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Abstract: Developmental stenosis of the spinal canal predisposes patients to neural compression and loss of func-
tion. There is no study on the relationship between developmental stenosis and thoracic myelopathy induced by 
ossification of the ligamentum flavum (OLF). This study aimed to analyze thoracic myelopathy caused by OLF in an 
effort to study whether developmental canal stenosis could influence the age of onset and duration of symptoms.
This was a case-control study of 100 patients with OLF induced thoracic myelopathy matched for age and sex with 
100 controls. Thoracic canal parameters were measured based on computed tomography including spinal canal 
depth (SCD), spinal canal width (SCW), and spinal canal area (SCA). According to SCA values, the 100 patients 
were divided: group P (with developmental canal stenosis) and group N (without developmental canal stenosis). 
Developmental canal stenosis was found in 37% of the patients. SCD and SCA in group P were smaller than in group 
N (P<0.05), but SCW was similar (P>0.05). The mean age of onset was 54±8 vs. 61±7 years in group P and N, 
respectively (P<0.001). There were no differences for the mean duration of symptoms (P=0.410), sex (P=0.420), 
height (P=0.544), weight (P=0.716), and BMI (P=0.305). Thoracic OLF-induced myelopathy tends to coexist with de-
velopmental canal stenosis. Developmental stenosis of thoracic canal mainly results from decreased SCD. OLF with 
developmentally spinal stenosis are associated with younger age at onset of myelopathy. OLF patients with/without 
developmental stenosis have similar gender, height, weight, BMI, and duration of symptoms prior to treatment.

Keywords: Ossification of the ligamentum flavum, thoracic myelopathy, developmental canal stenosis, case-con-
trol study

Introduction

Thoracic myelopathy is a rare condition with an 
insidious development and varied neurological 
and clinical manifestations [1]. These manifes-
tations are often at first misdiagnosed as spi- 
nal disorders, which leads to longer time befo- 
re surgery, possible irreversible nerve damage, 
and poor prognosis [2]. A number of causes has 
been suggested to cause thoracic myelopathy, 
including ossification of the posterior longitudi-
nal ligament, ossification of the ligamentum fla-
vum (OLF), intervertebral disc herniation, and 
spondylosis [3-8]. A recent study revealed 
associations between lower muscle weakness 
and T10/11 anterior compression, lower limb 
pain and T11/12 anterior compression, and 
hyporeflexia and T12/L1 anterior compression 
[9].

Thoracic myelopathy induced by OLF has pre-
dominantly been reported in East Asian coun-
tries [9-11]. Its exact etiology and epidemiolo- 
gical characteristics remain unclear. Many in- 
vestigations have been performed on the clini-
cal characteristics, prognostic factor, and effe- 
ctive surgical management [12-15], but no stu- 
dy focused on the relationship between devel-
opmental stenosis and thoracic OLF-induced 
myelopathy. 

Developmental spinal stenosis, also known as 
congenital spinal stenosis, is caused by growth 
disturbance of the dorsal spinal elements that 
result in an insufficient available space in the 
spinal canal. Its diagnosis is difficult because 
compared with acquired spinal stenosis, whi- 
ch has easily recognizable features on imaging 
[16], developmental spinal stenosis is diffuse 
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and does not present the classical features  
of spinal stenosis [17, 18]. Nevertheless, the 
classical feature of developmental spinal ste-
nosis is a reduced anterioposterior lower spinal 
diameter to <12 mm on computed tomography 
(CT) or <9 mm on magnetic resonance imaging 
(MRI) [19].

Therefore, the aim of the present study was to 
retrospectively analyze thoracic myelopathy 
caused by OLF in an effort to study whether 
developmental canal stenosis could influence 
the age of onset and duration of symptoms.

Materials and methods

Study design and patients 

This was a case-control study of 100 controls 
(normal thoracic spine except an incidental 
fracture) and 100 patients treated for thoracic 
OLF-induced myelopathy at our hospital from 
January 2003 to January 2015. All patients 
were Chinese. During the study period, 260 
patients underwent treatment for thoracic  
OLF-induced myelopathy, but only those cases 
with complete radiological examinations were 

the symptoms were recorded. Imaging was 
reviewed. 

Imaging data

The patients were placed in the prone position. 
CT scans were obtained using a multi-slice 
scanner (GE Healthcare, Waukesha, WI, USA). 
Image data were obtained using 0.5-mm slices 
from T1 to 12. The axial image used for mea-
surement was the cut with the thickest pedicle 
diameter that also contained the vertebral 
body, pedicle, and lamina. Measurements in 
the axial scan included spinal canal depth 
(SCD), spinal canal width (SCW) and spinal 
canal area (SCA) (Figure 1). All images were 
measured using the Centricity Enterprise Web 
V3.0 software (GE Healthcare, Waukesha, WI, 
USA). Two investigators (CQY and WT), blinded 
to all clinical information, performed all the 
measurement. A consensus on the standard-
ized method of measurements was made prior 
to data collection. The first and second round  
of measurement was performed at least one 
month apart. Measurement techniques and the 
intra and inter-observer agreements were good 
to excellent for each parameter (all κ>0.70).

included. The diagnosis of tho-
racic OLF-induced myelopathy 
was made by two senior (>10 
years of experience) spine sur-
geons based on clinical and 
imaging findings. The control 
group was sex- and age-ma- 
tched to the case group, and 
selected from thoracic frac- 
ture patients treated during  
the same period. For both gr- 
oups, patients with ossifica-
tion of posterior longitudinal 
ligament, thoracic disc hernia-
tion, and cervical myelopathy 
were excluded. 

The study was approved by  
the ethics committee of the 
Affiliated Hospital of Qingdao 
University. The need for indi-
vidual consent was waived be- 
cause of the retrospective na- 
ture of the study.

Data collection

Age, sex, body weight, body 
height, BMI, and duration of 

Figure 1. Computed tomography (CT) images of an OLF patient determined 
to be with developmental stenosis. The ossified ligamentum flavum (d and 
e) is shown on the (A) sagittal and (B) axial images. Radiographic measure-
ments have been drawn on (C). f: spinal canal depth (SCD); g: spinal canal 
width (SCW); and h: spinal canal area (SCA).
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Stenosis was considered in the presence of 
SCA values of less than 2 standard deviations 
(SD) below the mean SCA of the control group 
[20]. According to this criterion, the 100 pa- 
tients with thoracic OLF-induced myelopathy 
were divided into two groups: Group P (Po- 
sitive: thoracic OLF-induced myelopathy with 
developmental canal stenosis) and Group N 
(Negative: thoracic OLF-induced myelopathy 
without developmental canal stenosis). 

Statistical analysis

Data was presented as mean ± standard devia-
tion. Differences among Group P, Group N and 
Control Group were analyzed with analysis of 
variance (ANOVA) and the Tukey’s post hoc  
test. Statistical differences (sex, height, weight, 

BMI, age of onset, duration of symptoms) 
between groups N and P were determined by 
the Student t test and the chi-square test, as 
appropriate. Two-sided P-values <0.05 were 
considered statistically significant. Statistical 
analyses were performed using SPSS 19.0 
(IBM, Armonk, NY, USA).

Results

Diagnosis of developmental thoracic stenosis

According to the criterion for developmental 
thoracic stenosis [21], the values of SCA for the 
diagnosis of developmental thoracic stenosis 
were: T1, 137.98 mm2; T2, 128.07 mm2; T3, 
120.65 mm2; T4, 124.50 mm2; T5, 120.24 
mm2; T6, 121.89 mm2; T7, 121.13 mm2; T8, 

Figure 2. Measurements in the axial scan. A: Spinal canal depth (SCD) of group P (○), group N (□), control group 
(Δ), and standard (×); B: Spinal canal width (SCW) of group P (○), group N (□), control group (Δ), and standard (×). C: 
Spinal canal area (SCA) of group P (○), group N (□), control group (Δ), and standard (×).

Table 1. Axial CT radiographic measurements of spinal canal depth (SCD) and comparison among 
group P, group N, and controls

Level Group P 
(mm)

Group 
N (mm)

Controls 
(mm)

Standard 
(mm)

P value 
among 
groups

P value between 
groups P and N

P value between 
group P and 

controls

P value between 
group N and 

controls
T1 11.37 13.91 13.74 11.66 <0.001 <0.001 <0.001 0.242
T2 11.77 14.03 13.90 11.65 <0.001 <0.001 <0.001 0.409
T3 12.22 14.20 14.03 11.61 <0.001 <0.001 <0.001 0.329
T4 12.00 14.04 13.86 11.58 <0.001 <0.001 <0.001 0.282
T5 12.04 14.05 13.96 11.71 <0.001 <0.001 <0.001 0.644
T6 11.79 13.86 13.64 11.38 <0.001 <0.001 <0.001 0.189
T7 11.44 13.70 13.47 11.12 <0.001 <0.001 <0.001 0.196
T8 11.74 13.55 13.43 11.55 <0.001 <0.001 <0.001 0.414
T9 11.64 13.59 13.53 11.72 <0.001 <0.001 <0.001 0.891
T10 11.17 13.37 13.32 11.29 <0.001 <0.001 <0.001 0.830
T11 11.92 14.09 13.79 11.60 <0.001 <0.001 <0.001 0.092
T12 13.17 15.37 15.11 12.77 <0.001 <0.001 <0.001 0.166
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122.05 mm2; T9, 116.62 mm2; T10, 119.12 
mm2; T11, 128.89 mm2; and T12, 163.70 mm2. 
Using this standard, groups P and N included 
37 and 63 patients, respectively. SCD and SCA 
in group P were significantly smaller than those 
in group N, whereas all of them had a similar 
SCW (Figure 2 and Tables 1-3). 

Characteristics of the patients

The mean age was 55 ± 6 years in the control 
group, 57 ± 8 years in group P, and 63 ± 6 years 
in group N. There were 24 males and 13 fe- 
males in group P, and 34 males and 29 fema- 
les in group N. In group P, body weight was 68.0 
± 10.7 kg, height was 164.8 ± 6.5 cm, and 

body mass index (BMI) was 24.9 ± 2.8. In gr- 
oup N, those values were 68.8 ± 10.1 kg, 164.0 
± 7.0 cm, and 25.5 ± 2.7. There were no dif- 
ferences between the two groups (all P>0.05). 

The mean age of onset was 54 ± 8 years and 
61 ± 7 years in groups P and N, respectively 
(P<0.001) (Table 4). The mean duration of sy- 
mptoms was 26.9 ± 28.4 months and 23.6 ± 
32.7 months in groups P and N, respectively 
(P=0.410) (Table 4).

Discussion

Developmental stenosis occurs when the lu- 
men of the spinal canal is smaller than expect-

Table 2. Axial CT radiographic measurements of spinal canal width (SCW) and comparison among 
group P, group N, and controls

Level Group P 
(mm)

Group N 
(mm)

Controls 
(mm)

Standard 
(mm)

P value 
among 
groups

P value between 
groups P and N

P value between 
group P and 

controls

P value between 
group N and 

controls
T1 15.64 17.59 17.72 14.61 <0.001 <0.001 0.601 15.64
T2 14.68 15.28 15.39 13.49 0.001 <0.001 0.472 14.68
T3 14.42 14.67 14.64 12.90 0.420 0.252 0.807 14.42
T4 13.81 14.55 14.49 12.41 0.001 <0.001 0.734 13.81
T5 13.17 14.48 14.23 12.19 <0.001 <0.001 0.096 13.17
T6 13.17 14.19 14.18 12.47 <0.001 <0.001 0.909 13.17
T7 13.18 14.38 14.25 12.30 <0.001 <0.001 0.379 13.18
T8 13.42 14.39 14.35 12.56 <0.001 <0.001 0.762 13.42
T9 13.90 14.51 14.25 12.30 0.026 0.079 0.164 13.90
T10 14.43 14.86 14.61 12.65 0.186 0.394 0.207 14.43
T11 15.99 16.63 16.37 14.12 0.037 0.085 0.210 15.99
T12 19.21 20.08 19.75 16.87 0.020 0.059 0.172 19.21

Table 3. Axial CT radiographic measurements of spinal canal area (SCA) and comparison among 
group P, group N, and controls

Level Group P 
(mm2)

Group N 
(mm2)

Controls 
(mm2)

Standard 
(mm2)

P value 
among 
groups

P value between 
groups P and N

P value between 
group P and 

controls

P value between 
group N and 

controls
T1 142.51 177.61 176.84 137.98 <0.001 <0.001 <0.001 0.786 
T2 129.68 164.33 161.58 128.07 <0.001 <0.001 <0.001 0.238 
T3 124.94 159.80 158.45 120.65 <0.001 <0.001 <0.001 0.619 
T4 120.22 158.02 156.72 124.50 <0.001 <0.001 <0.001 0.575 
T5 119.99 156.20 153.76 120.24 <0.001 <0.001 <0.001 0.321 
T6 118.84 155.77 153.66 121.89 <0.001 <0.001 <0.001 0.352 
T7 117.92 158.14 155.52 121.13 <0.001 <0.001 <0.001 0.287 
T8 115.84 151.33 149.55 122.05 <0.001 <0.001 <0.001 0.383 
T9 117.95 150.68 147.86 116.62 <0.001 <0.001 <0.001 0.393 
T10 119.45 148.70 146.87 119.12 <0.001 <0.001 <0.001 0.373 
T11 135.13 173.27 168.82 128.89 <0.001 <0.001 <0.001 0.224 
T12 175.53 210.89 205.13 163.70 <0.001 <0.001 <0.001 0.083 
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ed in the general population. It is an important 
predisposing factor for myelopathy [21, 22]. 
Compared with numerous reports regarding 
the effect of developmental canal stenosis on 
cervical or lumbar diseases [23-27], there is  
no study on the impact of developmental canal 
stenosis among patients with thoracic myelop-
athy caused by OLF. Therefore, this study aimed 
to analyze thoracic myelopathy caused by OLF 
in an effort to study whether developmental 
canal stenosis could influence the age of onset 
and duration of symptoms. The results show- 
ed that thoracic OLF-induced myelopathy tends  
to coexist with developmental canal stenosis. 
Developmental stenosis of thoracic canal mai- 
nly results from decreased SCD. OLF with de- 
velopmentally spinal stenosis are associated 
with younger age at onset of myelopathy. OLF 
patients with/without developmental stenosis 
have similar gender, height, weight, BMI, and 
duration of symptoms prior to treatment.

Using lateral chest X-rays among 1744 people, 
Kudo et al. [28] observed a prevalence of OLF 
of 6.2% in males and 4.8% in females. Because 
of the high prevalence of asymptomatic thorac-
ic OLF, early diagnosis is necessary for people 
with developmental thoracic stenosis. Not only 
because the coexistence of OLF with develop-
mental thoracic stenosis leads to clinical pre-
sentation occurring earlier in life, but also be- 
cause of the irreversible damage to the cord 
and the delay for treatments.

In the present study, 37% patients with thoracic 
myelopathy induced by OLF had significantly 
smaller SCA and SCD, suggesting that thoracic 
OLF-induced myelopathy tended to coexist with 
developmental canal stenosis. All the patients 
in group P exhibited significantly smaller canal 
area at all levels compared with Group N. 
Radiographic findings showed that the decline 
of SCA was primarily due to the decreased SCD 

while patients with/without developmental ste-
nosis had a similar SCW. This finding implies 
that the dysplastic and short pedicle results in 
the decline of SCD, thus exclusively causing  
the difference of SCA between patients in the 
two groups. However, because of the restriction 
of recognition and identifying the end point of 
the pedicle in axial CT images, the evaluation  
of pedicle length in the present study was im- 
possible, while studies had reported that de- 
velopmental stenosis was characterized by a 
short pedicle in the thoracic spine [29] and  
lumbar spine [30]. Numerous anatomic and 
radiographic studies of various canal parame-
ters have been performed to establish a stan-
dard for defining spinal stenosis by inconsis- 
tent imaging modalities including radiographs, 
computed tomographic scans, and magnetic 
resonance images [20, 27, 31, 32].

In the cervical spine, the Torg-Pavlov ratio is 
commonly used to diagnose developmental 
canal stenosis [33]. In the lumbar spine, Ver- 
biest [34] first defined developmental narrow-
ing of the lumbar canal by an abnormally short 
anteroposterior diameter on plain radiographs 
and an absolute value of less than 10 mm  
as developmental stenosis. However, when it 
comes to the criteria of developmental thora- 
cic canal stenosis, a universally accepted diag-
nostic criteria is unavailable [35]. In any given 
population, measurements of the spine are 
continuous variables, and to select an arbitra- 
ry diameter cutoff may not be useful clinically. 
Therefore, for the purpose of the present study, 
the method reported by Bajwa et al. [9] was 
selected to identify the presence of develop-
mental stenosis. Patients with values that were 
2 SD below the mean of the control group were 
considered as having thoracic developmental 
canal stenosis. By using this method, develop-
mental thoracic stenosis was defined in the 
present study as: T1, 137.98 mm2; T2, 128.07 

Table 4. Characteristics of groups P and N
Group P N=37 Group N N=63 Controls N=100 P Value

Age (year) 57 ± 8 63 ± 6 55 ± 6 P<0.001
Male 23 (62.16%) 34 (53.97%) 59 (59.00%) P=0.420
Age of onset (years) 54 ± 8 61 ± 7 - P<0.001
Duration of symptoms (months) 26.91 ± 28.38 23.62 ± 32.69 - P=0.410
Height (cm) 164.8 ± 6.5 164.0 ± 7.0 - 0.544
Weight (kg) 68.0 ± 10.7 68.8 ± 10.2 - P=0.716
BMI (kg/m2) 24.9 ± 2.8 25.5 ± 2.7 - P=0.305
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mm2; T3, 120.65 mm2; T4, 124.50 mm2; T5, 
120.24 mm2; T6, 121.89 mm2; T7, 121.13 
mm2; T8, 122.05 mm2; T9, 116.62 mm2; T10, 
119.12 mm2; T11, 128.89 mm2; and T12, 
163.70 mm2. 

Previous studies [21, 36-38] of cervical mye- 
lopathy had reported that a subset of patients 
present clinical symptoms of spinal stenosis at 
an earlier age. These patients are typically in 
their late 40 s and early 50 s. In these patients, 
imaging studies often showed fewer degenera-
tive changes with a markedly narrowed spinal 
canal involving multiple levels of stenosis. Ar- 
noldi et al. [39] classified these patients as  
having congenital stenosis. In the thoracic spi- 
ne, if the spinal canal is developmentally nar-
row, relatively little encroachment by OLF can 
cause spinal cord compression. Few studies 
had been performed to investigate the afore-
mentioned phenomenon in patients with tho-
racic OLF-induced myelopathy. In the present 
study, there was significant difference in the 
average age of onset between group P and 
group N, suggesting that the patients with tho-
racic developmental stenosis presented at an 
earlier age. This finding is supported by Sanghvi 
et al. [40], who first and exclusively reported 
that patients with developmental canal steno-
sis showed significant correlation with younger 
age at onset of thoracic OLF-induced myelo- 
pathy. Similar findings were found in patients 
with cervical and lumbar myelopathy [33, 
41-43]. This is the largest CT-based study on 
OLF-induced thoracic myelopathy conducted in 
a Chinese population. Patient parameters were 
blinded to the two observers and the mea- 
surement techniques were uniform. The novel- 
ty of this research includes 3 aspects. This 
work further investigates the unique relation-
ship between thoracic OLF-induced myelopa- 
thy and developmental canal stenosis while 
almost all investigations have been performed 
on the clinical characteristics, prognostic fac-
tor, and effective surgical management. It al- 
so demonstrates the differences of age and 
duration between OLF patients with and with-
out developmental canal stenosis and how the 
differences could be conducive to the pro- 
motion of effective diagnosis and treatment. 
Up to now, only 1 research simply focusing on 
the differences has been reported. Finally, our 
research presents a novel and practical ap- 
proach for the standard and model of develop-
mental canal stenosis.

Nevertheless, this study could suffer from so- 
me limitations. The cut-off values for develop-
mental thoracic stenosis were arbitrarily based 
on values smaller than 2 SD lower than the 
mean control value, and it is unknown if this 
cut-off value is clinically significant. Secondly, 
in this retrospective study, developmental tho-
racic stenosis was based on CT images, which 
are less reliable for soft tissue components. 
MRI could be a better choice to directly assess 
spinal cord compression. Further research is 
required for analyzing the relationship betwe- 
en thoracic developmental stenosis and mye- 
lopathy caused by OLF.

In conclusion, Thoracic OLF-induced myelopa-
thy tends to coexist with developmental canal 
stenosis. Developmental stenosis of thoracic 
canal mainly results from decreased SCD. OLF 
with developmentally spinal stenosis are asso-
ciated with younger age at onset of myelopa- 
thy. OLF patients with and without develop- 
mental stenosis have similar gender, height, 
weight, BMI, and duration of symptoms prior to 
treatment.
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