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Objective: Laminectomy has been widely used for intraspinal tumor resection. However, the tilted spinous process
and narrow lateral laminae of the thoracic spine along with the hypertrophic ligamentum flavum of the lumbar spine
pose certain problems for the laminae removal of the traditional laminectomy. We improved the laminectomy method
with ultrasonic osteotome to treat thoracolumbar tumors and assessed its safety and superiority.

Methods: A retrospective analysis was performed in 86 patients with thoracolumbar (T4–L5) spinal tumors treated by
resection, including 44 with the lamina removed using the traditional method and 42 with the lamina removed using
the bone-to-bone ligament preserving (BLP) laminoplasty, which preserves the posterior ligament complex. Age, sex,
and tumor size, location, and depth were compared between the two groups. The length of incision and bone window,
time to remove the vertebral lamina, and epidural effusion volume were recorded at 2 weeks after surgery in the two
groups. Postoperative reexamination by magnetic resonance imaging (MRI) at 2 weeks and 3 months after surgery
was compared with preoperative MRI to assess the change in vertebral lamina displacement.

Results: There were no statistical differences in age, sex, and tumor size, depth, or location between the two groups.
The BLP laminectomy did not increase the risk of dural, spinal cord, or nerve injuries. The difference between the inci-
sion and tumor length, as well as the difference between the bone window and tumor length in the BLP laminectomy
group, were smaller than those in the traditional laminectomy group, and the BLP laminectomy took less time com-
pared to that of the traditional laminectomy (p < 0.05). There was no significant difference in the volume of epidural
effusion between the two groups at 2 weeks postoperatively, or in the displacement of the returned vertebral plate
observed in sagittal and axial positions. The same was true for the displacement at 3 months postoperatively in the
axial position. However, the sagittal displacement in the BLP laminectomy group was smaller than that in the tradi-
tional laminectomy group (p < 0.05).

Conclusions: The BLP laminectomy is safe for the resection of thoracolumbar spinal canal tumors. It is less traumatic
and faster, with less displacement of the returned lamina, resulting in a stable repair of the spine.
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Introduction

Primary intraspinal tumors account for 2%–15% of all
central nervous system tumors, and approximately 40%

of intraspinal tumors occur in the dura mater. Because most
subdural tumors have clear boundaries and are benign, early
surgery is the first choice for treatment, and radical re-
section can usually achieve a curative effect.1 Laminectomy
with bone grafting has been widely used for intraspinal
tumor resection. Although factors such as patient age, surgi-
cal location, and type of lesion contribute to a wide variation
of spinal deformities after surgery, as reported in the
literature,2 there is a consensus that laminoplasty can better
restore spinal stability, reduce the risk of medically induced
deformity, and facilitate re-operative manipulation.3

The traditional method of removing the lamina is to
cut off both sides of the lamina and further remove the sup-
raspinal ligament, interspinous ligament, and ligamentum
flavum; however, the tilted spinous process and narrow lat-
eral laminae of the thoracic spine as well as the hypertrophic
ligamentum flavum of the lumbar spine bring some difficul-
ties for the removal of the laminae. With the widespread use
of ultrasonic osteotomes in spinal surgery, the vertebral plate
can be removed more conveniently. We adopted a novel
technique—bone-to-bone ligament preserving (BLP)
laminoplasty technique—for the removal of the laminae in
cases of intravertebral tumors in the thoracolumbar segment
and experienced many advantages with this technique, the
methodology of which is described herein.

The key features of this BLP laminectomy include cut-
ting the vertebral lamina laterally according to the length of
the tumor, avoiding overexposure of the incision and bone
window, and retaining the integrity of the posterior ligament
complex (PLC) as much as possible.

The purpose of this study is: (i) to observe dural and
spinal cord injuries to evaluate the safety of the BLP
laminectomy of vertebral lamina transection, (ii) and to
compare these with the traditional laminectomy in terms of
incision and bone window length, time to remove the verte-
bral lamina, postoperative epidural effusion volume, and ver-
tebral lamina displacement 2 weeks and 3 months
postoperatively to evaluate the superiority of the BLP
laminectomy.

Methods

We performed a retrospective analysis of patients with
intradural tumors in the thoracolumbar segment (T4–

L5) who underwent traditional or BLP laminectomy in the
Department of Neurosurgery, General Hospital of Tianjin
Medical University between October 2019 and July 2022.

Inclusion criteria were as follows: (1) tumor location
(intradural tumors within the thoracolumbar segment, T4–
L5), and (2) laminoplasty was required after tumor resection.
The exclusion criteria were the following: (1) previous opera-
tion at the same site, and (2) destroyed vertebral appendages
which impeded laminoplasty.

According to laminectomy methods, patients were
divided into traditional laminectomy and BLP laminectomy
groups. Age, sex, and tumor size, location, and depth of the
patients in both groups were compared. The study was
approved by the Ethics Committee of Tianjin Medical Uni-
versity General Hospital (NO. IRB2023-WZ-007).

Details on the Surgical Procedure
The patient lies prone. After general anesthesia, the tumor
location and boundary, assessed according to preoperative
MRI and intraoperative X-ray fluoroscopy, are marked. The
upper and lower boundaries of the incision usually exceed
the tumor boundary by about 2–3 cm. After exposing the
vertebral lamina, an ultrasonic osteotome is used to cut the
vertebral lamina on both sides of the bone window. Subse-
quently, the spinous process and vertebral lamina are later-
ally cut about 1–1.5 cm from the distal end of the upper and
lower tumor boundaries. If necessary, the position of the
transverse incision is adjusted to avoid the lamina space as
much as possible. After tumor resection, both sides of the
vertebral plate are fixed with miniature titanium plates, and
the severed sphenoid break ends are fixed with open sutures.

Differences between the BLP and Traditional Method
Incision design: In the traditional laminectomy, the two ends
of the incision usually exceed the boundary of the vertebral
plate to be resected by approximately 2–3 cm, whereas in the
BLP method, the upper and lower boundaries of the incision
are usually approximately 2–3 cm from the two ends of the
tumor without considering the boundary of the vertebral
plate to be resected.

Bone window design: The traditional laminectomy
involves exposing the entire vertebral plate covering the
tumor and removing it completely, or biting off the adjacent
part of the spinous process or the vertebral plate to further
expand the operation space (Figure 1A). With the BLP
laminectomy, usually approximately 1 cm of the upper and
lower borders of the tumor is chosen as the upper and lower
borders of the bone window, the spinous process and lamina
are transected laterally, and the lamina is removed together
with the ligamentum flavum and interspinous ligament
(Figure 1B).

Assessment Methods
The incision length, bone window length, laminectomy time,
and epidural effusion volume were recorded in both groups.
Using magnetic resonance imaging (MRI), we compared the
preoperative and 3-month postoperative laminar displace-
ments, i.e., the sum of the relative displacements of the upper
and lower ends of the returned lamina measured in the sagit-
tal view, and the sum of the relative displacements of the
two sides of the bone suture of the returned lamina mea-
sured in axial view (Figure 2).
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Statistical Methods
The Wilcoxon rank sum test (z statistic) was performed on
the indicators using SPSS software (version 26.0.0.0, IBM,
Chicago, IL). Results were presented as mean � standard
deviation. p < 0.05 indicated significant differences.

Results

Baseline and Clinical Characteristics
A total of 86 patients with intradural tumors in the
thoracolumbar segment were included according to the

inclusion and exclusion criteria. The most common tumor
pathologic types were neurilemmoma (39/86), meningioma
(18/86), and ependymoma (9/86). The mean age of
51.4 years (16–74 years), and 31 participants were male and
55 were female. Of these, 39 had tumors located in the tho-
racic segments (T4–12) and 47 in the lumbar segments (L1–
5), with a mean tumor length diameter of 29.7 mm in the
sagittal position and a mean tumor depth (the distance of
the tumor center from the skin) of 53.0 mm. Among them,
44 and 42 patients had the lamina removed using the tradi-
tional and BLP laminectomy, respectively. The average

A B

FIGURE 1 Illustration of the traditional and bone-to-bone ligament preserving (BLP) laminectomy. (A) Traditional laminoplasty: After cutting the

interspinal ligament and the ligamentum flavum, all the lamina covering the tumor were removed completely. (B) BLP laminoplasty: Approximately

1 cm of the upper and lower boundary of the tumor is selected as the upper and lower boundary of the bone window, the spinous process and

vertebral lamina are transversely cut, and the vertebral lamina together with the yellow ligament and interspinous ligament are taken out.

FIGURE 2 Main parameters of imaging measurements. The tumor length and depth, bone window length, and incision length were measured using sagittal

MRI. The volume of epidural effusion was calculated by the Tada formula of the maximum diameter in sagittal and axial positions. The sagittal displacement

of the vertebral lamina is the sum of the distance from the upper and lower ends of the vertebral lamina to the posterior edge of the vertebral body after the

midline position measurement minus the sum of the distance from the same position before the operation. The axial displacement is the sum of the relative

displacement of the returned vertebral lamina on both sides of the suture in the same axial image. MRI, magnetic resonance imaging.
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follow-up time was 12.6 � 4.8 months. There were no signif-
icant differences in age, sex, and tumor size, location, or
depth between the two groups (Table 1).

Surgical Time and Trauma
In terms of vertebral plate resection time between the two
groups, the BLP laminectomy group required significantly
lesser time than the traditional method group
(5.786 � 1.317 min vs. 8.477 � 1.338 min, p < 0.05). In the
sagittal position, the length difference between the incision/
bone window and the tumor was 42.543 � 7.556 mm and
19.400 � 5.848 mm in the BLP laminectomy group, whereas
the length difference between the incision/bone window and
the tumor was 61.695 � 10.680 mm and 33.332 � 9.169 mm
in the traditional laminectomy group. Both length differences
were significantly smaller in the BLP compared to the tradi-
tional laminectomy group (p < 0.05) (Table 1).

Postoperative Lamina Displacement
MRI was reviewed at 2 weeks after surgery; by calculating
the volume of sublaminar epidural fluid, we found that
1.883 � 0.846 mL of fluid accumulated in the BLP and
2.414 � 1.603 mL in the traditional laminectomy group.
There was no significant difference in the volume of epidural
fluid between the two groups (p ≥ 0.05). Compared with the
preoperative MRI, the total displacement of vertebral lamina
was 1.964 � 0.736 mm in the sagittal and 1.619 � 0.764 mm
in the axial position in the BLP laminectomy group, whereas
in the traditional laminectomy group, the displacement was
2.114 � 0.784 mm in the sagittal and 1.864 � 0.795 mm in
the axial position, albeit with no significant difference
between the two groups (p ≥ 0.05). In the BLP laminectomy
group, the total displacement in the sagittal position was
2.067 � 0.897 mm, and in the axial position, it was
1.702 � 0.773 mm; meanwhile, in the traditional
laminectomy group, it was 3.205 � 1.133 mm in the sagittal
position, and 1.909 � 0.83 mm in the axial position. There

was no significant difference in axial displacement between
the two groups (p ≥ 0.05); however, the sagittal displacement
was significantly larger in the traditional laminectomy group
(P < 0.05). In addition, the sagittal displacement increased
significantly in the traditional laminectomy group at
3 months postoperatively (P < 0.05), while the axial displace-
ment did not change significantly in the BLP laminectomy
group (p < 0.05) compared to 2 weeks and 3 months postop-
eratively (Table 2).

Complications
All patients had no iatrogenic malformation during the
follow-up period. Five patients with ependymoma and three
patients with teratoma had significant neurological symp-
toms 1 week after surgery. However, these symptoms were
significantly improved at the 3-month follow-up. In addition,
one patient had cerebrospinal fluid leakage after surgery,
which was cured after being sutured.

Discussion

Main Finding
Based on our findings, the BLP laminectomy does not
increase the risk of spinal cord and dura mater injury, prov-
ing the safety of transverse laminectomy. Compared with the
traditional laminectomy, the incision and bone window
length of the BLP laminectomy group are smaller, indicating
less traumatic surgical exposure. The laminectomy time in
the BLP laminectomy group is shorter, suggesting that this
method allows for easier lamina removal compared to the
traditional laminectomy. In addition, compared with 2 weeks
and 3 months postoperatively, the sagittal displacement of
the BLP laminectomy group was smaller, indicating that the
vertebral plate receipt was more stable. The detailed compar-
ative analysis is reported below.

TABLE 1 Patients’ characteristics

Parameters Traditional laminectomy BLP laminectomy Z value p value

Gender
Male 20 11 1.849 0.064
Female 24 31

Age 50.886 � 14.088 51.905 � 14.822 �0.259 0.795
Tumor size (mm) 30.714 � 20.594 28.671 � 21.164 0.406 0.684
Location
T4-T12 20 (23.26%) 19 (22.09%) 0.020 0.984
L1-L5 24 (27.91%) 23 (26.74%) 0.097 0.923

Tumor depth (mm) 53.436 � 9.909 52.514 � 7.265 �0.039 0.969
Difference between incision and tumor length (mm) 61.695 � 10.680 42.543 � 7.556 7.119 <0.001*
Difference between bone window and tumor length (mm) 33.332 � 9.169 19.400 � 5.848 6.688 <0.001*
Time for removing vertebral lamina(min) 8.477 � 1.338 5.786 � 1.317 6.894 <0.001*
Epidural effusion volume 2 weeks after surgery (ml) 2.414 � 1.603 1.883 � 0.846 1.840 0.066

Abbreviation: BLP, Bone-to-bone Ligament Preserving.
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Safety of Transverse Laminectomy Using Ultrasonic
Bone Knife
The intradural epidural area was divided into the
ligamentum flavum coverage area and the blank area.4 We
selected the ligamentum flavum coverage area to grind the
vertebral lamina to avoid damaging the dura.5 Unlike a
rotary drill, which cuts bone, an ultrasonic osteotome oscil-
lates at over 22,500 times per second with an offset range of
35–300 μm. Repeated impact crushes hard mineralized struc-
tures to achieve precise cuts, whereas softer adjacent tissues
remain theoretically unaffected by ultrasonic oscillation.6,7

The sublaminar space is not covered by the
ligamentum flavum, but the epidural space is relatively
thick.8 The epidural space in the thoracolumbar spine is
serrated in the sagittal plane, with the narrowest part
located on the cephalad side of the vertebral plate at a
depth of 1.1–2.9 mm, the widest part located on the caudal
side of the vertebral plate, and the interlaminar space at a
depth of about 3.8–6.5 mm. The depth of the epidural
space in the blank area is between the two.9 The epidural
space increased further in the prone position.10 The epidu-
ral space consists of an epidural membrane and ligament.11

The epidural space is filled with a semi-fluid fat struc-
ture.12,13 In addition, the dura can withstand 3–6 mm of
pushing with a 21-gauge puncture needle without being
punctured despite being only 0.15–0.25 mm thick.14 In
addition to the protection of the epidural space and dura,
the subdural space provides additional cushioning for the
spinal cord.15 Therefore, the operator will experience a sig-
nificant drop when cutting the lamina with the ultrasonic
bone knife; however, owing to the protection and cushion-
ing of the epidural, dural, and subdural gaps, it is still safe
to use the ultrasonic knife to cut the lamina laterally even
in the blank area without ligamentum flavum coverage. In
this study, 102 transverse laminae were cut, of which
46 were located in the subdural space, and none of them
damaged the dura, spinal cord, or nerve roots.

The Extent of Laminectomy is more Flexible
To obtain sufficient space for subdural surgical manipula-
tion, the ideal bone window range was approximately 1 cm
from the upper and lower boundaries of the tumor. At least
one side of the tumor border was located in the inter-
vertebral space in 64 of the 86 patients with intradural
tumors included in this study. The conventional approach
usually involves complete resection of the tumor-covering
vertebral plate, followed by resection of the adjacent portion
of the spinous process and vertebral plate, or complete re-
section of the adjacent vertebral plate to obtain sufficient
operative space. The BLP laminectomy is more flexible in the
extent of resection of the lamina without removing all the
lamina covering the tumor. We usually cut the lamina later-
ally in the area 1 cm from the upper and lower boundaries
of the tumor and try to avoid the lamina space. If the ideal
border of the bone window is in the interlaminar space and
the ligamentum flavum is thicker, the outer part of the cau-
dal lamina can be resected by adjusting its position appropri-
ately, and the lamina can be easily removed together with
the interlaminar ligamentum flavum. In this study, the dif-
ferences in incision/window length and tumor length
between the two methods were compared, and it was found
that the incision length and the extent of the bone window
were significantly smaller in the BLP laminectomy group
than in the traditional laminectomy group, and the
corresponding incision and muscle dissection required were
also smaller.

Shorter Operating Time
In this study, by comparing the time to remove the lamina
using an ultrasonic bone knife, we found that the time to
remove the thoracolumbar lamina by the traditional
laminectomy was 8.477 � 1.338 min, while the time for the
BLP laminectomy group was 5.786 � 1.317 min, the time
difference was significant (p < 0.001). It was significantly eas-
ier to remove the lamina using the BLP laminectomy. The

TABLE 2 Comparative analysis of the vertebral lamina displacement (in mm)

Group 2 weeks 3 months Z value p value

BLP laminectomy
Sagittal planes 1.964 � 0.736 2.067 � 0.897 0.355 0.722
Axial planes 1.619 � 0.764 1.702 � 0.773 0.585 0.559

Traditional laminectomy group
Sagittal planes 2.114 � 0.784 3.205 � 1.133 4.718 <0.001*
Axial planes 1.864 � 0.795 1.909 � 0.83 0.245 0.807

BLP laminectomy group Traditional laminectomy group Z value p value
2 weeks
Sagittal planes 1.964 � 0.736 2.114 � 0.784 0.880 0.379
Axial planes 1.619 � 0.764 1.864 � 0.795 1.645 0.100

3 months
Sagittal planes 2.067 � 0.897 3.205 � 1.133 4.781 <0.001*
Axial planes 1.702 � 0.773 1.909 � 0.83 1.275 0.202

Abbreviation: BLP, Bone-to-bone Ligament Preserving.
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spinous processes of the thoracic spine are long and have a
greater angle of inclination, the width and height of the lam-
ina gap are smaller, and the lateral aspect of the caudal lam-
ina is covered by the cephalic lamina, causing problems in
complete laminectomy. The T6 spinous process was the lon-
gest among the thoracic spinous processes with a mean
length of 33.38 � 2.94 mm, and the T7 tilt angle was the
largest with a mean of 38.14 � 2.48�. In addition, the width
of the intervertebral space between T5 and T6 was the
shortest, with an average of 9.63 � 3.63 mm, and the height
of the intervertebral space between T3 and T4 was the
smallest, with an average of 5.20 � 1.77 mm.16 The coronal
angle at the T12 level was 107 � 9.6� in males and
106 � 9.9� females, with the inferior articular eminence and
medial lamina together forming the posterior wall of the spi-
nal canal.17 The upward extension of the lamina is obscured
by the inferior edge of the lamina at the cephalic end, and
the small space limits the visualization of the lamina occlu-
sion forceps. It is usually necessary to remove part of the
superior edge of the lamina or the medial articular process
inferiorly after cutting the cephalic spinous process to obtain
a sufficiently wide bone window. The BLP laminectomy
requires no consideration of the spinal plate and cord, or the
complete removal of the lamina and spinous process; it only
necessitates determining the extent of removal of the upper
and lower borders according to the bone window. An ultra-
sonic bone knife can remove the spinous process and the
lamina vertically, and then pry at the upper and lower bor-
ders to loosen them, respectively.

With the increase in spinal stress, the length, width,
and thickness of the ligamentum flavum from the cervical
spine to the lumbar spine gradually increase, and the average
thickness of the ligamentum flavum in the lumbar region is
4–6 mm, with a unilateral average width of 22.7 mm.5,18 The
wider ligamentum flavum tends to obscure the visualization
of occlusal forceps and makes complete laminectomy diffi-
cult. The BLP laminectomy avoids cutting in the lamina
interval where the ligamentum flavum is hypertrophic, even
when cutting in the ligamentum flavum covered area of the
lamina, which can be easily removed by prying at the supe-
rior and inferior bony sutures, because the ligamentum
flavum’s primary direction of travel is longitudinal.

More Stable Laminar Reimplantation
The cutting gap of an ultrasonic bone knife blade is usually
0.5–1.0 mm. A smaller cutting gap indicates less bone loss
and less axial displacement, which facilitates better
repositioning and fusion of the returned lamina. In addition,
in this study, we found that the sagittal displacement of the
returned lamina in the traditional laminectomy group
increased at 3 months postoperatively, presumably because
the relative extent of the resected lamina was larger and the
contracture of the ligamentum flavum between the laminae
and the postoperative spinal activity caused a pitching move-
ment of the returned lamina. In the BLP laminectomy, the
contact surface between the lamina and the window was

three-sided because the bone suture at both ends of the win-
dow was U-shaped, whereas, in the traditional laminectomy,
the contact between the lamina and window was two-sided.

In addition, the posterior ligament complex (PLC)
serves as the primary stabilizer of the spine by forming a
posterior tension band, the primary role of which is to limit
spinal flexion, axial rotation, and distraction.19 Medically
induced destruction of the PLC is an important cause of
postoperative deformity of the spine, and it is important to
preserve the supraspinous and interspinous ligamentous
structures. This BLP laminectomy approach attempts to
sever the spinous process and lamina as much as possible,
which can preserve the integrity of the PLC to the maximum
extent. However, further long-term comparative observations
are needed to determine which is more beneficial for long-
term spinal stability: scar healing by severing the PLC or
bone healing by severing the spinous process laminae.

Taken together, it is safe to use an ultrasonic bone
knife to transect laminae. This BLP laminectomy requires a
smaller bone window for the removal of thoracolumbar
tumors, and the corresponding incisions and muscle strip-
ping are smaller and relatively less invasive. The new tech-
nique also allows easier removal of laminae and takes less
time overall. In addition, the three bony contact surfaces
allow for less displacement of the re-implanted lamina,
which facilitates better fusion of the lamina. This BLP
method also improves the integrity of the PLC, which may
facilitate the repair of spinal stability.

Strengths and Limitations of this Study
This is the first report on the use of a BLP technique for
laminectomy in the resection of thoracolumbar tumors, and
we realize many advantages brought by the improvement of
this technique. It is expected that this new idea of
laminectomy may have reference value for neurosurgeons.
However, this study also has the following limitations. This
was a retrospective study, which reduces the quality level of
the study. In addition, this study did not include factors such
as the pathological type of tumor and the surgeon profi-
ciency, which may have a partial impact on the results. In
addition, this study only analyzed the displacement of verte-
bral lamina within 3 months postoperatively and lacked
follow-up data on mid- and long-term vertebral lamina dis-
placement and bone healing.

Conclusion
This BLP laminectomy requires a smaller bone window for
the removal of thoracolumbar tumors, and the
corresponding incisions and muscle stripping are smaller
and relatively less invasive. The BLP technique also allows
easier removal of laminae and takes less time overall. In
addition, the three bony contact surfaces allow for less dis-
placement of the re-implanted lamina, which facilitates bet-
ter fusion of the lamina. The BLP laminectomy also
improves the integrity of the PLC, which may facilitate spinal
stability reacquisition. Finally, our study has proved that the
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ultrasonic bone knife can be safely used for transverse cut-
ting of the vertebral lamina even in the thoracic region with-
out the coverage of the ligamentum flavum.
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