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Objective: In this study we compared the clinical results of two posterior instrumentation methods in surgical treatment of multilevel cervical
spondylotic myelopathy (CSM) and we aimed to share the clinical outcomes.
Materials and Methods: This study was a retrospective analysis of patients with multilevel CSM disease who underwent decompression and
posterior internal fixation with lateral mass screw (LMS) or pedicle screw (PS). The study included 63 patients and the patients were divided into
two groups. The LMS group comprised 32 patients and the PS group included 31 patients. C2-7 cervical lordosis, modified Japanese Orthopedic
Association (mJOA) scores, neck disability index (NDI) and visual analog scale (VAS) assessments of the groups were compared. Complications
were noted and analyzed in detail.
Results: In the PS group, change in C2-7 lordosis was found to be significantly higher than the LMS group (p<0.001). Changes in quality of life
indices (mJOA, NDI and VAS) in the postoperative period did not show a significant difference between LMS and PS groups (p=0.608, p=0.224 and
p=0.296). In the study group, 10 complications were observed in 63 patients (10/63, 15.8%). Implant related complication ratio was found to be
significantly higher in the LMS group.
Conclusion: Both of the posterior instrumentation methods revealed similar results in terms of quality of life indices. In this study, better results
were obtained in the PS group in terms of C2-7 lordosis and implant-related complications. We think that both methods can be used in CSM
treatment, however PS fixation is technically challenging with a long learning curve. Therefore, we have the opinion that it can be applied in
selected patients by trained and experienced surgeons.
Keywords: Cervical spondylotic myelopathy, lateral mass screw, pedicle screw

INTRODUCTION
Cervical spondylotic myelopathy (CSM) is a spinal cord disease
that causes limitation of movement and poor quality of life in
the elderly population. Spinal cord compression develops as
secondary to joint, and ligament hypertrophy generally occurs
progressively, surgical treatment is recommended in cases with
severe myelopathy to stop clinical deterioration(1). Laminectomy
with decompression and fusion is generally recommended
in patients with axial neck pain and involving the multilevel
spinal cord (level 3 and above) disease(2). Lateral mass screwing
(LMS) is commonly used for posterior fixation. LMS was first
applied in 1979 by Roy-Camille and quickly gained widespread

popularity in the spine community(3). The most important
advantage is that it provides an effective fixation and low
neurovascular injury rate(3-5). However, the fact that the screw
placed in the lateral mass has a short bone-screw purchase
worries clinicians about implant failure(6-8). Another posterior
instrumentation method, pedicle screwing (PS), was first used by
Abumi et al.(9) in trauma surgery in 1990. By this method, screws
are placed to the pedicles, the strongest part of the vertebra
and a strong anchor is created as in the thoracic and lumbar
region. The point that major concern of most surgeons is the
risk of vertebral artery injury and root damage(10,11). Therefore, it
is not preferred as widely as LMS.
In this study, we examined the clinical results of two posterior
instrumentation methods in multilevel CSM surgical treatment
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in terms of radiological, quality of life indices and complications,
and we aimed to share the clinical results.

MATERIALS AND METHODS
This study had been carried out in accordance with principles of
the Declaration of Helsinki and approved by Ethics Committee
of Adana City Training and Research Hospital. Informed patient
consent was obtained from all individuals.
Patient Population
This study was a retrospective analysis of patients with
multilevel CSM disease who underwent decompression with
total laminectomy and posterior internal fixation with LMS
or PS fixation in the period January 2014 to February 2019.
The inclusion criteria were: in at least 3 consecutive levels
of spinal cord compression in magnetic resonance imaging
(MRI), hyperintense changes in T2 sequence consistent with
myelopathy, accompanying neck pain, neurological examination
findings consistent with myelopathy. Exclusion criteria were;
previous anterior/posterior decompression or fusion and signs
of pointing a motor neuron disease or polyneuropathy in
electromyography.
The study included 63 cases, and the patients were divided into
two groups. The cases in which preoperative cervical lordosis
was preserved were included in the LMS group, while patients
whose cervical lordosis deteriorated were included in the PS
group. The LMS group comprised 32 patients, and the PS group
included 31 patients.
Surgical Procedures
All operations were performed by the same senior spine
surgeon. LMS was performed following posterior midline
incision, bilateral subperiosteal muscle dissection and facet
joints were exposed. The superior lateral ventral corner parallel
to the facet joints was targeted by entering a 2 mm high-speed
burr drill from the midpoint of the lateral mass. Screws (PIRON/
IZMIR/TURKEY) were all 4 mm in diameter and 10-14 mm in
length. Cobalt chromium (Co-Cr) rods were preferred.
PS fixation were performed with free-hand technique under
fluoroscopy guidance and the screw entry point is identified
as Abumi et al.(12) defined. PS (PIRON/IZMIR/TURKEY) diameters
were 4 mm in size, length of screws ranged between 24-38 mm
and Co-Cr rods were preferred.
All patients underwent total laminectomy in selected levels.
While performing decompression in the LMS group, care was
taken that the facetectomy should not exceed 50% of facet
joints to not cause further instability(13,14). In the PS group,
2-level ponte osteotomy was performed at C4-5 and C5-6
levels for prophylactic foraminotomy(15). C5 roots were widely
decompressed. This procedure was performed to prevent the
development of postoperative C5 palsy.
Following screw fixation, posterior cortex of lateral masses
were decorticated and fusion with autografts (harvested from
lamina) performed. While rods were placed in both groups, the

head side of the operating table was raised, and rods were
placed on the screw heads under compressive force to create
a lordotic posture to neck. Neurological damage was tried to
be prevented by checking the simultaneous intraoperative
neuromonitorisation (IONM) recording.
IONM was used in both LMS and PS groups to detect
spontaneous physiological changes by recording during the
surgical period.
Radiological Assessment
All patients had symptomatic multilevel CSM with neck pain,
confirmed by MRI. Computerised tomography imaging, cervical
hyperflexion-hyperextension radiographs and anteroposterior
and lateral radiographs were performed preoperatively. Only
the preoperative and final postoperative radiographs were
included for evaluation due to the length of the follow-up time.
Radiographic parameters included C2-7 lordosis.
Clinical Outcomes
Modified Japanese Orhtopedic Association (mJOA) score, neck
disability index (NDI) and visual analog scale (VAS) assessments
were performed to patients preoperatively and postoperatively
to assess the health-related quality indices and patient
comfort. We compared the results of mJOA, NDI and VAS scores
preoperatively and the last follow-up postoperatively due to
the length of the study.
Apart from surgical complications such as infection and
postoperative haematoma, implant related mechanical
complications (screw pull-out, screw loosening, screw breakage,
rod breakage) and neurovascular injury were assessed and
compared. Patients without mechanical complication were
considered in favor of fusion.
Statistical Analysis
Statistical evaluation was performed using the Statistical
Package for Social Sciences (SPSS) for Windows 20 (IBM
SPSS Inc., Chicago, IL) program. The normal distribution of
the data was evaluated with the Kolmogorov-Smirnov test.
Normally distributed numerical variables were shown as
mean ± standard deviation, while numerical variables not
showing normal distribution were shown as median (minimum,
maximum). Categorical variables were expressed as numbers
and percentages. Student t-test was used for comparing
numerical variables showing normal distribution between the
two groups, and Mann-Whitney U test was used for comparing
numerical variables that did not show normal distribution.
Chi-square and Fisher’s exact Chi-square test were used for
comparison of categorical data. For the comparison of preand postoperative changes, repeated mixed model analysis
was used. The relationship between the postoperative change
percentages (%) of radiographic parameters and quality of life
indices was evaluated with Spearman correlation analysis.

RESULTS
Sixty-three CSM patients with 32 LMS and 31 PS screws were
included in the study population. The mean age of the patients
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was 62.2±8.6, 57.2% (n=37) were male, 42.8% (n=26) were
female. The median follow-up interval of the patients was 26
(17-46) months. The demographic characteristics, preoperative
radiological findings and quality of life indices of the patients
are shown in detail in Table 1.
In PS group, C2-7 lordosis change was found to be significantly
high with respect to LMS group (p<0.001) (Table 2).
Significant improvement was found in C2-7 lordosis and
quality of life indices (mJOA, NDI and VAS) postoperatively in
all patients (Table 2).
Changes in quality of life indices (mJOA, NDI and VAS)
postoperatively did not differ significantly between the LMS
and PS groups (p=0.608, p=0.224, p=0.296) (Table 2).
In the study group, complications were observed in 10 patients
with a ratio of 15.8% (10/63). Screw loosening was seen in 4
patients (12.5%) in the LMS group, these patients underwent
revision surgery and revised with PS’s. In LMS group no
screw or rod fracture was observed. Upon the development of
superficial wound infection in 1 patient (3.1%), debridement
was performed under local anesthesia and antibiotherapy
was applied according to the wound culture result. Direct
neurovascular injury was not observed. C5 palsy was observed in
2 patients (6.2%) after the second postoperative day. Complete

recovery was achieved at the end of the first month following
the physical therapy and rehabilitation programme.
No screw loosening, screw or rod fracture was observed in
the PS group. C5 palsy was observed in 2 patients (6.4%) after
the second postoperative day. With appropriate physiotherapy,
complete recovery was achieved in the patients within 1 month.
One patient underwent debridement due to superficial wound
infection. Implant-related revision surgery was not performed.
Vertebral artery injury or spinal cord direct injury was not found.
In LMS group, implant related complications are found to be
significantly high with respect to PS group (p<0.05) Table 3.

DISCUSSION
CSM is a progressive disease that causes spinal cord
dysfunction, causing gait disorders and weakness in the upper
and lower extremities. In this clinical status where medical
treatment is not effective, surgical strategies are applied. The
main purpose of surgical treatment is to stop progression of
disease and provide an effective decompression(16). General
opinion in decompression surgery is such that if the spinal
cord is compressed from the anterior, it is usually relieved
from pressure anteriorly, if the compression is from the

Table 1. Distribution of demographic and clinical findings
Variables

All population (n=63)

LMS (n=32)

PS (n=31)

Mean ± SD

62.2±8.6

63.9±8.8

62.5±7.6

Min-max

49-77

49-72

49-77

Female

27 (42.8)

16 (50.0)

9 (29)

Male

36 (57.2)

16 (50.0)

22 (71)

Median

26

26.5

25

Min-max

17-46

24-46

17-33

Median

2

3

0

Min-max

(-10)-10

(0)-10

(-10)-3

Mean ± SD

9.1±2.5

9.2±2.5

9.0±1.4

Min-max

7-13

7-13

7-13

Mean ± SD

8.2±0.8

7,9±0.9

8.3±0.8

Min-max

6-9

6-9

7-9

Median

30

28

30

Min-max

20-38

20-38

21-38

p

Age, years
0.693

Gender, n (%)
0.324

Follow-up period (m)
0.116

Preoperative C2-7 lordosis (°)
0.019

mJOA
0.824

VAS
0.327

NDI
0.817

Numerical variables with normal distribution were shown as mean ± SD.
Numerical variables that do not show normal distribution are shown as median.
Categorical variables were shown as numbers (%).
LMS: Lateral mass screw, PS: Pedicle screw, mJOA: Modified Japanese Orthopedic Association, VAS: Visual analog scale, NDI: Neck disability index, SD: Standard
deviation, Min: Minimum, Max: Maximum
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Table 2. Postoperative change of radiographic parameters and quality of life indices
Variables

All population (n=63)
Preoperative Postoperative

p

LMS (n=32)

p

Preoperative

Postoperative

3

6

(0)-10

0-16

9.2±2.5

13.1±1.1

7-13

11-16

7,9±0.9

3.5±1.3

6-9

2-6

28

18

20-38

8-34

PS (n=31)

p

Δp

Preoperative Postoperative

C2-7 (°)
Median

2

10

Min-max

(-10)-10

0-18

Mean ± SD

9.1±2.5

13.3±1.3

Min-max

7-13

11-16

Mean ± SD

8.2±0.8

3.4±1.3

Min-max

6-9

2-6

Median

30

17

Min-max

20-38

8-34

<0.001*

<0.001*

0

9

(-10)-3

3-18

9.0±1.4

13.4±1.5

7-13

11-16

8.3±0.8

3.6±1.3

7-9

2-6

30

15

21-38

8-34

<0.001* <0.001*

mJOA
<0.001*

<0.001*

<0.001* 0.608

VAS
<0.001*

<0.001*

<0.001* 0.296

NDI
<0.001*

<0.001*

<0.001* 0.224

Numerical variables with normal distribution were shown as mean ± SD.
Numerical variables that do not show normal distribution are shown as median.
*p<0.05 shows statistical significance.
Δp shows statistical significance of preoperative and postoperative differences between groups (ΔMASS vs ΔPedicule)
LMS: Lateral mass screw, PS: Pedicle screw, mJOA: Modified Japanese Orthopedic Association, VAS: Visual analog scale, NDI: Neck disability index, SD: Standard deviation,
Min: Minimum, Max: Maximum

Table 3. Evaluation of complications between groups
Implant related
complications (screw
loosening) (%)

Infection
(%)

C5 palsy
(%)

LMS (n=32)

4 (12.5)

1 (3.1)

2 (6.2)

PS (n=31)

0 (0)

1 (3.2)

2 (6.4)

p-value

p<0.05

p>0.05

p>0.05

p<0.05 shows statistical significance.
LMS: Lateral mass screw, PS: Pedicle screw

posterior, the spinal cord is decompressed from the posterior.
However, this is not always the case. Posterior approaches
are generally preferred in cases with multi-level spinal cord
compression(2). While deciding on a posterior approach, detailed
questioning of the need for instrumentation is important to
prevent complications such as instability and postlaminectomy
kyphosis. More complex surgical procedures may be required if
postlaminectomy kyphosis occurs in patients with spinal cord
dysfunction(17,18).
Laminoplasty, one of the cervical posterior instrumentation
methods, can be used in cases where cervical lordosis is
preserved(19,20). However, in cases with neutral or kyphotic
cervical curvature, additional fusion is recommended if there
is accompanying neck pain(2). The two effective methods at this
point are LMS and PS(2,6,21,22). LMS is the most preferred posterior
instrumentation method preferred by spinal surgeons. Fixation
is provided by screws placed in the lateral mass of the cervical
vertebra (Figure 1). The risk of nerve root damage and vertebral
artery injury is low(3-5). The main concern with LMS is related to
the strength of the screw(7,23). This situation causes weakness in

Figure 1. Radiological images of the 58-year-old male patient with
CSM who underwent total laminectomy with decompression + lateral mass fixation between C3-6 are shown above. Preoperative
magnetic resonance, computed tomography, and lateral X-ray images are demonstrated between a-c). In d-f) images, postoperative
images are displayed on MRI, CT and direct lateral radiography, respectively.
CSM: Cervical spondylotic myelopathy, MRI: Magnetic resonance imaging,
CT: Computed tomography

pathologies that require rigid fixation. PS, on the other hand,
provides strong anchor strength and stabilization by reaching
the anterior of the vertebra through the pedicle(24) (Figure 2). Its
major disadvantage is the risk of nerve root injury and vertebral
artery injury(6).
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In this study, we examined the clinical results of both methods
in terms of cervical lordosis, quality of life indices and
complications. In the study of Sielatycki et al.(25), decompression
and fusion with LMS were applied to 45 patients with CSM,
and as a result of the study, a significant 3.6° improvement was
found in the C2-7 cobb angle(25). In another study, Abumi et al.(24)
reported the results of cervical kyphosis treatment with PS’s,
and kyphosis was divided into 2 groups as flexible and rigid/
fixed. The kyphosis angle was measured radiologically, and
approximately 23° correction was obtained postoperatively. In
our study, we obtained similar results parallel to the literature
mentioned above. Radiologically, there was a significant
improvement in C2-7 lordosis values in both groups. When
compared between the groups, the improvement was better in
the PS group. We attribute this to the ponte osteotomies we
performed for prophylactic foraminotomy. It can be explained
why the improvement in C2-7 lordosis is better in the PS group
with this process, which provides a gain of approximately 5°
at each level. Another reason may be that when performing
decompression in the LMS group, care was taken that
facetectomies did not exceed 50% in order to not to increase
instability (Table 4).

Figure 2. A 61-year-old male patient with multilevel CSM underwent decompression + PS fixation between C3-7. Preoperative MRI,
CT and direct x-ray images are seen on images between a-d). Postoperative images are seen in images between e-h). e) MRI shows
that the spinal cord compression has disappeared completely.
CSM: Cervical spondylotic myelopathy, PS: Pedicle screw, MRI: Magnetic resonance imaging, CT: Computed tomography

Table 4. Levels and numbers of total laminectomy and ponte
osteotomy
Levels
Total laminectomies
Ponte osteotomy

62

C2-3

78

-

C3-4

81

-

C4-5

63

31

C5-6

63

31

C6-7

21

-

Total

306

62

Several studies have been published reporting improvement in
quality of life after fusion with laminectomy in multilevel CSM
treatment(25-28). In the study of Sielatycki et al.(25), 45 patients
underwent laminectomy with decompression and fusion
with the lateral mass, and at the end of 1 year, significant
improvement was obtained in NDI and mJOA scores. In the
study conducted by Blizzard et al.(28) where they compared
laminoplasty with laminectomy + fusion (LMS) in patients with
CSM, 31 patients were applied laminectomy + fusion, and it
was reported that there was a significant improvement in JOA
and VAS scores(28). In the study of Du et al.(29), 41 patients with
multilevel cervical degenerative myelopathy were evaluated.
The study, which reported a mean follow-up of 2.8 years, found
significant improvement in JOA and VAS scores in patients who
underwent laminectomy with fusion (LMS). In another study
reporting 18 months follow-up results of 48 patients, Chang et
al. applied posterior instrumentation (LMS) with laminectomy
a significant improvement was observed in JOA score. Kotil et
al.(30) found a significant improvement in Nurick scores in the
study in which patients with CSM have applied decompression
with posterior fixation (PS). In another study, Abumi et al.(32)
reported the results of one-stage surgery with PS in patients
with myelopathy. Neurological status evaluation was made
according to Frankel staging and no worsening was observed
in the postoperative period in any patient, while improvement
was detected in 26 of 46 patients. In this study, considering
the literature data reported above, we think that the results
obtained in both groups are satisfactory in terms of quality of
life scores. When we compared the results of both groups in
terms of mJOA, NDI and VAS, we could not find a significant
difference. We think the reason for this is the sufficient stability
was accomplished and adequate decompression had been
provided.
Some complications were encountered in the study cohort.
Screw loosening was seen as an implant-related complication
in 4 patients in the LMS group, and these patients underwent
revision surgery by placing PS’s. There were no implant-related
complications in the PS group. In the biomechanical study
of Johnston et al.(23), LMS and PS were compared, while the
percentage of loosening in the bone-screw interface of PS’s
was found to be low, the strength was found to be higher in
the fatigue test. In the biomechanical study of Ito et al.(8), LMS
and PS were compared under the effect of torsion and flexionextension forces. PS’s were found to have 4 times stronger
pullout strength in the torsion group and 2 times stronger in the
flexion-extension group. In this study, a result supporting the
above literature was obtained. While no pull-out or loosening
was observed in the PS group, 4 patients in the LMS group had
screw loosening.
Superficial wound infection developed in both groups in 2
patients and they were given medical treatment with locally
administered surgical debridement. No vertebral artery damage
or direct root injury was observed in both groups. There were
no neurological deficits due to spinal cord injury however C5
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palsy was observed both in 2 patients in LMS and PS group
postoperatively 48 hours. We do not know the exact cause
of C5 palsy, but we think that the tension in the root due to
spinal cord shift after decompression caused this situation.
Many articles have reported the development of C5 palsy as
a result of posterior cervical surgery, and the rate for this has
been reported as 5-14%(33,34). In this study, this rate was found
to be 6.4%. Considering the current literature data, our C5 palsy
complication rate is parallel to the literature.
Study Limitations
There are many limitations to this study. The first one of these
is the retrospective design. Secondly, radiographic parameters
could be analyzed in more detail and their correlation with
quality of life indices could be questioned. The strength of
the study is that it analyzed two different posterior fixation
techniques demographically, radiologically and clinically in
similar patient groups.

CONCLUSION
Both posterior instrumentation methods showed similar results
in terms of quality of life indices. In this study, better results
were obtained in the PS group in terms of C2-7 lordosis and
implant-related complications. We think that both methods can
be used in CSM treatment, but the PS application technically
difficult and has a long learning curve. Therefore, we believe
that it can be applied by skilled and experienced surgeons in
selected cases.
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