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Abstract:
Background: To avoid lateral misplacement of midcervical pedicle screws, we developed a method for Minimally Inva-

sive Cervical Pedicle Screw (MICEPS) fixation via a posterolateral approach. This intramuscular approach allows for hori-

zontal pedicle screw insertion and reduced intraoperative bleeding. We reviewed our initial experience with MICEPS fixa-

tion for patients with cervical metastases.

Methods: This study included 18 consecutive patients who received cervical spinal surgery for metastatic tumor. We

treated 12 patients with conventional cervical pedicle screw fixation, and 6 patients with the MICEPS fixation technique.

Average follow-up was 14 months (range 3 to 34). We inserted 117 pedicle screws using the navigation system. Average fu-

sion area was 4.9 vertebrae (range 3 to 8). Alpha-angles between a line perpendicular to the posterior cortex of the vertebral

body and the screw trajectory in the transverse plane were also measured.

Results: The average surgical time was 250 min (range 151 to 420 min) with the conventional pedicle screw fixation and

234 min (range 154 to 300 min) with the MICEPS fixation. The average total blood loss was 780 mL (range, 180-1430

mL) in the conventional pedicle screw fixation group and 180 mL (range, 70-400 mL) in the MICEPS fixation group. At

the level of midcervical (C3-5), average alpha-angles was 52 degrees (range 43 to 62) in MICEPS fixation group, and 39

degrees (range 19 to 55) in conventional cervical pedicle screw group.

Conclusions: The MICEPS fixation technique uses an intramuscular approach, which is minimally invasive and reduces

intraoperative bleeding. Intramuscular approach allows for horizontal pedicle screw insertion, and reduced critical screw de-

viation.

Keywords:
Cervical pedicle screw, Horizontal insertion, Minimally invasive surgery, Navigation

Spine Surg Relat Res 2017; 1(4): 218-221

dx.doi.org/10.22603/ssrr.1.2016-0025

Introduction

Treatment for tumors involving the spinal column is chal-

lenging1). Tumors of the cervical spine, which are rarer than

thoracolumbar tumors2), can cause respiratory failure and

quadriplegia. Non-operative treatment such as chemotherapy

and/or radiotherapy (RT) may be effective in the initial

stages of symptomatic cervical metastases but not for pa-

tients with severe pain due to progressive vertebral col-

lapse3). The surgical procedure for treating cervical spinal tu-

mors involves two main steps, namely, “neural decompres-

sion” and “stabilization.” Stabilization with instrumentation

is effective for pain relief and for preventing cervical myelo-

pathy secondary to vertebral collapse3-5).

Surgical options for treatment of cervical metastases in-

clude anterior and posterior approaches as well as a com-

bined approach2-5). The need for spinal cord decompression

usually guides the option selected, in addition to whether

spinal stabilization is necessary. Posterior reconstruction us-

ing cervical pedicle screws can provide better biomechanical

stability3,6). We usually plan for adjuvant therapy such as

chemotherapy and/or RT after surgery.

Abumi et al reported clinical results of pedicle screw fixa-

tion for reconstruction of metastatic lesions of the middle

and lower cervical spine in 19977). Although cervical pedicle

screw fixation is essential for reconstruction in spinal disor-
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ders3,6-10), its use also presents a risk for vertebral artery (VA)

injury11,12). To avoid lateral misplacement of midcervical

pedicle screws, Tokioka developed a method known as mini-

mally invasive cervical pedicle screw (MICEPS) fixation via

the posterolateral approach13). MICEPS is classified as mini-

mally invasive spine stabilization (MISt) procedure. This in-

tramuscular approach allows for horizontal pedicle screw in-

sertion and reduces intraoperative bleeding. In the present

report, we review our initial experience with MICEPS fixa-

tion for patients with cervical metastases as well as the re-

lated literature.

Patients and Methods

All patients consented to collection and use of their data

for publication. This study included 18 consecutive patients

who underwent cervical spinal surgery for metastatic tumors

between 2005 and 2015. The average follow-up duration

was 14 months (range, 3-34). One patient was alive at the

final follow-up (34 months); we followed up 17 of the 18

patients until death. The average fusion area was 4.9 verte-

brae (range, 3-8).

We placed a total of 117 pedicle screws in 14 pedicles at

C2, 10 pedicles at C3, 14 pedicles at C4, 26 pedicles at C5,

14 pedicles at C6, 5 pedicles at C7, 18 pedicles at T1, and

16 pedicles at T2. Patients underwent surgery when their

general medical condition allowed for it. During screw in-

sertion, we used the ARCADIS Orbic 3D isocentric C-arm

fluoroscope (Siemens Medical, Munich) and the Stealth Sta-

tion (Medtronic Surgical Navigation Technologies, Minnea-

polis, MN) for data acquisition and spinal navigation, re-

spectively.

Conventional cervical pedicle screw fixation

Between March 2005 and November 2011, we treated 12

patients using conventional cervical pedicle screw fixation.

These included 5 men and 7 women with an average age at

onset of 61 years (range, 43-85). Three patients had cervical

metastases from lung cancer, 2 from liver cancer, and 2

from thyroid cancer. One of the 12 patients received preop-

erative RT and 4 patients received postoperative RT. The av-

erage preoperative Tokuhashi score13) was 6.8 (range, 1-12),

and the patients’ average preoperative performance status

was 3.0 (range, 2-4). We inserted 69 pedicle screws using

the navigation system. We performed fixation with posterior

decompression in 5 of the 12 patients and anterior corpec-

tomy secondary to posterior fixation in 2 patients.

MICEPS fixation

Between December 2011 and January 2015, we treated 6

patients with the MICEPS fixation technique. These in-

cluded 2 men and 4 women with an average age of 61 years

(range, 39-71) at onset. Four patients had lung cancer, while

2 had breast cancer. Three of these patients received postop-

erative RT. The average preoperative Tokuhashi score was

7.5 (range, 4-12), and the average preoperative performance

status was 2.8 (range, 1-4). We inserted 43 pedicle screws

using the navigation system. Of the 6 patients treated with

MICEPS fixation, 5 did not require decompression; we per-

formed anterior corpectomy secondary to posterior fixation

for 1 patient only.

Technical Note

We made two lateral incisions for screw insertion under

navigational guidance. After the nuchal fascia was cut, the

lateral mass was exposed with blunt dissection and a finger

was inserted between the levator scapulae and splenius mus-

cles. The posterior rami medial branches, which often ap-

pear on the multifidus muscle, also needed to be retracted. A

self-retaining tubular retractor with illumination applied be-

tween the split muscle fibers allowed sustained exposure of

the lateral mass. To expose the C2 screw entry point (suboc-

cipital triangle), we retracted the obliquus capitis inferior

muscle laterally, greater occipital nerve medially and the VA

cranially.

A characteristic of MICEPS fixation is a horizontal screw

trajectory in the midcervical spine (Fig. 1). A K-wire (1.4

mm) was inserted using a navigated guide tube and drill

driver. When pressure is applied to one side of the vertebra

while the pedicle probe is being inserted, the vertebra tends

to rotate away from the intended point of placement, caus-

ing the probe to be inserted more vertically. The use of a K-

wire can prevent this vertebral rotation. We carefully

checked the guide-wire’s direction and depth using a fluoro-

scopic lateral image. To avoid VA injury, the surgeon should

be able to feel the hardness of the medial cortex through the

drill driver. A drill, tap, and cannulated pedicle screw were

inserted sequentially over the K-wire (Fig. 2), and the rod

was placed onto the screw head. To insert the T1 and T2

pedicle screws, we made an additional small midline skin

incision and placed them conventionally. After blunt finger

dissection through the muscle, we pushed in the rod to con-

nect the midcervical and thoracic pedicle screws.

From the postoperative fine-cut CT scan acquired for each

patient, we classified the medial and lateral deviations of

each screw into 4 grades 11: grade 0, no deviation; grade 1,

deviation <2 mm; grade 2, deviation >2 mm and <4 mm;

and grade 3, deviation >4 mm. In the present study, we con-

sidered critical screw deviation as grade 2 or 3. Alpha-

angles between a line perpendicular to the posterior cortex

of the vertebral body and the screw trajectory in the trans-

verse plane were also measured (Fig. 1).

Results

The average improvement in performance status after sur-

gery was 2.0 (range, 0-4) in patients who received conven-

tional pedicle screw fixation and 2.5 (range, 1-3) in patients

who received MICEPS fixation. The median survival dura-

tion was 13.5 months in the conventional pedicle screw fixa-

tion group and 9.0 months in the MICEPS fixation group
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Figure　1.　Minimally invasive cervical pedicle screw trajectory.

Characteristic of MICEPS fixation is the horizontal screw trajectory in the midcervical spine. a) 

conventional cervical pedicle screw placement. b) minimally invasive cervical pedicle screw place-

ment.
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Figure　2.　Minimally invasive cervical pedicle screw insertion.  

Cannulated pedicle screw inserted over the K-wire. Application 

of a self-retaining tubular retractor with illumination.

Figure　3.　Survival rate.
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(Fig. 3). The average surgical time was 250 min (range 151

to 420 min) with the conventional pedicle screw fixation and

234 min (range 154 to 300 min) with the MICEPS fixation.

The average total blood loss was 780 mL (range, 180-1430

mL) in the conventional pedicle screw fixation group and

180 mL (range, 70-400 mL) in the MICEPS fixation group.

We assessed the positions of all pedicle screws by using

computed tomography. In the conventional pedicle screw

fixation group, 57 of 69 screws were classified as grade 0 or

1 and 12 were classified as grade 2 or 3. In the MICEPS

fixation group, 39 of 43 screws were grade 0, and 4 of 43

screws were grade 1 with a medial deviation; there were no

critical screw deviations (Table 1). At the level of midcervi-

cal (C3-5), average alpha-angles was 52 degrees (range 43

to 62) in MICEPS fixation group, and 39 degrees (range 19

to 55) in conventional cervical pedicle screw group. In the

conventional cervical pedicle screw group, postoperative

progressive quadriplegia occurred due to epidural hematoma,

but after removal of the hematoma, it improved. In this

study, no patient developed deep wound infection after sur-

gery.

Discussion

The goal of palliative surgery for metastatic cervical spi-

nal tumor is MISt with early return to daily life1). Posterior

surgery using a pedicle screw system ensures good biome-

chanical stability6,8,12); however, the considerable posterior ex-

posure poses a risk for massive bleeding. The MICEPS fixa-

tion technique involves an intramuscular approach, which is

MISt, and it reduces intraoperative bleeding. In this study,

the average total blood loss was 780 mL (range, 180-1430

mL) in the conventional pedicle screw fixation group and

180 mL (range, 70-400 mL) in the MICEPS fixation group.

One of the advantages of MICEPS fixation is the horizon-

tal pedicle screw insertion at the midcervical spine13), as this

helps avoid VA injury13,15). In the present study, the incidence

of screw perforation was lower in the MICEPS fixation

group than in the conventional cervical pedicle screw group.

In our study, there were no medial perforations in the

MICEPS fixation group despite horizontal screw insertion.

Average midcervical (C3-5) alpha-angles was 52 degrees

(range 43 to 62) in MICEPS fixation group, and 39 degrees

(range 19 to 55) in conventional cervical pedicle screw

group. When displaced, cervical pedicle screws tend to per-

forate laterally6,11,12), and a lateral perforation that causes VA

injury is a critical complication of cervical pedicle screw in-

sertion10-12). Yukawa et al. reported that 72% of misplaced

screws deviate laterally11). The lateral cortex of the pedicle is
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Table　1.　Pedicle Screw Perforation in Both Groups.

C2 C3 C4 C5 C6 C7 Th1 Th2 Total

Conventional CPS No. of screws 12 10 12 12 6 3 8 6 69

Grade 0 or 1 11 7 11 8 5 1 8 6 57

Grade 2 or 3 1 3 1 4 1 2 12

MICEPS No. of screws 2 2 14 8 2 10 10 48

Grade 0 or 1 2 2 14 8 2 10 10 48

Grade 2 or 3 0

CPS: cervical pedicle screw

MICEPS: Minimally Invasive Cervical Pedicle Screw

substantially thinner than the medial cortex6,16,17). Panjami et

al. showed that the medial cortical shell is 1.4 to 3.6 times

as thick as the lateral cortical shell16).

Conventional posterior fixation is a better surgical proce-

dure than MICEPS fixation for patients with static spinal

cord compression, anterior tumor resection, or laminectomy.

However, MICEPS fixation is indicated for three categories

of patients: (1) those at risk for vertebral collapse due to

cervical metastasis, (2) those with vertebral collapse but not

static spinal cord compression, and (3) those needing aug-

mentation after corpectomy. Posterior decompression was

performed for some patients who underwent conventional

screw fixation, which can influence total bleeding and post-

operative neurological recovery. Limitation of this study is

small sample size. There is no evaluation for paravertebral

muscle injury in this procedure. The rate of decompression

was different in two groups, it may influence both intraop-

erative bleeding and surgical time.
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