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Background: There are many surgical procedures that can be used to relieve compression

caused by thoracic ossification of the ligamentum flavum (TOLF). The present study aims to

retrospectively observe the differences in subsection laminectomy with pedicle screw fixa-

tion (SLPF) and lamina osteotomy and replantation with miniplate fixation (LORF) in the

treatment of continuous TOLF.

Patients and Methods: From March 2014 to October 2017, 61 patients with continuous

TOLF underwent SLPF (group A) or LORF (group B). The surgical duration, intraoperative

blood loss, change in thoracic kyphosis, and perioperative complications were analyzed.

Neurological function was evaluated in accordance with the Japanese Orthopedic Association

(JOA) score and the American Spinal Injury Association (ASIA) neurological grading.

Results: The surgical duration, intraoperative blood loss, and postoperative bed-rest duration in

group A were significantly lower than those observed in group B (P < 0.05). Both groups

demonstrated a significant improvement in JOA score andASIA grade (P < 0.05). The neurological

recovery rate was 69.8% ± 13.5% in group A and 68.5% ± 12.7% in group B (P > 0.05). There was

also a significant improvement in ASIA grade at the final follow-up (P < 0.05). During follow-up,

the Cobb angle was significantly increased in group B (P < 0.05), whereas no significant difference

was observed in groupA (P > 0.05). The occurrence rate of perioperative complications was 15.6%

(5/32 patients) in group A and 37.9% (11/29 patients) in group B (P < 0.05).

Conclusion: Both SLPF and LORF significantly promote recovery of neurological function.

SLPF has a shorter surgical duration, less intraoperative blood loss, and a lower complication

rate. SLPF is more conducive to the correction of sagittal sequence and maintenance of thoracic

stability.

Keywords: thoracic ossification of the ligamentum flavum, thoracic vertebra, posterior

decompression, internal fixation, therapeutic effect analysis

Introduction
Thoracic ossification of the ligamentum flavum (TOLF) is one of the most common

causes of thoracic spinal stenosis and accounts for approximately 61% of cases. TOLF

can cause compression of corresponding spinal cord segments, numbness, and weak-

ness in both lower limbs, abnormal gait, dyskinesia, sphincter dysfunction, and lower

limb paraplegia.1,2 With the popularization of large-scale imaging equipment and

a deeper understanding of the disease, the number of clinical reports into TOLF has

increased.1–4 Epidemiological studies have shown that it is particularly prevalent in
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the Asian population.3,4 Conservative treatment is usually

ineffective for TOLF, so surgical treatment is widely

accepted as the best approach.5–9 Posterior spinal canal

resection and decompression are among the most frequently

used surgical techniques, including laminae delamination, 5

lamina fenestration technique,6 open-door or French-door

laminectomy,7 en-bloc resection,8,9 and lamina osteotomy

and replantation.10

Each technique has specific characteristics. As

a classical operation, the delamination method of decom-

pression is easy to perform, but the surgical forceps must

invade the vertebral canal continuously during lamina

removal. The decompression range of lamina fenestra-

tion techniques is small, and the effect of decompression

is uncertain for patients with fused-type TOLF.11 In

clinical practice, the applications of open-door laminect-

omy and French-door laminectomy are considerably

fewer. With this technique, the laminae are opened at

a certain angle, but the ligamentum flavum inside the

lamina is not removed, which presents a risk for a long-

term decompression effect. The decompression method

of the en-bloc resection technique and lamina osteotomy

and replantation with miniplate fixation (LORF) has the

same procedure in decompression; however, with LORF,

after the ossification of the medial lamina is removed,

the lamina can be replanted in situ with the help of

a mini titanium plate. In this way, the integrity of the

spinal canal is maintained, and compression of the spinal

cord by scar tissue is avoided. However, the surgical

procedure is complex, and the incidence of dural injury

is high after long-segment holistic excision.

To solve the aforementioned difficulties, we aimed to

improve en-bloc resection. The lamina was excised using

a segmental method, and a pedicle screw was implanted to

fix the decompression area. Then, a subsection laminect-

omy with pedicle screw fixation (SLPF) was performed.

To verify the efficacy of SLPF, patients who had under-

gone SLPF and LORF were compared, and the differences

between the two groups were assessed.

Patients and Methods
General Information
Clinical data from 72 patients with continuous TOLF who

underwent thoracic posterior spinal decompression from

March 2014 to October 2017 were retrospectively ana-

lyzed. Sixty-one patients participated in a complete clin-

ical follow-up (>12 months). Patients were divided into

group A and group B according to the surgical method

they had undergone. There were a total of 32 patients in

group A (SLPF group): 15 males and 17 females, with an

average age of 56.2 ± 13.9 years and an age range of

40–70 years. The average disease course was 17.5 ± 4.6

months with a range of 10–26 months. There were a total

of 29 patients in group B (LORF group): 12 males and 17

females, with an average age of 55.6 ± 13.2 years and an

age range of 41–69 years. The average disease course was

16.9 ± 4.3 months with a range of 9–27 months. Patients’

data are shown in Table 1, including age, sex ratio, dis-

ease course, incidence of diabetes mellitus, body mass

index, intramedullary increased signal intensity (ISI),

and number of OLF levels. This study was approved by

the ethics committee of the third hospital of Hebei

Medical University. Patient consent for review of medical

records was not required because all data were de-

identified. All protocols were conducted in accordance

with the research principles outlined in the Declaration

of Helsinki.

Inclusion and Exclusion Criteria
Inclusion criteria include the following: (1) symptoms, signs,

and imaging data consistent with thoracic spinal stenosis; (2)

a follow-up period of >12 months and completion of ima-

ging data both prior to and after surgery; (3) continuous

TOLF for ≥2 levels; (4) normal cardiopulmonary, hepatic,

Table 1 A Comparison of the Preoperative General Condition

Between the Two Groups

Group

A (32

Cases)

Group

B (29

Cases)

t/χ2 P value

Sex Male 15 12 0.186 0.666

Female 17 17

Average age 56.2 ± 13.9 55.6 ± 13.2 0.172 0.864

Disease course (months) 17.5 ± 4.6 16.9 ± 4.3 0.525 0.602

BMI (kg/m) 25.8 ± 3.9 26.3 ± 4.1 0.473 0.651

ISI Yes 19 18 0.045 0.830

No 13 11

Diabetes

mellitus

Yes 12 8 0.678 0.410

No 20 21

Number of

OLF levels

2 levels 9 7 0.237 0.813

3 levels 12 14

4 levels 7 6

5 levels 4 2

Abbreviations: OLF, ossification of the ligamentum flavum; BMI, body mass index;

ISI, intramedullary increased signal intensity.
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and kidney function and blood sugar and blood pressure

within the normal range after surgery; and (5) an informed

understanding of the study and willingness to participate.

Exclusion criteria include the following: (1) accompa-

nying cervical and lumbar spinal stenosis; (2) TOLF com-

bined with other thoracic vertebral diseases (e.g., TOLF

combined with thoracic disk herniation or OPLL); and (3)

accompanying thoracic vertebral fracture, infection, tumor,

or abnormal coagulation.

Imaging Data
All patients were examined by X-ray, computed tomogra-

phy (CT), and magnetic resonance imaging (MRI) before

and after surgery. Lateral X-ray generally determined the

location of the TOLF lesion, which was revealed by

the presence of a high-density shadow from the lamina

to the nerve root canal. CT was used to observe the degree

of ossification, morphology, the affected area of the liga-

mentum flavum (Figure 1A and B), and the decompression

effect (Figure 1G and H). MRI showed that the low-signal

tissue invaded the vertebral canal from back to front, and

the thoracic spinal cord was compressed and thinned

(Figure 1C). At the same time, ISI could be observed on

T2-weighted MRI, and the patency of the spinal canal

could also be observed (Figure 1I).

Surgical Techniques
All surgeries were performed by the same senior surgeon

(Dr. Cao). The operation was performed under the mon-

itoring of somatosensory-evoked potentials. After induc-

tion of general anesthesia, patients assumed a prone

position, and a posterior median incision was made with

the lesion at its center. Bilateral paravertebral muscles

were dissected to expose the lamina, articular processes,

and bilateral transverse processes.

Group A

A pedicle screw was inserted into the lesion segment

(Weigao Orthopedic Device Co Ltd., Weihai City, China).

The supraspinous and interspinous ligaments at the head

and tail of the decompression area were dissected transver-

sely, and the spinous process, and attached ligament were

removed. A high-speed grinding drill (3 mm in diameter)

(Stryker corporation, Michigan, USA) was used to bilater-

ally groove the inner cortex along the lamina and transverse

process, and bone-biting forceps were used to transversely

separate the tissue from the middle of the upper and lower

lamina to the inner cortex. A towel clamp was used to

clamp the root of the spinous process, which was then

lifted, and the residual medial cortex of the lamina was

removed using ultrathin laminectomy forceps. A bone pry

was inserted into the marginal gap of the free lamina. The

tail was pressed to retract the lamina (Figure 1D). The

adhesion between the ossified ligamentum flavum and the

dura mater was separated using a nerve dissector, and

a sharp knife was used if necessary. Finally, the lamina

and ligamentum flavum were excised and removed

(Figure 1E). The laminae were removed from the top to

the bottom by segmental excision (Figure 1F). After decom-

pression, the lamina was pruned into bone granules and

implanted into the bilateral transverse processes.

A titanium rod of a suitable length was pre-bent and placed

into the U-groove of the pedicle screw, and the screw was

tightened and fixed.

Group B

Bilateral grooves were made along the medial portion of

the facet joints. The outer cortex was removed using

a high-speed grinding drill, and the inner cortex of the

lamina was polished to paper thickness. The supraspinal

ligament, interspinous ligament, and ligamentum flavum

adjacent to the decompression area were dissected and

removed. A towel clamp was used to clamp the root of

the spinous process, which was lifted up, and the residual

medial cortex of the lamina was removed using ultrathin

laminectomy forceps. The whole free lamina was lifted

slowly. The adhesion between the ossified ligamentum

flavum and the dura mater was separated using a nerve

dissector, and a sharp knife was used if necessary. The

ossified ligamentum flavum of the medial lamina was

removed with bone-biting forceps. An appropriate mini

titanium plate length was selected, and screws were fixed

onto the base of the spinous and transverse processes. The

bone defect at the outer edge of the lamina was covered

with allogenic bone strips (Figure 2).10

Evaluation of the Curative Effect
The modified Japanese Orthopedic Association (JOA) 11-

point scoring system was used to evaluate the spinal cord

condition of patients both before and after surgery, which

excluded the sections associated with upper extremity

function.12 The neurological recovery rate was calculated as

follows: postoperative JOA score − preoperative JOA score)/

(11 − preoperative JOA score) × 100%. The American Spinal

Injury Association (ASIA) neurological grading10 was used to

determine the recovery of neurological function. Grade
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Figure 1 A 56-year-old female patient presented with numbness and weakness in both lower limbs for 19 months. (A, B) Preoperative computed tomography (CT) showed

TOLF at the level of T3–5, and ossified ligamentum flavum in fused-type. (C) Magnetic resonance imaging (MRI) showed that the low-signal ossification invaded the spinal

canal from the rear, and the spinal cord was severely compressed. (D) The lamina was clamped using a towel clamp, and a bone pry was inserted into the gap at the edge of

the free lamina. (E, F) The laminae and ossified ligamentum flavum were excised from the head to the tail. (G, H) Postoperative CT showed that the majority of the

vertebral lamina and ossification were removed, and the spinal canal was unobstructed. (I) Postoperative MRI showed disappearance of the compression behind the spinal

cord.
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Figure 2 A 58-year-old female patient presented with a walking disability in both of the lower limbs for 17 months. (A) Preoperative X-ray showed that the thoracic

vertebrae degenerated, and the local Cobb angle was 8.5°. (B, C) Preoperative magnetic resonance imaging and computed tomography showed ossification of the

ligamentum flavum at the level of T9–12, and the spinal canal demonstrated severe stenosis. (D, E) A diagram of lamina osteotomy. (F, G) The decompression range and

imaging findings after laminae replantation. (H, I) The ossification was thoroughly removed, and the spinal canal was unobstructed. (J) One year after surgery, the local Cobb

angle increased to 11.4°.
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A indicated that nerve damage was the most serious complica-

tion, and grade E indicated the lightest damage. Determination

of local kyphosis was achieved by measuring the Cobb angle

between the upper endplate of the last vertebral body and the

lower endplate of the next vertebral body at the lesion level.2

Statistical Analysis
SPSS 20.0 statistical software was used to analyze the

data. A variance analysis of repeated measurements or

a paired t-test was used to compare the data. An χ2 test

was used to compare the count data. A Kruskal–Wallis

rank-sum test was used to analyze rank data. Data were

expressed as mean ± standard deviation. Two-sided

P-values of <0.05 were considered statistically significant.

Results
In group A, the surgical duration was 205.6 ± 38.7 min,

intraoperative blood loss was 478.1 ± 125.3 mL, and post-

operative bed-rest time was 3.7 ± 0.6 days. In group B, the

surgical duration was 228.5 ± 43.2 min, intraoperative

blood loss was 564.3 ± 171.9 mL, and postoperative bed-

rest time was 5.3 ± 1.1 days. There was a significant

difference between the two groups (P < 0.05) (Table 2).

Three months after surgery and final follow-up, the JOA

score had significantly improved in both groups (P < 0.05),

and there was no significant difference at different time

points (P > 0.05). The recovery rate of neurological function

was 69.8% ± 13.5% in group A and 68.5% ± 12.7% in group

B; there was no significant difference between the two

groups (P > 0.05). According to the ASIA neurological

grading at an average follow-up duration of 17.4 months,

both groups demonstrated a significant improvement in

ASIA grade (P < 0.05). There was no significant difference

at the final follow-up between the two groups (Z = 0.531,

P = 0.595) (Tables 3 and 4).

The local Cobb angle in group A was significantly

corrected after surgery (F = 3.941, P = 0.023), whereas

the local Cobb angle was significantly increased during

follow-up in group B (F = 0.547, P = 0.033). There was

a significant difference between the two groups at different

time points after surgery (P < 0.05) (Table 3).

After surgery, there were three cases of cerebrospinal

fluid leakage, one case of wound infection, and one case of

lower extremity venous thrombosis in group A. The com-

plication incidence was 15.6% (5/32 patients). There were

five cases of cerebrospinal fluid leakage, one case of

hypostatic pneumonia, one case of lower extremity venous

thrombosis, one case of neurological deterioration, one

case of epidural hematoma, and two cases of internal

fixation loosening in group B. The complication incidence

was 37.9% (11/29 patients). There was a significant dif-

ference between the two groups (P < 0.05) (Table 2).

Table 2 Comparison of Intraoperative Data and Complications Between the Two Groups

Group Operative Time

(min)

Intraoperative Blood Loss

(mm)

Postoperative Bed-Rest Time

(days)

Incidence of

Complications (%)

Yes No

Group A (32 cases) 205.6 ± 38.7 478.1 ± 125.3 3.7 ± 0.6 5 (15.6%) 27 (84.4%)

Group B (29 cases) 228.5 ± 43.2 564.3 ± 171.9 5.3 ± 1.1 11 (37.9%) 18 (62.1%)

t/χ2 2.184 3.018 7.143 3.912

P value 0.033 0.018 <0.001 0.041

Table 3 Changes in JOA Score and Cobb Angle Before and After Surgery in the Two Groups

JOA Score Neurological

Recovery Rate (%)

Cobb Angle

Preoperative 3 Months

After

Surgery

Final

Follow-

Up

Preoperative 3 Months

After

Surgery

Final

Follow-

Up

Group A (32 cases) 5.5 ± 1.2 8.7 ± 2.0* 9.4 ± 2.3* 69.8 ± 13.5 12.5 ± 3.6 10.3 ± 2.8* 11.2 ± 3.0*

Group B (29 cases) 5.6 ± 1.3 8.5 ± 1.9* 9.3 ± 2.1* 68.5 ± 12.7 11.6 ± 3.3 12.9 ± 3.5* 14.1 ± 3.9*

t 0.312 0.399 0.177 0.3862 1.014 3.218 3.272

P value 0.756 0.691 0.860 0.701 0.315 0.002 0.002

Note: *Compared with preoperative values, P < 0.05.
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Discussion
TOLF usually begins with the ligamentum flavum at the

zygapophysial joints and gradually forms a nodular ossifica-

tion process that projects into the spinal canal and extends to

the ligamentum flavum at the central portion of the spinal

canal. Sometimes bilateral ossified nodules fuse with each

other and occupy space in the vertebral canal from the poster-

ior side, which leads to osteogenic spinal stenosis. After

spinal cord compression, various degrees of neurological

impairment can occur.3,7 Guo et al4 conducted cross-

sectional screening of 1736 volunteers using MRI, which

revealed that 3.8% (66/1736) of subjects suffered from

OLF. Multi-segmental OLF accounted for 31.8% (21/66) of

cases, whereas continuous multi-segmental OLF accounted

for 16.7% (11/66) of cases. Anatomically, the upper portion

of the ligamentum flavum attaches to the anterior portion of

the lower two thirds of the upper lamina, and the lower

portion of the ligamentum flavum attaches to the posterior

portion and the upper edge of the lower one third of the lower

lamina. One third of the medial surface of each lamina is

classed as a “blank area” without ligamentum flavum

attachment.3 Even if ossification of the ligamentum flavum

is severe, it is remain a normal lamina structure in this area, it

is referred to as the so-called first safe area for surgical

decompression. The ossification is not serious if it resides

in the extension between the bilateral laminae and the trans-

verse transition and is thus called “the second safe area” for

surgical decompression.

Wang et al13 defined the two adjacent segments of the

lamina and facet joints of each ossified ligamentum flavum as

“decompression segments,” and the range of decompression

includes ossified ligamentum flavum, adjacent head lamina,

and the upper half of the tail lamina. Multi-segment TOLF

can be carried out from top to bottom according to the

“decompression segment”. Subsection laminectomy with

SLPF is under the guidance of this concept. The lamina

was dissected transversely in the first safe area and long-

itudinally in the second safe area, allowing the lamina to

reside in a free state. LORF is also a widely used surgical

method in the clinic. It is mainly used to treat benign tumors

of the spinal canal.14 After improvement, LORF has been

applied to the treatment of TOLF.10,15 First, bilateral grooves

are made in the second safe area, then the head and tail

laminae and adjacent structures are dissected and removed.

After the ossified ligament tissue was removed, in situ

replantation was performed. One question that this study

aimed to address was whether there were any differences

between the two methods in terms of their clinical efficacy

and imaging performance.

In this study, group B had a larger number of surgical

steps, and its surgical duration and volume of intraoperative

blood loss were significantly greater than those observed in

group A. To assess recovery of neurological function, the

JOA scores significantly improved after surgery in the two

groups, and there was no significant difference between the

two groups at different time points. The recovery rate in

group A was 69.8% ± 13.5% and in group B was 68.5% ±

12.7%; no statistical significance was observed. According to

the ASIA scale, at an average follow-up duration of 17.4

months, both groups demonstrated a significant improvement

in ASIA grade, and there was no significant difference

between the two groups at the last follow-up. This observa-

tion indicated that both SLPF and LORF can completely

relieve spinal cord compression and significantly promote

recovery of motor and sensory function in the lower limbs.

However, after several years of clinical observation, spinal

surgeons found that LORF presented a higher surgical risk

and incidence of complications.5,10

According to Chen et al,5 during the overall lifting pro-

cess of long-segment laminae, three patients had a dural sac

laceration with an incidence rate of 18.8% (3/16 patients).

Moreover, one patient presented with lower limb paralysis

after surgery. In a study by Nie et al,10 the incidence of dural

injury was greater (22.2%, 4/18 patients). One patient had

lower limb paralysis after surgery. In this study, the incidence

of dural tear was 9.4% (3/32 patients) in group A, and the

Table 4 Comparison of ASIA Grading Before and After Surgery in the Two Groups (n)

Class A Class B Class C Class D Class E Z value P value

Group A (32 cases) Preoperative 2 17 10 4 0 −5.027 <0.001

Final follow-up 0 3 7 14 8

Group B (29 cases) Preoperative 2 13 7 6 0 −3.836 <0.001

Final follow-up 0* 3* 9* 10* 7*

Note: *Comparison with group A at the final follow-up, Z = −0.531, P > 0.05.
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total incidence of complications was 15.6% (5/32 patients).

In group B, these figures were 17.2% (5/29 patients) and

37.9% (11/29 patients), respectively. Moreover, one case of

neurological deterioration and one case of epidural hema-

toma were observed. We believe that, although lamina

replantation can maintain the relative integrity of the thoracic

spinal canal, the near-closed spinal canal is not conducive to

the drainage of blood, and there is a risk that hematoma will

compress the spinal cord. In addition, “seesaw” easily occurs

when long-segment laminae are lifted, which cannot be

completely avoided even with use of towel pliers.

The upper thoracic spinal cord has a limited blood supply

and a small vertebral canal buffer space, somild compression

or stimulation may cause spinal cord injury during

surgery.11,16,17 Intraoperative monitoring of somatosensory-

evoked potentials can reflect the status of the spinal cord in

time and increase the safety of surgery.5,10,18,19

Because the stability of the thoracic vertebrae is greater

than the stability of the cervical vertebrae and lumbar

vertebrae, there is much controversy about whether inter-

nal fixation should be implemented after laminectomy.

Aizawa et al20 found that even after laminectomy was

performed and more than half of facet joints were left

intact, the local Cobb angle in the decompression area

increased by 3.8°, and women who underwent multilevel

laminectomy (≥3 level) had a higher risk of kyphosis.

Chen et al5 reported that the local Cobb angle increased

by an average of 4° after laminectomy. With the aggrava-

tion of kyphosis, intraspinal pressure increases

significantly.21 Kawahara et al22 and Uei et al23 believe

that a stable spinal sequence plays an important role in

promoting the recovery of nerve function. Effective inter-

nal fixation can maintain the stability of the spine and

avoid an increase in spinal cord tension and pressure

caused by aggravation of local kyphosis.23,24 In this

study, pedicle screw fixation was adopted in group A,

and miniplate and monocortical screw fixation was

adopted in group B. With the help of pressure correction

using the nail rod, the local Cobb angle in group A was

significantly lower than the Cobb angle before surgery,

whereas the local Cobb angle was significantly increased

during follow-up in group B (P < 0.05). The pedicle screw

has high biomechanical strength, and three-column fixa-

tion can be achieved, whereas the monocortical screw has

weak fixation strength and has an anchoring effect rather

than an orthopedic effect. Therefore, the postoperative

bed-rest duration in group B was longer, and screw

loosening and local Cobb angle enlargement were

observed during follow-up.

Conclusions
As effective surgical methods for TOLF, SLPF, and LORF

can fully decompress the spinal cord and promote recovery

of neurological function. However, SLPF has a shorter

surgical duration, a lower volume of intraoperative blood

loss, and fewer perioperative complications when com-

pared with LORF. Implantation of a pedicle screw is

favorable for sagittal sequence correction in the decom-

pression area and for maintenance of stability.
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