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Abstract

A lateral mass screw (LMS) is one of the standard anchor screws in posterior cervical fixation. 
Although the advantage of cervical LMS is that it is easier and safer to place than pedicle screw, 
it is sometimes difficult for surgeons to confirm the exact point for screw entry and accurate angle 
in cases of revision surgery. When LMS fixation is performed as revision surgery after cervical 
laminoplasty or laminectomy, it might be complicated to secure safe placement of the LMSs. We 
present a simple but practical technique involving a caliper and angle device for revision surgery 
after cervical laminoplasty for ossification of the posterior longitudinal ligament. In this 
technique, the distance between the bilateral entry points is ascertained using preoperative CT. 
Insertion of the screw is guided using the angle device set to 25 degrees. The technique presented 
here is easy and allows accurate placement of the LMSs in the posterior cervical spine, and is 
practical even for revision surgery.
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Introduction

A lateral mass screw (LMS) is one of the standard 
anchor screws in posterior cervical fixation.1,2) There 
are various techniques for LMS fixation,1,3–9) which 
are only slightly different from each other in terms 
of the entry point or screw trajectory. In all the 
techniques, the important step is safe placement of 
the screw while maintaining sufficient mechanical 
strength. The center point of lateral mass (LM) of 
cervical spine is a crucial anatomical landmark. 
The trajectory of LMS should be controlled during 
its placement to avoid any neural or vascular 
structures. Although intraoperative image guidance 

is usually helpful for achieving this, it is sometimes 
difficult for surgeons to confirm the exact point for 
screw entry in cases of revision surgery. Securing 
safe placement of the cervical LMSs when LMS 
fixation is applied as revision surgery after cervical 
laminoplasty or laminectomy might be even more 
complicated and difficult than for the primary 
surgery, since the anatomical landmarks of osseous 
structures, such as spinous processes and laminae, 
might be lost. Furthermore, postoperative granulation 
and adhesion might interfere with exposure of the 
operative field. While wide exposure of the wound 
might let surgeons confirm anatomical structure, it 
is likely to be associated with more postoperative 
neck pain. In this technical note, we present our 
simple but practical technique using calipers and 
our original angle device to safely place the cervical 
LMSs in revision surgery after cervical laminoplasty 
for ossification of the posterior longitudinal ligament 
(OPLL).
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Case Report

Surgical technique
To safely place the LMSs during revision surgery 

after cervical laminoplasty for OPLL, two simple 
surgical instruments, calipers and our original angle 
device are used. The caliper is a pair of dividers 
for detection of the midpoint of the LM (Fig. 1a 
and 1b). The angle device is a device that is opened 
at an angle of 25 degrees at its tip and is used for 
measurement of lateral angulation (Fig. 1c and 1d).10) 
The sagittal angle was adjusted toward the posterior 
ridge of the transverse process (Fig. 1e and 1f). The 
distance between the midpoint of the LMs bilater-
ally and the angle of the LMS at each cervical level 
is estimated based on preoperative axial CT images 
(Fig. 1g). The distance from the lateral gutter to the 
midpoint of the LM at each cervical level is also 
estimated based on preoperative axial CT images. 
The LM is carefully exposed partially toward the 
outside without excessive dissection (Fig. 1h). The 

laminar spacers were removed because they might 
interfere with the procedure of screw placement. 
The caliper is adjusted on the LMs bilaterally, to 
identify the entry points of the LMS (Fig. 1i). The 
exact entry point of the LMS is finally determined 
while making sure that the midline of each cervical 
spine is correctly identified. The lateral trajectory 
of 25 degrees is set using the angle device adjusting 
the vertical line hanging from the ceiling (Fig. 1j 
and 1k). The pilot hole is made using a 2-mm-sized 
diamond drill (Fig. 1l). After the cranial and caudal 
lateral facets are identified, elevators are carefully 
inserted in the bilateral facets to adjust the lateral 
view of fluoroscopy (Fig. 1m). The LMS are finally 
placed toward the posterior ridge of the transverse 
process (Fig. 1n and 1o). After ensuring that all the 
LMSs are accurately placed, the screws and rods 
are tightly connected (Fig. 1p). Then, autologous 
bone fragments are grafted onto the decorticated 
surface of lateral facet joints. The surgical technique 

Fig. 1  Photographs showing the surgical instruments used: a caliper (a and b) and angle device (c–e). The sagittal 
angle is adjusted toward the posterior ridge of the transverse process (solid line) (f). Preoperative axial CT images 
showing the distance between the midpoint of the LMs bilaterally and the angle of the LMS at each cervical 
level (g). Intraoperative photographs and lateral fluoroscopic images showing the surgical steps and final construct 
(h–p). (h) Exposure of the LMs on both sides. (i) Identification of the entry point of LMS using a caliper. (j and 
k) Adjustment of the lateral trajectory. (l) Making the pilot hole using a 2-mm-sized diamond drill. (m–o): The 
lateral view of fluoroscopy. (p) Final construct. LMs: lateral massses, LMS: lateral mass screw. 
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presented here has been applied to a total of 16 
initial or revision surgeries during the last 5 years.

Illustrative case

Case 1
A 58-year-old man presented with cervical myelop-

athy due to cervical OPLL (Fig. 2a). He underwent 
posterior decompression with C3-4 laminoplasty, 
and his neurological condition improved in the 
early period after surgery (Fig. 2b). However, he 
again demonstrated worsening of cervical 

myelopathy 3 months after the initial surgery prob-
ably due to the local instability of cervical spine 
after laminoplasty. Because external orthosis using 
a soft neck collar partially relieved his symptoms. 
Revision surgery of posterior cervical fixation at 
C3–5 was performed well without any trouble, and 
his neurological condition significantly improved 
postoperatively (Fig. 2c–2e). Cervical CT performed 
1 year after the revision surgery showed an osseous 
bridge of OPLL at the beaked portion of the C3/4 
level compared to the cervical CT before surgery 
(Fig. 2f and 2g).

Fig. 2  Illustrative Case 1. (a) Preoperative sagittal T2-weighted MR images showing segmental type of OPLL 
compressing the spinal cord at the C3/4 level. (b) Postoperative sagittal T2-weighted MR images early after the 
first surgery showing partial posterior decompression of the spinal cord. (c) Postoperative sagittal T2-weighted 
MR images obtained 1 year after the second surgery showing no recurrence of compression of the spinal cord. 
(d) Anteroposterior cervical X-ray showing the posterior cervical fixation at C3–5. (e) Lateral cervical X-ray. (f) 
Sagittal cervical CT images before posterior cervical fixation showing dissociation of the OPLL at the C3/4 level. 
(g) Sagittal cervical CT images 1 year after posterior cervical fixation showing the osseous bridge of the OPLL at 
the C3/4 level. OPLL: ossification of the posterior longitudinal ligament. 
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Case 2
A 73-year-old woman presented with cervical 

myelopathy due to cervical OPLL (Fig. 3a). She 
underwent posterior decompression with C3–6 
laminoplasty, and her neurological condition improved 
in the early period after surgery (Fig. 3b). However, 
she subsequently demonstrated worsening of cervical 

myelopathy 4 months after the initial surgery prob-
ably due to the local instability of cervical spine 
after laminoplasty. Because external orthosis using 
a soft neck collar partially relieved her symptoms. 
Long fixation at C2–7 was selected to stabilize the 
cervical spine sufficiently after C3–6 laminoplasty. 
Revision surgery of posterior cervical fixation at 

Fig. 3  Illustrative Case 2. (a) Preoperative sagittal T2-weighted MR images showing segmental type of OPLL 
compressing the spinal cord at the C3/4/5/6 level. (b) Postoperative sagittal T2-weighted MR images early after 
the first surgery showing partial decompression of the spinal cord. (c) Postoperative sagittal T2-weighted MR 
images obtained 1 year after the second surgery showing no recurrence of compression of the spinal cord. (d) 
Anteroposterior cervical X-ray showing posterior cervical fixation at C2–7. (e) Lateral cervical X-ray. (f) Sagittal 
cervical CT images before posterior cervical fixation showing dissociation of the OPLL at the C3/4 level. (g) 
Sagittal images of cervical CT 1 year after posterior cervical fixation showing the osseous bridge of the OPLL at 
the C3/4 level. OPLL: ossification of the posterior longitudinal ligament. 
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C2–7 was performed without any trouble, and her 
neurological condition significantly improved after 
surgery (Fig. 3c–3e). Cervical CT performed 1 year 
after the revision surgery showed the osseous bridge 
of OPLL compared to cervical CT before surgery 
(Fig. 3f and 3g).

Discussion

Since the cervical spine is basically mobile, dynamic 
factors sometimes cause myelopathy, especially in 
patients with cervical OPLL.11,12) Although posterior 
decompression, such as cervical laminoplasty or 
laminectomy, is well performed in the majority of 
cases of cervical OPLL, cervical arthrodesis is some-
times necessary even after the initial surgery of 
posterior decompression. Revision surgery of poste-
rior cervical fixation is another option in such 
situations. For posterior cervical fixation, the LMS, 
pedicle screw, intralaminar screw, or transarticular 
screw can be available as anchor screws.1,2,13) Among 
them, LMS is commonly used as a safer anchor for 
the cervical spine and is technically easier to place 
than the pedicle screw.8,9,14) There are various tech-
niques for the safe placement of LMSs (Table 1).1,3,9) 
Although the techniques differ slightly from each 
other, they share basic concepts in terms of screw 

entry and trajectory. Surgeons need to recognize the 
LM as a rectangle.8) The superior and inferior borders 
of the LM are formed by the cranial facet joint and 
caudal facet junction, respectively. The medial 
border of the LM is the junction between the lamina 
and lateral facet, and the lateral border of the LM 
is the lateral edge of the lateral facet. When exposing 
the lateral border, wide exposure to the outer edge 
of the LM, which feels like a cliff, is necessary.8,9) 
This allows surgeons to detect the midpoint of the 
LM under direct vision. However, recognition of 
the anatomical structure of the LM might be difficult 
in cases of revision surgery after cervical lamino-
plasty or laminectomy, because anatomical osseous 
landmarks are partially lost. In these cases, use of 
an intraoperative navigation system is now a prac-
tical solution. However, when bony structures, such 
as the spinous processes, where the reference arc 
of the navigation system should be placed, have 
been excised during the initial surgery, we have no 
choice but to set the reference arc at a location far 
from the level of vertebral fixation. In such a situ-
ation, accuracy of the navigation system cannot be 
guaranteed. The technique presented here can be 
applied safely even for the revision surgery not 
only after cervical laminoplasty for OPLL but also 
after wide laminectomy.

Table 1  Details of previously reported LMS fixation techniques

Technique Year Entry point Lateral angulation Sagittal angulation

Roy-Camille3) 1989 Midpoint of the LM 10° lateral 90° to the LM surface

Louis7) 1991 At the intersection of a vertical line 5 mm 
medial to the lateral edge of the facet 
joint and a horizontal line 3 mm below 
the inferior edge of the facet joint line 
above

Straight ahead, no 
lateral angulation

90° to the LM surface

Magerl6) 1991 1 mm medial and 1 mm cranial to the 
midpoint of the LM

20–30° lateral Parallel to the adjacent 
facet joints

Anderson5) 1991 1 mm medial to the midpoint of the LM 10° lateral 30–40° in a cephalad 
direction (also parallel 
to the facet joint)

An4) 1991 1 mm medial to the midpoint of the LM 30° lateral 15° of cephalad 
angulation

Kim8) 2012 1 mm medial to the midpoint of the LM 24–30° lateral Parallel to the angle of 
the spinous process

Riew1) 2018 1 mm medial and 1 mm caudal to the 
midpoint of the LM

Aim toward the upper 
and outer corner of 
the LM

Aim toward the upper 
and outer corner of the 
LM

Rathinavelu9) 2020 2 mm lateral to the medial border of the 
LM and 2 mm above the inferior facet 
joint

Aim toward the upper 
and outer corner of 
the LM

Aim toward the upper 
and outer corner of the 
LM

LM: lateral mass, LMS: lateral mass screw.
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Avoidance of vertebral artery injury
During the placement of LMSs, there is a poten-

tial risk of neural or vascular injury, in particular, 
iatrogenic injury of the vertebral artery (VA) poten-
tially resulting in catastrophic outcomes.2,15,16) 
Although Seybold et al.17) have reported a VA injury 
rate of 5.8% with bi-cortical screw placement in a 
cadaveric study, the prevalence rate reported in 
clinical studies is negligible.9,18,19) However, Cho 
et al. reported a case of VA injury presenting with 
infarction of the cerebellum and brain stem.20) Kim 
et al. reported that the rate of transverse foramen 
violation without VA injury rate is 0.9%, with the 
highest incidence rate at the level of C6 (54%).21) 
Hence, iatrogenic injury to the VA during the proce-
dure of LMS fixation cannot be ignored. The trans-
verse foramen is in line with the midpoint of the 
LM.22) Control of lateral angulation is, therefore, a 
key procedure to avoid VA injury. Merola et al. 
have shown that the 20–30 degrees lateral angula-
tion in the Roy-Camille method, Anderson method, 
and Magerl method is mandatory for preventing 
neurovascular injury.15) Therefore, there is good 
evidence that a minimum 20 degrees of lateral 
angulation of the LMS provides a reliable degree 
of safety. On the other hand, lateral angulation of 
the LMS of more than 30 degrees might cause frac-
ture of the LM.10) Hence, we used 25 degrees lateral 
angulation of the LMS in our technique.10) However, 
it is difficult to accurately estimate a 25-degree 
angle intraoperatively, because precision of the angle 
depends on visual estimation by the surgeon. The 
angle device presented here is easy to use and 
practical for obtaining safe control of lateral angu-
lation of the LMS, in order to avoid iatrogenic injury 
to the VA or LM fracture.

Avoidance of nerve root injury
Sagittal angulation of the LMS is also crucial for 

avoiding the risk of nerve root injury or facet joint 
violation.1,17) Excessively long screws might cause 
impingement of the nerve root exiting above.1) Xu 
et al. have reported that the potential risk of nerve 
root injury is higher with the Magerl (95%) and 
Anderson (90%) techniques than with the An (60%) 
technique, based on differences in the exit point of 
the LMS.16) Although a cadaveric study suggested 
a relatively high incidence of nerve root injury, the 
actual incidence in clinical studies is quite low 
(0.6–1.8%).18,23–25) To avoid nerve root injury, the 
exit point of the LMS should not be located on the 
cranial side of the transverse process. Hence, we 
aim toward the posterior ridge of the transverse 
process under lateral fluoroscopic imaging, as in 
the An technique (Fig. 1f).18) Additionally, in order 

to avoid excessively long screws, we recommend 
the use of 14 mm long screws in Japanese patients 
to avoid nerve injury.10)

Conclusion

The use of surgical calipers and an angle device 
enables safe placement of the LMS in revision 
surgery after posterior decompression and cervical 
laminoplasty for cervical OPLL. In revision surgery, 
appropriate determination of the entry point and 
angle of the LMS without excessive dissection of 
the LM is desirable. The technique presented here 
is easy and allows accurate placement of the LMSs 
in the posterior cervical spine; additionally, it is 
practical even for revision surgery.
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