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Background and Aim: Postoperative C5 motor palsy is known as a common complication, not only 
after cervical laminectomy but also after anterior discectomy. There is no consensus on any of the 
proposed mechanisms of C5 palsy following posterior cervical decompression. It was found that 
C5 palsy is more common in patients with smaller C5 root foramen area. The purpose of this study 
was to define a cut-off value for C4-C5 foraminal area on preoperative computed tomography 
images to predict post-laminectomy C5 palsy.

Methods and Materials/Patients: In this prospective clinical study, C4-C5 foraminal area of 
119 patients with cervical spondylotic myelopathy calculated on reformatted pure sagittal 
computed tomography images value was defined by measuring maximal height and transverse 
diameter of foramina and a cut-off in which with lesser amounts, post-laminectomy C5 palsy 
was more common.

Results: Of 119 patients with spondylotic myelopathy undergoing cervical laminectomy, 23 ones 
experienced postoperative C5 palsy with mean C4-C5 foraminal area of 44.54±0.72 mm2. Mean 
C5 root exit foraminal area in patients with intact post-operative root function was calculated 
56.78±5.48 mm2 and the difference between these two groups was statistically significant (P<0.05). 
No patient with C5 exit foraminal area more than 46 mm2 had C5 palsy after laminectomy.

Conclusion: The incidence of post-laminectomy C5 palsy is significantly higher in patients with 
C5 exit foraminal area less than 46 mm2. Prophylactic C4-C5 foraminotomy in this group may 
significantly reduce the risk of postoperative C5 nerve motor palsy, although the effect of this 
procedure is still debatable.
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1. Introduction

aminectomy is a surgical option widely used 
in the treatment of cervical spondylotic 
myelopathy. Among all of the well-known 
complications of this procedure, motor 
dominant unilateral C5 root palsy is seen in 
5-30% of patients that may occur without 

intraoperative nerve injury [1, 2]. This complication is 
determined as a weakness of deltoid or biceps brachii 
which may develop up to a week after posterior cervical 
decompression procedures [3]. Retraction of C5 nerve 
root caused by dorsal shifting of the cord after decom-
pression i.e. tethering phenomenon [4], cord ischemia, 
reperfusion injury of the spinal cord [5] and thermal in-
jury during bone drill have been proposed so far [6, 7], 
although none of these hypotheses alone can effective-
ly account for all of the clinical characteristics of motor 
dominant C5 palsy [8]. 

Some investigators have shown narrowing of C5 root 
exit foramen in patients with post-laminoplasty C5 palsy 
but others have reported no difference between dimen-
sions of C4-C5 and other cervical foramina in this group 
of patients. Although no criteria have been defined, 

prophylactic C4-C5 foraminotomy is proposed as one 
of the strategies that may reduce the risk of this com-
plication [9]. This procedure is not accepted by other 
surgeons [10].

In this study, the authors investigated whether the sur-
face areas of C4-5 foramina in patients with spondylotic 
myelopathy who had experienced post-laminectomy C5 
palsy were smaller than patients with normal C5 motor 
function after decompression or not. Also, we defined 
a cut-off value for C5 root exit foramen surface area in 
which with lesser amounts, C5 palsy has been seen in 
almost all patients.

2. Methods and Materials/Patients

This prospective study was performed after obtain-
ing written informed consent from patients, explaining 
all the possible consequences of radiation exposure by 
computed tomography scan. Out of 132 recruited pa-
tients, 13 ones did not sign the informed consent and 
dropped out of the study. A series of 119 patients (96 
females and 23 males) with an average age of 74.4 years 
(range of 64-88 years) that were candidates for cervi-
cal laminectomy without fusion were selected. Symp-
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Highlights 

● Postoperative C5 motor palsy is known as a common complication after cervical laminectomy.

● Patients with cervical spondylotic myelopathy and C4-C5 foraminal area smaller than 46 mm2 measured on the 
preoperative computed tomographic scan are more prone to post-laminectomy unilateral C5 motor palsy.

● The role of prophylactic C5 foraminotomy in this group of patients is still controversial.

Plain Language Summary 

Cervical canal stenosis is a common disorder affecting the elderly people. A group of these patients are proper can-
didates for surgical decompression of spinal cord applying posterior approaches, namely laminectomy, during which 
the lamina of the vertebrae is resected. This surgical procedure is accompanied by some complications, one of them is 
the inability of the patient to abduct shoulder after the operation. This happens because of damage to the ipsilateral 
fifth cervical nerve root. The exact mechanism has not been clearly understood yet, but stenosis of the aforemen-
tioned root exit zone from the spinal cord where it enters intervertebral foramen may be one of the mechanisms. 
The authors of this study measured the fifth cervical nerve root exit zone area of 119 patients that were candidate for 
cervical laminectomy by using a high-resolution computed tomographic scan. A total of 23 patients experienced an 
inability to abduct one shoulder after the operation. The mean exit zone area of the fifth cervical nerve root was sig-
nificantly lower in these patients than the other group with intact shoulder function after laminectomy. The authors 
defined a cut-off value where almost all patients with the fifth cervical nerve root exit zone area lower than 46 mm2 

experienced impaired shoulder abduction after the operation. Controversy exist regarding the prophylactic widening 
of the above root exit zone as an option to reduce the risk of this complication since many authors believe that this 
procedure itself may increase the risk of fifth cervical nerve palsy.

Khadivi M, et al. Post-laminectomy Measuring C5 Tomography. Iran J Neurosurg. 2019; 5(3):103-108.



105

Issue 3 and 4, No 18 and 19

toms or signs of cervical spondylotic myelopathy on 
neurologic examination and/or cervical spinal cord T2 
signal intensity change on Magnetic Resonance Imag-
ing (MRI), also intact deltoid and biceps brachii muscles 
force were the inclusion criteria of this study. Prior his-
tory of any cervical spine operation, vertebral instabil-
ity on dynamic flexion-extension radiologic images, C5 
root motor dysfunction on preoperative physical exami-
nation and deterioration of symptoms of myelopathy 
were defined as the exclusion criteria. 

Computed Tomography (CT) scan was performed be-
fore cervical laminectomy to calculate C4-C5 foraminal 
heights and transverse diameters on both sides. Scanning 
parallel to C4-C5 disc space was done using a 64-slice he-
lical CT scanner with 1.5 mm thickness. The uttermost 
craniocaudal and anteroposterior diameters of C5 root 
exit foramina measured just lateral to laminofacet junc-
tion on high-resolution reformatted sagittal images (Fig-
ure 1). The foraminal area calculated using the ellipse 
area Π×xy/2 (pi=3.14), where x and y are the maximal 
height and transverse diameter of foramen, respectively. 

All 119 patients underwent surgery in a prone posi-
tion with Mayfield® head holder on a Jackson table. 
The neck placed in slightly flexed position and shoul-
ders gently taped to the foot of the bed. Standard 
laminectomy from C3 to C6 without fusion was done 
using high-speed drills and continuous irrigation with 
chilled water (10°C). No additional foraminotomy was 
performed. Patients who had had C5 root motor func-
tion impairment defined as weakness of the deltoid or 

the biceps brachii muscles without deterioration of any 
symptom of myelopathy in neurologic examination one 
week after cervical laminectomy were identified. Mean 
C5 foraminal area in this group was compared with that 
of the patients who had intact C5 root motor function 
after decompression, using independent samples t-test 
on SPSS® software V. 16. Also, ROC curve analysis was 
performed to define a cut-off value for C4-C5 foraminal 
area in patients with post-laminectomy C5 palsy.

3. Results

Out of 119 consecutive patients who had undergone 
standard cervical laminectomy from C3 to C6 without 
fusion, 23 (10 males and 13 females) experienced unilat-
eral C5 root motor impairment with mean age of 74.52 
years. No statistically significant difference was found 
between age or gender of this group and patients with 
postoperative intact C5 root function. Mean C5 forami-
nal area was 44.54±0.72 mm2 and 56.78±5.48 mm2 in 
patients with C5 palsy and intact post-laminectomy root 
function, respectively. By using independent samples t-
test, the difference was statistically significant (P<0.05).

By using ROC curve analysis, the C4-C5 exit foramen 
area of 46 mm2 was defined as the cut-off value for pa-
tients with post-laminectomy C5 palsy. The area under 
the curve was 99.3%. Sensitivity, specificity, Negative 
Predictive Value (NPV) and Positive Predictive Value 
(PPV) of this cut-off point to predict C5 palsy after de-
compression was 100, 97.7, 100 and 82.1%, respective-
ly. Patients with C4-C5 foraminal area more than 46 mm2 

Figure 1. Measuring maximal height and transverse diameter of right C4-C5 foramen on Computed Tomography (CT) image

Left: The surface area of the right and left C5 root exit foramen in this patient is 58.40 mm2 and 55.71 mm2, respectively. No new neurologic 
deficit was observed one week after cervical laminectomy without fusion. Right. The surface area of the right and left C5 root exit foramen 
in this patient is48.20 mm2

 and 42.77 mm2, respectively. She experienced left C5 motor palsy after cervical laminectomy.
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never experienced C5 palsy following cervical laminecto-
my. Out of 23 patients with post-laminectomy C5 palsy, 19 
(82%) experienced complete resolution of mild paresis af-
ter a 3-month follow-up. Three patients with severe symp-
toms had partial recovery with physical therapy and one 
was lost at follow-up. 

4. Discussion

As pointed out earlier, there is still a debate on the defi-
nite etiology of C5 palsy after posterior cervical decom-
pression procedures [5]. This complication does not nec-
essarily emerge in patients whose dorsal migration of the 
spinal cord is excessive after laminoplasty [11]. Moreover, 
C5 palsy after anterior cervical surgery cannot necessarily 
be accounted for this tethering hypothesis [12]. The exclu-
sive pattern of palsy restricted to a single segment is dif-
ficult to explain by reperfusion of the spinal cord [2]. We 
eliminated thermal damage to the root due to high-speed 
drilling by continuous irrigation using chilled water. In this 
study, we found that there was a statistically significant dif-
ference between C5 exit foraminal area of patients with 
post-laminectomy C5 palsy and a group of patients with 
intact motor function of the mentioned nerve root. 

We discovered that patients with cervical spondylotic 
myelopathy and C4-C5 foraminal area smaller than 46 mm2 
were more prone to post-laminectomy unilateral C5 mo-
tor palsy. There is no consensus on whether prophylactic 
C4-C5 foraminotomy would reduce the risk of this compli-
cation [10]. In fact, some researchers believe that this pro-
cedure itself may be one of the main reasons for C5 motor 
palsy [9]. Imagama et al. have shown statistically significant 
smaller C5 root foramen and larger superior articular pro-
cess in patients with post- laminoplasty C5 radiculopathy 
[13]. A significant difference in the diameter of the C4-C5 
foramen between patients with or without C5 palsy after 
cervical open-door laminoplasty has been reported by Kat-
sumi et al. [9]. They suggested that the main etiology of 
C5 palsy could be preexisting C4-C5 foraminal stenosis [14]. 
Komagata and Sasai have reported that performing selec-
tive foraminotomy in addition to posterior central canal 
decompression would prevent C5 radiculopathy [10, 15].

5. Conclusion

In this study, we did not consider the effect of cervical 
sagittal profile on the incidence of post-laminectomy C5 
root motor palsy, as many patients with spondylotic my-
elopathy have some degrees of positive cervical sagittal 
imbalance. Also, the effect of prophylactic foraminotomy 
was not evaluated.
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