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Background: Thoracic ossification of the ligamentum flavum (OLF) is a major cause of thoracic 
myelopathy, which is often accompanied by multiple segmental stenosis or other degenerative spinal diseases. 
However, in the above situations, it is difficult to determine the exact segment responsible. The objective 
of this study was to analyze three-dimensional (3D) radiological parameters in order to establish a novel 
diagnostic method for discriminating the responsible segment in OLF-induced thoracic myelopathy, and to 
evaluate its superiority compared to the conventional diagnostic methods.
Methods: Eighty-one patients who underwent surgery for thoracic myelopathy caused by OLF from 2016 
to 2020 were enrolled in this study as the myelopathy group, and 79 patients who had thoracic OLF but 
displayed no definite neurological signs from 2018 to 2020 were enrolled as the non-myelopathy group. We 
measured the one-dimensional (1D), two-dimensional (2D), and 3D radiological parameters, calculated their 
optimal cutoff values, and compared their diagnostic values.
Results: Significant differences were observed in the 1D, 2D, and 3D radiological parameters between the 
myelopathy and non-myelopathy groups (P<0.01). As a 3D radiological parameter, the OLF volume (OLFV) 
ratio (OLFV ratio = OLFV/normal canal volume × 100%) was the most accurate parameter for diagnosing 
OLF-induced thoracic myelopathy, with a diagnostic coincidence rate of 88.1%. We also found that an 
OLFV ratio of 26.3% could be used as the optimal cutoff value, with a sensitivity of 87.7% and a specificity 
of 88.6%. Moreover, the OLFV ratio [area under the curve (AUC): 0.92, 95% confidence interval (CI): 
0.86–0.95] showed a statistically higher diagnostic value than the 1D and 2D parameters (AUC: 0.75, 95% 
CI: 0.67–0.81; AUC: 0.84, 95% CI: 0.77–0.89, respectively) (P<0.05). Pearson correlation analysis illustrated 
that the OLFV ratio was significantly negatively correlated with preoperative modified Japanese Orthopedic 
Association (mJOA) score (r=–0.73, 95% CI: –0.81 to –0.60, P<0.01).
Conclusions: Our results demonstrate the superiority of the OLFV ratio over the conventional 1D and 
2D computed tomography (CT)-based radiological parameters for the diagnosis of OLF-induced thoracic 
myelopathy. The novel diagnostic method based on the OLFV ratio will help to determine the responsible 
segment in multi-segmental thoracic OLF or when thoracic OLF coexists with other degenerative spinal 
diseases. The OLFV ratio also accurately reflects the clinical state of symptomatic patients with thoracic 
OLF.
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Introduction

Thoracic ossification of the ligamentum flavum (OLF) 
is  characterized by pathological  calcif ication and 
growth of the ligamentum flavum, and is increasingly 
recognized as a major cause of thoracic myelopathy 
(1,2). Other accompanying degenerative spinal diseases 
and multiple segmental stenosis are the two frequently 
observed features of thoracic OLF (3-6). Additionally, 
the complex relationship between the thoracic spinal 
canal and the spinal cord may result in multiple clinical  
manifestations (4). In the above situations, it is often 
difficult to determine the exact segment responsible for 
thoracic myelopathy. These diagnostic problems may 
affect surgical planning and clinical outcomes. Hence, it 
is necessary to establish an accurate diagnostic method to 
address the problems in identifying the responsible segment 
in thoracic myelopathy caused by OLF.

Previous reports have identified valuable radiological 
parameters, such as a canal grade (paramedian) (CGP) 
and an OLF area (OLFA) ratio, for the diagnosis of OLF-
induced thoracic myelopathy based on one-dimensional 
(1D) or two-dimensional (2D) measurement methods 
(5,6). However, these conventional radiological parameters 
may not provide sufficient information to determine 
the responsible segment, because thoracic OLF is a 
three-dimensional (3D) disease, as opposed to a 1D or 
2D disease (7). Recent studies have displayed a new 
technique to measure the ossification volume based on 3D 
reconstruction from computed tomography (CT) images 
(7-9). In this study, we sought to analyze 3D radiological 
parameters in order to establish a novel diagnostic method 
for discriminating the responsible segment in OLF-
induced thoracic myelopathy, and to evaluate its superiority 
compared to the conventional diagnostic methods.

Methods

Patient population

We retrospectively analyzed 254 consecutive patients who 
underwent decompressive laminectomy for the treatment 
of thoracic OLF from January 2016 to January 2020 at 
Changzheng Hospital. The following exclusion criteria 

were set in order to only include patients with thoracic 
myelopathy caused by OLF: (I) patients with a history 
of spinal tumor, deformity, or surgery; (II) patients with 
accompanying compressive lesions in other spinal regions, 
such as cervical ossification of the posterior longitudinal 
ligament (OPLL) or thoracic disk herniation; (III) patients 
with other accompanying spinal diseases requiring operative 
treatment; (IV) patients with accompanying neurological 
diseases such as Parkinson’s disease and stroke; and (V) 
patients with incomplete data. After filtering patients using 
these criteria, 173 patients were excluded and 81 were finally 
enrolled as the myelopathy group (Figure 1). Neurological 
function was assessed on the basis of a modified Japanese 
Orthopedic Association (mJOA) scoring system for thoracic 
myelopathy (Table 1) (8).

Meanwhile,  348 consecutive patients who were 
hospitalized for thoracic or lumbar compressive fractures 
from March 2018 to January 2020 were also retrospectively 
analyzed. The following inclusion criteria were set in 
order to include negative control patients: (I) patients 
with thoracic OLF based on imaging examinations; and 
(II) patients with no definite neurological signs (mJOA 
scores =11). After filtering patients according to these 
criteria, 79 patients were finally enrolled as the non-
myelopathy group (Figure 1). The clinical characteristics 
of the included patients were recorded, including sex, 
age, and comorbidities [diabetes mellitus (DM) and 
hypertension (HTN)]. This study was approved by Medical 
Ethics Committee of Shanghai Changzheng Hospital, and 
informed consent was obtained from all patients.

Radiological assessment and measurement

The preoperative magnetic resonance imaging (MRI) and 
CT images of all patients were collected, and CT data were 
saved as Digital Imaging and Communications in Medicine 
(DICOM) files. All radiological data were independently 
assessed by two experienced observers, who were blinded to 
the group situation and patient information. Each observer 
measured all of the radiological parameters three times and 
recorded the mean values. Interclass correlation coefficients 
were calculated to assess the intra-observer reproducibility 
and inter-observer reliability.
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According to the thoracic spine level, thoracic OLF was 
classified as upper (T1–T4), middle (T5–T8), and lower 
(T9–T12). The extent of OLF was defined as the number of 
levels involved in the thoracic OLF. The presence of high 
intramedullary signal on T2-weighted MRI (T2HIS) was 
also recorded.

The 1D and 2D radiological parameters, including the 
anteroposterior canal diameter (APD), CGP, OLFA, and 
OLFA ratio, were measured using the IMPAX 6.0 software 
(AGFA, Inc., Belgium). The 3D radiological parameters, 
including the OLF volume (OLFV) and OLFV ratio, were 
measured using Mimics software 19.0 (Materialise, Inc., 
Belgium). Previous studies reported that, among these 
radiological parameters, the CGP and OLFA ratio were, 
respectively, the most accurate 1D and 2D diagnostic 
indicators of OLF-induced thoracic myelopathy (5,6).

APD and CGP
According to the 1D measurement method described 
by Feng et al., the APD was defined as the spinal canal 
diameter between the midline and boundary of the canal at 
the maximally stenosed level on axial CT (Figure 2) (5). The 
normal canal diameter was defined as the average spinal 
canal diameter of the adjacent non-stenosed segments with 
no ossification and the widest distance between the pedicles. 
The CGP was calculated was follows:

254 consecutive patients underwent decompressive laminectomy 

for thoracic OLF from January 2016 to January 2020

Myelopathy group 81 

patients

Non-myelopathy 

group 79 patients

•	 Having thoracic 

OLF but no definite 

neurological signs 

(mJOA scores =11)

•	 A history of spinal tumor, deformity, or surgery

•	 Accompanying compressive lesions in other 

spinal region such as cervical ossification of 

the posterior longitudinal ligament (OPLL) and 

thoracic disk herniation

•	 Accompanying other spinal diseases that 

needed operative treatment

•	 Accompanying neurological diseases such as 

Parkinson and stroke

•	 Incomplete data

348 consecutive patients hospitalized for thoracic or lumbar 

compressive fractures from March 2018 to January 2020

Exclusion criteria
Inclusion criteria

Figure 1 Patient screening and classification flowchart. OLF, ossification of the ligamentum flavum; mJOA, modified Japanese Orthopedic 
Association.

Table 1 mJOA scoring system for the assessment of thoracic 
myelopathy

Categories
Score 

(points)

Motor function: lower extremity

Impossible to walk 0

Need a cane or aid on flat ground 1

Need aid only on stairs 2

Possible to walk without any aid, but slow manner 3

Normal 4

Sensory function: lower extremity

Apparent sensory disturbance 0

Minimal sensory disturbance 1

Normal 2

Sensory function: trunk

Apparent sensory disturbance 0

Minimal sensory disturbance 1

Normal 2

Bladder function

Urinary retention or incontinence 0

Severe dysuria (sense of retention, staining) 1

Slight dysuria (pollakisuria, retardation) 2

Normal 3

Total score 11

mJOA, modified Japanese Orthopedic Association.
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/ 100%CGP APD normal canal diameter= × 	 [1]

OLFA and OLFA ratio
According to the 2D measurement method described by 
Lee et al., the OLFA was defined as the cross-sectional area 
of the OLF at the thickest point on axial CT (Figure 3) (6). 
The normal canal area was defined as the average spinal 
canal area of the adjacent non-stenosed segments with no 
ossification and the widest distance between the pedicles. 
The OLFA ratio was calculated as follows:

/ 100%OLFA ratio OLFA normal canal area= × 	 [2]

OLFV and OLFV ratio

The DICOM files of preoperative CT images were 
imported into MIMICS software using the non-strict 
DICOM 3.0 method. There are four steps of operating 
procedures of 3D measurement on the Mimics software 
(Figure 4) As an example, the steps for measurement of 
OLFV are as follows: (I) segmentation of the spine and 
creation of a mask by setting a threshold value of bone 
[226–1,751 Hounsfield units (HU)]; (II) further selection of 
the required region of the mask from sagittal, coronal, and 
axial dimensions to identify the structure of the OLF by 

A B

Figure 2 Measurement of the APD (A) and normal canal diameter (B). APD, anteroposterior canal diameter.

A B

Figure 3 Measurement of the OLFA (A) and normal canal area (B). OLF, ossification of the ligamentum flavum; OLFA, OLF area.
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pressing the Crop mask button; (III) reconstruction of the 
3D model of thoracic OLF based on the mask by pressing 
the Calculate 3D button; and (IV) automatic measurement 
of the volume of the thoracic OLF by pressing the 3D 
Properties button. The OLFV was defined as the volume 
of the OLF at the maximally stenosed level (Figure 5). The 
normal canal volume was defined as the volume of the 
spinal canal corresponding to the measured OLF (the top 
and bottom of the normal spinal canal were consistent with 
the top and bottom of the measured OLF). The OLFV 
ratio was calculated as follows:

/ 100%OLFA ratio OLFA normal canal volume= × 	 [3]

Statistical analysis

All analyses were performed using MedCalc 19.0 (MedCalc 
Software Ltd., Inc., Belgium) and SPSS Statistics 20.0 
(SPSS, Inc., Chicago, IL, USA). Continuous variables were 
reported as mean ± standard deviation (SD), and categorical 
variables were reported as frequencies. Comparison of the 
clinical and radiological parameters between the myelopathy 
group and non-myelopathy group was conducted through 

Figure 4 The operating procedures of 3D measurement on Mimics software. Step 1: setting a threshold value. Step 2: selection of the 
required region. Step 3: model reconstruction. Step 4: volume measurement. 3D, three-dimensional.

Figure 5 Measurement of the OLFV (green) and normal canal volume (yellow). OLF, ossification of the ligamentum flavum; OLFV, OLF 
volume.
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the performance of independent t-tests for continuous 
variables and chi-square tests for categorical variables. The 
optimal cutoff values of the 1D, 2D, and 3D radiological 
parameters for diagnosing OLF-induced thoracic myelopathy 
were calculated by receiver operating characteristic (ROC) 
curve analysis. Z-tests were used to compare the diagnostic 
values of the 1D, 2D, and 3D radiological parameters based 
on the areas under the ROC curves (AUCs). The association 
between the radiological parameters for thoracic myelopathy 
and the preoperative neurological status (mJOA score) was 
investigated using Pearson’s correlation analysis. A P value 
<0.05 was considered to be statistically significant.

Results

Patient characteristics

As shown in Table 2, no significant variations in age (P=0.17), 

sex (P=0.35), comorbidities (P=0.24, P=0.46), or the extent 
(P=0.35) or location (P=0.52) of OLF were observed 
between the myelopathy group and the non-myelopathy 
group. In the myelopathy group, 63 patients had T2HIS, 
compared with only two patients in the non-myelopathy 
group, which represented a statistically significant difference 
(P<0.01).

Radiological parameters

The intra- and inter-observer correlation coefficients were 
0.90 and 0.87, respectively, which showed strong agreement 
among the measurements. With respect to 1D radiological 
parameters, in the myelopathy and non-myelopathy groups, 
the mean APD was 5.0±1.7 and 6.6±2.1 mm, respectively, 
and the mean CGP was 37.3%±12.9% and 51.2%±16.3%, 
respectively. With respect to 2D radiological parameters, 

Table 2 Comparison of the clinical and radiological parameters between the myelopathy group and non-myelopathy group

Variables Non-myelopathy group Myelopathy group P value

No. of patients 79 81

Age (years) 54.7±14.6 57.5±10.6 0.17

Sex 0.35

Female 35 30

Male 44 51

DM 13 17 0.46

HTN 24 18 0.24

T2HIS 2 63 <0.01*

OLF extent 2.3±1.0 2.5±1.2 0.35

OLF location 0.52

Upper 12 9

Middle 15 12

Lower 52 60

Radiological measurement

APD (mm) 6.6±2.1 5.0±1.7 <0.01*

CGP (%) 51.2±16.3 37.3±12.9 <0.01*

OLFA (mm2) 46.4±24.0 80.2±32.7 <0.01*

OLFA ratio (%) 26.0±13.8 49.2±20.8 <0.01*

OLFV (mm3) 438.0±233.6 932.7±403.5 <0.01*

OLFV ratio (%) 18.6±9.3 40.2±13.2 <0.01*

*, statistically significant. DM, diabetes mellitus; HTN, hypertension; T2HIS, high intramedullary signal on T2-weighted MRI; OLF, ossification 
of the ligamentum flavum; APD, anteroposterior canal diameter; CGP, canal grade (paramedian); OLFA, OLF area; OLFV, OLF volume.
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in the myelopathy and non-myelopathy groups, the mean 
OLFA was 80.2±32.7 and 46.4±24.0 mm2, respectively, 
and the mean OLFA ratio was 49.2%±20.8% and 
26.0%±13.8%, respectively. With respect to 3D radiological 
parameters, in the myelopathy and non-myelopathy groups, 
the mean OLFV was 932.7±403.5 and 438.0±233.6 mm3, 
respectively, and the mean OLFV ratio was 40.2%±13.2% 
and 18.6%±9.3%, respectively. Statistically significant 
differences existed in the 1D, 2D, and 3D radiological 
parameters between the two groups (P<0.01).

Diagnostic value

The ROC curves of the 1D, 2D, and 3D radiological 
parameters are illustrated in Figure 6. Among all of the 
measured parameters, the OLFV ratio was the most 
accurate parameter for the diagnosis of OLF-induced 
thoracic myelopathy, with a sensitivity of 87.7%, a 
specificity of 88.6%, and a diagnostic coincidence rate of 
88.1% (Table 3). According to the maximum of the Youden 
index, the optimal cutoff value for the OLFV ratio was 
calculated at 26.3%. Moreover, the OLFV ratio [AUC: 
0.92, 95% confidence interval (CI): 0.86–0.95] showed a 
statistically higher diagnostic value than both the 1D (CGP, 
AUC: 0.75, 95% CI: 0.67–0.81) and 2D (OLFA ratio, AUC: 
0.84, 95% CI: 0.77–0.89) radiological parameters (P<0.01 
and P=0.02, respectively) (Table 4). Although the 2D 
radiological parameter (OLFA ratio) had a higher diagnostic 

coincidence rate than the 1D radiological parameter 
(CGP), the difference in diagnostic value between the 
two parameters was not statistically significant (P=0.10). 
Additionally, Pearson’s correlation analysis revealed a 
significantly negative correlation between the OLFV ratio 
and preoperative neurological status (r=–0.73, 95% CI: 
–0.81 to –0.60, P<0.01). In Table 5, 81 patients with thoracic 
OLF are divided into three levels on the basis of mJOA 
scores for further analysis of the preoperative myelopathy 
severity and the OLFV ratio.

Discussion

Among individual patients with thoracic OLF, 40–60% 
have lesions in multiple segments (10). However, not every 
affected segment will lead to thoracic myelopathy (6). 
Therefore, determining the segment responsible for spinal 
cord damage is challenging. Additionally, thoracic OLF 
often coexists with other degenerative spinal diseases, such 
as cervical OPLL and lumbar spinal stenosis (11,12). Any 
of these diseases may cause lower-limb dysfunction. Thus, 
it is difficult to identify whether thoracic OLF is the main 
cause of neurological symptoms when these diseases coexist. 
Moreover, all of the aforementioned conditions might lead 
to errors at the surgical level, and ultimately, insufficient or 
excessive decompression.

It has been previously reported that electrophysiological 
examination might serve as a valuable method to 

Figure 6 ROC curves of the 1D, 2D, and 3D radiological parameters. ROC, receiver operating characteristic; 1D, one-dimensional; 2D, 
two-dimensional; 3D, three-dimensional; APD, anteroposterior canal diameter; CGP, canal grade (paramedian); OLF, ossification of the 
ligamentum flavum; OLFA, OLF area; OLFV, OLF volume.
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determine the necessary surgical segment for thoracic  
myelopathy (13). However, it can be easily influenced by 
other factors, such as age and the use of anesthetics (14). 
Several studies have also reported that MRI is an important 
modality for determining the segment responsible for 
OLF-induced myelopathy. T2HIS can also be a good 
indicator of thoracic myelopathy (15). Nevertheless, in 
the present study, only 77% of patients with thoracic 
myelopathy demonstrated T2HIS. Moreover, in patients 

with continuous multi-segmental OLF, T2HIS extends 
over several segments, which will lead to diagnostic 
difficulty in determining the segment responsible (6). 
Feng et al. proposed a MRI grading system of spinal 
canal compromise for thoracic myelopathy; however, it 
is rather subjective. Furthermore, they found that MRI 
grading alone might not be very accurate for identifying 
the responsible segment, especially in cases with grade III  
compression (5). Additionally, Lee et al. adopted CT 

Table 3 Cutoff values for the 1D, 2D, and 3D radiological parameters

Parameters Cutoff Sensitivity (%) Specificity (%) Diagnostic coincidence rate (%)

APD (mm) 6.0 72.8 64.6 69.4

CGP (%) 45.6 74.1 67.1 70.0

OLFA (mm2) 57.7 79.0 76.0 77.5

OLFA ratio (%) 32.4 80.3 77.2 78.8

OLFV (mm3) 599.0 86.4 87.3 86.7

OLFV ratio (%) 26.3 87.7 88.6 88.1

1D, one-dimensional; 2D, two-dimensional; 3D, three-dimensional; APD, anteroposterior canal diameter; CGP, canal grade (paramedian); 
OLF, ossification of the ligamentum flavum; OLFA, OLF area; OLFV, OLF volume.

Table 4 Comparison of the diagnostic value of the 1D, 2D, and 3D radiological parameters

Parameters AUC 95% CI P value

CGP (%) 0.75 0.67–0.81 –

OLFA ratio (%) 0.84 0.77–0.89 –

OLFV ratio (%) 0.92 0.86–0.95 –

OLFV ratio vs. CGP – – <0.01*

OLFV ratio vs. OLFA ratio – – 0.02*

OLFA ratio vs. CGP – – 0.10

*, statistically significant. 1D, one-dimensional; 2D, two-dimensional; 3D, three-dimensional; AUC, area under the receiver operating 
characteristic curve; CI, confidence interval; CGP, canal grade (paramedian); OLF, ossification of the ligamentum flavum; OLFA, OLF area; 
OLFV, OLF volume; –, not available.

Table 5 Results of preoperative myelopathy severity and OLFV ratio analysis

Preoperative myelopathy severity No. of patients mJOA score OLFV ratio (%)

≥8 30 8.8±1.0 30.4±9.0

5–7 41 6.1±1.0 42.1±9.0

≤4 10 3.4±0.5 62.3±8.3

P value – <0.01* <0.01*

*, statistically significant. OLF, ossification of the ligamentum flavum; OLFV, OLF volume; mJOA, modified Japanese Orthopedic 
Association; –, not available.
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morphology classification for the diagnosis of thoracic 
myelopathy, but poor diagnostic accuracy was observed in 
the extended type (6).

Recently, several radiological parameters based on 
CT measurement were shown to possess increased 
accuracy as indicators for the diagnosis of OLF-induced 
thoracic myelopathy compared with the above-described 
diagnostic methods (5,6). The CGP as a 1D radiological 
parameter was proposed as a critical diagnostic indicator 
for thoracic myelopathy, and the OLFA ratio as a 2D 
radiological parameter was later proposed. The OLFA ratio 
showed higher sensitivity and specificity than the CGP in 
diagnosing OLF-induced thoracic myelopathy, as it better 
reflected bilateral compression of OLF (according to Lee 
et al.). However, it is inadequate to evaluate the diagnostic 
value of these parameters for thoracic myelopathy based 
only on sensitivity or specificity as opposed to a statistical 
comparison (16,17).

To the best of our knowledge, this study is the first to 
compare the diagnostic value of thoracic myelopathy among 
1D, 2D, and 3D CT-based radiological parameters. As 
our results demonstrate, the CGP and OLFA ratio were 
the most accurate 1D and 2D radiological parameters, 
respectively, which is consistent with findings of previous 
studies (5,6). Although the OLFA ratio had a higher 
diagnostic coincidence rate than the CGP, there was no 
statistically significant difference in the diagnostic values of 
the two parameters. Furthermore, we also found that the 
OLFV ratio showed a statistically higher diagnostic value 
in comparison with the 1D and 2D parameters. There are 
three factors that might have contributed to this result. 
Firstly, OLF is a 3D disease rather than a 1D or 2D disease. 
Previous studies have reported a series of radiological 
parameters that were associated with the diagnosis of 
thoracic myelopathy, including sagittal, coronal, and axial 
dimensions (5,6,18,19), which highlighted the insufficiency 
of diagnosing thoracic myelopathy from only a single 
dimension. Conversely, compared to the above radiological 
parameters, the 3D radiological parameters can evaluate 
OLF compression more comprehensively from multiple 
dimensions (20). Secondly, it might not be suitable to 
evaluate the severity of OLF compression using the 1D 
or 2D radiological parameters in the upper and middle 
thoracic spine. Considering that patients usually undergo 
CT examination in the supine position, the axial plane 
of CT scanning and the transverse plane of the upper or 
middle thoracic spinal canal are at an angle to each other, 

which will result in larger errors in the results of 1D or 2D 
measurement (21). However, the 3D measurement method 
can avoid this problem, since the same 3D model will be 
reconstructed at any angle of CT scanning (22). Thirdly, 
the automatic measurement of 3D parameters using Mimics 
software can minimize human error resulting from manual 
measurement (7). Therefore, better inter- and intra-
observer reliability are obtained with the 3D measurement 
method than with the 1D or 2D measurement method (23).

Previous studies have demonstrated that the 3D 
radiological parameter is associated with the clinical state of 
symptomatic patients with other ossification diseases (7,24). 
Therefore, we also investigated the relationship between 
the OLFV ratio and the preoperative neurological status 
of patients with thoracic OLF. The OLFV ratio showed a 
significant negative correlation with patients’ preoperative 
mJOA scores (r=–0.73, P<0.01), suggesting that the OLFV 
ratio accurately reflected the clinical state of symptomatic 
patients with thoracic OLF.

The current study has several limitations that should 
be noted. Firstly, the sample size is relatively small due 
to the low incidence of thoracic OLF. Moreover, it is a 
single-center and retrospective study. Therefore, a larger, 
multicenter, prospective study is needed to verify our results 
in the future. Additionally, the impact of two potential 
factors on neurological function was not evaluated in 
this article. The first factor is diffuse idiopathic skeletal 
hyperostosis (DISH). Our screening criteria did not 
involve this point; although, the prevalence of the co-
existence of DISH and OLF is relatively low (25-27). 
Secondly, the impact of the location or extent of kyphosis 
on neurological function was also not analyzed in this study 
due to the limited number of patients (28). Lastly, the 3D 
reconstruction technique based on the Mimics software has 
been applied to various clinical aspects, including computer-
assisted virtual operation planning, personalized 3D printing 
treatment, and accurate measurement of parameters. Many 
previous studies also showed particular advantages of the 
3D reconstruction technique compared with conventional 
methods, including more detailed and accurate preoperative 
information, fewer surgical complications, less blood loss, 
a shorter operation time, and fewer fluoroscopic images 
(7,8,23,29-32). However, 3D model reconstruction still 
requires more time and effort compared to the 1D or 2D 
measurement methods. Thus, simplifying the operating 
procedures of 3D measurement remains a problem to be 
addressed.
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Conclusions

Our results showed that an OLFV ratio of greater than 
26.3% is the most valuable CT-based radiological parameter 
for the diagnosis of OLF-induced thoracic myelopathy, 
and is superior to the conventional 1D and 2D radiological 
parameters. The novel diagnostic method based on the 
OLFV ratio will help to determine the responsible segment 
in multi-segmental thoracic OLF or in cases of thoracic 
OLF coexisting with other degenerative spinal diseases. 
The OLFV ratio also accurately reflects the clinical state of 
symptomatic patients with thoracic OLF.
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