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Abstract
Background: Thoracic ossi�cation of ligamentum �avum (T-OLF), as one of the causes of thoracic myelopathy,
is often combined with other spinal disorders. Concurrent lumbar spinal canal stenosis (LCS) is often abstruse
by symptoms due to T-OLF, leading to di�culty in identifying the origin of these neurological �ndings. It is
common to be misdiagnosed or delayed diagnosis due to the complicated nature. We evaluated the prevalence,
distribution, and clinical characteristics of OLF, especially in patients with LCS.

Methods: The authors performed a retrospective analysis of the outcomes of 61 patients who underwent
thoracic surgeries performed for symptomatic T-OLF. In all the patients, whole spine lesions were evaluated
preoperatively. We examined the factors related to poor outcomes (the recovery rate of the Japanese Orthopedic
Association score for thoracic myelopathy is less than 40%) following OLF surgeries. We further compared the
clinical outcomes according to whether there is concurrent LCS, and determined the optimal surgical approach.

Results: The prevalence of T-OLF increased in an age-dependent manner. Forty-six cases (75.4%) were
considered to be tandem T-OLF and LCS (LCS group). An advanced age, and concurrent LCS were associated
with a poor outcome after the surgery, rather than type of surgical procedure, the local T-OLF size, con�guration,
the number of OLF lesions, or radiographic cervical stenosis. The LCS group signi�cantly included a greater
number of elderly, and more light-weighted patients with Modic change in thoracic spine and a greater SVA,
resulting in the lower neurological recovery. Additional lumbar surgery (13cases) effectively improved both the T-
JOA and L-JOA scores (from 6.5 ± 2.0 points to 8.0 ± 1.8 points, p=0.0406, and from 14.5 ± 4.7 points to 20.7 ±
2.6 points, p=0.001, respectively) in OLF patients with LCS.

Conclusions: T-OLF was highly combined with other spinal disorders. Poor outcomes in T-OLF surgery could be
associated with age and concurrent LCS, and an additional surgery for another lumbar lesion signi�cantly
improved neurological �ndings in T-OLF patients.

Background
The ligamentum �avum may undergo various pathologic changes including hypertrophy, calci�cation, cyst
formation, hematoma, and ossi�cation [1, 2]. The ossi�cation of the ligamentum �avum (OLF) was
characterized by the replacement of the ligamentum �avum by ectopic new bone formation. OLF is a rare
disease entity, that is more prevalent among Asian thoracic spine. The prevalence of thoracic OLF (T-OLF) in
Japanese was 36% [3].

OLF is well known as a slowly progressive disease, and as one of the causes of thoracic myelopathy through the
compression of the spinal cord from the posterolateral side [4]. It is often combined with other spinal disorders,
and it is common to be misdiagnosed or to be delayed diagnosis [5].

When an OLF patient has severe thoracic myelopathy, concurrent lumbar spinal canal stenosis (LCS) is often
abstruse by symptoms due to a thoracic lesion, leading to di�culty in identifying the origin of these neurological
�ndings, especially in the lower limbs. Due to the complicated nature of this condition, research on the tandem
thoracic and lumbar stenosis is extremely limited [5]. Predominantly, symptomatic legions are usually surgically
treated. However, the coexisting LCS in T-OLF cases could have adverse effects on the surgical results in T-OLF
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[6]. Despite of a high rate of combined spinal stenosis, there is no consensus on the optimal surgical approach
to this problem.

In the present study, we investigated symptomatic T-OLF patients who required thoracic decompression or fusion
surgery in order to illuminate more details on the pathology and the clinical course of T-OLF. We evaluated the
clinical outcomes and the radiographic �ndings, including compressive lesions and their con�gurations, in 61
surgically treated T-OLF patients. We further compared the clinical outcomes according to whether there is
concurrent LCS, and investigated the effectiveness of additional lumbar decompression surgery after thoracic
surgery for T-OLF patients who had predominant clinical symptoms from the thoracic spine.

Methods
The current retrospective study was approved by our institutional review board. The authors executed a
retrospective analysis of the outcomes of 61 consecutive thoracic surgeries performed in symptomatic OLF
patients from May 2015 to May 2019 who had a follow-up of more than 1 year after surgery. The patients with
previous thoracic spine surgery and younger than 15 years were excluded. There were 21 females and 40 males,
with an average age of 61.9 ± 16.2 years (range 20–90 years).

Clinical symptoms included the typical features of thoracic myelopathy; that is, sensory and motor de�cits in the
trunk and lower extremities, sphincter disturbance, and exaggerated tendon re�exes. Medical records of these
patients were reviewed for demographics including length of follow-up, duration of symptoms, age, gender,
height, body weight, preoperative manual muscle test (MMT) results, and preoperative co-morbidities such as
hypertension (HT), diabetes mellitus (DM), hyperlipidemia (HL), ischemic heart disease (IHD), cerebrovascular
disease, lung disease, osteoporosis, and so on. The preoperative global spinal alignment parameters (LL: lumbar
lordosis, PI: pelvic incidence, SS: sacral slope, TLK: thoracolumbar kyphosis, TK: thoracic kyphosis, SVA: sagittal
vertical axis) [7], distribution of OLFs in whole spine, involved T-OLF levels in which we performed
decompression surgery, the presence of ossi�cation of the longitudinal ligament (OPLL) and/or diffuse
idiopathic skeletal hyperostosis (DISH) [8], and coexistent combined spinal lesions were also recorded in this
study.

In principle, we conducted myelography for all these patients before performing surgeries and evaluated not only
the thoracic spine but also the cervical and/or lumbar region. Computed tomography (CT) scans after
myelography (CTM) were obtained using multi-slice scanner (Optima CT660, GE Healthcare Japan Inc., Tokyo).
The scanning parameters were as follows: 40 kV, 80 to 300 mA, 2-mm thickness for slice data, and 2-mm
thickness for reconstruction. The scanning time for the spine was less than 10 s. A compressive lesion of the
spinal cord or cauda equine was de�ned as a lesion in contact with the anterior or posterior aspect of the spinal
cord or cauda equine, morphological deformity of the spinal cord, or the disappearance of subarachnoid space
in CTM images [9, 10].

We classi�ed the type of T-OLF according to the radiologic �ndings of the symptomatic lesions that required
surgical decompression. T-OLF was classi�ed as the unilateral, bilateral, and bridged (fused) types according to
the OLF location and types on axial CT scan, and also classi�ed as the beak, and round types according to T2-
weighted sagittal magnetic resonance imaging (MRI) [11, 12] (Fig. 1). We also collected data on the changes in
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involved vertebral body marrow (Modic change) [13], and the intramedullary high-intensity areas (HIA) on T2-
weighted MRI (both sagittal and axial views).

Two independent spinal surgeons evaluated whether OLF was observed or not, and compressive lesions in the
whole spine were assessed with a DICOM viewer. The evaluators discussed to reach a consensus if results
differed. Before the image review, the testers read images from the same 20 patients to check the inter-observer
agreement. The Kappa coe�cient for inter-observer agreement was 0.76, which was considered to indicate
substantial agreement.

While surgical indications were progressive thoracic myelopathy and dorsal pain, selection of the surgical
method was based on multiple factors; that is, the location of compressive pathology, the extent of the
degenerative process, intervertebral instability, sagittal alignment of the thoracic spine, and medical conditions.
Total or subtotal laminectomy with or without posterior instrumentations was limited to the compressed spinal
cord levels, and the OLF was completely resected or �oated in all the patients. If neurological symptoms
originate signi�cantly from both the thoracic and lumbar spine, the both lesions require surgical decompression.

In these patients, the operative procedure, operation time, blood loss in the thoracic operation, perioperative
complications, and clinical outcomes were investigated. The clinical outcomes were assessed by means of the
visual analog scale (VAS) score for pain or numbness severity from the chest to the toes, and the scoring system
proposed by the Japanese Orthopedic Association for the thoracic spine (T-JOA score) and the lumbar spine (L-
JOA score): the recovery rate for the T-JOA score was determined by [(postoperative score – preoperative
score)/(11-preoperative score)] x 100%; For the L-JOA score, the recovery rate=[(postoperative score –
preoperative score)/(29-preoperative score)] x 100% [12, 14]. The surgical outcomes were classi�ed into 2
groups: good outcomes included patients with a recovery rate of the T-JOA score higher than 40%; poor
outcomes included patients with a recovery rate less than 40%.

The demographics of the patients included in this study are shown in Table 1. We retrospectively examined the
factors related to poor outcomes following T-OLF surgery by applying univariate analyses. We also compared
surgical outcomes between the T-OLF patients with concurrent LCS (LCS group) and those without LCS (non-LCS
group) in terms of multiple clinical parameters. Statistical analysis was performed using Student’s unpaired t-
test, Mann-Whitney U tests, and Fischer’s exact tests for categorical variables. All data are expressed as the
means ± standard deviation (SD). A p value less than 0.05 was considered to indicate a statistically signi�cant
difference.
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Table 1
Demographics

  n = 61

Age, average, average (range), years 61.9 ± 16.1 (20–90)

Sex, female/male, No. 21/40

Duration of disease, average (range), months 17.6 ± 24.2 (1-144)

Follow-up period, average (range), months 32.1 ± 16.0 (12–60)

Preoperative comorbidities, No. HT 18 (29.5%)

DM 8 (13.1%)

HL 6 (9.8%)

IHD 9 (14.8%)

Cerebrovascular disease 3 (4.9%)

Lung disease 5 (8.2%)

Cholelithiasis 5 (8.2%)

Inguinal hernia 2 (3.3%)

Concurrent spinal canal stenosis, No. Cervical [Non-C-OPLL/C-OPLL] 23 (37.7%) [11
(18.0%)/12 (19.7%)]

Thoracic [T-OPLL] 8 (13.1%)

LCS
[Spondylosis/Spondylolisthesis/L-
OPLL]

46(75.4%) [26
(42.6%)/18 (29.5%)/2
(3.3%)]

Height, average (range), cm 160.2 ± 10.1 (134–179)

Body weight, average (range), Kg 70.1 ± 19.2 (44.2-103.4)

BMI, average (range), Kg/m2 27.2 ± 6.0 (17.6–52.4)

Dual Energy X-ray Absorptiometry Lumbar YAM, average (range), % 103.2 ± 17.2 (75–147)

Femoral YAM, average (range), % 83.7 ± 19.4 (66–137)

MMT, average (range), Preoperative 3.3 ± 1.4 (0–5)

Operation Surgical procedure LAM/PDF, No 44 (72.1%)/17 (27.9%)

Abbreviation: BMI, body mass index; MMT, manual muscle test; T-JOA, the Japanese Orthopaedic
Association for thoracic myelopathy; VAS, visual analog scale; CT, computed tomography; MRI, magnetic
resonance imaging; HT, hypertension; DM, diabetes mellitus; HL, hyperlipidemia; IHD, ischemic heart disease;
OPLL, ossi�cation of the longitudinal ligament; LCS, lumbar spinal canal stenosis; YAM, young adult mean;
LAM, laminectomy; PDF, posterior decompression with fusion; OLF, ossi�cation of the ligamentum �avum;
SSI, surgical site infection; LL, lumbar lordosis; PI, pelvic incidence; SS, sacral slope; TLK, thoracolumbar
kyphosis; TK, thoracic kyphosis; SVA, sagittal vertical axis; DISH, diffuse idiopathic skeletal hyperostosis; HIA,
high-intensity areas

p < 0.05 when compared to the preoperative status.
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  n = 61

Decompressed OLF levels,
average (range), No.

1.5 ± 0.9 (1–4)

Simultaneous lumbar
decompression, No

10 (16.4%)

Operative time, average (range), min 156.7 ± 97.6 (48–460)

Blood loss, average (range), mL 284.9 ± 606.8 (1-4090)

Outcomes T-JOA score, average
(range), points

Preoperative 5.9 ± 1.9 (2–10)

Postoperative 8.0 ± 1.6 (4.5–11)

Recovery rate of T-JOA score, average (range), % 39.2 ± 29.2 (-10-100)

VAS, average (range), mm Preoperative 72.2 ± 25.1 (0-100)

Postoperative 52.7 ± 28.8 (0-100)

Complication, No Dural tear 3 (4.9%)

Hematoma 2 (3.3%)

Vertebral fracture 1 (1.6%)

SSI 1 (1.6%)

Enlargement of T-OPLL 1 (1.6%)

Radiological
�ndings

Preoperative global spinal
alignment

LL, average (range), degrees 37.9 ± 15.2 (2–67)

PI, average (range), degrees 46.5 ± 7.6 (22–63)

SS, average (range), degrees 30.2 ± 10.1 (8–58)

Abbreviation: BMI, body mass index; MMT, manual muscle test; T-JOA, the Japanese Orthopaedic
Association for thoracic myelopathy; VAS, visual analog scale; CT, computed tomography; MRI, magnetic
resonance imaging; HT, hypertension; DM, diabetes mellitus; HL, hyperlipidemia; IHD, ischemic heart disease;
OPLL, ossi�cation of the longitudinal ligament; LCS, lumbar spinal canal stenosis; YAM, young adult mean;
LAM, laminectomy; PDF, posterior decompression with fusion; OLF, ossi�cation of the ligamentum �avum;
SSI, surgical site infection; LL, lumbar lordosis; PI, pelvic incidence; SS, sacral slope; TLK, thoracolumbar
kyphosis; TK, thoracic kyphosis; SVA, sagittal vertical axis; DISH, diffuse idiopathic skeletal hyperostosis; HIA,
high-intensity areas

p < 0.05 when compared to the preoperative status.
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  n = 61

TLK, average (range), degrees 11.6 ± 12.1 (-8-54)

TK, average (range), degrees 23.9 ± 11.7 (2–59)

SVA, average (range), mm 46.6 ± 51.3 (-54-183)

|PI-LL|, average (range), degrees 13.2 ± 11.9 (0–49)

TK/LL, average (range) 0.74 ± 0.47 (0.12–2.86)

Local kyphosis, average
(range), degrees

Preoperative 9.2 ± 8.4 (0–45)

Postoperative 11.2 ± 9.4 (0–50)

CT DISH, No. 19 (31.1%)

OLF, Unilateral/Bilateral/Bridged,
No.

12 (19.7%)/39
(63.9%)/10 (16.4%)

Thickness of OLF, average (range),
mm

3.6 ± 2.0 (1–10)

OLF lesions, average (range), No. 3.1 ± 2.5 (1–12)

MRI OLF, Round/Beak, No. 37 (60.7%)/24 (39.3%)

Modic change, No. 29 (47.5%)

HIA, No. 51 (83.6%)

Abbreviation: BMI, body mass index; MMT, manual muscle test; T-JOA, the Japanese Orthopaedic
Association for thoracic myelopathy; VAS, visual analog scale; CT, computed tomography; MRI, magnetic
resonance imaging; HT, hypertension; DM, diabetes mellitus; HL, hyperlipidemia; IHD, ischemic heart disease;
OPLL, ossi�cation of the longitudinal ligament; LCS, lumbar spinal canal stenosis; YAM, young adult mean;
LAM, laminectomy; PDF, posterior decompression with fusion; OLF, ossi�cation of the ligamentum �avum;
SSI, surgical site infection; LL, lumbar lordosis; PI, pelvic incidence; SS, sacral slope; TLK, thoracolumbar
kyphosis; TK, thoracic kyphosis; SVA, sagittal vertical axis; DISH, diffuse idiopathic skeletal hyperostosis; HIA,
high-intensity areas

p < 0.05 when compared to the preoperative status.

Results
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A total of 61 patients with myelopathy due to OLF in this study tolerated the surgical procedure well and were
followed up for an average of 32.1 months (range 12 to 60 months). The duration of symptoms averaged 17.6
months (range 1 to 144 months). Statistical analyses revealed that T-OLF was noted at a signi�cantly higher rate
among the males (21 cases vs 40 cases, p = 0.0005). The preoperative comorbidities included HT in 18 cases
(29.5%), DM in 8 cases (13.1%), and IHD in 9 cases (14.8%). An average of body mass index (BMI) was 27.2 ± 
6.0 Kg/m2, classi�ed as obesity but not osteoporosis (Table 1).

The myelography and CTM �ndings indicated 23 cases (37.7%) with radiological cervical spondylotic
myelopathy and C-OPLL, 8 cases (13.1%) with T-OPLL, 19 cases (31.1%) with DISH, and 46 cases (75.4%) with
radiological LCS (LCS group) among the OLF patient who underwent thoracic surgery. Not only the prevalence of
T-OLF but also that of coexistent LCS seemed to range mainly between 50 and 80 years, and increase in an age-
dependent manner (Fig. 2). The mean preoperative MMT grade in the most predominantly affected muscle of
the lower extremity was 3.3. With regard to thoracic surgery, 44 patients (72.1%) received laminectomy (LAM)
alone, and 17 patients (27.9%) received posterior decompression with fusion (PDF). Ten patients (16.4%)
underwent lumbar decompression procedures for LCS simultaneously. The average operative time was 156.7 ± 
97.6 minutes. The estimated blood loss was 284.9 ± 606.8 mL. T-OLF patients showed signi�cant improvement
both in T-JOA scores from 5.9 ± 1.9 points to 8.0 ± 1.6 points (p < 0.0001), and in VAS scores from 72.2 ± 25.1
points to 52.7 ± 28.8 points (p = 0.0008). The mean recovery rate of T-JOA scores at the �nal follow-up point was
39.2 ± 29.2%. Perioperative complications occurred in 8 patients (13.1%), including dural tear (n = 3, 4.9%),
hematoma (n = 2, 3.3%), vertebral fracture (n = 1, 1.6%), surgical site infection (n = 1, 1.6%). Enlargement of T-
OPLL in the same level was found in 1 patient after the laminectomy procedure, resulting in additional thoracic
spinal fusion surgery.

Apart from spinal cord compression, there were 21 patients with single level OLF and 40 patients with multi-
segmental OLFs (range 2–12 levels) in thoracolumbar spine. Observable distribution of T-OLFs formed 2 peaks
with the highest and second highest peak found at Th9-Th12 and Th2-Th5, respectively. Among these OLF
segments, we focused on the compressive OLF segment in which we actually performed surgery (an average of
1.5 intervertebral levels, range 1–4 levels). Compressive OLFs involved with myeloradiculopathy were located at
single-level in 42 patients, two-levels in 11 patients, and more than three-levels in 8 patients. The most
commonly affected and decompressed segment was Th11/12 inter-vertebral body level (41 cases, 67.2%),
followed by Th10/11 level (25 cases, 41.0%) (Fig. 3).

The surgical results were good for 31 patients and poor for 30 patients. Postoperative T-JOA scores and the
mean recovery rate of T-JOA scores in the good outcome group were signi�cantly higher compared with those in
the poor outcome group (7.2 ± 1.3 points vs 8.9 ± 1.3 points, p < 0.0001), while there was no signi�cant difference
in perioperative VAS scores between two groups. These results indicated that a good improvement in T-JOA
score could re�ect the improvement in the neurological functional status, rather than subjective symptoms in the
good outcome patients.

According to univariate analyses of surgical outcomes, an advanced age, a smallness of stature, and a
concurrent lumbar stenosis was associated with a poor outcome after the surgery (65.9 ± 15.2 years vs 57.8 ± 
16.3 years, p = 0.049, 157.1 ± 11.0 cm vs 163.4 ± 8.2 cm, p = 0.0139, and 27 cases vs 19 cases, p = 0.0314,
respectively). Preoperative MMT grade, type of surgical procedure (LAM or PDF), complication rates, global
spinal alignments, size, con�guration, or severity of involved T-OLF, and even intramedullary HIA were not
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statistically associated with poor outcomes (Table 2). Of note, the good outcome group included a greater
number of patients with cervical stenosis including OPLL (8 cases vs 15 cases, p = 0.0524). In like manner, this
group tended to have more wide-ranging OLFs, especially in upper thoracic lesions, and include a great number
of cases with upper thoracic decompression surgery compared to the poor outcome group (Fig. 3).
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Table 2
Comparison between the cases with poor clinical outcomes and those with good outcomes

  Poor n = 31 Good n = 30 p value

Age, average, average (range), years 65.9 ± 15.2
(22–90)

57.8 ± 16.3
(20–81)

0.0491*

Sex, female/male, No. 13/18 8/22 0.2831

Duration of disease, average (range), months 20.4 ± 29.2
(1-144)

14.7 ± 17.6
(1–72)

0.3606

Preoperative comorbidities,
No.

HT 12 (38.7%) 6 (20%) 0.1128

DM 6 (19.4%) 2 (6.7%) 0.147

HL 3 (9.7%) 3 (10.0%) 0.967

IHD 6 (19.4%) 3 (10.0%) 0.311

Concurrent spinal canal
stenosis, No.

Cervical [Non-C-OPLL/C-OPLL] 8 (25.8%)
[4/4]

15 (50.0%)
[7/8]

0.0524

Thoracic [T-OPLL] 3 (9.7%) 5 (16.7%) 0.4273

LCS
[Spondylosis/Spondylolisthesis/L-
OPLL]

27 (87.1%)
[14/12/1]

19 (63.3%)
[12/6/1]

0.0314*

Height, average (range), cm 157.1 ± 
11.0 (134–
176)

163.4 ± 8.2
(148–179)

0.0139*

Body weight, average (range), Kg 65.8 ± 14.7
(44.2-
103.4)

74.4 ± 22.4
(46.7-100.7)

0.0788

BMI, average (range), Kg/m2 26.6 ± 5.4
(17.6–
40.4)

27.7 ± 6.7
(20.2–52.4)

0.5086

Dual Energy X-ray
Absorptiometry

Lumbar YAM, average (range), % 101.9 ± 
14.7 (75–
116)

104.3 ± 19.9
(77–147)

0.779

Femoral YAM, average (range), % 90.0 ± 24.8
(62–137)

77.3 ± 9.6
(66–95)

0.1721

Abbreviation: BMI, body mass index; MMT, manual muscle test; T-JOA, the Japanese Orthopaedic
Association for thoracic myelopathy; VAS, visual analog scale; CT, computed tomography; MRI, magnetic
resonance imaging; HT, hypertension; DM, diabetes mellitus; HL, hyperlipidemia; IHD, ischemic heart disease;
OPLL, ossi�cation of the longitudinal ligament; LCS, lumbar spinal canal stenosis; YAM, young adult mean;
LAM, laminectomy; PDF, posterior decompression with fusion; OLF, ossi�cation of the ligamentum �avum;
SSI, surgical site infection; LL, lumbar lordosis; PI, pelvic incidence; SS, sacral slope; TLK, thoracolumbar
kyphosis; TK, thoracic kyphosis; SVA, sagittal vertical axis; DISH, diffuse idiopathic skeletal hyperostosis; HIA,
high-intensity areas

*p < 0.05 when compared to the poor outcome group.

p < 0.05 when compared to the preoperative status.
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  Poor n = 31 Good n = 30 p value

MMT, average (range), Preoperative 3.1 ± 1.4
(0–5)

3.5 ± 1.4 (0–
5)

0.2665

Operation Surgical
procedure

LAM/PDF, No 23/8 21/9 0.7205

Decompressed OLF levels, average (range), No. 1.5 ± 0.9
(1–4)

1.5 ± 0.9 (1–
4)

0.7279

Simultaneous lumbar decompression, No 7 (11.5%) 3 (10.0%) 0.1906

Operative time, average (range), min 150.6 ± 
90.3 (48–
436)

163.0 ± 
105.8 (56–
460)

0.6243

Blood loss, average (range), mL 259.2 ± 
726.4 (1-
4090)

311.5 ± 
463.2 (1-
1725)

0.7395

Outcomes T-JOA score,
average
(range),
points

Preoperative 6.4 ± 1.5
(3.5–10)

5.3 ± 2.2 (2-
9.5)

0.0188*

Postoperative 7.2 ± 1.3
(4.5–10)

8.9 ± 1.3
(6.5–11)

< 
0.0001*

Recovery rate of T-JOA score, average (range), % 15.8 ± 13.4
(-10-36.4)

63.4 ± 19.9
(40–100)

< 
0.0001*

VAS,
average
(range), mm

Preoperative 77.2 ± 21.4
(30–100)

66.1 ± 28.4
(0-100)

0.126

Postoperative 56.6 ± 27.0
(10–100)

47.9 ± 30.9
(10–100)

0.3359

Complication, No 4 (12.9%)
[Dural tear,
Hematoma,
Vertebral
fracture,
SSI = 1]

4 (13.3%)
[Dural tear = 
2,
Hematoma,
Enlargement
of T-OPLL = 
1]

0.9611

Radiological
�ndings

Preoperative
global
spinal
alignment

LL, average (range), degrees 37.5 ± 16.5
(2–67)

38.2 ± 13.9
(6–60)

0.8554

Abbreviation: BMI, body mass index; MMT, manual muscle test; T-JOA, the Japanese Orthopaedic
Association for thoracic myelopathy; VAS, visual analog scale; CT, computed tomography; MRI, magnetic
resonance imaging; HT, hypertension; DM, diabetes mellitus; HL, hyperlipidemia; IHD, ischemic heart disease;
OPLL, ossi�cation of the longitudinal ligament; LCS, lumbar spinal canal stenosis; YAM, young adult mean;
LAM, laminectomy; PDF, posterior decompression with fusion; OLF, ossi�cation of the ligamentum �avum;
SSI, surgical site infection; LL, lumbar lordosis; PI, pelvic incidence; SS, sacral slope; TLK, thoracolumbar
kyphosis; TK, thoracic kyphosis; SVA, sagittal vertical axis; DISH, diffuse idiopathic skeletal hyperostosis; HIA,
high-intensity areas

*p < 0.05 when compared to the poor outcome group.

p < 0.05 when compared to the preoperative status.
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  Poor n = 31 Good n = 30 p value

PI, average (range), degrees 47.3 ± 7.2
(33–63)

45.7 ± 7.9
(22–62)

0.4063

SS, average (range), degrees 30.2 ± 10.9
(8–58)

30.3 ± 9.4
(13–53)

0.9577

TLK, average (range), degrees 12.8 ± 14.2
(-8-54)

10.3 ± 9.6
(-8-31)

0.4182

TK, average (range), degrees 22.0 ± 11.5
(2–46)

25.8 ± 11.7
(2–59)

0.2097

SVA, average (range), mm 49.2 ± 54.6
(-54-183)

44.0 ± 48.7
(-35-165)

0.7027

|PI-LL|, average (range), degrees 13.8 ± 12.6
(0–40)

12.6 ± 11.3
(0–49)

0.6795

TK/LL, average (range) 0.75 ± 0.58
(0.12–
2.86)

0.73 ± 0.33
(0.25–1.59)

0.8576

Local
kyphosis,
average
(range),
degrees

Preoperative 8.9 ± 10.2
(0–45)

9.4 ± 6.2 (1–
32)

0.7963

Postoperative 10.6 ± 11.0
(0–50)

11.8 ± 7.7
(2–37)

0.6274

CT DISH, No. 9 (29.0%) 10 (33.3%) 0.8401

OLF, Unilateral/Bilateral/Bridged,
No.

7/20/4 5/19/6 0.6898

Thickness of OLF, average (range),
mm

3.2 ± 1.6 (1-
6.7)

4.0 ± 2.3 (1–
10)

0.1107

OLF lesions, average (range), No. 2.7 ± 1.9
(1–9)

3.4 ± 2.9 (1–
12)

0.2305

MRI OLF, Round/Beak, No. 18/13 19/11 0.7946

Modic change, No. 13 (41.9%) 11 (36.7%) 0.7946

HIA, No. 24 (77.4%) 27 (90.0%) 0.3006

Abbreviation: BMI, body mass index; MMT, manual muscle test; T-JOA, the Japanese Orthopaedic
Association for thoracic myelopathy; VAS, visual analog scale; CT, computed tomography; MRI, magnetic
resonance imaging; HT, hypertension; DM, diabetes mellitus; HL, hyperlipidemia; IHD, ischemic heart disease;
OPLL, ossi�cation of the longitudinal ligament; LCS, lumbar spinal canal stenosis; YAM, young adult mean;
LAM, laminectomy; PDF, posterior decompression with fusion; OLF, ossi�cation of the ligamentum �avum;
SSI, surgical site infection; LL, lumbar lordosis; PI, pelvic incidence; SS, sacral slope; TLK, thoracolumbar
kyphosis; TK, thoracic kyphosis; SVA, sagittal vertical axis; DISH, diffuse idiopathic skeletal hyperostosis; HIA,
high-intensity areas

*p < 0.05 when compared to the poor outcome group.

p < 0.05 when compared to the preoperative status.
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Second, comparing the non-LCS group (n = 15) and the LCS group (n = 46), the LCS group signi�cantly included a
greater number of elderly, and more light-weighted patients with Modic change and a greater SVA (48.1 ± 
17.3 years vs 66.4 ± 13.1 years, p < 0.0001, and 83.0 ± 27.3 Kg vs 65.9 ± 13.6 Kg, p = 0.0021, Modic change; 3
cases vs 26 cases, p = 0.0139, and 18.5 ± 42.1 mm vs 55.6 ± 51.1 mm, p = 0.0172, respectively), while the
coexistence rate of C-OPLL, and the thickness of involved OLF were smaller than those in the non-LCS group
(40.0% vs 13.0%, p = 0.0024, and 4.8 ± 2.4 mm vs 3.2 ± 2.5 mm, p = 0.0055, respectively). With regard to clinical
outcomes, a signi�cant improvement in T-JOA score was observed in both groups. In the LCS group, the mean
preoperative MMT grade and the mean postoperative T-JOA score was signi�cantly lower than that in the non-
LCS group (4.0 ± 0.9 vs 3.1 ± 1.5, p = 0.0241, and 8.7 ± 1.4 points vs 7.8 ± 1.6 points, p = 0.0482, respectively).
While VAS scores signi�cantly decreased from 75.7 mm to 55.2 mm (p = 0.0018) in the LCS group, the mean
recovery rate of T-JOA score was relatively inferior to the non-LCS group (47.9 ± 29.2% vs 36.4 ± 29.0%, p = 
0.1887) (Table 3).
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Table 3
Comparison between the cases without LCS and those with LCS

  Non-LCS n = 
15

LCS n = 46 p value

Age, average, average (range), years 48.1 ± 17.3
(22–78)

66.4 ± 13.1
(27–90)

< 
0.0001*

Sex, female/male, No. 5/10 16/30 0.9183

Duration of disease, average (range), months 13.5 ± 11.1
(2–36)

19.0 ± 27.1 (1-
144)

0.4502

Preoperative comorbidities,
No.

HT 4 (26.7%) 14 0.7855

DM 2 (13.3%) 6 0.9774

HL 1 (6.7%) 5 0.5091

IHD 2 (13.3%) 7 0.8611

Concurrent spinal canal
stenosis, No.

Cervical [Non-C-OPLL/C-
OPLL]

8 (53.3%)
[2/6]

15 (32.6%)
[9/6]

0.1554

Thoracic [T-OPLL] 3 (20%) 5 (10.9%) 0.3714

Height, average (range), cm 164.0 ± 10.2
(148–179)

159.0 ± 9.9
(134–176)

0.0969

Body weight, average (range), Kg 83.0 ± 27.3
(56.3-100.7)

65.9 ± 13.6
(44.2-103.4)

0.0021*

BMI, average (range), Kg/m2 30.5 ± 7.8
(22.4–52.4)

26.0 ± 5.0
(17.6–40.4)

0.011*

Dual Energy X-ray
Absorptiometry

Lumbar YAM, average
(range), %

104.0 ± 15.6
(93–115)

103.1 ± 17.9
(75–147)

0.9452

Femoral YAM, average
(range), %

90.5 ± 27.6
(71–110)

82.8 ± 19.2
(62–137)

0.6117

MMT, average (range), Preoperative 4.0 ± 0.9 (2–
5)

3.1 ± 1.5 (0–5) 0.0241*

Operation Surgical
procedure

LAM/PDF, No 13/2 31/15 0.1959

Abbreviation: BMI, body mass index; MMT, manual muscle test; T-JOA, the Japanese Orthopaedic
Association for thoracic myelopathy; VAS, visual analog scale; CT, computed tomography; MRI, magnetic
resonance imaging; HT, hypertension; DM, diabetes mellitus; HL, hyperlipidemia; IHD, ischemic heart disease;
OPLL, ossi�cation of the longitudinal ligament; LCS, lumbar spinal canal stenosis; YAM, young adult mean;
LAM, laminectomy; PDF, posterior decompression with fusion; OLF, ossi�cation of the ligamentum �avum;
SSI, surgical site infection; LL, lumbar lordosis; PI, pelvic incidence; SS, sacral slope; TLK, thoracolumbar
kyphosis; TK, thoracic kyphosis; SVA, sagittal vertical axis; DISH, diffuse idiopathic skeletal hyperostosis; HIA,
high-intensity areas

*p < 0.05 when compared to the non-LCS group.

p < 0.05 when compared to the preoperative status.
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  Non-LCS n = 
15

LCS n = 46 p value

Decompressed OLF levels, average (range),
No.

1.5 ± 1.1 (1–
4)

1.5 ± 0.8 (1–4) 0.8093

Operative time, average (range), min 156.1 ± 95.9
(66–410)

156.9 ± 99.2
(48–460)

0.9782

Blood loss, average (range), mL 448.2 ± 581.1
(1-1725)

231.6 ± 611.6
(1-4090)

0.2331

Outcomes T-JOA score,
average
(range),
points

Preoperative 6.3 ± 1.8 (2-
8.5)

5.7 ± 2.0 (2–
10)

0.3248

Postoperative 8.7 ± 1.4 (5.5–
11)

7.8 ± 1.6 (4.5–
11)

0.0482*

Recovery rate of T-JOA score, average
(range), %

47.9 ± 29.2 (0-
100)

36.4 ± 29.0
(-10-100)

0.1887

VAS, average
(range), mm

Preoperative 60.5 ± 27.6 (0-
100)

75.7 ± 23.7
(30–100)

0.0772

Postoperative 45.5 ± 29.5
(0–90)

55.2 ± 28.6
(10–100)

0.3405

Complication, No 4 (26.7%)
[Dural tear = 3,
Enlargement
of T-OPLL = 1]

4 (8.7%)
[Hematomar = 
2, Vertebral
fracture, SSI = 
1]

0.0755

Radiological
�ndings

Preoperative
global spinal
alignment

LL, average (range),
degrees

42.8 ± 15.7
(11–65)

36.3 ± 14.8
(2–67)

0.1488

PI, average (range), degrees 46.3 ± 5.6
(11–52)

46.6 ± 8.2
(22–63)

0.8957

SS, average (range),
degrees

30.9 ± 9.4 (8–
58)

30.0 ± 10.4
(8–58)

0.7809

TLK, average (range),
degrees

12.5 ± 7.6 (-2-
31)

11.3 ± 13.3 (-8-
54)

0.7501

TK, average (range),
degrees

28.4 ± 11.8
(13–59)

22.4 ± 11.4
(2–50)

0.0844

Abbreviation: BMI, body mass index; MMT, manual muscle test; T-JOA, the Japanese Orthopaedic
Association for thoracic myelopathy; VAS, visual analog scale; CT, computed tomography; MRI, magnetic
resonance imaging; HT, hypertension; DM, diabetes mellitus; HL, hyperlipidemia; IHD, ischemic heart disease;
OPLL, ossi�cation of the longitudinal ligament; LCS, lumbar spinal canal stenosis; YAM, young adult mean;
LAM, laminectomy; PDF, posterior decompression with fusion; OLF, ossi�cation of the ligamentum �avum;
SSI, surgical site infection; LL, lumbar lordosis; PI, pelvic incidence; SS, sacral slope; TLK, thoracolumbar
kyphosis; TK, thoracic kyphosis; SVA, sagittal vertical axis; DISH, diffuse idiopathic skeletal hyperostosis; HIA,
high-intensity areas

*p < 0.05 when compared to the non-LCS group.

p < 0.05 when compared to the preoperative status.



Page 17/28

  Non-LCS n = 
15

LCS n = 46 p value

SVA, average (range), mm 18.5 ± 42.1
(-54-99)

55.6 ± 51.1
(-25-183)

0.0172*

|PI-LL|, average (range),
degrees

13.3 ± 10.8
(0–40)

13.2 ± 12.3
(0–49)

0.9645

TK/LL, average (range) 0.73 ± 0.32
(0.33–1.46)

0.74 ± 0.51
(0.12–2.86)

0.9728

Local
kyphosis,
average
(range),
degrees

Preoperative 9.3 ± 5.9 (0–
22)

9.1 ± 9.1 (0–
45)

0.9502

Postoperative 12.9 ± 6.8 (4–
30)

10.6 ± 10.2
(0–50)

0.4253

CT DISH, No. 3 (20%) 16 (34.8%) 0.3507

OLF,
Unilateral/Bilateral/Bridged,
No.

1/8/6 11/31/4 0.0121*

Thickness of OLF, average
(range), mm

4.8 ± 2.4 (2.4–
10)

3.2 ± 1.7 (1-
8.9)

0.0055*

OLF lesions, average
(range), No.

3.1 ± 2.3 (1–
8)

3.0 ± 2.5 (1–
12)

0.8795

MRI OLF, Round/Beak, No. 8/7 29/17 0.5038

Modic change, No. 3 (20%) 26 (56.5%) 0.0139*

HIA, No. 11 (73.3%) 40 (87.0%) 0.2159

Abbreviation: BMI, body mass index; MMT, manual muscle test; T-JOA, the Japanese Orthopaedic
Association for thoracic myelopathy; VAS, visual analog scale; CT, computed tomography; MRI, magnetic
resonance imaging; HT, hypertension; DM, diabetes mellitus; HL, hyperlipidemia; IHD, ischemic heart disease;
OPLL, ossi�cation of the longitudinal ligament; LCS, lumbar spinal canal stenosis; YAM, young adult mean;
LAM, laminectomy; PDF, posterior decompression with fusion; OLF, ossi�cation of the ligamentum �avum;
SSI, surgical site infection; LL, lumbar lordosis; PI, pelvic incidence; SS, sacral slope; TLK, thoracolumbar
kyphosis; TK, thoracic kyphosis; SVA, sagittal vertical axis; DISH, diffuse idiopathic skeletal hyperostosis; HIA,
high-intensity areas

*p < 0.05 when compared to the non-LCS group.

p < 0.05 when compared to the preoperative status.

We investigated to what extent performing a lumbar operation in addition to T-OFL surgery could affect the
postoperative outcome of tandem T-OLF and lumbar stenosis patients. We divided 46 T-OLF patients coexistent
with LCS into two groups according to the presence of additional lumbar operations. The mean recovery rate of
T-JOA scores at the �nal follow-up point andΔVAS scores did not differ signi�cantly in the tandem T-OLF and
LCS patients based on whether they did or did not undergo additional lumbar surgery. Nevertheless, in the
additional lumbar surgery group, the T-JOA score before lumbar surgery was 6.5 ± 2.0 points, but it signi�cantly
improved to 8.0 ± 1.8 points after lumbar surgery (p = 0.0406). In addition, recovery rate of the L-JOA score itself
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(41.4 ± 12.5%) seemed satisfactory (Table 4). These results suggest that additional lumbar surgery effectively
improved both T-JOA and L-JOA scores in OLF patients with symptomatic LCS.
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Table 4
Comparison between the cases without lumbar surgery and those with lumbar surgery

  Only thoracic
OLF operation
n = 33

Additional
lumbar
operation
n = 13

p value

Age, average, average (range), years 66.3 ± 12.8
(27–90)

66.5 ± 14.2
(33–81)

0.9568

Sex, female/male, No. 14/19 2/11 0.083

Duration of disease, average (range), months 18.5 ± 29.2 (1-
144)

20.2 ± 21.7
(3–72)

0.8439

Concurrent spinal canal
stenosis, No.

Cervical [Non-C-OPLL/C-OPLL] 11(7/4) 4(2/2) 0.8709

Thoracic [T-OPLL] 4 (12.1%) 1 (7.7%) 0.6723

LCS
[Spondylosis/Spondylolisthesis/L-
OPLL]

17/14/2 9/4/0  

Height, average (range), cm 158.1 ± 9.7
(138–176)

161.3 ± 
10.6
(134–172)

0.3313

Body weight, average (range), Kg 64.2 ± 13.7
(44.2–95.0)

70.0 ± 13.1
(58.0-
103.4)

0.1949

BMI, average (range), Kg/m2 25.6 ± 4.7
(17.6–38.1)

27.1 ± 5.7
(21.7–
40.4)

0.363

Dual Energy X-ray
Absorptiometry

Lumbar YAM, average (range), % 102.0 ± 19.2
(75–147)

107.3 ± 
13.6 (99–
123)

0.7101

Femoral YAM, average (range), % 84.5 ± 20.5
(62–137)

75.7 ± 11.9
(66–72)

0.4927

MMT, average (range), Preoperative 3.1 ± 1.5 (0–
5)

3.1 ± 1.5
(0–5)

0.9734

Operation Surgical
procedure

LAM/PDF, No 22/11 9/4 0.8673

Abbreviation: BMI, body mass index; MMT, manual muscle test; T-JOA, the Japanese Orthopaedic
Association for thoracic myelopathy; L-JOA, the Japanese Orthopaedic Association for Lumbar spinal canal
stenosis; VAS, visual analog scale; OPLL, ossi�cation of the longitudinal ligament; LCS, lumbar spinal canal
stenosis; YAM, young adult mean; LAM, laminectomy; PDF, posterior decompression with fusion; OLF,
ossi�cation of the ligamentum �avum; SSI, surgical site infection

*p < 0.05 when compared to the only thoracic OLF operation group.

p < 0.05 when compared to the prethoracic operative status.

$p < 0.05 when compared to the prelumbar operative status.
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  Only thoracic
OLF operation
n = 33

Additional
lumbar
operation
n = 13

p value

Decompressed OLF levels, average (range), No. 1.5 ± 0.8 (1–
4)

1.4 ± 0.7
(1–3)

0.55

Operative time, average (range), min 133.9 ± 90.8
(48–460)

215.5 ± 
98.7 (60–
436)

0.0104*

Blood loss, average (range), mL 127.2 ± 185.1
(1-893)

496.8 ± 
1097.9 (1-
4090)

0.0643

Outcomes T-JOA score,
average
(range),
points

Prethoracic operative 5.5 ± 1.9 (2–
10)

6.3 ± 2.0
(3-9.5)

0.2132

Prelumbar operative - 6.5 ± 2.0
(3.5–9.5)

 

Postoperative 7.7 ± 1.5
(5.5–11)

8.0 ± 1.8
(4.5–
11) $

0.6491

Recovery rate of T-JOA score, average (range), % 35.7 ± 29.6
(-10-88.9)

38.1 ± 28.6
(0-100)

0.8093

L-JOA score,
average
(range),
points

Preoperative - 14.5 ± 4.7
(9–24)

 

Postoperative - 20.7 ± 2.6
(16–26)$

 

Recovery rate of L-JOA score, average (range), % - 41.4 ± 12.5
(20.0-68.4)

 

VAS, average
(range), mm

Preoperative 76.5 ± 23.9
(30–100)

73.6 ± 24.2
(30–100)

0.742

Postoperative 56.5 ± 32.1
(10–100)

52.5 ± 20.8
(0–70)

0.7212

Complication, No 4 (12.1%)
[Dural tear = 2,
Vertebral
fracture, SSI 
= 1]

-  

Abbreviation: BMI, body mass index; MMT, manual muscle test; T-JOA, the Japanese Orthopaedic
Association for thoracic myelopathy; L-JOA, the Japanese Orthopaedic Association for Lumbar spinal canal
stenosis; VAS, visual analog scale; OPLL, ossi�cation of the longitudinal ligament; LCS, lumbar spinal canal
stenosis; YAM, young adult mean; LAM, laminectomy; PDF, posterior decompression with fusion; OLF,
ossi�cation of the ligamentum �avum; SSI, surgical site infection

*p < 0.05 when compared to the only thoracic OLF operation group.

p < 0.05 when compared to the prethoracic operative status.

$p < 0.05 when compared to the prelumbar operative status.
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During the follow-up period, staged lumbar decompression surgery for LCS was performed in 3 patients (4.9%),
due to the deterioration of leg pain and/or MMT after thoracic decompression. The mean period between
thoracic and lumbar lesion surgery was 13.0 months. All three patients showed substantial recovery of
neurologic symptoms after lumbar surgeries. The mean T-JOA scores improved from 4.3 points to 6.2 points
post additional staged lumbar surgery (p = 0.1365). The present study included 10 patients who underwent
single-stage simultaneous thoracic and lumbar surgery. Their mean recovery rate of T-JOA scores at the �nal
follow-up was 39.8 ± 30.0%. This rate could get over that in the staged-surgery patients (39.8 ± 30.0% vs 32.3 ± 
28.4%, p = 0.7124).

Discussion
In the �rst place, primary thoracic spinal stenosis is rare [5]. The formation of T-OLF is strongly considered due to
degenerative wear-and-tear, apart from external triggers such as biomechanical stress to the effect of
posttraumatic ossi�cation [15, 16]. There are reports on OLF manifestations in relation to DM, heavy manual
labour in males, high-BMI values in females, increased bone density, and DISH [17], which is accordance with our
present demographic data. Thus, T-OLF coincides with spinal osteoarthritis and spondylosis deformans, leading
to a high incidence of tandem T-OLF and other stenosis lesions in the cervical or lumbar area, sometimes with
ossi�cation of ligaments. Cases with ossi�cation of ligaments had a tendency to develop into tandem spinal
stenosis (TSS) [10], therefore T-OLF seems no exception, which is frequently found in C-OPLL patients [3].
Whereas the spondylotic process was mainly con�rmed in the lower lumbar spine of T-OLF patients, the
incidence of lumbar ossi�ed lesions (L-OLF or L-OPLL) was relatively low (5 cases, 8.2%). In the present study,
up to 75.4% of thoracic myelopathic patients who underwent T-OLF surgeries had LCS, higher than that of
cervical myelopathic patients (57.9%) [10], but well consistent with the previous study about thoracic
myelopathy [18].

Patients with compressive myelopathy due to especially lower thoracic lesions often present with pain,
numbness, or motor disturbance of lower limbs and neurologic claudication, which is similar to the symptoms
with lumbar radiculopathy or cauda equine lesions. Spasticity of the lower limbs with hyperre�exia is often
masked by cauda equine or lumbar nerve root disorders [6, 19]. These patients with complicated characteristics
have the di�culty in diagnosing thoracic pathology. In spite of such a high rate of combined spinal stenosis,
there have been few reports describing the clinical course of tandem thoracic and lumbar stenosis [5, 6, 19]. The
present study includes a reasonable number of tandem T-OLF and LCS subjects and discusses several aspects
of these peculiar cases.

Some reports mentioned that short preoperative symptom duration, single-level lesion, and the unilateral type
were favorable prognostic factors, while bridged (fused) type, the beak type, intramedullary HIA on T2-weighted
images, concomitant intervertebral degeneration (Modic change), and ventral compressive lesion were poor
prognostic factors for the T-OLF surgery [11, 12, 20]. Contrary to expectations, we revealed that these were not
statistically associated, but age, short statue, and coexistent LCS were related to the poor prognosis. Considering
a smaller number of patients with cervical or upper thoracic lesions in the poor outcome group, the dynamic
biomechanical factor based on their predilection in lower thoracic spine could be attributed to progressive
thoracic myelopathy through the compression of the spinal cord.
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The question is how to treat these elderly patients with tandem combined thoracic and lumbar stenosis, who
have neurological de�cits in the lower limbs. As a rule of the operative sequence for tandem T-OLF and LCS, the
most clinically symptomatic area should be decompressed �rst. When both areas appeared equally
symptomatic or hard to distinguish, the thoracic region should be decompressed �rst. Thoracic

decompression may provide some improvements in lumbar symptoms because the lumbar neural �bers may
also be under compression by the processes of T-OLF formation. The patients with tandem T-OLF and LCS in
this study exhibited elder age, lower preoperative MMT grade, greater SVA, and degenerative Modic change in
thoracic lesion, resulting in lower postoperative T-JOA scores compared with non-LCS patients. Interestingly, the
younger non-LCS group exhibited a higher coexistence rate of C-OPLL. The early formation of tandem
ossi�cations, early detection, and younger age at T-OLF surgery could partially explain the good T-JOA scores
found in the non-LCS cases. Advancing age was not only a determining factor in the tandem T-OLF/LCS
occurrence (Fig. 2) [17], but might be also one of the most in�uential factors in neurological improvement in
case of T-OLF. Eskander et al. reported that age increased the risk of major and minor complications regardless
of the surgical algorithm chosen to manage tandem stenosis lesions [21]. Other reports concluded that the
coexisting LCS in T-OLF had adverse effects on the surgical results in T-OLF, and vice versa [5, 6]. These seem to
support our conclusion that the prognosis for T-OLF was paralleled that of isolated lumbar stenosis along age,
rather than the preoperative symptom duration, the local T-OLF size, morphology, the number of affected OLF
lesions, or radiographic cervical stenosis. Although the causal relationship between compressive lesions at
levels below the operative site and the appearance of symptoms could be con�rmed in the present cross-
sectional study, the presence of LCS itself might partially augment the risk of thoracic cord compression, or even
asymptomatic LCS might naturally progress, developing lumbar-related symptoms within a few years after
thoracic surgery. Meanwhile, even surgical procedure with or without fusion did not affect the clinical outcome
for T-OLF. The perioperative complication rate in this study was 13.1%, much lower than 21–35% of previous
reports [22]. In some severe cases, the resection or �oating of the involved OLFs could be successfully achieved,
using one of the safe measures, O-arm imaging system (StealthStation; Medtronic, Inc., Minneapolis, MN, USA)
[16].

We further investigated clinical outcomes after lumbar decompression in OLF patients to clarify the impact of
concurrent LCS. 21.3% of the T-OLF patients required additional lumbar surgery. Although the recovery rate of the
T-JOA score did not reach signi�cance with or without lumbar decompression for LCS, we determined the
effectiveness of additional lumbar decompression in cases of symptomatic tandem T-OLF and LCS after
thoracic treatment.

It remains unknown which procedure, two-staged or single-stage surgery, is more effective for achieving
postoperative neurologic improvement in T-OLF patients with symptomatic LCS. Neurological recovery of
simultaneously single-stage surgery in tandem T-OLF and LCS was also equal to that of staged surgery. This
result suggested that lumbar operations can be staged if the single stage surgery is considered to be too
invasive for the patient.

This study has several other limitations, including the following: 1) the patient baseline was not controlled; 2)
this was a retrospective investigation; 3) this was not population-based, and 4) an assessment of a correlation
between the dynamic factor in OLF levels and clinical outcomes was inadequate. These limitations could be
partially ascribed to the challenges of OLF-related surgery, and those of biomechanical evaluation in thoracic
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spinal system, which had a limited range of segmental motion. Prospective data collection is needed in the
future to clarify more precise clinical outcomes in OLF cases. Apart from its great advantages for visualizing
bony lesions, we must also take the potential risk of radiation by CT scanning into consideration. All patients in
this study underwent CTM as a preoperative examination to determine the involved OLF level at which the
surgical procedure should be performed, and to avoid missing other lesions affecting the spinal cord or cauda
equine, which can lead to further neurological complications. The present study approached the cases in which
thoracic decompressions are inevitable to disclose OLF epidemiology and pathology beyond these limitations.

Given these results, T-OLF could be related to age-, and life style-related disease, likely accompanied with other
spinal stenosis lesions. The identi�cation of the predominant lesion and the interpretation of clinical outcomes
seems to be controversial and di�cult in T-OLF cases. The prognosis for T-OLF with concurrent LCS was worse
than for patients without LCS. The present study indicated that the severity of lumbar lesions could have a more
critical impact on neurological improvement after thoracic surgery for OLF, and an additional surgery for another
lumbar lesion could signi�cantly improve neurological �ndings. Therefore, surgical management should be
tailored to the patient’s age and general condition, whether it is by simultaneous or staged procedures.

Conclusion
T-OLF was highly combined with other spinal disorders. Aging and coexistent lumbar lesions in�uenced the
recovery process following surgery for thoracic myelopathy due to T-OLF. An additional lumbar decompression
appears to be warranted in situations where some symptoms persist after thoracic decompression.
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Figure 1

Type of the thoracic OLF con�guration The thoracic OLF was classi�ed into 3 subgroups, unilateral (A), bilateral
(B), and bridged (C) types on axial CT scan, and into 2 subgroups, round (D), and beak (E) types on T2-weighted
sagittal MRI. Intramedullary high-intensity areas were shown in both (D) and (E).
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Figure 2

The number of observable thoracic OLF and LCS cases by age group



Page 28/28

Figure 3

Distribution of OLF in the thoracolumbar region of 61 patients


