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Abstract

Background: Although the functional merits of preserving cervical nerves in neck dissection

for head and neck cancer have been reported, the oncologic safety has not yet been deter-

mined. Therefore, the purpose of this study was to evaluate the safety of cervical nerve

preservation.

Methods: A retrospective chart review was performed on patients with head and neck cancer

who had been treated by neck dissection between 2009 and 2014 at Kyoto Medical Center. Man-

agement of cervical nerves and clinical results were analyzed.

Results: A total of 335 sides of neck dissection had been performed in 222 patients. Cervical

nerves were preserved in 175 neck sides and resected in 160 sides. The 5-year overall survival

(OS) rate calculated by the Kaplan-Meier method was 71%. The 5-year neck control rate was 95%

in cervical nerve preserved sides and 89% in cervical nerve resected sides.

Conclusion: Preserving cervical nerves in neck dissection is oncologically safe in selected cases.
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1 | INTRODUCTION

Head and neck cancer often metastasizes to cervical lymph nodes. It is

well known that the presence of cervical lymph node metastasis is a

powerful negative prognostic factor of head and neck cancer, and its

control is essential for good treatment outcomes.1,2 Neck dissection

plays a central role in the treatment of head and neck squamous cell

carcinoma and is the most effective treatment measure for neck metas-

tases. Radical neck dissection (RND) was first reported by Crile3 as a

systematic surgical method for cervical metastases in 1906, and

became widely recognized after the detailed report by Martin et al4 in

1951. In RND, the structures adjacent to cervical lymphoadipose tissue

are resected as widely as possible.

The effectiveness of RND as a curative treatment has been dem-

onstrated in many clinical reports.1,2,5 At the same time, however,

increasing attention has been paid to the potential postoperative

disabilities resulting from this invasive procedure.6 Sequelae after neck

dissection include difficulty in raising the arm, shoulder pain, difficulty

in neck flexion, and cervical anesthesia. These complications are mostly

permanent and significantly reduce the quality of life of the patient.

Therefore, many efforts have been made to minimize the invasiveness

of RND. Bocca et al7 showed that, since the 1960s, in selected cases, it

has become possible to preserve part or all of sternocleidomastoid

muscle, internal jugular vein, and spinal accessory nerve without com-

promising the curability of RND. This less invasive method of neck dis-

section, which is currently called modified radical neck dissection, is

currently frequently performed in cases without extracapsular invasion

of metastatic nodes. In particular, there are many studies reporting that

preservation of the spinal accessory nerve reduces tightness and pain

of the neck and shoulders after neck dissection.8–10

Recently, it has been reported that preservation of cervical nerves

in neck dissection is effective at reducing postoperative morbidity, and,
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therefore, improves the patient’s postoperative quality of life.11,12 The

anterior branches of the first to fourth cervical nerve comprise the

nerve plexus in the lateral part of the neck. Cutaneous and muscular

branches are outputted from cervical nerves, the former of which lead

to cervical skin, and the latter to cervical and shoulder muscles, such as

the trapezius muscle. Neural communication occurs between the

accessory nerve and cervical nerves.13 It has been also reported that

cervical nerves contain motor fibers that lead to the trapezius mus-

cle.14,15 In neck dissection, the cervical nerves deriving from C2 to C4

are exposed. Most of their branches run laterally to the internal jugular

vein, from deep to superficial, piercing the cervical lymphoadipose

tissue.

In the preservation of cervical nerves, the partial cutting of the fas-

cial layer covering lymphoadipose tissue is unavoidable. Historically,

disruption of the fascial layer has been proposed as a risk factor for

tumor dissemination. Therefore, it has been recommended that cervical

nerves should be resected to maintain the oncologic safety of neck dis-

section. However, at present, the possibility of cervical nerve preserva-

tion is being discussed as a new approach in functional preservation.

The merits of preserving cervical nerves have been demonstrated in

some studies. Dilber et al11 reported that cervical sensation recovered

to normal in 58.8% of patients whose cervical nerves had been pre-

served in neck dissection, whereas no recovery was observed in

patients whose cervical nerves were resected. Roh et al12 reported

that preservation of the cervical nerves had reduced shoulder and neck

discomfort after neck dissection, improving patients’ quality of life.

However, there have been no reports on the oncologic safety out-

comes of cervical nerve preservation. Therefore, an evaluation of cervi-

cal nerve preservation safety and appropriate indications is required.

Therefore, the purpose of this retrospective chart review was to

evaluate the oncologic safety of preserving cervical nerves in neck dis-

section in selected patients with head and neck cancer.

2 | MATERIALS AND METHODS

This study was approved by the institutional review board of Kyoto

Medical Center.

A retrospective chart review was performed on patients with head

and neck cancer for whom neck dissection was performed as a curative

treatment between 2009 and 2014 at Kyoto Medical Center. The

American Joint Committee on Cancer TNM classification system was

used to determine the cancer stages. In the analysis of cancer of

unknown origin, nodal status was categorized according to the TNM

system used for oropharyngeal cancer. The disease was considered to

be stage III when nodal status was N1, and stage IV at N2-3. Each side

of the neck was counted and evaluated separately. Neck sides where

super-selective neck dissection had been performed were excluded

from this analysis. The database included information regarding patient

characteristics, intent of neck dissection, cervical nerve manipulation,

pathological results of resected lymph nodes, presence or absence of

extracapsular spread (ECS) of metastatic nodes, and cervical recurrence

in the treated neck.

Neck dissection performed for neck sides clinically negative for

lymph node metastasis (cN-negative neck) was categorized as “elec-

tive” dissection, whereas neck dissection for neck sides clinically posi-

tive for metastasis (cN-positive neck) was defined as “therapeutic”

dissection. Pathological results of removed lymph nodes were analyzed

independently on each side of the neck. When metastases were deter-

mined pathologically, the neck was classified as pN-positive, and when

not, it was a pN-negative neck. Cervical nerves were considered to be

“preserved” when all roots were saved in surgery and “resected” when

all or part of the roots were removed. Overall survival (OS) rates and

disease-free survival (DFS) rates were estimated using the Kaplan-

Meier method. Neck control rates were also calculated with the

Kaplan-Meier method, each dissected neck was counted separately.

Pairwise comparison between plotted curves was performed using the

log-rank test. A P value < .05 was considered statistically significant.

Statistical analysis was performed with StatMate IV software (Atoms,

Tokyo, Japan).

3 | RESULTS

Table 1 shows patient characteristics. A total of 222 patients were

included in this study, among which 167 were men and 55 were

women. Mean age at diagnosis was 66 years (range 27-90 years) and

the median observation period was 1010 days (range 56-2562 days).

The primary site was oral in 100 patients, hypopharynx in 40, orophar-

ynx in 27, larynx in 20, and other sites in 20 patients. Stage of disease

was IV in 125 patients, III in 50, II in 37, I in 7, and 0 in 3 patients.

Neck dissection had been performed bilaterally in 113 patients and

TABLE 1 Patient characteristics

Characteristic Mean Range

Age, year 66 27–90

Observation period, month 39 2–84

No. of patients %

Sex

Male 167 75.2
Female 55 24.8

Disease site

Oral 110 49.5
Hypopharynx 40 18.0
Oropharynx 27 12.1
Larynx 25 11.2
Origin unknown 7 3.2
Sinonasal 5 2.3
External auditory canal 4 1.8
Salivary gland 3 1.4
Facial skin 1 0.5

Stage

IV 125 56.3
III 50 22.5
II 37 16.6
I 7 3.2
0 3 1.4
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unilaterally in 109 patients during the course of curative treatment.

Therefore, a total of 335 sides of the neck were dissected.

Table 2 presents the disease features. In the 76 patients with cN0

disease, 99 sides of elective neck dissections were performed. In the

146 patients with cN1-3 disease, 236 sides of neck dissections were

performed, comprising 43 sides of elective neck dissection for cN-

negative necks and 193 sides of therapeutic dissections for cN-positive

necks. Among 142 cN-negative neck sides dissected electively, 15

sides were proved to be pN-positive, whereas among 193 cN-positive

neck sides dissected therapeutically, 135 sides were pN-positive.

Among the dissected cN-negative neck sides, no cases of ECS were

determined pathologically in pN-positive necks (0/15), whereas among

the dissected cN-positive neck sides, ECS was present in 44% of pN-

positive necks (60/135). Overall, cervical nerve roots were preserved in

52% of dissected neck sides (175/335), and partially or completely

resected in 48% (160/335). The preservation rate was as high as 80%

(114/142) in the neck sides dissected electively and as low as 32%

(61/193) in the neck sides dissected therapeutically. Table 3 shows the

rate of cervical nerve preservation by cN status. The preservation rate

was the highest in cN0 cases and decreased as the cN stage increased.

Cervical recurrence in treated neck sides occurred in 21 neck sides

of 15 patients, including 8 with cervical nerve preserved sides and 13

with cervical nerve resected sides. The OS and DFS curves are shown

in Figure 1: the 5-year OS and DFS rates were 71% and 66%, respec-

tively. DFS curve by disease stage is shown in Figure 2. The DFS rate

at 5 years was 100% for stage 0-I, 89% for stage II, 78% for stage III,

and 59% for stage IV. Figure 3 presents the neck control rates; the 5-

year control rate was 95% in cervical nerve preserved neck sides and

89% in cervical nerve resected neck sides at 5 years (log-rank, P 5 .19).

4 | DISCUSSION

It is theoretically possible for the preservation of cervical nerves to

adversely affect clinical outcomes. However, to the best of the author’s

knowledge, there have been no reports investigating this risk. This ret-

rospective chart study evaluated the oncologic safety of cervical nerve

preservation in neck dissection for head and neck cancer.

The findings revealed that cervical nerves were preserved in 52%

of neck dissections with a satisfactory OS and DFS rate. DFS rate by

disease stage was comparable to previously reported clinical results

TABLE 2 Disease features

cN0 cN1-3

No. of patients 76 146

No. of neck dissections, sides 99 236

Intent of neck dissection Elective Therapeutic

No. of neck dissections, sides 99 43 193

Range of neck dissections, sides

Levels I-V 31 16 172
Levels II-V 4 2 5
Levels I-IV 10 4 9
Levels II-IV 21 4 3
Levels I-III 33 17 4

Cervical nerve status, sides (%)

Preserved 80 (80.8) 34 (79.1) 61 (31.6)
Resected 19 (19.2) 9 (20.9) 132 (38.4)

pN status, sides (%)

Positive 9 (9.0) 6 (14.0) 135 (70.0)
Negative 90 (91.0) 37 (86.0) 58 (30.0)

ECS, sides (%)

Positive 0 (0) 0 (0) 60 (31.1)
Negative 99 (100) 43 (100) 133 (68.9)

Cervical recurrence, sides (%)

Positive 1 (1.0) 2 (4.7) 18 (9.3)
Negative 98 (99.0) 41 (95.3) 175 (90.7)

Abbreviations: ECS, extracapsular spread; pN, pathologically determined
metastases.

TABLE 3 Rates of cervical nerve preservation by cN status

cN status No. of patients

Rate of cervical nerve preservation, sides (%)

Therapeutic neck dissection side Elective neck dissection side Total

cN0 76 – 80/99 (81) 80/99 (81)

cN1 45 26/45 (58) 14/17 (82) 40/62 (65)

cN2a 4 1/4 (25) 1/1 (100) 2/5 (40)

cN2b 45 11/45 (24) 18/23 (78) 29/68 (43)

cN2c 45 23/89 (26) – 23/89 (26)

cN3 7 0/10 (0) 1/2 (50) 1/12 (8)

Total 61/193 (32) 114/142 (80) 175/335 (52)

FIGURE 1 Overall survival rate curve and disease-free survival
curve estimated by the Kaplan-Meier method
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and there were no signs of cervical nerve preservation-related adverse

effects.16,17 Therefore, it can be implied that the preservation of cervi-

cal nerves is feasible, at least in selected cases. Esclamado and Carroll18

reported that cervical nerve invasion by metastatic node is rare and,

when present, it is grossly apparent preoperatively. However, even

without direct invasion in the cervical nerves, the presence of ECS of

metastatic nodes is a factor against preserving cervical nerves. The rea-

son for this is that, in the presence of ECS, dissemination of tumor cells

can occur when the lymph nodes are roughly exposed in the surgical

field. In contrast, in the absence of ECS, partial exposure of the nodal

capsule may not adversely affect the curability of neck dissection as

long as the capsule itself remains intact during the surgery.

In the current study, pathologic examination showed no ECS in

metastatic nodes resected by elective neck dissection. This suggests

that the preservation of cervical nerves can be performed safely in

elective neck dissection for occult nodal metastases. In fact, the rate of

cervical nerve preservation was as high as 80% (114/142 necks) in

elective neck dissections. In contrast, the rate was as low as 31.6%

(61/193) in therapeutic neck dissections; this was due to our intention

of securing the curability of the dissection in the presence of meta-

static nodes. Most of the cervical-nerve preserved neck sides were

clinically negative for nodal metastases in level IIB/III/IV/V areas. Fur-

thermore, ECS was rare in these sides.

In general, it is recommended to proceed with functional neck dis-

section from the lateral to the medial side of the neck, dissecting the

carotid sheath in the last part of the procedure.19,20 However, when

the preservation of cervical nerves is planned, the authors usually per-

form neck dissection from the medial part along the carotid artery to

the lateral part of the neck. In this way, the cervical nerves are identi-

fied at their root portion, and then dissected out toward their peripher-

als. Importantly, lymph nodes superficial to the carotid sheath are

dissected before exposing the cervical nerves; this is beneficial for

reducing the risk of tumor dissemination during cervical nerve manipu-

lation. In addition, the feasibility of cervical nerve preservation can be

evaluated intraoperatively according to the surgical and/or pathological

findings of the lymph nodes. If there is a sign that ECS is present, pres-

ervation of cervical nerves is relinquished and a more extensive

approach is chosen.

Based on these findings, it can be proposed with high confidence

that the best indication for preservation of cervical nerves is elective

neck dissection, particularly in cN0 cases. In addition, a likely indication

for preserving cervical nerves in therapeutic dissection is a neck side in

which the metastatic nodes are confined in level I to IIA areas without

any signs of ECS. A case with the presence of metastatic nodes in the

course of cervical nerves in levels IIB, III, and IV is considered to be

unsuitable for cervical nerve preservation.

5 | CONCLUSION

In this retrospective analysis, preservation of cervical nerves in neck dis-

section was shown to be possible without losing curability in selected

cases. Elective neck dissection against occult neck metastases is the best

indication for cervical nerve preserving surgery. More careful approaches

should be adopted in therapeutic neck dissection. The likely indication is

cN1 disease in which the metastatic node is located in the level I to IIA

areas. Although more experience and knowledge should be accumulated

based on long-term observations, cervical nerve-preserving neck dissec-

tion is a promising approach for the minimization of the surgical inva-

siveness of neck dissection for head and neck cancer.
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Sensory preservation in neck dissection: outcomes of a sub-sternocleidomastoid
approach

Keigo Hondaa, Ryo Asatob, Jun Tsujib, Masakazu Miyazakib, Shinpei Kadab, Yukiko Kataokab, Akiko Taurab and
Mami Moritab

aDepartment of Otolaryngology, Japanese Red Cross Wakayama Medical Center, Wakayama, Japan; bDepartment of Otolaryngology – Head
and Neck Surgery, National Hospital Organization Kyoto Medical Center, Kyoto, Japan

ABSTRACT
Objective: Cutaneous anesthesia in early postoperative period is common after neck dissection even if
the cervical nerve (CN) rootlets are preserved. The aim of this study was to evaluate if the preservation
of the terminal branches of CNs using sub-sternocleidomastoid (SCM) approach combined with medi-
ally placed skin incision can prevent early postoperative anesthesia.
Material and methods: A retrospective chart review was performed on 129 neck dissections in 87
head and neck cancer patients.
Results: The early postoperative sensory preservation rates for the ear tab, submandibular, lateral neck,
and sub-clavicular areas of CN rootlet-preserved necks (n¼ 86) were 75.6%, 20.9%, 74.4%, and 86.0%,
respectively, compared with 37.2%, 2.3%, 2.3%, and 4.7%, respectively, in CN rootlet-resected necks
(n¼ 43). In CN rootlet-preserved necks, the sub-SCM approach (n¼ 54) showed 81.5%, 27.8%, 92.6%,
and 94.4% preservation rates, respectively, compared with 65.6%, 9.4%, 43.8%, and 71.9%, respectively,
using the conventional subplatysmal approach (n¼ 32). The rates were significantly better in the sub-
mandibular, lateral neck, and sub-clavicular areas after sub-SCM approach.
Conclusions: Preservation of CN rootlets is a required element for sensory preservation in neck dissec-
tion. The sub-SCM approach can effectively prevent early postoperative cutaneous anesthesia following
CN-preserving neck dissection.
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Introduction

Head and neck cancer often spreads to the cervical lymph
nodes. Moreover, the presence of cervical lymph node
metastasis is a strong negative prognostic factor and its con-
trol is essential for good treatment outcomes [1,2]. Radical
neck dissection (RND) is the gold standard surgical treat-
ment for cervical metastases. Many structures that are
situated close to lymphoadipose tissue, such as sternocleido-
mastoid muscle (SCM), spinal accessory nerve (SAN), and
cervical nerves (CNs), are routinely sacrificed as safety mar-
gins in RND [1–3]. Extended resection has been considered
crucial to the therapeutic success of RND; however, it is typ-
ically accompanied by severe sequelae, such as difficulty in
raising the arm, shoulder pain, and cutaneous anesthesia.
This significantly affects the patient’s quality of life [4]. In
recent years, advancements in clinical oncology have
reduced the invasiveness of RND [5], such as using a modi-
fied-RND (MRND) that preserves the SAN. This has greatly
improved postoperative motor function in the neck and
shoulder [6].

CNs are the main sensory channel in neck. Previous
studies have shown that the rate of cutaneous anesthesia
after sacrificing the CN rootlets can range from 65% to

100% [7–9]. While preservation of CNs has been a lower
priority when compared with SAN preservation, it is pos-
sible using current techniques. Oncologically safe indications
for CN preservation include elective neck dissection against
occult neck metastases and cN1 disease in which the meta-
static node is located at levels I–IIA [10]. A recent survey by
the American Head and Neck Society revealed that 211 out
of 283 surgeons only ‘rarely’ or ‘sometimes’ sacrifice the CN
rootlets in neck dissection [11].

Early postoperative cutaneous sensation is the most
straightforward sensory outcome to assess after neck dissec-
tion because it is not affected by other factors, such as
neural regrowth and postoperative irradiation. However,
studies have found that rates of early postoperative cervical
anesthesia are high even with the preservation of CN root-
lets [8,9,12]. It is likely that this is caused by injury to the
terminal branches of the CNs during the skin incision and
subplatysmal dissection method that is used in conventional
neck dissection [8,12]. To the best of our knowledge, this is
the first study to propose a solution to this technical deficit
in neck dissection.

The aim of this study was to verify the favorable outcome
of using a sub-SCM approach on early postoperative cutane-
ous sensation. In addition, we sought to confirm the
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fundamental importance of CN rootlets in sensory preserva-
tion following neck dissection.

Material and methods

Study design and patient population

A retrospective cohort study was performed comprising
patients with head and neck cancer who had undergone
neck dissection as part of a curative treatment course
between 2012 and 2014 at Kyoto Medical Center. This study
was approved by the institutional review board (IRB). The
requirement for written consent was waived by the IRB due
to the retrospective, non-invasive, personally unidentifiable
nature of the study. Instead, the study details were
announced in written form on the public announcement
board at Kyoto Medical Center.

Patients with thyroid cancer were excluded from the
study because the surgical strategy differs greatly from other
head and neck cancers. Patients who could not undertake
sensory evaluation within 1 week of neck dissection due to
poor wound or systemic conditions were also excluded.
Each side of the neck was counted separately. Neck sides in
which CN rootlets had been partially preserved or super-
selective neck dissection had been performed were excluded
to aid with clear data interpretation. The database included
information regarding patient characteristics, neck dissection
range, skin incision and flap dissection mode, status of CN
rootlets, and sensory outcomes.

Sub-SCM approach

In this study, we adopted a ‘sub-SCM approach’ for CN-
preserving neck dissection to prevent early postoperative
cutaneous anesthesia by preserving the terminal branches
of the CNs. In this approach, a skin incision is placed
medial to the anterior edge of the SCM. Following skin
incision, a subplatysmal dissection is performed over sub-
mandibular area if necessary. Next, the superficial layer of
deep cervical fascia is incised along the anterior edge of
the SCM, and the sub-SCM layer is dissected to expose the
lymphoadipose tissue in lateral neck area. The neck dissec-
tion is completed without subplatysmal dissection over the
SCM (Figures 1–2).

Sensory evaluation

Tactile skin sensation was evaluated within 1 week of sur-
gery. Based on the course of cutaneous branches of CNs,
four anatomical areas were tested: the tip of the ear tab (for
greater auricular nerve); submandibular area approximately
2 cm lower than the edge of mandibular bone and 3 cm
anterior to the mandibular angle (for transverse CN); lateral
neck area approximately 1/3 of the height of neck along the
posterior edge of the SCM (for upper branches of supracla-
vicular nerves); and the sub-clavicular area approximately
3 cm lower than mid-clavicular point (for lower branches of
supraclavicular nerves) (Figure 3). The tip of a thin cotton

swab was placed lightly on the skin and oscillated slowly to
check the tactile sensation of the patient. Sensation was
recorded as ‘preserved’ or ‘lost’. If sensation was impaired
but present, the result was recorded as ‘preserved’. Sensory
preservation rates were calculated in each tested area.
Sensory outcomes were compared between necks with ‘CN
rootlet-preserved’ and ‘CN rootlet-resected’ to verify the fun-
damental importance of CN rootlets. Following this, we
evaluated whether the ‘sub-SCM approach’ had more favor-
able results when compared with the conventional
‘subplatysmal approach’ in CN rootlet-preserved neck
dissections.

Statistical analysis

Pairwise comparisons between groups were performed
using the v2 test. A p value <.05 was considered statistic-
ally significant. Statistical calculations were conducted with
EZR (Saitama Medical Center, Jichi Medical University,
Saitama, Japan), which is a graphical user interface for R
(The R Foundation for Statistical Computing, Vienna,
Austria).

Results

Patient characteristics

This retrospective study included 129 dissected necks
from 87 patients with head and neck cancer (male: 57;
female: 30). The median age at diagnosis was 66 years

Figure 1. Cervical nerve rootlets have been preserved in the right neck by sub-
sternocleidomastoid approach. The trunks of C2–C4 are exposed in the modified
radical neck dissection (levels I–V). The skin covering the SCM was kept in place
without subplatysmal dissection to preserve the terminals branches of the CNs.
SAN: spinal accessory nerve.
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(range: 31–91). The primary cancer sites were oral (n¼ 44),
oropharynx (n¼ 13), hypopharynx (n¼ 12), larynx (n¼ 7),
salivary gland (n¼ 4), nasopharynx (n¼ 2), paranasal sinus
(n¼ 2), unknown (n¼ 2), and cervical esophagus (n¼ 1).
Stages of disease were IV (n¼ 42), III (n¼ 18), II (n¼ 23), I
(n¼ 3), and 0 (n¼ 1).

Neck dissection range was level I–V (n¼ 75), I–IV
(n¼ 9), I–III (n¼ 29), and II–IV (n¼ 16). Although most of
the level I–V dissections were with therapeutic intent, elect-
ive MRND had been performed in selected patients with
aggressive local disease.

The CN rootlets were preserved and resected in 86 and
43 necks, respectively. More functional, selective approaches
were used in the CN rootlet-preserved necks than in the CN
rootlet-resected necks (Table 1).

Sensory outcome

The sensory preservation rate in the ear tab, submandibular,
lateral neck, and sub-clavicular area was 75.6%, 20.9%,
74.4% and 86.0%, respectively, in the CN rootlet-preserved
necks (n¼ 86), compared with a sensory preservation rate
of 37.2%, 2.3%, 2.3% and 4.7%, respectively, in the CN

Figure 2. Dissection methods are illustrated. Sub-SCM approach can spare the terminal branches of CN in lateral neck area, while subplatysmal approach tends to
sacrifice the terminal branches. SCM: sternocleidomastoid muscle; �cervical nerve; Arrowhead: Erb’s emissary point of cervical nerves.

Figure 3. The areas evaluated for cutaneous sensation status. 1. Tip of the ear
tab; 2. Submandibular area; 3. Lateral neck area; 4. Sub-clavicular area. �Erb’s
emissary point of cervical nerves.

Table 1. Characteristics of neck dissection (N¼ 129).

CN-r preserved
(n¼ 86)

CN-r resected
(n¼ 43) p value

Intent of ND <.001
Therapeutic 28 41
Elective 58 2

Range of NDs, sides <.001
I–V 33 42
I–IV 9 0
I–III 29 0
II–IV 15 1

Skin incision <.001
T 25 18
Oblique along SCM 35 5
J/inverted J 7 18
Horizontal 10 1
Mid-T 9 0
Mid-I 0 1

SCM <.001
Preserved 78 3
Resected 8 40

Lateral neck dissection <.001
Sub-platysmal 32 40
Sub-SCM 54 3

CN-r: cervical nerve rootlets; ND: neck dissection; SCM:
sternocleidomastoid; p values calculated using v2 test.

Table 2. Sensory preservation rates after neck dissection by the status of
cervical nerve rootlets (N¼ 129).

CN-r preserved (n¼ 86) CN-r resected (n¼ 43) p value

Ear tab 65 (75.6%) 16 (37.2%) .005
Submandibular 18 (20.9%) 1 (2.3%) <.001
Lateral neck 64 (74.4%) 1 (2.3%) <.001
Sub-clavicular 74 (86.0%) 2 (4.7%) <.001

CN-r: cervical nerve rootlets; p values calculated using v2 test.
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rootlet-resected necks (n¼ 43). The sensory preservation
rates were significantly worse in the CN rootlet-resected
necks in all the four tested areas (Table 2).

There was a significant improvement in sensory
preservation rates in the submandibular, lateral neck, and
sub-clavicular area in CN rootlet-preserved necks following
the sub-SCM approach (n¼ 54) when compared with the
subplatysmal approach (n¼ 32) (sub-SCM approach: ear
tab¼ 81.5%, submandibular¼ 27.8%, lateral neck¼ 92.6%,
sub-clavicular¼ 94.4%; subplatysmal approach: ear
tab¼ 65.6%; submandibular¼ 9.4%; lateral neck¼ 43.8%;
sub-clavicular¼ 71.9%; Table 3).

Discussion

Developed by Crile, RND had been the gold standard surgi-
cal treatment for cervical metastases of head and neck can-
cers for decades [13]. The effectiveness of RND is due to its
radical resection of various structures adjacent to cervical
lymphoadipose tissue as safety margins. The major nerves
sacrificed in RND include the SAN and CNs, composed of
motor and sensory fibers, respectively. Studies since the
1960s have shown successful results with a less invasive
mode of neck dissection that preserves the SAN, SCM, and
internal jugular veins [5]. This mode of neck dissection,
called MRND, is currently the most common therapeutic
neck dissection for conditions with no grossly invasive meta-
static nodes. Several reports have shown that preserving the
SAN preserves motor function of the shoulder and reduces
cervical sensory symptoms, such as tightness and pain
[6,14,15]. However, many patients develop cervical symp-
toms even with preservation of the SAN [7,16].
Subsequently, interest has developed in preservation of the
CNs as a predominant factor associated with postoperative
sensory function. Studies have shown that preservation of
CNs and SAN further reduces the postoperative morbidity
and improves patient’s quality of life [8,9].

In neck dissection, the CN rootlets deriving from C2 to
C4 are exposed. The majority of their branches run medial
to lateral and deep to superficial, piercing the cervical lym-
phoadipose tissue. The cutaneous branches of the CNs radi-
ate from Erb’s point, which is located at the posterior edge
of the SCM. This study has shown that postoperative anes-
thesia is almost unavoidable in a wide area of the neck
when all the CN rootlets are resected. The skin incision and
dissection approach does not significantly change this poor
outcome. Therefore, we argue that the preservation of the
CN rootlets is a required factor for sensory preservation in
neck dissection.

Roh et al. reported cervical sensory outcomes following
neck dissection in 53 cases of head and neck cancer, includ-
ing 23 cases of primary thyroid cancer [9]. A wide area of
skin was raised on the subplatysmal layer using a skin inci-
sion, such as the McFee, T, and J/inverted J incision. The
sensory outcomes after more than one postoperative year
were more favorable in the CN rootlet-preserved necks than
in the CN rootlet-resected necks. In the CN rootlet-pre-
served necks, the sensory preservation rate was approxi-
mately 70%, 65%, 60% and 70% in the lower part of the
auricle, upper anterolateral (submandibular) neck, upper
posterior neck, and lower posterior neck, respectively.

Our study reported worse results in the submandibular
area when compared with the results obtained by Roh et al.
This may be due to the early postoperative sensory evalu-
ation in our study that excluded the effect of neural
regrowth. In addition, level I was dissected in the majority
(71/86) of necks in our study; therefore, subplatysmal dissec-
tion in the submandibular region was necessary.

Dilber et al. reported the sensory outcomes of neck dis-
section that preserved the CN rootlets in 17 cases of laryn-
geal cancer. A U-shaped skin incision was used for bilateral
neck dissections. The CN rootlets were resected in the dis-
eased side and preserved in non-diseased side. Postoperative
cervical sensory function was scored from 0 to 32 points.
Changes in sensory function over time, from early postoper-
ative period to six postoperative months were studied pro-
spectively. Sensory loss (0–22 points) was detected in 70.6%
and 82.4% of CN-preserved and CN-resected necks, respect-
ively, at 2 weeks postoperatively, and in 41.2% and 100%,
respectively, at 6 months postoperatively [8].

These reports demonstrate that cutaneous anesthesia is
common in the early postoperative period even when the
CN rootlets have been preserved. This indicates that
impaired sensory perception following CN rootlet preserva-
tion is caused by damage to the terminal branches of the
CNs by skin incision or subplatysmal dissection [8]. A slow
recovery due to neural regrowth can be expected in the long
term; however, this is not functionally ideal [9].

The status of the terminal branches of the CNs is the
determinant factor for postoperative sensation when rootlets
are preserved. Therefore, the area of postoperative anesthesia
is usually in accordance with the area of subplatysmal dis-
section. Importantly, when the SCM is not resected, subpla-
tysmal dissection over the SCM is not required for
completion of neck dissection. It has been reported that sen-
sation over the lateral neck region can be preserved in upper
neck dissection using a horizontal skin incision combined
with limited subplatysmal dissection over the SCM [12].
However, this combination cannot adequately expose levels
IV–V in the lower neck and so its use in comprehensive
neck dissection is limited.

In conventional neck dissection, a J/inverted J or laterally
placed T incision is used in combination with subplatysmal
dissection for surgical exposure of the whole neck area. The
removal of lymphoadipose tissue is generally performed in a
lateral to medial fashion, starting from the anterior edge of
the trapezius muscle and finishing along the carotid sheath
medially [17,18]. Although well established, this lateral to

Table 3. Sensory preservation rates by dissection approach in necks where
cervical nerve rootlets were preserved (N¼ 86).

Sub-SCM (n¼ 54) Subplatysmal (n¼ 32) p value

Ear tab 44 (81.5%) 21 (65.6%) .098
Submandibular 15 (27.8%) 3 (9.4%) .043
Lateral neck 50 (92.6%) 14 (43.8%) <.001
Sub-clavicular 51 (94.4%) 23 (71.9%) .004

SCM: sternocleidomastoid; p values calculated using v2 test.
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medial subplatysmal approach is not suitable for functional
preservation of the CNs. The laterally placed skin incisions
and subplatysmal dissection commonly injure the terminal
branches of CNs. Furthermore, it is technically difficult to
identify and preserve all branches of the CN rootlets in their
thin peripheral portions. This difficulty can adversely affect
the integrity of en bloc resection [9].

By using the sub-SCM approach, the lymphoadipose tis-
sue in lateral neck is manipulated by sub-SCM dissection
instead of subplatysmal dissection. The removal of lymphoa-
dipose tissue begins from the upper medial part along the
carotid artery. The CNs are identified at their thick rootlets
behind the internal jugular vein and traced laterally toward
their peripherals. After preserving all the grossly visible CN
branches, dissection is completed at the jugular vein angle.
This approach is technically easy and reproducible. In add-
ition, this approach has an oncologic advantage: lymph
nodes superficial to the carotid sheath are dissected before
exposing the CN rootlets; therefore, the feasibility of CN
preservation can be evaluated intraoperatively based on the
surgical and/or pathological findings. Any sign that extrac-
apsular extension is present would lead to the abandonment
of CN preservation and a more extensive approach can be
chosen. Importantly, the decision making on how to treat
CNs should be always based on the stage and biology of the
disease, with full respect for oncologic safety. A variety of
skin incisions can be used in the sub-SCM approach. Most
superficial branches of the CNs emerge and radiate from
Erb’s emissary point at the posterior border of the SCM;
therefore, placing a skin incision as distal as possible to
Erb’s point is favorable to avoid dividing the peripheral
branches of the CNs. The author’s preference is an oblique
skin incision along the anterior edge of the SCM.

This study has shown that the sub-SCM approach results
in significantly better sensory outcomes than the conven-
tional subplatysmal approach when the CNs are preserved.
However, there are some limitations to this approach.
Sensory loss in the submandibular area is common. This is
likely to result from unavoidable resection of the branches
of transverse CN by skin incision or flap dissection in sub-
mandibular area. Additional modifications to this approach
should be investigated prospectively to further improve the
sensory outcome preferably with both preoperative and post-
operative objective data on sensory function. Innovative
methods, such as a minimal incision endoscopy-guided or
carefully planned robotic approach, may be the next break-
through [19].

In conclusion, this retrospective study has shown that
resection of the CN rootlets in neck dissection is detrimental
to postoperative cutaneous sensation. In addition, we have
verified that preservation of the CN rootlets and their ter-
minal branches is required to prevent early postoperative
sensory loss. The sub-SCM approach, combined with a
medially placed skin incision, is suitable for a neck dissec-
tion that preserves CN function. This study showed that

there is further scope for functional improvements in the
outcomes of neck dissection.
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