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Is C1 Asymmetric Laminectomy Safer? A Cadaver Study

ABSTRACT

AIM: To investigate the difference in the length of C1 laminectomy between the right and left sides and to determine the importance 
of considering the dominant vertebral artery in reducing complication risks.   
MATERIAL and METHODS: Five caucasian male cadavers were studied. The distance of the C1 posterior tubercle to the vertebral 
groove (A), the length of the vertebral groove (B), and the diameter of the vertebral artery were measured and statistically investigated. 
Computed tomography scans were also obtained from all cadaver specimens.
RESULTS: The mean distance of the C1 posterior tubercle to the vertebral groove (A) on the right side was 20.20 ± 2.16 mm and 
on the left side was 16.40 ± 2.88 mm. The mean distance of the vertebral groove (B) on the right side was 13.80 ± 0.83 mm and on 
the left side was 17.60 ± 0.89 mm. The mean diameter of the vertebral artery on the right side was 3.58 ± 0.83 mm and on the left 
side was 3.70 ± 0.10 mm.
CONCLUSION: The vertebral groove was longer on the dominant artery side. Therefore, the dominant and nondominant sides 
have different lengths of safe C1 laminectomy areas. The length of the laminectomy area to be performed on the dominant artery 
side is shorter than that on the nondominant side. In cases in which the C1 posterior arcus must be removed for decompression, 
asymmetric decompression should be performed to reduce the risk of vertebral artery injury.
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Few studies in the literature have addressed C1 laminectomy, 
and the length of decompression surgery has been rarely 
discussed (7). In general, the length of C1 laminectomy is 
performed symmetrically, like other levels of the spinal column. 
Despite the known risks of C1 laminectomy, there is limited 
research on the optimal length of the procedure to minimize 
complications.

In this study, we aimed to investigate the difference in length 
of C1 laminectomy between the right and left sides and to 
determine the importance of considering the dominant 
vertebral artery in reducing complication risks.

█    MATERIAL and METHODS
We studied five caucasian male cadavers. Ethical approval 
for the study was obtained from the local ethics committee 

█   INTRODUCTION

C1 (axis) laminectomy is performed by removing the 
axis posterior arcus during surgery. The anatomy of 
the axis has a complex structure. For this reason, it 

differs from other laminae of the spinal region in laminectomy 
application. C1 laminectomy is usually indicated for spinal 
cord compressions such as spinal stenosis, trauma, congenital 
conditions (Chiari malformation, etc.), inflammatory diseases 
(rheumatoid arthritis, etc.), and infections (1). Insufficient 
decompression leads to continued pressure on the spinal cord 
and thus clinical symptoms. Excessive laminectomy increases 
the risk of complications. Previous studies have reported 
various complications associated with C1 laminectomy, 
including infection, bleeding, and nerve damage.
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(protocol No. 09.2021.1130). Dissection was performed on all 
cadavers through a midline skin incision extending from the 
occiput to the level of the C3 vertebra at the nuchal line. We 
performed bilateral dissection from the C1 posterior arch to to 
reveal the vertebral groove and transverse process. The artery 
was exposed from where the vertebral artery exits from the 
C1 transverse process to the vertebral groove and dura mater.

We measured and statistically investigated the distance of 
the C1 posterior tubercle to the vertebral groove (A) and the 
length of the vertebral groove (B) (Figure 1). For the statistical 
analysis, we conducted a paired t test using GraphPad Prism 
version 10.0.0 for Windows (GraphPad Software, Boston, MA, 
USA; www.graphpad.com).

Radiology

We obtained computed tomography (CT) scans from all cadaver 
specimens. CT imaging was performed on a 256-channel (2 
x 128) or 128-channel multidetector CT scanner (Somatom 
Definition Flash or Somatom Definition AS+, respectively; 
Siemens Healthcare, Erlangen, Germany). Images were 
obtained in the axial plane with 0.6-mm collimation and 120 

kVp (kilovolt peak). We adjusted the milliamperes per second 
for each patient via tube current modulation. The images were 
reconstructed with 1-mm thickness in all three planes. We 
determined the dominant and nondominant vertebral artery 
sides using CT scan measurements from the cadavers.

█   RESULTS
We performed dissections on all cadaver specimens. 
Anatomical distances were physically measured on the 
cadavers, in addition to the CT scan measurements of 
the identical specimens (Figure 1; Table I). CT scans were 
performed on the cadavers to demonstrate the relationship 
between the vertebral groove and laminectomy. The C1 
lamina was measured from the right and left of the midline. 
The vertebral groove was measured separately on the right 
and left sides. We determined the dominant and nondominant 
sides of the vertebral artery in the cadaver tomography 
sections. According to the vertebral artery (VA) diameter 
measurements on the CT scans, we determined the left side 
of all cadavers as the dominant side (Figure 2A; Table II). In 
Figure 2A, the magenta-colored bar represents the left side of 
the VA diameter measured on the widest aspect of the artery 
in the coronal section of the CT image of cadaver 1. In Figure 
2B, the magenta-colored bar represents the right-side VA 
diameter measured on the widest aspect of the artery in the 
coronal section of the CT image of cadaver 1. We attempted 
three-dimensional (3D) reconstruction to show the anatomical 
differences in the posterior–superior and posterior views of the 
vertebral groove. The 3D reconstructions of the CT images of 
the cadaver from a posterior–superior aspect of the cranium 
(Figure 2C). We digitally removed certain parts of the cranium 
to demonstrate the C1 anatomy. The magenta-colored shades 
represent the VA grooves on both sides (Figure 2C). The 
blue shade represents the left lamina, and the green shade 
represents the right lamina (Figure 2C). The 3D reconstructions 
of the CT images of the cadaver from a posterior aspect of 
the cranium (Figure 2D). We digitally removed certain parts of 
the cranium to demonstrate the C1 anatomy. The magenta-
colored shades represent the VA grooves on both sides. The 

Figure 1: The distance of the C1 posterior tubercle to the verte-
bral groove (A-green line) and the length of the vertebral groove 
(B-red line) were measured in all cadavers. C1, first cervical verte-
brae; C2, second cervical vertebrae; PT, posterior tubercule; VA, 
vertebral artery.

Table I: Measurements Made on the Posterior Arcus, Vertebral Groove and Vertebral Artery in Cadavers

Cadaver C1 Length (mm) VA

A B Diameter (mm) Dominant Side

Right Left Right Left Right Left

1 19 15 13 17 3.5 3.6 L

2 21 18 14 17 3.6 3.7 L

3 22 19 14 17 3.6 3.8 L

4 17 12 13 18 3.5 3.6 L

5 22 18 15 19 3.7 3.8 L

Mean 20.20 16.40 13.80 17.60 3.580 3.70

SD 2.168 2.881 0.8367 0.8944 0.08367 0.100
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blue-colored shade represents the left lamina, and the green-
colored shade represents the right lamina (Figure 2D).

Table I shows the results of the anatomical properties of the 
C1, C2, and VA measurements of all cadavers. We calculated 
the means and standard deviations for the parameters based 
on the left and right measurements, respectively (Table I). The 
comparison of the right and left posterior tubercle to vertebral 
groove (A) length measurement showed that the measurement 
was significantly greater on the right side (p<0.05) (Figure 
3A). In addition, when comparing the vertebral groove length 
(B) on both sides, the measurements of the left side were 
substantially greater (p<0.05) (Figure 3B).

In the first cadaver specimen, the distance of the C1 posterior 
tubercle to the vertebral groove (A) on the right side was 19 

mm, whereas the distance on the left side was 15 mm. In the 
second cadaver specimen, the exact distance (A) was 21 mm 
on the right side and 18 mm on the left side. The measurements 
of A in the third cadaver specimen were 22 mm and 19 mm 
on the right and left sides, respectively. The fourth cadaver 
specimen had measurements of 17 mm and 12 mm on the left 
and right sides, respectively, for the same distance (A). Finally, 
in the fifth cadaver, the distance of A was 22 mm on the right 
side and 18 mm on the left side. The mean distance of the C1 
posterior tubercle to the vertebral groove (A) on the right side 
was 20.20 ± 2.16 mm whereas it was 16.40 ± 2.88 mm on the 
left side.

In the first cadaver specimen, the distance of the vertebral 
groove (B) on the right side was 13 mm and on the left side 

A B C D

Figure 3: A) The comparison of the right and left 
posterior tubercle to vertebral groove (A) length 
measurement showed a significantly greater 
measurement on the right side (p<0.05). B) In 
comparing the length of the vertebral groove (B) 
on both sides, measurements of the left side were 
substantially greater (p<0.05).

Figure 2: A) Coronal section of the CT image of cadaver 1. The magenta-colored bar represents the diameter of the left-side vertebral 
artery measured on the widest aspect of the artery. B) Coronal section of the CT image of cadaver 1. The magenta-colored bar rep-
resents the right-side vertebral artery diameter measured on the widest aspect of the artery. C) The 3D reconstructions of the CT images 
of cadaver 1 from the postero-superior aspect of the cranium. Certain parts of the cranium were digitally removed to demonstrate the 
C1 anatomy. Magenta shades represent the vertebral artery grooves on both sides. The blue shade represents the left lamina. The green 
shade represents the right lamina. D) The 3D reconstructions of CT images of cadaver 1 from the posterior aspect of the cranium. Cer-
tain parts of the cranium were digitally removed to demonstrate the C1 anatomy. Magenta shades represent the vertebral artery grooves 
on both sides. The blue shade represents the left lamina. The green shade represents the right lamina. L, left; R, right.

A B
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where the medial border of the vertebral groove begins. It is 
essential to stop at the medial edge of the vertebral groove, 
where it is observed from the posterior. As shown in this study, 
laminectomy should be completed when the medial border of 
the vertebral groove is reached. Figure 4 shows the free space 
between the lateral border of the spinal cord and the vertebral 
groove. As seen in the figure, the spinal cord is covered with 
the dura in a fixed cadaver. Because there is no cerebrospinal 
fluid (CSF), the distance between the VA and the dura is greater 
in cadavers than expected in living tissue. Even when CSF is 
present, there is a free distance between the dura and VA due 
to the unique feature of the C1 lateral mass. Decompression 
at the border of the vertebral groove is known to be sufficient. 
Extending beyond the medial border of the vertebral groove 
and reaching more laterally is unnecessary for spinal cord 
decompression (Figure 4). The thickness of the vertebral 
groove has been studied in the literature, but studies on its 
length are limited. The length and diameter measurements 
we obtained for the vertebral groove of the VA are compatible 
with those reported in the literature (1,6).

This study shows that the length of C1 laminectomy on 
the dominant side is significantly different from that on the 
nondominant side. To reduce complication risks, the decision 
regarding the extent of laminectomy should be based on 
the dominant VA. This study addresses the difference in 
laminectomy areas on the right and left sides of the axis 
posterior arcus. C1 laminectomy is a commonly performed 
surgical procedure, and in general, the decision regarding 
the extent of laminectomy is assumed to be similar on both 
sides. According to our results, the extent of laminectomy 
should be asymmetric, because VA damage can significantly 
affect the outcome of the surgery and the patient’s recovery. 
The data in our study showed that the C1 posterior arch and 
vertebral groove were different in each cadaver. In addition, in 
our research, we observed that the VA measurements were 
different in each cadaver. We also noted that the lengths of the 

was 17 mm. In the second cadaver specimen, the exact 
distance was 14 mm and 17 mm on the right and left sides, 
respectively. Measurements for the distance of B obtained in 
the third cadaver specimen were 14 mm and 17 mm on the 
right and left sides, respectively. In the fourth cadaver, the 
distance for B was 13 mm on the right and 18 mm on the 
left. The fifth cadaver specimen demonstrated measurements 
of 15 mm on the right and 19 mm on the left for the same 
measurement (B). The mean distance of the vertebral groove 
(B) on the right side was 13.80 ± 0.83 mm and on the left was 
17.60 ± 0.89 mm.

The mean diameter of the VA was 3.58 ± 0.83 mm on the right 
side and 3.70 ± 0.10 mm on the left side. We accepted the left 
VA as the dominant artery in all cadavers.

█   DISCUSSION
C1 laminectomy without fusion is indicated in some 
cases, especially in patients who have no instability (3). C1 
laminectomy is frequently performed as a surgical intervention 
for Arnold–Chiari malformation, spinal intracanal tumor, 
craniovertebral junction stenosis, trauma, and infections. In 
this study, our aim was to investigate the difference in C1 
laminectomy length between the right and left sides and to 
determine the importance of considering the dominant VA in 
reducing the risk of complications.

C1 laminectomy is a well-known surgical procedure. However, 
it is important to be aware that complications may occur 
during surgery, and to avoid such complications, careful 
consideration of the anatomy of the VA is required. According 
to previous studies, the incidence of VA injury is 5.4% during 
laminectomy and ranges from 8% to 32.4% during C1–2 
fixation (4,5,8). There is also a high risk of VA injury during 
craniocervical surgical procedures. Complications that occur 
during C1 laminectomy include VA injury and spinal cord 
injury. Among these, injury to the VA is a life-threatening 
complication. Complications of VA injury include bleeding, 
infection, blood clots in the legs or lungs, spinal cord or nerve 
root injury, and cerebral infarcts. Studies have demonstrated 
a risk of VA injury, especially during laminectomy. The C1 
anatomy must be well identified to prevent catastrophic 
complications after VA injury.

The vertebral groove widens anteriorly as it progresses 
on the posterior arch. From the information we obtained in 
our previous studies, we noted differences between the 
measurements of the vertebral groove from the superior–
anterior to the posterior regions (2,6). In the current study, we 
obtained measurements from the posterior region; thus, our 
surgical view was also posterior. The length of the vertebral 
groove from the posterior region was shorter than that of the 
superior region (2). Our study results show that the vertebral 
groove has a specific anatomical shape. It is understood that 
the course of the VA continues a few millimeters anteriorly and 
medially at the superior surface of the C1 arcus, and the length 
of this part is longer than the length of the vertebral groove of 
the posterior view. Because of these anatomical differences, 
it should be kept in mind that the risk of arterial injury is high 

Figure 4: The spinal cord and VA are seen after removal of the C1 
posterior arcus, posterior part of the foramen magnum, and part 
of the occipital bone. The medial border of the vertebral groove 
is located at the point where the VA artery turns from posterior to 
anterior. It can be seen in the figure that there is a free distance 
between the VA and the dura, although the lack of CSF is also tak-
en into account. C2, second cervical vertebrae; SC, spinal cord; 
VA, vertebral artery.
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vertebral groove on the dominant and nondominant sides were 
different in each cadaver. The data obtained in this research 
guide us in clinical studies. It should be known that the length 
of the dominant artery differs among patients; therefore, the 
lengths of the vertebral grooves are also different. Thus, it is 
useful to evaluate the vertebral groove using preoperative CT 
in patients planning to undergo C1 laminectomy.

This study has significant implications for surgical planning and 
decision-making in C1 laminectomy procedures. The findings 
of our study can be applied to improve the outcomes of C1 
laminectomy procedures and reduce the risk of complications 
during surgery. Our study provides new insights into the 
importance of considering the dominant VA when determining 
the length of C1 laminectomy. To ensure the best outcomes 
for patients, preventing complications during C1 laminectomy 
is vital. Because the C1 anatomy is complex, laminectomy 
procedures require careful planning and execution to minimize 
the risk of complications.

In our previous C1–2 anatomy study, we found that the C1–2 
CT measurements and dissection measurements were similar 
to each other (2). In the current study, we performed CT scans 
on cadavers to demonstrate the relationship between the 
vertebral groove and laminectomy. Therefore, we advocate 
taking preoperative CT studies into consideration. Because 
there is a possibility of not entering the section during the 
CT scanning procedure in the vertebral groove, the scans 
should be performed with thin (1-mm) sections. Radiologic 
examinations should be carefully examined preoperatively, 
the course of the VA should be evaluated, and the length 
of the laminectomy on the right and left sides should be 
calculated preoperatively. This cadaver study emphasizes the 
importance of measuring the C1 posterior arch and vertebral 
groove by performing preoperative CT in clinical cases where 
the C1 posterior arch must be removed.

The artery was filled with silicone in this study; however, the 
diameters of the vertebral arteries vary in clinical practice. 
In addition, to reveal the existence of anatomical variations, 
large-series clinical studies are needed as well as clinical 
studies that include patients who have undergone surgery and 
studies that involve CT scans.

█   CONCLUSION
In this study, we observed that the C1 posterior arcus 
had different characteristics in each cadaver sample. Our 
findings contradict the common belief that the length of C1 
laminectomy should be the same on both sides. Our study 
provides supporting data for the importance of considering 
the dominant VA in determining the extent of C1 laminectomy. 
The vertebral groove was longer on the dominant artery 
side and shorter on the nondominant artery side. Thus, the 
dominant and nondominant sides have different lengths 
of safe C1 laminectomy areas. The extent of the length of 
the laminectomy area to be performed on the dominant 
artery side was shorter than that on the nondominant side. 
In cases in which the C1 posterior arcus must be removed 
for decompression, asymmetric decompression should be 
performed to reduce the risk of VA injury.


