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ABSTRACT
Aims and Objectives: Route of choice to access cervical paravertebral lesions with foraminal involvement is the anterolateral corridor with 
its variants. Main limitation of these techniques is represented by the limited surgical access to periforaminal area due to the bulk generated by 
the anterior scalene muscle (ASM). Over the years, alternative techniques for ASM surgical management have been developed, which are still 
today a matter of debate. Most popular include ASM scalene complete section (SCS) and ASM medial detachment (SMD). Authors describe 
an innovative, minimally invasive muscle section technique, the anterior selective scalenectomy (ASS), which reduces the risk of iatrogenic 
morbidity and optimizes exposure of periforaminal area in anterolateral cervical routes.

Materials and Methods: A laboratory investigation was conducted. Technique was applied in a surgical setting, and an illustrative case 
was reported.

Results: ASS is a quick and easy technique to perform. It allows optimization of surgical visibility and control on the periforaminal area in the 
cervical anterolateral corridor. It respects muscle anatomy and vascularization, favoring functional recovery and management of peri-operative 
pain; it reduces the risk of morbidity on phrenic nerve and pleura. Considering the minimally invasive nature of the technique, it allows for a 
slightly more limited exposure compared to traditional techniques while ensuring optimal surgical maneuverability on the target area.

Conclusions: ASS represents an effective and safe alternative to traditional ASM section techniques for the exposure of periforaminal area 
in anterolateral cervical routes. It is indicated in case of lesions with paravertebral development and minimal intraforaminal component in the 
C3-C6 segment.

Keywords: Brachial plexus, cervical anterolateral approach, cervical paravertebral tumors, scalenectomy, ventral 
supraclavicular approach

INTRODUCTION

Surgery for cervical spinal tumors with both intra and 
extracanalar extension still represents a great matter of debate 
in terms of which approach should be the best to adopt in 
terms of minimizing morbidity and enriching exposure.[1‑12]

The need to simultaneously control different anatomical 
compartments and the regional density of critical structures 
makes surgery in this area particularly challenging, even for 
experienced surgeons.[1‑12]

In the case of lesions with predominantly paravertebral 
growth, in which the intracanalar component is limited to the 
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intraforaminal portion, the approach of choice is represented 
by the anterolateral corridor in its different variants.[13‑16] 
The main limitation of these techniques is represented by 
the poor surgical accessibility to the periforaminal area, 
mainly due to the bulk generated by the anterior scalene 
muscle (ASM).[13‑16]

ASM surgical management is, therefore, a critical element in 
tumor resection. Finding the appropriate balance between 
the risk of iatrogenic morbidity and anatomical control on 
critical structures is essential for the safety and effectiveness 
of surgical excision, as well as for the patient’s functional 
outcome. Historically, alternative ASM section techniques 
have been developed, each of them with its own proponents 
and detractors.[6,14,17]

In the present study, authors describe an innovative, 
minimally invasive muscle section technique, the anterior 
selective scalenectomy (ASS), which reduces the risk of 
iatrogenic morbidity and optimizes surgical exposure of the 
periforaminal area in anterolateral cervical routes.

TECHNICAL NOTE

A standard ventral supraclavicular approach is performed.[13‑16] 
The patient is positioned supine, with the head turned on the 
contralesional side, and the ipsilateral shoulder is elevated.[14]

A linear skin incision is performed along the lateral margin of 
the sternocleidomastoid muscle (SCM). Alternative incisions 
are V or L‑shaped, with one side along the SCM lateral edge 
and the other parallel to the clavicle. Soft‑tissue dissection 
is carried out.[14]

The platysma is divided parallel into the skin incision. 
SCM integrity is preserved, but some authors suggest its 
division, which might cause additional tissue trauma and 
prolonged recovery.[17] As an alternative to SCM transection, 
some authors suggest muscle dilation between its sternal 
and clavicular heads to create an intramuscular window or 
division of the only sternal head.[17]

The underlying omohyoid is retracted; in case of a need for 
more caudal extension, it can be transected.[14]

The fat pad is transected under neurophysiological 
monitoring, taking care not to damage accessory nerve 
branches, deep to scalene muscles, and brachial plexus 
exposure. The supraclavicular artery and vein are ligated and 
divided. The phrenic nerve is identified on the ASM belly.[14] 
The C5 spinal nerve is the first brachial plexus element to be 

exposed. Following the nerve, the upper trunk is identified. 
Progressively, the middle and lower trunks are exposed.[14]

At this point, to optimize surgical visibility and control of the 
periforaminal area, two different techniques have been described. 
The traditional techniques of the interscalene approach 
entail the transection of the ASM belly section (complete 
scalene section, SCS) and its detachment from the underlying 
apical pleura.[14,17] An alternative procedure, scalene medial 
detachment (SMD), consists of muscle detachment from cervical 
tubercles, opening a corridor medial to the muscle, with the 
advocated advantage of preserving ASM function.[6] The surgical 
technique and anatomic principles of selective scalenectomy 
are depicted in Figure 1.

Alternatively, the ASS, a minimally invasive muscle section 
technique, is proposed. The technique consists of a T‑shaped 
incision, with the transverse cut directed in a lateral to 
the medial direction and a further orthogonal longitudinal 
splitting of muscle fibers. The incision level should be 
centered on the root, which has to be exposed and carried 
out parallel to it in a lateral to medial direction. The 
extension in the axial plane must be kept less than one‑third 
of the thickness of the muscle belly to minimize the risk of 
functional damage. Longitudinal fiber splitting optimizes 
access extension while respecting muscle anatomy.

ASS reduces the risk of iatrogenic morbidity and optimizes 
surgical exposure of the periforaminal area in anterolateral 
cervical routes.

Figures 2 and 3 show the application of the technique in a 
surgical setting. The clinical case of the resection of a brachial 
plexus schwannoma is reported. Pre‑ and postoperative 
magnetic resonance imaging, intraoperative view, and patient 
picture are provided.

DISCUSSION

Surgery for cervical spinal tumors with both intra and 
extracanalar extension still represents a topic of great debate 
within the neurosurgical community regarding which should 
be the best route to approach this kind of lesion.[1‑12]

The need to simultaneously control different anatomical 
compartments and the regional density of critical 
neurovascular structures makes surgery in this area 
particularly demanding, even in expert hands.[1‑12]

One of the most relevant pathologies in this area is brachial 
plexus schwannomas with foraminal involvement. The entity 



Figure 2: Intraoperative view (a) with correspondent schematic drawing (b). 
ASM  ‑ Anterior  scalene muscle,  CA  ‑  Carotid artery,  JV  ‑  Jugular  vein, 
PN  ‑  Phrenic nerve, R  ‑  Retractor,  SCM  ‑  Sternocleidomastoid muscle, 
ST ‑ Superior trunk, TB ‑ Tumor bed
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Figure 1:  Schematic drawing  showing anatomic principles of  selective 
scalenectomy for periforaminal exposure. (a) Coronal view. (b) Axial view. 
AN ‑ Accessory nerve, ASM ‑ Anterior scalene muscle, CA ‑ Carotid artery, 
CL ‑ Clavicle, IT ‑ Inferior trunk, JV ‑ Jugular vein, LC ‑ Longus colli, MSM ‑ Median 
scalene muscle, MT ‑ Medial trunk, NR ‑ Nerve root, PN ‑ Phrenic nerve, 
PSM  ‑  Posterior  scalene muscle,  SCM  ‑  Sternocleidomastoid muscle, 
ST ‑ Superior trunk, VN ‑ Vagal nerve
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of intracanalar extension is a determining element in the 
selection of a single‑versus multi‑staged approach,[18] eliging 
patients with relevant intracanalar extension to staged 
surgery.[6,8,10,18]

In cases of lesions with predominantly paravertebral 
growth and only a small intraforaminal portion, the elective 
route is the anterolateral approach in its main variants: 
the George’s approach (GA)[ 19‑21] and the ventral supraclavicular 
approach (VSA).[13‑16] Surgical maneuverability, in terms of the 
angle of incidence of the surgical corridor on target areas and 
conizing effect, makes both these approaches significantly 
more advantageous compared to the anterior route to 
cervical foramen as described by Verbiest.[22]

GA is mainly indicated in pure foraminal and periforaminal 
pathologies involving the most proximal radicular 
compartment, also allowing access to the intracanalar space 
through its transcorporeal variant.[19‑21]

On the other side, VSA is indicated in pathologies with 
prevalent paravertebral extracanalar development with 
minimal foraminal involvement, as in the case of brachial 
plexus schwannomas. VSA allows for optimal control of 
brachial plexus elements from C5 to T1 but suffers from poor 
surgical exposure and maneuverability at the periforaminal 
area, with consequent poor control over the vertebral artery 
and the most proximal component of the nerve root.[17]

The major boundary for foraminal accessibility is represented 
by ASM.[13‑16] Its surgical management is, therefore, a critical 
element in tumor resection. Finding the appropriate 
balance between the risk of iatrogenic morbidity and 
control of neurovascular structures is essential for the 
safety and extension of surgical excision and for the 

maintenance of the patient’s functional outcome. Historically, 
alternative intraoperative ASM section techniques have 
been described.[6,14,17]

Traditional techniques of the interscalene approach (i.e., 
the corridor between middle and ASMs) include a complete 
muscle belly section SCS and its detachment from the 
underlying parietal pleura at the pulmonary apex.[6,14,17] A 
variant of the approach involves muscle detachment from 
cervical tubercles SMD, opening a corridor medial to the 
muscle, with the advocated advantage of preserving ASM 
function.[6] Actually, in both cases, scalene atrophy is not 
a negligible complication; in the first case, it is due to the 
complete interruption of muscle fibers, and in the second 
one to muscle proximal deafferentation. ASM vascular supply 
is indeed guaranteed by distal afferents deriving from the 
first rib and proximal afferents deriving from transverse 
processes of cervical vertebrae from C3 to C6. Considering 
muscle function, both as its own and synergistic activity, 
functional insufficiency can lead to thoracic girdle imbalance 
with potentially significant consequences in terms of chronic 
pain and patient’s quality of life worsening.

In the present study, authors describe an innovative technique 
of selective muscle section, which ensures its functional 
preservation, optimizing visibility, and surgical accessibility 
on the periforaminal area. The technique consists of a 
T‑shaped incision, with the transverse cut directed in a lateral 
to the medial direction and a further orthogonal longitudinal 
splitting of muscle fibers. The extension in the axial plane 
must be kept less than one‑third of the thickness of the 
muscle belly to minimize the risk of functional damage. The 
longitudinal fibers splitting optimizes access extension while 
respecting muscle anatomy.

To demonstrate the feasibility of the technique, an illustrative 
case of complete resection of brachial plexus schwannoma 
in a 50‑year‑old woman is reported.
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The maneuver is easy and quick to perform. It allows 
for improving the visibility and surgical control of the 
periforaminal area in VSA. At the end of the surgery, section 
margins can be quickly reapproximated with a single stitch. 
ASS respects muscle vascularization and maintains the overall 
integrity of the muscle belly. It does not require neurolysis 
and transposition of the phrenic, thus reducing the risk of 
inadvertent damage to the nerve. To the same extent, the 
risk of injury to the parietal apical pleura is minimized as 
compared to SCS since there is no surgical dissection.

Given the minimally invasive nature of the technique, ASS 
can be applied in selective exposure of a single foramen, 
allowing for a slightly more limited exposure than traditional 
interscalene techniques, SCS and SMD. Compared to the 
latter, however, the viewing angle obtained by ASS is more 
direct, as it is coaxial to those of the main surgical corridor, 
an aspect that ultimately optimizes maneuverability on target 
areas. Limitation of muscle trauma promotes quick functional 
recovery and better management of perioperative pain.

The technique is indicated for lesions with anterolateral 
paravertebral extraforaminal development with minimal 
intraforaminal component in the C3‑C6 segment.

CONCLUSION

ASS represents an effective and safe alternative to traditional 
scalene section techniques for exposing the periforaminal 
area in anterolateral cervical approaches.

It allows for optimized visibility and surgical control, 
respecting muscle anatomy and vascularization, thus reducing 

the risk of iatrogenic morbidity on the phrenic nerve and 
pleura.

Given its minimally invasive nature, it allows for a slightly 
more limited exposure than traditional techniques while 
ensuring optimal surgical maneuverability on the target area.

It is indicated in lesions with extraforaminal paravertebral 
extension with minimal intraforaminal component in the 
C3‑C6 segment.
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