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Abstract 

Introduction Intraspinal tumours are common diseases in neurosurgery and spinal surgery. Due to the fact 
that most of them are benign tumours, surgical resection is usually effective, and it is also the main treatment 
for these tumours. To maintain the stability of the spine and to reduce the incidence of kyphosis, pedicle screw fixa‑
tion is required after traditional laminectomy, but there are many complications. In recent years, tumour resection 
and laminectomy have become increasingly favoured by clinicians. However, the comparison of the clinical effects 
of lamina complex replantation and pedicle screw fixation after laminectomy in the treatment of intraspinal tumours 
is still unknown. This paper systematically compared the two methods from many aspects and discussed their advan‑
tages and disadvantages to obtain better clinical guidance.

Materials and methods In this study, a retrospective analysis was conducted to select 58 patients who underwent 
posterior approach tumour resection in the spinal surgery department of our hospital from January 2017 to January 
2020. Among them, 32 patients underwent tumour resection and laminoplasty, and 26 patients underwent tumour 
resection and screw internal fixation. The age, sex, body mass index (BMI), smoking status, duration of symptoms, 
operation time, length of hospital stay, postoperative complications, amount of bleeding and other data were sum‑
marized, calculated and compared.

Results 1. The age, sex, BMI, smoking status and symptom duration of the two groups were compared. The above‑
mentioned results were not statistically significant. 2. The operation time, hospital stay, postoperative complications, 
intraoperative bleeding and adjacent segment degeneration (ASD) were counted and compared between the two 
groups. There was no significant difference in hospital stay or intraoperative bleeding between the two groups; 
in addition, the operation time, postoperative complications and incidence of ASD were statistically significant. 3. 
The visual analog scale (VAS) score, Oswestry Disability Index (ODI) score of thoracic and lumbar spines and Neck 
Disability Index (NDI) score of cervical spine patients in the two groups were counted, and the preoperative and post‑
operative data, as well as their changes, were counted and compared between groups and within groups. There 
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was no statistical significance between the two groups; moreover, the postoperative scores were all significantly lower 
than preoperative in the group. 4. According to the spinal cord function ASIA grade, the preoperative, final follow‑up 
and change values of the two groups were counted, and intragroup and intergroup comparisons were made. There 
was no significant difference between the two groups; in addition, the scores of the final follow‑up were significantly 
higher than preoperative in the group. 5. The spinal mobility was measured and recorded before the operation 
and at the final follow‑up. There was no significant difference between preoperative and postoperative cervical mobil‑
ity, and there was no statistical significance observed; furthermore, the range of flexion, extension, rotation and lateral 
bending of the thoracic and lumbar spines in the screw fixation group was significantly lower than that in the lamina 
replantation group.

Conclusions Lamina replantation can be used as splendid methods for the treatment of Intraspinal tumour. Lamina 
replantation can reduce the operation time, as well as reduce the occurrence of postoperative cerebrospinal fluid 
leakage, iatrogenic spinal stenosis, posterior soft tissue adhesion and ASD. These complications are reduced in com‑
parison to the other mode of management and better preserve the mobility of the spine.

Keywords Lamina replantation, Tumour resection, Intraspinal tumours, Internalfixation, Pedicle screw

Introduction
Intraspinal tumours are common diseases in neurosur-
gery and spinal surgery. Due to the fact that most of the 
tumours are benign tumours, surgical resection is usually 
effective, and it is also the main treatment for this disor-
der. The basic principle for the treatment of intraspinal 
tumours is to both completely remove the tumour as 
much as possible and to protect the stability of the spine 
as much as possible. Intraspinal canal tumours account 
for 10–15% of central nervous system tumours [1], and 
most of them occur in the thoracic vertebrae, lumbar 
vertebrae and thoracolumbar segments. Extramedul-
lary tumours account for two-thirds of all intraspinal 
canal tumours [2]. The safe resection of spinal tumours 
depends on the full exposure of the tumour and its sur-
rounding structures [3], which requires physicians to 
remove part (or even all of ) the lamina when removing 
the tumour to obtain sufficient surgical vision and oper-
ating space. Denis [4] once described the concept of 
the three-column theory of spines, which furthers our 
understanding of spine stability. Therefore, it has become 
a consensus to minimize damage to the original structure 
of the spine and to restore the stability of the spine. For 
primary intraspinal tumours, laminectomy is inevita-
ble in order to completely remove the tumour. However, 
laminectomy destroys the posterior column structure of 
the vertebral body and affects the biomechanical stabil-
ity of the spine (to a certain extent). In the long term, it 
may lead to delayed kyphosis and neurological damage, 
thus seriously affecting the quality of life of patients [5, 6]. 
To maintain the stability of the spine and to reduce the 
incidence of kyphosis, pedicle screw fixation is required 
after traditional laminectomy. (The fixation of cervical 
vertebra is mainly lateral mass screw) However, due to 
the injury and loss of bone and posterior muscle ligament 

structures, as well as the possibility of epidural fibrosis, 
cerebrospinal fluid leakage and even iatrogenic spinal 
stenosis, the range of spinal motion is obviously limited, 
especially in patients involving multiple segments. This 
usually leads to the restricted movement of fixed seg-
ments and the degeneration of adjacent segments. In 
addition, scar tissue also has the risk of compressing the 
spinal cord after surgery [7, 8]. Raimondi first reported 
of the use of vertebral lamina replantation to clinical 
treatment, with good surgical effect [9]. Moreover, vari-
ous laminoplasties have been used to treat patients with 
intraspinal tumours, with good postoperative effects 
[10–12]. However, the comparison of the clinical effects 
of lamina complex replantation and pedicle screw fixa-
tion after laminectomy in the treatment of intraspinal 
tumours is still unknown. Thus, this paper systematically 
compared the two methods from many aspects and dis-
cussed their advantages and disadvantages to obtain bet-
ter clinical guidance.

Materials and methods
General information
The study was approved by the ethical committee of 
Tianjin Hospital. The requirement for written informed 
consent was waived by the ethics committee of Tian-
jin Hospital because of the retrospective nature of 
the study. This study used a retrospective analysis to 
select 58 patients who underwent posterior approach 
tumour resection for intraspinal tumours in the spine 
surgery department of our hospital from January 2017 
to January 2020. The operation was performed by the 
same surgeon. The main symptoms of the patient were 
numbness, fatigue, hypoesthesia, chest waist girdle 
sensation, root pain and other symptoms, which were 
consistent with the surgical indications. In this 2-year 
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follow-up study, 58 patients were finally included 
in the study, including 32 patients (24 patients with 
thoracolumbar vertebrae and 8 patients with cervical 
vertebrae) who received tumour resection and lam-
ina complex replantation (Fig.  1) and 26 patients (20 
patients with thoracolumbar vertebrae and 6 patients 
with cervical vertebrae) who received tumour resection 
and pedicle screws (including lateral mass screws) and 
internal fixation (Fig. 2). The two surgical methods have 
similar indications for resection of intraspinal tumours, 
and there is no clear literature on the selection criteria 
for both surgical methods. Therefore, the two surgical 
methods were randomly performed among patients. 
Preoperative routine X-ray films, computed tomogra-
phy (CT) and magnetic resonance imaging (MRI) were 
performed to observe the horizontal displacement and 
angle changes of each segment, and the presence of 
preoperative spinal instability was excluded. Routine 
electromyography was performed to exclude neuro-
genic lesions. After routine scanning, all of the patients 
underwent enhanced scanning to confirm the scope 
and size of the tumour and its relationship with the spi-
nal cord, cauda equina and nerve root.

The following inclusion criteria were used: (1) sin-
gle or adjacent multiple tumours, as well as epidural or 
extramedullary subdural tumours; (2) the patients were 
followed up for at least 2  years with complete data; (3) 
the patient received spinal surgery for the first time; and 
(4) there was no spinal instability or structural damage.

The exclusion criteria were as follows: (1) patients who 
were followed up for less than 2  years for various rea-
sons; (2) articular process joint destruction; (3) recur-
rent intraspinal tumours; and (4) metastatic intraspinal 
tumours.

Operation method
Resection of the tumour and replantation of the lamina 
complex
All of the patients were under general anaesthesia with 
endotracheal intubation. After successful anaesthe-
sia, they were prone on the spinal operating table. Head 
frames were used for the cervical spine and cervical tho-
racic segment. Mayfield stents were used for the severe 
patients. According to the fluoroscopic localization 
of the tumour segment, a posterior median longitudi-
nal incision was made (with the tumour segment as the 

Fig. 1 a T2WI image of preoperative MRI examination, b lipid pressure image of preoperative MRI examination, c cross‑sectional image 
of preoperative MRI examination, d sagittal position of preoperative enhanced MRI examination, e coronal position of preoperative enhanced MRI 
examination, f cross‑sectional image of preoperative enhanced MRI examination, g completely removed lamina, h completely exposed tumour, 
i completely removed tumour, j connected lamina of micro compression locking plate, k sagittal position X‑ray after operation, l coronal position 
X‑ray after operation, m completely replanted lamina
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centre), the skin and subcutaneous tissue were cut, the 
bilateral muscle tissues were stripped, the integrities of 
the supraspinous ligament and interspinous ligament 
were preserved, and the spinous process, lamina and 
bilateral facet joints were exposed. The exposure range 
included the tumour segment and one lamina above 
and below. Moreover, the placement position of the 
mini plate was designed, and the mini plate was bent at 
the segment where the lamina was to be cut. The bilat-
eral laminae were cut by an ultrasonic osteotome from 
approximately 2–3  mm inside of the facet joint. Addi-
tionally, the cutting direction involved the ultrasonic 
osteotome head being inclined to the midline and sagit-
tal plane at approximately 5–10°. The range of bone cut-
ting was approximately 5  mm longer than that of the 
proximal and distal ends of the tumour. Attention was 
given to the protection of the interspinous ligament and 

the supraspinous ligament. In addition, ultrasonic oste-
otome was used to cut spinous process and lamina. The 
spinous process lamina ligament complex was completely 
removed, and the precurved microcompression locking 
plate was fixed on the spinous process lamina ligament 
complex for standby. With the aid of a microscope, the 
dura mater was cut, the tumour was completely removed, 
and the dura mater was sutured. The spinous process 
lamina ligament complex was reset and fixed with screws 
(Fig. 3). Furthermore, the drainage tube was placed, the 
nuchal ligament or lumbar dorsal fascia was sutured to 
the supraspinous ligament, and the incision was sutured 
layer by layer.

Tumour resection and screw internal fixation
The preliminary preparation was the same as mentioned 
above in the prone position, and a posterior median 

Fig. 2 a T1WI image of preoperative MRI, b T2WI image of preoperative MRI, c cross‑sectional image of preoperative MRI, d sagittal position 
of preoperative enhanced MRI, e coronal position of preoperative enhanced MRI, f cross‑sectional image of preoperative enhanced MRI, g and h 
pedicle screw fixation after tumour resection, i and j: mature cystic teratoma shown by pathology

Fig. 3 Common locking plates and their screws: mini locking compression plate, self‑tapping conical head locking screw, reconstruction locking 
compression plate‑small T shape
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longitudinal incision was made with the tumour segment 
as the centre. The skin and subcutaneous tissue were 
sliced. After separating the ligaments, the muscles were 
stripped, screws were placed on both sides, the vertebral 
lamina was removed, and the ligamentum flavum was 
removed to expose the dura mater. Additionally, we com-
pletely exposed the tumour, separated and removed the 
tumour, completely stopped bleeding, carefully checked 
whether all of the tumours were removed and closely 
sutured the dura mater. The screw rod system was used 
for internal fixation, the drainage tube was placed, and 
the muscle, fascia and skin layers were closely sutured.

Observation indicators and efficacy evaluation
Patient age, sex, body mass index (BMI), smoking sta-
tus, symptom duration, operation time, hospital stay, 
postoperative complications, bleeding volume and other 
data were summarized, calculated and compared. Adja-
cent segment degeneration (ASD) was defined as abnor-
mal changes in adjacent motion segments in the fusion 
area after spinal fusion, including the loss of interverte-
bral height, intervertebral disc degeneration or protru-
sion, spondylolisthesis, vertebral instability, osteophyte 
formation and vertebral compression fracture. Accord-
ing to whether there are clinical symptoms, ASD can be 
classified into adjacent segment degeneration and adja-
cent segment disease. Adjacent segment degeneration 
is defined as imaging degeneration of adjacent segments 
without clinical symptoms after fusion, whereas adjacent 
segment disease exhibits new symptoms corresponding 
to imaging changes of adjacent segments in the fusion 
area [13, 14]. The ASD was not subdivided in this study. 
The visual analogue scale (VAS) was used to evaluate the 
pain of the patients, and the Oswestry Disability Index 
(ODI) was used to evaluate the function of the thoracic 
and lumbar spines. Moreover, the Neck Disability Index 
(NDI) was used to evaluate the function of the cervi-
cal spine. Neurological status was assessed by using the 
ASIA grade. To determine the level of internal fixation 
and the stability of the spine, the spine was examined via 
frontal and lateral X-rays at the postoperative outpatient 
re-examination.

Range of motion (ROM) measurement
Based on the Guidelines for Range of Motion Indication 
and Measurement established by the Japanese Ortho-
pedic Association and Japanese Association of Reha-
bilitation Medicine in 1995, the following ROM were 
measured using an international standard goniometer 
(S7025 l; MINATO MEDICAL SCIENCE, Osaka, Japan): 
the cervical spine (flexion, extension, rotation and lateral 

bending); thoracic and lumbar spines (flexion, extension, 
rotation and lateral bending). Each range was measured 
three times to calculate the mean.

For cervical vertebral mobility, the patient was in a 
sitting or standing position with his head in the mid-
dle and the eyes looking straight ahead. We selected the 
appropriate axis, fixed the arm and mobile arm for meas-
urements and correspondingly checked the following 
actions. (1) For flexion, the examiner asked the patient to 
touch the chest with the chin to estimate the activity of 
the cervical spine. (2) For extension, the examiner asked 
the patient to look up as much as possible. (3) For lateral 
bending, the patient was asked to touch the right shoul-
der with the right ear and the left ear with the left shoul-
der. The equal height of the shoulders was focused on in 
advance. The patient was instructed to not lift the shoul-
ders during the movement. (4) For rotation, the subject 
was asked to touch the left and right shoulders with the 
chin but to not lift the shoulders to touch the chin. The 
thoracic and lumbar spines were detected by a similar 
method, and the thoracic and lumbar spines ROM was 
verified.

Statistical methods
SPSS software was used for the statistical analysis. The 
measurement data between the two groups are expressed 
as the mean ± standard deviation. The independent sam-
ple t test or Mann‒Whitney U test was applied to com-
pare the relevant results between the groups (according 
to whether the data conformed to a normal distribution), 
and the paired t test or nonparametric test was applied 
to compare the relevant results within groups (accord-
ing to whether the data conformed to a normal distribu-
tion). The counting data were analysed by using the chi 
square test, and p < 0.05 was considered to be statistically 
significant.

Results

1. Patient characteristics

The age, sex, BMI, smoking status and symptom 
duration of the two groups were counted and com-
pared (Table  1). Age (lamina replantation group: 
56.91 ± 9.04-years-old; screw fixation after laminectomy 
group: 60.96 ± 8.16-years-old; p = 0.08), sex (lamina 
replantation group: 17 males and 15 females; screw fixa-
tion after laminectomy group: 14 males and 12 females; 
p = 0.96), BMI (lamina replantation group: 24.74 ± 5.53; 
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screw fixation after laminectomy group: 25.37 ± 4.49; 
p = 0.64), smoking status (lamina replantation group: 17 
smoking subjects and 15 nonsmoking subjects; screw 
fixation after laminectomy group: 13 smoking subjects 
and 13 nonsmoking subjects; p = 0.81) and the duration 
of symptoms (10.31 ± 4.32  days in the lamina replanta-
tion group and 12.46 ± 5.73  days in the screw fixation 
after laminectomy group; p = 0.11) were not statistically 
significant.

2. Operation-related parameters

The operation time, hospital stay, postoperative com-
plications, intraoperative bleeding and ASD of the two 
groups were counted and compared (Table 2). There was 
no significant difference in hospitalization time or intra-
operative bleeding between the two groups. Operation 
time (116.56 ± 30.75 in the lamina replantation group; 
133.46 ± 32.24 in another group; p < 0.05) and postop-
erative complications (5 cases in the lamina replantation 
group; 18 cases in another group; p < 0.001) were sta-
tistically significant. Postoperative complications were 
defined as: postoperative cervical fluid leakage, iatrogenic 
spinal stenosis, posterior soft tissue adhesion. ASD (not 
observed in the lamina replantation group, and 2 cases 
observed in another group; p < 0.001).

Table 1 Comparison of patient characteristics between the two groups

Lamina replantation (n = 32) Screw fixation after laminectomy (n = 26) p-value

Age (year) 56.91 ± 9.04 60.96 ± 8.16 0.08

Sex (male/female) 17/15 14/12 0.96

Body mass index (BMI) 24.74 ± 5.53 25.37 ± 4.49 0.64

Current smoker (Y/N) 17/15 13/13 0.81

Duration of symptoms(day) 10.31 ± 4.32 12.46 ± 5.73 0.11

Table 2 Comparison of operation‑related parameters between the two groups

Complications: postoperative cerebrospinal fluid leakage, iatrogenic spinal stenosis, postoperative soft tissue adhesion

* Statistically significant p-values were the results after comparison between the two groups

Lamina replantation (n = 32) Screw fixation after laminectomy (n = 26) p-value

Operation time (minutes) 116.56 ± 30.75 133.46 ± 32.24  < 0.05*

Length of hospitalization(days) 7.5(6 ~ 11) 6.0(5 ~ 10) 0.20

Complications(N) 5 18  < 0.001*

Blood loss(ml) 146.25 ± 31.39 137.35 ± 28.28 0.27

ASD(N) 0 2  < 0.001*

Table 3 Comparison of VAS and ODI/NDI scores between the 
two groups

The thoracic and lumbar spines function was evaluated by ODI scores (24 cases 
in lamina replantation group and 20 cases in screw fixation after laminectomy 
group)

The cervical spine function was evaluated by NDI scores (8 cases in Lamina 
replantation group and 6 cases in screw fixation after laminectomy group)

ΔThe difference between final follow-up and preoperative

* Statistically significant p-values were the results after comparison between the 
two groups

Lamina 
replantation 
(n = 32)

Screw fixation after 
laminectomy (n = 26)

p-value

VAS

 Preoperative 5.19 ± 2.26 4.73 ± 1.89 0.42

 Final follow‑up 1(0 ~ 2) 1(1 ~ 2) 0.52

 ΔVAS 4.00 ± 2.36 3.46 ± 2.14 0.37

 p‑value  < 0.001*  < 0.001*

ODI (n = 24) (n = 20)

 Preoperative 66.56 ± 6.14 68.12 ± 6.62 0.36

 Final follow‑up 15.25 ± 5.25 15.12 ± 3.50 0.91

 ΔODI 51.31 ± 7.37 53.00 ± 7.46 0.39

 p‑value  < 0.001*  < 0.001*

NDI (n = 8) (n = 6)

 Preoperative 23.38 ± 5.32 23.67 ± 3.50 0.91

 Final follow‑up 12.38 ± 3.11 13.17 ± 2.32 0.61

 ΔNDI 11.00 ± 7.17 10.50 ± 4.46 0.88

 p‑value  < 0.001*  < 0.001*
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3. VAS and ODI/NDI scores

The VAS score, ODI score (thoracic and lumbar spines) 
and NDI score (cervical spine) in the two groups were 
counted; in addition, the preoperative, postoperative 
and change values were counted, and intergroup and 
intragroup comparisons were made (Table 3). There was 
no statistically significant difference between the two 
groups. Moreover, the postoperative scores of the two 
groups were significantly lower than 0.001.

Table 4 Comparison of ASIA grade between the two groups

Give ABCDE corresponding values, respectively: A = 0 B = 1 C = 2 D = 3 E = 4

* Statistically significant p-values were the results after comparison between the 
two groups

Lamina 
replantation 
(n = 32)

Screw fixation after 
laminectomy (n = 26)

p-value

ASIA

 Preoperative 3(2 ~ 3) 3(2 ~ 3) 0.90

 Final follow‑up 3.5(3 ~ 4) 3(3 ~ 4) 0.22

 ΔASIA 1(1 ~ 1) 1(0 ~ 1) 0.10

 p‑value  < 0.001*  < 0.001*

Fig. 4 Draw two groups of ASIA grade bar charts according to the data in Table 4

Table 5 Comparison of thoracic and lumbar spines ROM between the two groups

* Statistically significant p-values were the results after comparison between the two groups

Lamina replantation (n = 24) Screw fixation after 
laminectomy (n = 20)

p-value

Thoracic and lumbar spines flexion

 Preoperative 42.00(39.00 ~ 44.00) 41.50(37.25 ~ 43.00) 0.46

 Final follow‑up 42.00(39.25 ~ 43.75) 35.50(34.00 ~ 39.00)  < 0.001*

Thoracic and lumbar spines extension

 Preoperative 26.00(25.00 ~ 27.00) 26.00(24.25 ~ 28.00) 0.45

 Final follow‑up 25.58 ± 1.91 24.00 ± 2.55  < 0.05*

Thoracic and lumbar spines left rotation

 Preoperative 41.50(39.00 ~ 43.00) 41.00(37.25 ~ 42.75) 0.34

 Final follow‑up 41.00(40.00 ~ 43.00) 38.50(35.25 ~ 40.00)  < 0.001*

Thoracic and lumbar spines right rotation

 Preoperative 41.50(39.00 ~ 43.00) 41.00(37.00 ~ 42.75) 0.48

 Final follow‑up 41.00(40.00 ~ 43.00) 38.00(34.50 ~ 40.75) 0.001*

Thoracic and lumbar spines left lateral bending

 Preoperative 36.13 ± 2.03 35.10 ± 2.53 0.14

 Final follow‑up 36.17 ± 2.06 33.60 ± 2.68 0.001*

Thoracic and lumbar spines right lateral bending

 Preoperative 36.21 ± 2.28 35.15 ± 2.32 0.14

 Final follow‑up 36.17 ± 2.18 33.60 ± 2.98  < 0.05*
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4. ASIA grade

According to the spinal cord function ASIA grade, the 
preoperative, final follow-up and change values of the 
two groups were counted. The data were collected by the 
assignment method and compared within and between 
the groups (Table 4). No statistically significant difference 
was found between the two groups. The scores of the 
final follow-up in the group were higher, and the p values 
were less than 0.001 (with a significant difference being 
observed) (Fig. 4).

5. Spinal ROM

The ROM of the spine was measured and recorded 
before the operation and at the final follow-up. Meas-
urements of the ROM of the thoracic and lumbar spines 
(Table  5) for patients with thoracic and lumbar spine 
tumours and measurements of the ROM of the cervical 
spine (Table  6) for patients with cervical spine tumours 
were performed. There was no significant difference 
between preoperative and postoperative cervical mobil-
ity. Furthermore, the range of flexion, extension, rotation 
and lateral bending of the thoracic and lumbar spines in 
the screw fixation group was significantly lower than that 
in the lamina replantation group.

Discussion
Most intraspinal tumours in adults are benign tumours, 
with multiple occult diseases, atypical symptoms and 
progressive aggravation, which can eventually lead to 
compression of spinal nerve roots and even paralysis 
in severe cases. Surgical resection is considered to be 
the only effective treatment. At present, early diagno-
sis and complete resection are advocated in the clinical 
setting to relieve the compression of the spinal cord and 
nerve root in a timely manner. According to the rela-
tionship between the spinal cord and the tumour, the 
surgical approaches are generally divided into posterior 
approaches, anterior approaches and combined ante-
rior and posterior approaches. However, the exposure of 
anterior surgery is difficult, and it easily damages blood 
vessels and nerves. In addition, the incidence of intraspi-
nal tumours in the dorsal spinal cord was reported to be 
much higher than that in the ventral spinal cord. There-
fore, the posterior approach has become a conventional 
surgical approach [15]. According to the "three-column 
theory", the posterior column possesses approximately 
24–30% of the pressure and approximately 21–54% of 
the rotational stress [16]. The integrity of the posterior 
column structure is very important to ensure the sta-
bility of the spine. Therefore, the complete removal of 
intraspinal tumours and the protection of spinal anat-
omy and function are the basic principles of intraspinal 

Table 6 Comparison of cervical spine ROM between the two groups

Lamina replantation (n = 8) Screw fixation after laminectomy (n = 6) p-value

Cervical flexion

 Preoperative 49.88 ± 8.81 53.00 ± 9.01 0.53

 Final follow‑up 49.63 ± 7.03 52.83 ± 8.40 0.45

Cervical extension

 Preoperative 44.88 ± 5.30 46.83 ± 2.99 0.44

 Final follow‑up 45.38 ± 4.96 46.67 ± 2.50 0.57

Cervical left rotation

 Preoperative 63.25 ± 6.07 64.50 ± 4.81 0.69

 Final follow‑up 63.75 ± 6.14 64.33 ± 4.72 0.61

Cervical right rotation

 Preoperative 63.00 ± 6.23 64.50 ± 4.85 0.64

 Final follow‑up 63.00 ± 5.98 64.17 ± 4.71 0.70

Cervical left lateral bending

 Preoperative 45.75 ± 3.01 44.67 ± 2.50 0.49

 Final follow‑up 45.50 ± 2.73 44.67 ± 1.51 0.52

Cervical right lateral bending

 Preoperative 45.75 ± 3.01 44.50 ± 2.43 0.42

 Final follow‑up 45.63 ± 2.77 44.67 ± 1.21 0.45
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tumour resection [17]. The traditional surgical method 
is to remove all of the vertebral lamina and spinous pro-
cesses of the diseased segments. This resection method 
makes the paravertebral muscles lose their normal bony 
attachment points, and the posterior column structure 
loses its function as a tension band. The following series 
of complications can occur: spinal instability, kyphosis 
and symptomatic epidural scar formation. Among them, 
the most common complication is kyphosis, especially in 
patients with cervical intraspinal tumours [18, 19].

In recent years, spine doctors have paid increasing 
attention to the stability of the spine. Due to the fact that 
tumour resection and pedicle screw fixation can fully 
expose the tumour and create a good space for tumour 
removal, they also maintain the stability of the spine and 
reduce the probability of postoperative spinal instability 
and kyphosis. It has gradually become the mainstream 
operation for this disorder, especially for patients requir-
ing long segment exposure; however, it still has many 
problems, such as internal fixation fracture, cerebrospi-
nal fluid leakage, epidural haematoma and soft tissue 
adhesion. In addition, the internal fixation system also 
destroys the physiological functions of flexion, extension 
and rotation of the spine to a certain extent, as well as 
accelerating the degeneration of adjacent segments of the 
spine and causing adjacent segment degeneration, includ-
ing intervertebral disc herniation, osteophyte formation 
and spinal canal stenosis. Therefore, as a new technology, 
spinous process and lamina replantation laminoplasty 
is increasingly being respected as an approach by clini-
cians [20]. It has the following advantages: it retains the 
spinous process ligament complex, maintains the poste-
rior tension of the spine and reduces the occurrence of 
kyphosis; in addition, the dural sac is protected by the 
bone to reduce scar formation and to prevent iatrogenic 
spinal stenosis, and the maintenance of the function of 
the spinal motion segment is in line with the concept of 
nonfusion surgery [21].

From the results, we observed that the operation time 
of patients in the lamina replantation group is signifi-
cantly lower than that in the screw fixation after lami-
nectomy group, which is not unexpected because the 
process of lamina replantation is much simpler than 
that of screw implantation, and the incidence of postop-
erative complications (postoperative cerebrospinal fluid 
leakage, iatrogenic spinal stenosis and postoperative 
soft tissue adhesion) in the lamina replantation group 
was significantly lower than that in the control group, 
which is also in line with previous literature reports. 
Due to the fact that the soft tissue in the spinal canal is 
protected after the replantation of the lamina, the spinal 
canal is separated from the rear muscle to reduce stimu-
lation and adhesion. Many studies aimed at preventing 

postoperative epidural adhesion (such as the use of adi-
pose tissue, amniotic membrane, silicone membrane and 
silicone rubber, as well as the dripping of hormones and 
anti-inflammatory drugs) have no obvious effects [22–
24]. However, we believe that lamina replantation is an 
effective and safe method to prevent scar adhesion after 
spinal surgery. Lamina replantation prevents the pos-
terior tissue from protruding into the spinal canal, thus 
compressing the spinal cord and causing pain, numb-
ness, fatigue and other symptoms of the waist and legs, 
which then leads to the failure of the operation and the 
risk of secondary surgery [25, 26]. The in  situ replanta-
tion of the spinous process and lamina complex makes 
the dural incision close to the inner surface of the lam-
ina, which can ultimately reduce the risk of cerebrospi-
nal fluid leakage. Our study showed that the incidence of 
ASD in the screw fixation group was significantly higher 
than that in the lamina replantation group, which may be 
due to the loss of spinal mobility after internal fixation, 
thus resulting in increased stress on adjacent segments 
and even borderline kyphosis. It is well known that the 
spine is affected by various load conditions, among which 
the invariable rule is joint movement. The movement of 
one segment corresponds to the mutual movement of 
another segment, which is a necessary prerequisite for 
understanding the interaction between bones, ligaments 
and intervertebral discs. The decompression of the spi-
nal cord and nerve roots usually requires the removal 
of some structures that maintain spinal stability, such as 
the lamina and facet process, which changes the biome-
chanics of the adjacent segments. Previous research has 
shown that the fusion and fixation of the moving seg-
ments increases the stress of the adjacent segments at 
the cephalic side [27]. Smith Robinson et  al. conducted 
finite element analysis after spinal fusion surgery, which 
also showed that the internal stress of the cephalic seg-
ment increased [28]. Furthermore, Matsunaga et al. [29] 
reported that the shear stress of the adjacent segments 
increased by 20% at one year after multi-level fusion. 
Increasing evidence has quantified the effect of adjacent 
segment shear force on postoperative sagittal balance.

From Patient Reported Outcomes, we can see that the 
two surgical methods have achieved significant surgi-
cal effects, as well as the fact that the postoperative pain 
has been well relieved and the dysfunction of the cervi-
cal spine and thoracic and lumbar spines has also been 
significantly recovered, thus indicating that the two oper-
ations have fully removed the tumour and have an obvi-
ous effect on spinal canal decompression. Moreover, the 
ASIA grade was improved after the operation, and there 
was no significant difference between the two groups in 
terms of therapeutic efficacy.
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There have been many studies on the loss of spinal 
ROM after screw fixation, especially for the fixation of 
more than three segments. The extension and flexion 
movements of the skull and neck mainly occur in the 
atlantooccipital joint, and the rotation movement mainly 
occurs in the atlantoaxial joint, accounting for half of 
the entire rotation movement. Flexion–extension radio-
graphs of the cervical spine confirmed the biomechani-
cal effects of extension and flexion. During flexion, the 
cervical spine was slightly kyphotic, the foramen mag-
num is almost parallel to the C7 vertebral body, and the 
cervical vertebra is excessively lordosis during extension. 
Neck extension is accomplished by the contraction of the 
hemispinalis muscle, multifidus muscle and longhead 
muscle and the relaxation of the hemispinalis muscle. 
The anterior flexion and left and right lateral flexion of 
the neck are mainly the function of the scalenus muscle. 
If both sides contract together, anterior flexion can occur. 
If only one side contracts, lateral flexion will occur. In 
this movement, the trapezius muscle plays an assisting 
role, and the scalenus muscle and sternocleidomastoid 
muscle work together to rotate the lower cervical spine. 
The coordinated contraction of the unilateral splenius, 
posterior scalenus and contralateral sternocleidomastoid 
muscle can cause rotation between atlantoaxial verte-
brae. When the tumour is exposed, the posterior muscle 
tissue will be destroyed, which will affect the ROM of the 
spine. Lamina replacement has less damage to muscle tis-
sue, and can reconstruct muscle in situ, which can dam-
age the ROM of the spine as little as possible. From the 
perspective of biomechanics, the flexion and extension of 
the cervical spine can be independently performed, but 
its lateral flexion and rotation are interrelated and coex-
isting, and there is a coupling phenomenon; specifically, 
lateral flexion must be accompanied by rotation (and vice 
versa). A previous study showed that c4 ~ 5, c5 ~ 6 and 
c6 ~ 7 are larger than c2 ~ 3 in the normal cervical mobil-
ity, as well as the fact that c4 ~ 5, c5 ~ 6 and c6 ~ 7 are also 
larger in the contribution of each segment to the overall 
mobility [30]. However, in this study, there was no sig-
nificant difference between the two groups in any of the 
directions of cervical spine movement after the opera-
tion. On the one hand, the cervical spine ROM we meas-
ured included head motion interference, and it was not 
measured on the radiograph; on the other hand, it may 
be because there are fewer cervical cases included in this 
study, which may lead to selective bias. Cervical tumour 
resection rarely involves the atlantooccipital and atlan-
toaxial joint, which retains more flexion extension and 
rotation of the cervical spine. The ROM in all directions 
in the screw fixation after laminectomy group of the tho-
racic and lumbar spines patients was significantly lower 

than that in the lamina replantation group. Screw fixation 
after laminectomy group seriously damaged the posterior 
muscle group, and the fixed segments lost their motor 
function, which could only be compensated for by the 
upper and lower segments. In addition, due to the heavy 
load on the thoracic and lumbar spines, and to maintain 
the stability of the spine, the spine had to reduce part of 
the ROM in exchange for balance to reduce the incidence 
of ASD. Replantation of the vertebral lamina can well 
preserve the ROM of the thoracic and lumbar spines and 
reduce muscle dissection during the operation. After the 
operation, the muscles are reconstructed in  situ, which 
allows for the spine to retain both good stability and 
ROM.

Obviously, if we can compare the surgical effects of the 
same surgical segment and the same pathological type 
separately, this study would be more accurate and more 
convincing; however, it would be more difficult to col-
lect cases that meet this condition. Our unit has not been 
able to collect numerous cases, which is also a limitation 
of this article.

Conclusions
Lamina replantation can be used as splendid methods for 
the treatment of intraspinal tumour. Lamina replanta-
tion can reduce the operation time, as well as reduce the 
occurrence of postoperative cerebrospinal fluid leakage, 
iatrogenic spinal stenosis, posterior soft tissue adhesion 
and ASD. These complications are reduced in compari-
son with the other mode of management and better pre-
serve the mobility of the spine.
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