rates of implant failure.?**

Considering the routine use of whole spine, lumbar,
and hip x-ray imaging in clinics and hospitals, CBR
provides a practical and cost-effective approach to
osteoporosis screening. Liu et al showed that measure-
ments of the CBR at 7 cm (CBR-7) and 10 cm (CBR-
10) below the lesser trochanter in 216 patients (aged
18 years or oder) who underwent total hip arthroplasty
(THA) are effective screening tools for osteoporosis.'’
Liu et al also reported that the measurement of CBR-7
and CBR-10 was similarly valid as a screening tool for
osteoporosis in 81 pre-THA patients.'* However, it is
important to note that the presence of hip implants, such
as those found in patients who have undergone THA,
may significantly impact the accuracy of CBR measure-
ments. Implants can alter the radiographic appearance
of the femur, potentially leading to inaccurate CBR
values. Therefore, the use of CBR in patients with hip
replacements should be approached with caution, and
alternative methods of assessing bone density may be
necessary for these individuals.

This study utilized whole spine x-ray imaging
instead of the standard anteroposterior (AP) hip view
for several reasons. First, whole spine x-ray images are
more commonly taken in patients with LDD as part of
their routine evaluation. Utilizing these existing images
allows for opportunistic screening for osteoporosis
without subjecting the patient to additional radiation
exposure. Second, whole spine x-ray images provide a
broader view, including the proximal femur and other
relevant anatomical structures. This can be valuable
in comprehensive patient assessments, particularly
in spinal surgery planning. Although the standard AP

Table 5. Cutoff values for CBR: sensitivity, specificity, accuracy, recall, precision, and AUC with 95% CI.

Measure AUC 95% CI Sensitivity

Specificity

Accuracy Recall Precision Cutoff Value

CBR 0.715

0.611-0.819 0.656 0.671

0.667 0.656 0.477 0.501

Abbreviations: AUC, area under the curve; BMD, bone mineral density; CBR, canal bone ratio.
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hip view is traditionally used for evaluating hip bone
density, whole spine x-ray images offer a practical alter-
native in scenarios where additional imaging is not fea-
sible or desirable.

Wang et al conducted a study involving 102 adult
spinal deformity patients (mean age 63.3 years) and
demonstrated the effectiveness of measuring CBR-7
for osteoporosis screening. This metric showed a strong
negative correlation with bone density.” In our study,
we conducted evaluations using CBR-7. because whole
spine x-ray images often did not capture up to 10 cm
below the lesser trochanter, preventing assessment
with CBR-10. Our analysis found the cutoff value for
diagnosing osteoporosis with CBR-7 to be 0.501. Rohe
et al also reported that the cutoff values for CBR-7 or
CBR-10 were 0.49 or 0.47 for osteopenia and 0.51 or
0.50 for osteoporosis.'” The determination of the CBR
cutoff value at 0.501 aligns with the findings from
similar studies and offers novel insights into the clinical
applicability of CBR in diagnosing osteoporosis. This
cutoff value demonstrated a sensitivity of 0.656 and a
specificity of 0.671, indicating its practical utility in
clinical settings. DXA, CT, and MRI have been reported
as useful tools to assess BMD, but cost and accessibility
may be limiting factors, especially in resource-limited
settings. However, the primary objective of employing
CBR is not to replace these advanced imaging tech-
niques but to provide a supplemental tool that allows
for the early identification of osteoporosis. Early diag-
nosis and treatment of osteoporosis are crucial, as they
can significantly reduce the risk of complications later,
particularly in patients who may not have immediate
access to MRI or CT. This early intervention is essen-
tial, as it focuses on preventing osteoporosis progres-
sion rather than diagnosing the condition only when
surgery is imminent. Moreover, after spinal fusion
surgery, accurately assessing bone density using DXA
or HU becomes challenging due to interference from
inserted implants. However, the CBR can be evaluated
using x-ray imaging, making it feasible for routine clin-
ical use to monitor the progression of osteoporosis. The
clinical significance of this cutoff value lies in its poten-
tial to facilitate early intervention and targeted treat-
ment in patients at high risk for osteoporosis, thereby
potentially reducing the incidence of implant-related
complications after spinal fusion surgery.

Despite its strengths, this study has several limita-
tions. The sample size was relatively small, which may
have limited the generalizability of the findings. The ret-
rospective design could have introduced selection biases
and restricted the ability to establish causality between

CBR values and bone density outcomes. Addition-
ally, the study relied on x-ray image measurements for
CBR, which, while practical, might not have captured
the nuanced details of bone quality that more advanced
imaging techniques could provide. Also, using a single
center for data collection may have reflected specific
demographic and clinical practices not applicable to
other settings. Furthermore, as mentioned earlier, the
presence of hip implants can interfere with the accu-
racy of CBR measurements, limiting its applicability
in patients with hip replacements. This factor is crucial
as it underscores the need for careful consideration and
potentially the development of alternative screening
tools or methods for this specific patient population.
Finally, the cutoff values for CBR used in this study
were derived from the study population, which might
not be directly transferable to other populations without
further validation. As with any opportunistic screening
tool, CBR should be seen as a preliminary indicator that
warranted further investigation through more definitive
diagnostic approaches. It is essential to recognize that
opportunistic screening is not a substitute for a compre-
hensive evaluation, particularly in complex cases where
multiple factors influence bone health.

CONCLUSION

CBR was a significant predictor of BMD in patients
with spinal disorders. We established a cutoff value of
0.501 for diagnosing osteoporosis using CBR, which
can enhance the screening process for this condition
and is a valuable tool for early intervention and man-
agement in high-risk populations due to bone fragility.
Furthermore, CBR may serve as a practical diagnostic
screening alternative to DXA following spinal fixa-
tion surgeries, offering a method for monitoring bone
density changes postoperatively. Future research should
validate these findings through large-scale prospective
studies and explore the integration of CBR into routine
clinical practice to optimize the management of osteo-
porosis in patients with spinal disorders. Additionally,
focusing on the changes in CBR values after spinal fix-
ation surgeries may also be necessary to understand the
impact of surgery on bone health.

REFERENCES

1. O’Lynnger TM, Zuckerman SL, Morone PJ, Dewan MC,
Vasquez-Castellanos RA, Cheng JS. Trends for spine surgery for
the elderly: implications for access to healthcare in North America.
Neurosurgery.  2015;77(suppl ~ 4):S136-S141.  doi:10.1227/
NEU.0000000000000945

Downloaded from https://www.ijssurgery.com/ by quest on March 12, 2025

Internafional Journal of Spine Surgery, Vol. 00, No. 0 7


https://www.ijssurgery.com/

CBR for Osteoporosis in Patients With LDD

2. Lin LP, Lai WJ, Hsu SW, Lin JD. Health literacy of osteo-
porosis risks among caregivers serving in disability care facilities.
Int J Environ Res Public Health. 2020;17(13):4903. doi:10.3390/
ijerph17134903

3. Zheng M, Wan Y, Liu G, et al. Differences in the prevalence
and risk factors of osteoporosis in Chinese urban and rural regions:
a cross-sectional study. BMC Musculoskelet Disord. 2023;24(1):46.
doi:10.1186/s12891-023-06147-w

4. Wagner SC, Formby PM, Helgeson MD, Kang DG. Diag-
nosing the undiagnosed: osteoporosis in patients undergoing
lumbar fusion. Spine (Phila Pa 1976). 2016;41(21):E1279-E1283.
doi:10.1097/BRS.0000000000001612

5. Pantoja S, Molina M. Surgeon management of osteoporosis
in instrumented spine surgery: aospine Latin America survey. Global
Spine J. 2019;9(2):169-172. doi:10.1177/2192568218785369

6. Schreiber JJ, Anderson PA, Rosas HG, Buchholz AL, Au
AG. Hounsfield units for assessing bone mineral density and
strength: a tool for osteoporosis management. J Bone Joint Surg Am.
2011;93(11):1057-1063. doi:10.2106/J1BJS.J.00160

7. Ehresman J, Schilling A, Yang X, et al. Vertebral bone
quality score predicts fragility fractures independently of bone
mineral density. Spine J. 2021;21(1):20-27. doi:10.1016/j.
spinee.2020.05.540

8. Bernatz JT, Goh BC, Skjaerlund JD, et al. Intraopera-
tive surgeon assessment of bone: correlation to bone mineral
density, CT hounsfield units, and vertebral bone quality.
Spine (Phila Pa 1976). 2024;49(16):1125-1129. doi:10.1097/
BRS.0000000000004854

9. Hiyama A, Sakai D, Katoh H, Sato M, Watanabe M.
Hounsfield unit values as an adjunct diagnostic tool: investigat-
ing its relationship with bone mineral density and vertebral bone
quality in lumbar degenerative disease patients. World Neurosurg.
2024;183:€722-e729. doi: 10.1016/j.wneu.2024.01.013

10. Kim GU, Chang MC, Kim TU, Lee GW. Diagnostic modal-
ity in spine disease: a review. Asian Spine J. 2020;14(6):910-920.
doi:10.31616/asj.2020.0593

11. Singh M, Nagrath AR, Maini PS. Changes in trabecular
pattern of the upper end of the femur as an index of osteoporosis. J
Bone Joint Surg Am. 1970;52(3):457-467.

12. Yeung Y, Chiu KY, Yau WP, Tang WM, Cheung WY,
Ng TP. Assessment of the proximal femoral morphology using
plain radiograph-can it predict the bone quality? J Arthroplasty.
2006;21(4):508-513. doi:10.1016/j.arth.2005.04.037

13. Kim HJ, Yang JH, Chang D-G, et al. Impact of preopera-
tive total knee arthroplasty on radiological and clinical outcomes
of spinal fusion for concurrent knee osteoarthritis and degenera-
tive lumbar spinal diseases. JCM. 2021;10(19):4475. doi:10.3390/
jecm10194475

14. Liu Y, Ma WJ, Huang K, Yang J, Zeng Y, Shen B.
Radiographic indexes in AP hip radiographs prior to total hip
arthroplasty reveal candidates with low BMD. Osteoporos Int.
2022;33(4):871-879. doi:10.1007/s00198-021-06231-8

15. Rohe S, Bohle S, Matziolis G, Jacob B, Brodt S. Plain radi-
ographic indices are reliable indicators for quantitative bone mineral
density in male and female patients before total hip arthroplasty. Sci
Rep. 2023;13(1):19886. doi:10.1038/541598-023-47247-w

16. Kanis JA, McCloskey EV, Johansson H, et al. Euro-
pean guidance for the diagnosis and management of osteoporosis
in postmenopausal women. Osteoporos Int. 2013;24(1):23-57.
doi:10.1007/s00198-012-2074-y

17. Hiyama A, Sakai D, Katoh H, Sato M, Watanabe M. Com-
parative analysis of hounsfield units and vertebral bone quality
scores for predicting proximal junctional failure in female adult
spinal deformity patients undergoing planned 2-stage corrective
surgery with lateral lumbar interbody fusion. World Neurosurg.
2023;177:¢775-e784. doi:10.1016/j.wneu.2023.07.006

18. BARNETT E, NORDIN BE. The radiological diagnosis
of osteoporosis: a new approach. Clin Radiol. 1960;11:166-174.
doi:10.1016/s0009-9260(60)80012-8

19. Bjerke BT, Zarrabian M, Aleem IS, et al. Inci-
dence of osteoporosis-related complications following pos-
terior lumbar fusion. Global Spine J. 2018;8(6):563-569.
doi:10.1177/2192568217743727

20. Hiyama A, Sakai D, Katoh H, Nomura S, Sato M, Watanabe
M. Comparative study of cage subsidence in single-level lateral
lumbar interbody fusion. J Clin Med. 2022;11(5):1374. doi:10.3390/
jem11051374

21. Lechtholz-Zey EA, Gettleman BS, Ayad M, et al. The effect
of osteoporosis on complications and reoperation rates after surgical
management of adult thoracolumbar spinal deformity: a systematic
review and meta analysis. Global Spine J. 2024;14(8):2420-2439.
doi:10.1177/21925682241250031

22. Schomig F, Becker L, Schonnagel L, et al. Avoid-
ing spinal implant failures in osteoporotic patients: a nar-
rative review. Global Spine J. 2023;13(1 suppl):52S-58S.
doi:10.1177/21925682231159066

23. Wang Y, Tong T, Zhang J, Miao D, Wang F, Wang L. The
canal bone ratio: a novel indicator for opportunistic osteoporosis
screening in adult spinal deformity patients through radiographs.
Spine (Phila Pa 1976). 2024;49(22):1570-1576. doi:10.1097/
BRS.0000000000004987

Funding: The authors received no financial support
for the research, authorship, and/or publication of this
article.

Declaration of Conflicting Interests: The
authors report no conflicts of interest in this work.

Patient Consent: All patients involved in this
study provided their consent for the use and publication
of their data.

Ethics Approval: This study was conducted by
ethical standards and received approval from the Ethics
Committee and the Profit Reciprocity Committee
(reference number 24R-022).

Corresponding Author: Akihiko Hiyama,
Department of Orthopedic Surgery, Surgical Science,
Tokai University School of Medicine, 143 Shimoka-
suya, Isehara, Kanagawa, 259-1193, Japan; a.hiyama@
tokai-u.jp

Copyright © 2025 ISASS. The 1JSS is an open access
journal following the Creative Commons Licensing
Agreement CC BY-NC-ND. To learn more or order
reprints, visit http:// ijssurgery.com.

Downloaded from https(/)/ww Jjssurgery.com/ by guest on March 12, 2025

8 International Journal of Spine Surgery, Vol


https://www.ijssurgery.com/

	Canal Bone Ratio for Predicting Bone Mineral Density in Lumbar Degenerative Diseases
	ABSTRACT
	INTRODUCTION
	MATERIALS AND METHODS
	Included Patients
	Canal Bone Ratio
	Dual-Energy X-Ray Absorptiometry
	Measurements of HU Value
	Statistical Analysis

	RESULTS
	DISCUSSION
	CONCLUSION
	References


