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Abstract

Purpose
This study aimed to compare the surgical e�cacy of enlarged laminectomy with lateral mass screw
�xation (EL-LMSF) and anterior cervical corpectomy decompression and fusion (ACCF) for multilevel
cervical myelopathy and radiculopathy (CMR) related to kyphosis.

Methods
We retrospectively analyzed 75 patients treated with either EL-LMSF or ACCF surgery for multilevel CMR
in the study. Operative time, blood loss, the incidence of surgical complications, and the magnitude of the
regional sagittal Cobb angle were compared. According to the Japanese Orthopedic Association (JOA)
Scores, Visual Analog Scale (VAS) scores for the neck, radiological parameters and clinical function
scores pre- and postoperatively were compared in each patient to analyze the surgical e�cacy of EL-
LMSF and ACCF.

Results
The JOA score, VAS score for neck pain and C2-C7 angle before the operation were not signi�cantly
different between the ACCF group and the EL-LMSF group. The ACCF group was performed over a mean
of 2.39 levels (range, 2–3 levels) and all patients were followed up for more than 1 year after surgery.
Analysis of the follow-up data showed a shorter operation time (103 ± 22 min vs. 125 ± 37 min, P = 0.000)
and less blood loss (78 ± 15 ml vs. 226 ± 31 ml, P = 0.000) in the ACCF group than the EL-LMSF group.
Patients treated with EL-LMSF indicated lower VAS scores for the neck (1.3 ± 1.7 vs. 3.3 ± 1.3, P = 0.003)
and better cervical lordosis (10.7 ± 4.2° vs. 8.5 ± 3.5°, P = 0.013) than the ACCF group.No difference in the
JOA score (14.1 ± 1.7 vs. 13.5 ± 2.1, P = 0.222) was noted between the two groups. During the follow-up
period, 15.2% of patients in the ACCF group had complications, including 2 cases with transient
dysphagia, 1 case with C5 palsy, 1 case with axial symptoms, and 1 with screw pullout. In the EL-LMSF
group, only 9.5% of cases experienced complications, including 3 cases of axial pain and 1 case of
epidural hematoma.

Conclusions
EL-LMSF for the treatment of multilevel CMR is an effective and safe strategy for relieving nerve root
symptoms and restoring cervical curvature. However, high-quality, large-scale clinical trials with long-term
follow-up are urgently warranted.

Background
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Cervical myelopathy and radiculopathy (CMR) is a disabling and increasingly prevalent disease. As
cervical spine degeneration develops, some degenerative structures, such as cervical kyphosis,
ligamentum �avum hypertrophy and uncovertebral joint hyperplasia, could cause compression of the
multilevel spinal cord and nerve roots.

CMR causes signi�cant tolls on individual, public health, and economic levels. Surgical strategies,
including the anterior or posterior approach, have been adopted to treat patients with multilevel CMR
associated with kyphosis. However, the optimal surgical treatment of multilevel CMR remains
controversial due to the complications and adverse outcomes of each surgical approach[1–3]. Anterior
surgery seems to be a radical surgical option, but it is also accompanied by a high incidence of spinal
cord injury, fusion failure, and adjacent segment degeneration[4]. Traditional posterior laminoplasty or
laminectomy is not su�cient to decompress nerve root compression and even causes stretching of the
nerve root due to backward shifting of the spinal cord. nlarged laminectomy with lateral mass screw
�xation (EL-LMSF) was performed by removing the inside edge of facet joints and decompressing the
nerve foramina. As reported in our previous studies, posterior expansion open-door laminoplasty with
foraminotomy showed improved clinical outcomes for coexisting unilateral radiculopathy and multilevel
cervical myelopathy [4]. Therefore, this study aimed to further investigate and compare the surgical
e�cacy of EL-LMSF and anterior cervical corpectomy decompression and fusion (ACCF) for the
treatment of patients with bilateral nerve root compression and multilevel spinal cord compression
associated with kyphosis.

Materials And Methods
Ethics Statement

Informed written consent was obtained from each patient. The study protocol was approved by the
Institutional Review Board and Ethics Committee of Tianjin Union Medical Center.

Patient population

All patients with multilevel CMR were consecutively screened for inclusion in our study at Tianjin Union
Medical Center from January 2017 to January 2019. The following inclusion criteria were employed: 1)
degeneration cervical spine disease; 2) compression of the spinal cord at more than 3 levels; and 3)
bilateral nerve root compression symptoms. Patients who met the following criteria were excluded from
the study: 1) previous history of cervical surgery; 2) cervical tumor or trauma; 3) only one side of nerve
root compression symptoms; and 4) continuous ossi�cation of the posterior longitudinal ligament.

Operative technique

Enlarged laminectomy and lateral mass screw �xation with foraminotomy (EL-LMSF)
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Placement of screws was performed after cervical decompression. Based on the modi�ed Magerl revision
[5], the entry point was approximately 1 mm medial to the midpoint of the lateral mass. The screws were
angulated approximately 25° laterally and superiorly to achieve the best position of the lateral mass and
to minimize the risk of neural or vascular violation. At the C7 level, more angles are inclined compared
with trajectories in comparison with other trajectories. Rods of appropriate size were selected and bent to
match the contour of the lateral masses and secured to the lateral masses by screws. Intraoperatively,
each screw position was assessed separately by imaging guidance before the �nal placement. Then, the
stenosed foramen was selected. While cutting the posterior wall of the intervertebral foramen, the medial
edge of the upper and lower facet resection should be less than 50%. This resection removed the
posterior part of the foramen, thus decompressing the nerve root. For biological fusion, chips of autograft
bone from the posterior elements and arti�cial bone were placed on the decorticated lateral masses and
into the appropriate facet joints after screw insertion (Figure 1).

Anterior cervical corpectomy decompression and fusion (ACCF)

The ACCF procedure included anterior corpectomy and/or discectomy and fusion. The removed discs
and/or vertebrae were replaced by appropriate size cages or titanium combined with bone allograft. All
cases were �xed with steel plates and screws. With the excision of posterior longitudinal ligament in each
patient, the epidural space was exposed and adequately decompressed (Figure 2).

Postoperative rehabilitation

Postoperative care was similar in the EL-LMSF and ACCF groups. All patients wore a hard neck collar
postoperatively for 4-6 weeks. Pain management, nutrition therapy and some adjuvant therapy were
emphasized. The wound drain tube was removed on postoperative Days 1-3 after surgery. The patients
recovered and were discharged from the hospital on the 7th postoperative day.

Radiological assessments

Radiography images, including computed tomography (CT) and magnetic resonance imaging (MRI), were
performed before surgery and then thrice postoperatively at 7 days, 3 months, and 1 year. Cervical
alignment in the neutral and �exion-extension views was measured by the Cobb method at C2-C7.

Statistical analysis

Unpaired t tests or Mann–Whitney U tests were used to detect differences between the two groups.
Statistical analyses were performed with SPSS 22.0 (SPSS, Inc., Chicago, IL, USA). P<0.05 was
considered to indicate statistical signi�cance.

Results

Clinical characteristics of the patients before operation
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A total of 75 patients diagnosed with multilevel CMR were retrospectively reviewed in our study, including
41 males and 34 females (mean age, 56.1 years; range, 43–77 years) with 33 patients in the ACCF group
and 42 patients in the EL-LMSF group. All patients were followed up for more than 1 year after surgery.
No differences in the JOA score, VAS for neck and C2-C7 angle before operation were noted between the
ACCF group and EL-LMSF group (Table 1).

Table 1
Clinical characteristics of the patients before operation

  ACCF Group EL-LMSF Group P value

Age 54.8 ± 11.7 57.2 ± 12.9 -

Male (%) 54.4% 56.2% -

Symptom 23.1 ± 4.5 27.1 ± 5.1. 0.078

JOA score 8.3 ± 2.0 7.9 ± 1.9 0.290

VAS for neck 7.2 ± 1.2 6.9 ± 1.3 2.084

C2-C7 angle 1.3 ± 9.3 0.7 ± 8.6 0.765

Mean ± SD; NS: Not statistically signi�cant; -: No statistical calculation; JOA: Japanese Orthopaedic
Association

Surgical Results, Neurological Assessment And
Complications
Enlarged laminectomy was performed over a mean of 2.39 levels (range, 2–3 levels), and no nerve
foramina were decompressed in the ACCF group. Analysis of the �nal follow-up data showed a shorter
operation time (103 ± 22 min vs. 125 ± 37 min, P = 0.000) and less blood loss (78 ± 15 ml vs. 226 ± 31 ml,
P = 0.000) in the ACCF group than in the EL-LMSF group. Patients treated with EL-LMSF indicated lower
VAS for neck (1.3 ± 1.7vs. 3.3 ± 1.3, P = 0.003) and better cervical lordosis (10.7 ± 4.2° vs. 8.5 ± 3.5°, P = 
0.013). No differences in the JOA score (14.1 ± 1.7 vs. 13.5 ± 2.1, P = 0.222) were noted between the two
surgical measurements. During the follow-up period, 15.2% of patients in the ACCF group had
complications, including 2 cases with transient dysphagia, 1 case with C5 palsy, 1 case with axial
symptoms, and 1 with screw pullout. However, only 9.5% of cases in the EL-LMSF group experienced
complications, including 3 cases of axial pain and 1 case of epidural hematoma (Table 2).
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Table 2
Comparison of JOA score,VAS for neck, and cervical lordosis between the 2 groups (x ± s)

  ACCF Group EL-LMSF Group P value

Clinical assessments

Operation time (min) 103 ± 22 125 ± 37 0.000

Blood loss (ml) 78 ± 15 226 ± 31 0.000

JOA score 14.1 ± 1.7 13.5 ± 2.1 0.222

VAS for neck 3.3 ± 1.3 1.3 ± 1.7 0.003

Radiologic assessments

C2-C7 angle 8.5 ± 3.5 10.7 ± 4.2 0.013

Postoperative complications

Transient dysphagia 2 0 -

C5 palsy 1 0 -

Axial pain 1 3 -

Epidural hematoma 0 1 -

Screw pullout 1 0 -

Mean ± SD; P < 0.05: statistically signi�cant difference; -: no statistical calculation; JOA: Japanese
Orthopaedic Association; VAS: Visual Analog Scale

Discussion
For patients with multilevel CMR, especially those with kyphosis, the selection of an operative procedure
remains controversial. The aims of surgical treatment were not only to decompress the spinal cord and
nerve root but also to restore cervical curvature by reconstructing the lordotic alignment. Traditional
posterior laminoplasty or laminectomy is not su�cient to decompress nerve root compression and can
even cause stretching of the nerve root due to backward shifting of the spinal cord.

Further excision of the inside edge of the facet joints could decompress the nerve foramina. Tanaka et al.
[6] found that the neural foramen is a funnel-shaped structure where the nerve root extending from the
spinal cord is the widest and the root localization is the narrowest. Thus, this is the common location of
compression in cases of intervertebral foramen stenosis. This anatomical characteristic provides
evidence for enlarged laminectomy. The technique of foraminotomy has been continually developed
since the 1990s with a satisfying result of decompressing the nerve root and preventing nerve root
paralysis [7–10]. No signi�cant complications, such as cervical instability, were noted in this study.
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In this study, the ability of EL-LMSF procedure to relieve spinal cord and nerve root symptoms and correct
cervical curvature was evaluated. Enlarged laminectomy was performed over a mean of 2.39 levels, and
no nerve foramen was decompressed in the ACCF group. Moreover, the EL-LMSF procedure was
performed with a shorter operation time and less blood loss. The JOA score was used to evaluate spinal
cord function, and the VAS score was used to evaluate neck nerve root function. Corrected cervical
alignment was used to evaluate radiological e�cacy. No difference in JOA score was noted between the
two surgical measurements. Patients treated with EL-LMSF indicated with lower VAS for neck (1.3 ± 
1.7vs. 3.3 ± 1.3, P = 0.003) and better cervical lordosis (10.7 ± 4.2° vs. 8.5 ± 3.5°, P = 0.013). A lower VAS
for neck and better cervical lordosis were noted in patients treated with EL-LMSF compared with the ACCF
group. Thus, the EL-LMSF procedure has obvious advantages in relieving nerve root symptoms and
correcting cervical curvature. Radiology assessments showed that the use of a prebent titanium rod and
May�eld frame in the surgery could help to restore lost cervical curvature properly and prevent curvature
loss.

During the follow-up period, 15.2% of patients developed postoperative complications in the ACCF group,
including 2 cases with transient dysphagia, 1 case with C5 palsy, 1 case with axial symptoms, and 1 with
screw pullout. However, 9.5% of patients developed postoperative complications in the EL-LMSF group,
including 3 cases of axial pain and 1 case of epidural hematoma. Therefore, the EL-LMSF procedure for
the treatment of multilevel CMR was indicated to be a safer strategy given its reduced level of
complications; however, axial pain was unavoidable.

The incidence of axial symptoms after laminectomy or laminoplasty can be as high as 30% [11, 12].
However, the underlying mechanism remains unclear. Du W et al. suggested that axial symptoms were
related to cervical kyphotic deformity [3]. It has also been reported that lateral retraction of paravertebral
muscles attached to the cervical spine and removal of the lamina and ligamentum �avum in
laminectomy, especially the semispinalis attached to the C2 spinous process, increases �exion
mechanical stress, which may be a signi�cant factor in the development of axial symptoms [13].
Motosuneya et al. reported that reconstruction of the posterior tension band for cervical stenotic
myelopathy decreased the incidence of axial pain [14]. The study demonstrated that 11.9% of patients
complained of postoperative axial pain around the neck and shoulder, most occurred in patients with
obvious cervical kyphosis. We hypothesize that lower axial symptom severity after surgery may correlate
with reconstruction of the cervical posterior tension band and restoration of cervical curvature. However,
few high-quality clinical trials have reported this association.

In his retrospective analysis, Kaneyama S et al.[15] reported that the incidence of postoperative C5 palsy
was 4.6% (0 to 30%). In this study, the ACCF group had a patient with C5 palsy, whereas none of the
patients in the EL-LMSF group experienced this condition. This result demonstrates that enlarged
laminectomy can prevent the occurrence of postoperative C5 palsy, and many other studies have reported
similar �ndings [16– 18].
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In conclusion, enlarged laminectomy requires a longer surgical time and results in more blood loss
compared with the ACCF procedure. However, the procedure has obvious advantages in relieving nerve
root symptoms and correcting cervical curvature with fewer postoperative complications. EL-LMSF for
the treatment of multilevel CMR is an effective and safe strategy for relieving nerve root symptoms and
restoring cervical curvature. However, high-quality, large-scale clinical trials with long-term follow-up are
urgently warranted.

Abbreviations
EL-LMSF
Enlarged laminectomy with lateral mass screw �xation
ACCF
Anterior cervical corpectomy decompression and fusion
CMR
Cervical myelopathy and radiculopathy
JOA
Japanese Orthopaedic Association
VAS
Visual Analog Scale
CT
Computed tomography
MRI
Magnetic resonance imaging

Declarations
Competing interest

The authors declare that they have no competing interests.

Ethics approval and consent to participate

This study protocol was approved by the Institutional Review Board and Ethics Committee of Tianjin
Union Medical Center.

Consent to publish

Not applicable.

Availability of data and materials

Not applicable



Page 9/12

Funding 

This work was supported by the Scienti�c Research Project of Tianjin Medical Union Center (grant
numbers 2021YJ008 ).

Authors’ contributions

ZF, TX, and YL designed the study. GL and HY collected the data. TX, GL, HY, and QW analyzed the data
and drafted the manuscript. ZF and YL revised and approved the �nal version of the manuscript.

Acknowledgments

Thanks to Rong Tian, for his support and help all through this work.

Author details 

1 Department of Spine, Tianjin Union Medical Center, NO. 190, Jieyuan Road, Tianjin 300121, China. 2
Graduate school, Tianjin Medical University, No. 22, Meteorological Station Road, Tianjin 300070,China. 3
Medical College, Nankai University, No 94, Weijin Road,Tianjin 300191, China.

References
1. Xu, S., Liang, Y., Wang, J., Yu, G., Zhu, Z., & Liu, H. (2020). Cervical Spine Balance of Multilevel Total

Disc Replacement, Hybrid Surgery, and Anterior Cervical Discectomy and Fusion With A Long-term
Follow-up. Spine, 45(16), E989–E998. 

2. Yifei, G., Xiaolong, S., Yang, L., Peng, C., & Wen, Y. (2019). Clinical outcomes of anterior correction and
reconstruction for neuro�bromatosis-associated severe cervical kyphotic deformity. International
orthopaedics, 43(3), 639–646. 

3. Du W, Zhang P, Shen Y, Zhang YZ, Ding WY, Ren LX 2014  Enlarged laminectomy and lateral mass
screw �xation for multilevel cervical degenerative myelopathy associated with kyphosis. Spine J 14
(1):57-64.

4. Fang Z, Tian R, Sun TW, Yadav SK, Hu W, Xie SQ(2016) Expansion Open-door Laminoplasty With
Foraminotomy Versus Anterior Cervical Discectomy and Fusion for Coexisting Multilevel Cervical
Myelopathy and Unilateral Radiculopathy. Clin Spine Surg 29(1):E21-7.

5. Pal D, Bayley E, Magaji SA, Boszczyk BM (2011) Freehand determination of the trajectory angle for
cervical lateral mass screws: how accurate is it? Eur Spine J 20:972–6.

�. Tanaka N, Fujimoto Y, An HS, Ikuta Y, Yasuda M(2000) The anatomic relation among the nerve roots
inter-vertebral foramina, and inter-vertebral disc of the cervical spine. Spine 25(3):286-291.

7. Lee, D. H., Cho, J. H., Hwang, C. J., Lee, C. S., Kim, C., & Ha, J. K. (2018). Multilevel posterior
foraminotomy with laminoplasty versus laminoplasty alone for cervical spondylotic myelopathy with



Page 10/12

radiculopathy: a comparative study. The spine journal : o�cial journal of the North American Spine
Society, 18(3), 414–421. 

�. Baba H, Chen Q, Uchida K, Imura S, Morikawa S, Tomita K 1996  Laminoplasty with foraminotomy
for coexisting cervical myelopathy and unilateral radiculopathy: a preliminary report. Spine (Phila Pa
1976) 21(2):196-202.

9. Heo, J., Chang, J. C., & Park, H. K. (2016). Long-Term Outcome of Posterior Cervical Inclinatory
Foraminotomy. Journal of Korean Neurosurgical Society, 59(4), 374–378. 

10. Lee, D. G., Park, C. K., & Lee, D. C. (2017). Clinical and radiological results of posterior cervical
foraminotomy at two or three levels: a 3-year follow-up. Acta neurochirurgica, 159(12), 2369–2377. 

11. Kurd, M. F., Millhouse, P. W., Schroeder, G. D., Kepler, C. K., & Vaccaro, A. R. (2015). Lateral Mass
Fixation in the Subaxial Cervical Spine. Journal of spinal disorders & techniques, 28(7), 259–263. 

12. Kimura, A., Shiraishi, Y., Inoue, H., Endo, T., & Takeshita, K. (2018). Predictors of Persistent Axial Neck
Pain After Cervical Laminoplasty. Spine, 43(1), 10–15. 

13. Takeuchi K, Yokoyama T, Aburakawa S, Saito A, Numasawa T, Iwasaki T, Itabashi T, Okada A, Ito J,
Ueyama K, Toh S 2005  Axial symptoms after cervical laminoplasty with C3 laminectomy compared
with conventional C3–C7 laminoplasty: a modi�ed laminoplasty preserving the semispinaliscervicis
inserted into axis. Spine (Phila Pa 1976) 30 22 :2544–9.

14. Motosuneya T, Maruyama T, Yamada H, Tsuzuki N, Sakai H 2011 Long-term results of tension-band
laminoplasty for cervical stenotic myelopathy: a ten year follow-up. J Bone Joint Surg Br 93(1):68–
72.

15. Kaneyama S, Sumi M, Kanatani T, Kasahara K, Kanemura A, Takabatake M, Nakatani T, Yano
T(2010) Prospective study and multivariate analysis of the incidence of C5 palsy after cervical
laminoplasty. Spine (Phila Pa 1976) 35(26):E1553-1558.

1�. Wang, T., Wang, H., Liu, S., & Ding, W. Y. (2017). Incidence of C5 nerve root palsy after cervical
surgery: A meta-analysis for last decade. Medicine, 96(45), e8560. 

17. Li, F. H., Qiao, H. H., Yang, Y. C., Du, J. P., Jin, X. S., & Wang, B. (2019). Incidence and Outcomes of C5
Palsy and Axial Pain After Open-Door Laminoplasty or Laminectomy and Fusion: A Meta-Analysis.
World neurosurgery, 128, e1002–e1009. 

1�. Kobayashi, Y., Matsumaru, S., Kuramoto, T., Nagoshi, N., Iwanami, A., Tsuji, O., Okada, E., Fujita, N.,
Yagi, M., Tsuji, T., Ogawa, J., Nakamura, M., Masumoto, M., Ishii, K., & Watanabe, K. (2019). Plate
Fixation of Expansive Open-Door Laminoplasty Decreases the Incidence of Postoperative C5 Palsy.
Clinical spine surgery, 32(4), E177–E182. 

Figures



Page 11/12

Figure 1

C3-C7 Laminectomy and lateral mass screw �xation with foraminotomy at the Lt. C4/5 and Rt. C4/5 and
C5/6 levels. (a-b) Cervical curvature correction and foramen expanding at Rt. C4/5 and C5/6 levels. (c-d)
Postoperative bilateral C4/5 and Lt. C5/6 foraminotomy.
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Figure 2

Anterior cervical discectomy and subtotal corpectomy with titanium plate and screw �xation. (a) Lateral
radiograph showing cervical spine kyphosis. (b) MRI showing posterior intervertebral disc herniation at
the C5/6-C6/7 level compressing the spinal cord. (c) Postoperative radiography of the improved cervical
alignment. (d) Postoperative MRI showing the decompressed spinal cord and nerve root.


