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2b or Not 2b? Shoulder Function After Level 2b Neck 
Dissection: A Double-Blind Randomized Controlled Clinical Trial

Peter T. Dziegielewski, MD 1,2,3; Margaret L. McNeely, PhD4; Nigel Ashworth, MBChB5; Daniel A. O’Connell, MD3;  

Brittany Barber, MD3; Kerry S. Courneya, PhD 6; Brock J. Debenham, MD7; and Hadi Seikaly, MD3

BACKGROUND: Selective neck dissection (SND) is a mainstay of head and neck cancer treatment. A common sequela is shoulder syn-

drome from spinal accessory nerve (SAN) trauma. Extensive dissection in neck levels 2 and 5 leads to SAN dysfunction. However, it is 

not known whether limited level 2 dissection reduces SAN injury. The purpose of this double-blind randomized controlled trial was to 

determine whether omitting level 2b dissection would improve shoulder-related quality of life and function. METHODS: Patients with 

head and neck cancers undergoing surgery were randomized 1:1 to SND without level 2b dissection (group 1) or with it (group 2) on 

their dominant-hand side. Patients, caregivers, and assessors were blinded. The primary outcome was the change in the Neck Dissection 

Impairment Index (NDII) score after 6 months. An a priori calculation of the minimally important clinical difference in the NDII score was 

determined to establish a sample size of 15 patients per group (power = 0.8). Secondary outcomes included shoulder strength and range 

of motion (ROM) and SAN nerve conduction. The trial was registered at ClinicalTrials.gov (NCT00765791). RESULTS: Forty patients 

were enrolled, and 30 were included (15 per group). Six months after the surgery, group 2 demonstrated a significant median decrease 

in the NDII from the baseline (30 points) and in comparison with group 1, whose NDII dropped 17.5 points (P = .02). Shoulder ROM and 

SAN conduction demonstrated significant declines in group 2 (P ≤ .05). No adverse events occurred. CONCLUSIONS: Level 2b should 

be omitted in SND when this is oncologically safe and feasible. This allows for an optimal balance between function and cancer cure.  

Cancer 2020;126:1492-1501. © 2019 American Cancer Society. 
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INTRODUCTION
Head and neck cancers of the oral cavity, pharynx, and larynx have a propensity for lymph node metastases in the neck. 
Lymphatic spread portends significant drops in survival. The majority of cases are treated with primary surgery, which 
includes neck dissection to remove diseased and at-risk lymph node groups. Historically, all groups were removed in a 
radical neck dissection.1 Today, selective neck dissections (SNDs) are routinely practiced because they reduce morbidity 
while maintaining oncologic efficacy.2

The most common long-term complication of neck dissection is shoulder dysfunction due to the dissection of, or 
injury to, the spinal accessory nerve (SAN).3 The result is shoulder syndrome, which includes chronic pain, weakness, 
limited range of motion (ROM), shoulder droop, and impaired shoulder-related quality of life (QOL).4-6 Despite a tinc-
ture of time and dedicated physical therapy (PT), shoulder impairments may become permanent and lead to profound 
effects on activities of daily living, hobbies, employment status, and personal independence.5,7

The SAN traverses the neck from the skull base to the trapezius muscle via neck levels 2 and 5. Level 5 is preserved 
in SND; level 2 is universally included. SND can be modified to preserve level 2b, and this may lessen shoulder mor-
bidity.8-11 Level 2b is often dissected in node-positive (N1-N3) necks12; in node-negative (N0) necks, this is surgeon- 
dependent.2,5,11,12 Proponents for including level 2b cite the fact that occult nodal metastases may be missed if these 
nodes are not removed.13-15 Opponents argue that the risk of occult disease in level 2b is too low to provide an oncologic 
benefit, but increased dissection will cause physical dysfucntion.9,12,16,17

There are minimal data on SAN function after level 2b dissection.3,8,9,18 As with any cranial nerve, it appears that 
SAN function deteriorates after surgical dissection.19,20 However, the effect of nerve dysfunction on patient-perceived 
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shoulder-related QOL and functional outcomes has not 
been evaluated in a vigorous trial.

This randomized controlled trial (RCT) is the first 
to examine the effect of level 2b dissection on shoulder 
function as determined by clinically meaningful mea-
sures. The primary objective was to determine the impact 
of level 2b dissection on shoulder function–related QOL. 
Secondary outcomes included objective physical assess-
ments of shoulder function as well as electromyography 
(EMG) measurements of SAN function.

MATERIALS AND METHODS
Health research ethics board approval was obtained 
on October 12, 2008, at the University of Alberta 
(HREB007527). The trial was registered with Clinical 
Trials.org (NCT00765791) on November 10, 2008. 
Patient enrollment occurred from November 17, 2008,  
to January 31, 2012.

The Clinical Trials Office at the University of 
Alberta provided trial management/support. The authors 
were responsible for the trial design, data analysis, data 
integrity, and content of this article.

Trial Design
This double-blind RCT with parallel arms was conducted 
at a tertiary-care academic center (University of Alberta). 
Each arm was allocated 1:1 in a randomized fashion. No 
changes were made to the protocol (Supporting Materials A)  
after commencement.

Enrollment
Untreated patients with head and neck cancer were  
assessed with the following criteria:

Inclusion criteria

1. Age  ≥  18  years.
2. Biopsy-proven mucosal head and neck cancer.
3. Plan for primary surgical tumor resection with bilat-

eral SND.
4. Plan for postoperative external-beam radiation therapy 

(XRT).
5. N0 neck on dominant-hand side.

Exclusion criteria

1. Previous neck surgery with dissection at level 2 or 5.
2. Previous neck XRT, including level 2 or 5.
3. Documented shoulder neuropathy, myopathy, or 

arthropathy.
4. Cardiac pacemaker (ie, a contraindication to nerve 

conduction testing).

5. Positive neck disease on a randomized side found  
intraoperatively (ie, necessitating comprehensive neck 
dissection, including levels 2b and 5).

Patients meeting the criteria were offered trial partici-
pation. The operating surgeon (H.S.) explained the trial; 
those interested signed an informed consent form and 
were enrolled by the trial coordinator. Data were collected 
as they became available by the trial coordinator, who was 
not involved in the protocol design or the data analysis. 
Primary data collection and verification were completed 
in January 2013. Patients were followed for 5 years after 
their surgery to determine tumor recurrence rates, with 
data collection being finished in February 2017.

Intervention
Bilateral SND, including levels 2 to 4, was performed at 
the time of tumor resection. Patients were randomized to 
one of the following:

1. Group 1 (not 2b): Level 2b was not dissected (SND 
[2a-4]).

2. Group 2 (2b): Level 2b was dissected (SND [2ab-4]).

Surgical Procedure
The standardized SND (2-4) technique (Supporting 
Materials B) was performed by a single surgeon (H.S.). 
Levels 1, 3, and 4 were dissected in the typical fash-
ion.5,21 In group 1 (SND [2a-4]), the SAN was dis-
sected only on its inferior border, and this left fascia 
covering ~270 degrees of the nerve. In group 2 (SND 
[2ab-4]), the SAN was dissected 360 degrees, and level 
2b contents were passed under the nerve. Retraction was 
limited to the sternocelidomastoid muscle (SCM) and 
was not applied directly to the SAN. At the completion 
of SND, the integrity of the SAN was assessed visu-
ally and with a Vari-Stim nerve stimulator at 0.5 mA 
(Medtronic, Jacksonville, Florida).

After surgery, patients were admitted to the head and 
neck surgical oncology ward and followed a standardized 
care protocol.22 During and after their hospital stay, all 
patients underwent standardized shoulder rehabilitation 
PT.23,24

Outcomes
Primary

The change in the Neck Dissection Impairment Index 
(NDII) (supporting Materials C) score5 from be-
fore the surgery to 6  months after the surgery was the 
primary outcome. The NDII was chosen because it 
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is the only neck dissection–specific shoulder/neck 
function and QOL instrument.5 The 10-item NDII 
test-retest correlation is 0.91 (P  <  .001) with an inter-
nal-consistency Cronbach α coefficient of .95. Individual 
items are scored from 1 (a lot) to 5 (not at all), with 
higher scores representing higher QOL (Supporting 
Materials B). The total score is scaled to a 100-point  
cumulative score, with higher scores indicating better 
QOL. This questionnaire is patient-centered and is well 
applicable to activities of daily living.25

Secondary

1. Surgical:
a. SAN injury: Cautery, compression, and transection 

injuries were monitored intraoperatively.
b. Operative time: This was measured from the begin-

ning to the end of level 2 dissection.

2. Oncologic:
a. Lymph node yield and cancer incidence in level 2 

according to standard histology: Immunostains such 
as p40, s100, Ki-67, and cytokeratin AE1/AE3 were 
used in cases in which histology did not provide a 
clear answer for the cancer status.

b. Long-term locoregional recurrence rates.
3. Shoulder function:

a. Shoulder ROM: Active and passive shoulder ROM 
was determined with a universal goniometer by a 
single assessor.23,24

b. Shoulder strength: Participants performed a 1-repe-
tition maximum seated row test to evaluate changes 
in shoulder retraction muscle group strength.

c. Shoulder muscular endurance: A seated row was 
performed at 50% of the 1-repetition maximum.

d. Shoulder height: The standing resting position of 
the shoulder tip was measured from the floor in 
centimeters.

A single exercise physiologist (independent assessor) 
performed all assessments.

4. SAN function: Data were collected on a Viking 
Select machine (Nicolet, Madison, Wisconsin), 
which was operated by the same electromyographer 
(N.A.). Measurements were obtained according to 
the Buschbacher technique.26-28 The primary onset  
latency, negative peak amplitude, and negative peak 
area of the compound motor amplitude and needle 
EMG were determined.

Outcomes were measured preoperatively and 4 and 
6  months postoperatively. Four months was chosen  
because this is the typical time in which patients finish  

adjuvant XRT and undergo a milestone PT evaluation. 
Six months was chosen because shoulder function typ-
ically shows the majority of recovery by this point.11,23 
Even with more extensive neck dissections, including level 
5, most recovery occurs within 6  months.11 Moreover, 
this is the time frame in which patients are most likely to 
comply with a PT regimen.29,30 Outcome measurement 
details are described in the protocol.

Minimally Important Clinical Difference
An a priori calculation was performed to determine the 
minimally important clinical difference (MICD) in the 
NDII31 via an anchor-based approach.32 Before this study, 
no such value was established. A list of all patients who 
had undergone SND (2ab-4) in the preceding 12 months 
was generated from operating room records. Forty-one 
patients were identified and were at least 6 months out 
from surgery. A chart review was performed to confirm 
that SND (2ab-4) was performed on the patient’s domi-
nant-hand side. Twenty-five patients met the criteria and 
were contacted to participate in a phone survey. Patients 
were asked to complete the NDII. They were then asked 
to complete the same questionnaire but for each question 
were asked the following: “What would your score need to 
be for you to notice a shoulder function–related improve-
ment in your quality of life or for you to choose a different 
treatment?” The average difference was 18.1 points.

Sample Size Calculation
The MICD was used to calculate the sample size with a 
power of 0.8 and an α value of .05. The necessary sam-
ple size to meet the desired power was 15 participants 
in each group. It was decided that 40 patients were to 
be enrolled to account for an expected 25% attrition 
rate.

Randomization and Masking
Forty cards labeled either “2b” or “not 2b” were created 
on opaque cardboard. The card order was determined 
by a block-randomized, computer-generated random 
number sequence, which was created by an investiga-
tor not affiliated with the trial (SPSS version 23; IBM, 
Chicago, Illinois). A 1:1 ratio of the 2b and not 2b 
designations was assigned with random blocks of 2, 4, 
6, and 8. The cards were folded in half and placed in 
numbered radio-opaque envelopes stored in the order 
of the generated sequence. The primary surgeon (H.S.), 
the physical therapist (M.L.M.), and the elctromyogra-
pher (N.A.) were not aware of how many randomiza-
tion cards were created.
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Randomization occurred immediately before level 2 
dissection. The circulating nurse opened the envelope on 
the top of the stack and pulled out the next card, which 
was announced to the primary surgeon (H.S.).

Blinding
Participants were not made aware of whether level 2b was 
dissected until the completion of 6-month testing. The 
physical therapists providing PT, the exercise physiolo-
gist (an independent assessor), and the electrophysiologist 
(N.A.) were blinded to which neck side was randomized 
and to which group the patients belonged. They tested 
both shoulders and did not have access to patients’ surgi-
cal records.

Statistical Analysis
The normalcy of the patient distribution was determined 
with the Kolmogorov-Smirnov test as well as skewness 
and kurtosis tests. All variables were not normally dis-
tributed; thus, nonparametric tests of comparison were 
used. For continuous variables, the Mann-Whitney U test 
was used, and for categorical variables, the Fisher exact 
test was used. The central tendency was measured as the  
median. Analyses were performed with SPSS version 23.0 
(IBM).

RESULTS
Forty patients were enrolled and randomized. Figure 1 
shows participant flow and follow-up. Five patients were 
excluded from each group because of patient withdrawal 
or positive neck disease found intraoperatively on the 
side to be randomized. Six, citing that testing was too 
time-consuming, withdrew postoperatively. Two with-
drew postoperatively because of fractured arms from 
unrelated falls. These occurred after hospital discharge 
and were not considered adverse treatment events. Six 
were unable to complete EMG testing because of exces-
sive shoulder pain. Patients were analyzed in an intent-
to-treat fashion based on the group to which they were 
assigned.

Table 1 shows baseline characteristics and demon-
strates no significant differences; randomization was 
successful. Twenty-nine patients had squamous cell 
carcinoma, and 1 had a carcinoid tumor (group 1). All 
patients were at clinical stage III or IV and planned to 
undergo XRT postoperatively. Ten patients in group 1 
received XRT, and 2 received chemo-XRT; 13 in group 
2 received XRT, and 3 received chemo-XRT (P >  .05). 
XRT was given 6 to 10 weeks postoperatively with 60 to 
70 Gy to the primary site and 54 to 60 Gy to the neck.

The median level 2 lymph node yield was 6 (range, 
3-18) in group 1 and 11 (range, 4-26) in group 2. No 
level 2 nodes in randomized necks harbored occult cancer. 
All final surgical margins were negative.

There were no adverse events, including intraoper-
ative SAN or other cranial nerve injuries, major vascular 
injuries, physical testing injuries, and EMG injuries. All 
SANs were stimulated strongly (visible trapezius contrac-
tion) after neck dissection with the nerve stimulator set 
at 0.5 mA.

The median operative time was 4.0 ± 1.0 minutes 
(interquartile range, 3-5 minutes) for group 1 (not 2b) 
and 7.0 ± 1.0 minutes (interquartile range, 4-8 minutes) 
for group 2 (2b; P = .006).

All participants completed NDII questionnaires pre-
operatively and 6 months postoperatively (Table 2). The 
differences between 6-month postoperative scores and 
preoperative scores were statistically significant for both 
groups (group 1, P =  .002; group 2, P =  .001). A post 
hoc analysis for study power showed a power of 0.88 for 
the NDII data (primary outcome).

All participants attended PT sessions and completed 
physical testing (Tables 3 and 4). All patients reported 
performing at-home exercises in accordance with a stan-
dardized schedule. The median change in the body mass 
index was −2.3 kg/m2 for group 1 and −2.8 kg/m2 for 
group 2 (P = .87).

Nerve conduction results are presented in Table 5. 
There were no significant changes in distal motor latency 
(P >  .05); however, the median action potential ampli-
tudes demonstrated significant drops within and between 
groups (P ≤ .05). The area under the EMG curves signifi-
cantly decreased in both groups but especially in group 2 
(P ≤ .05).

All participants were followed every 3 months by 
H.S. for a planned 5 years with no losses to follow-up. 
Follow-up ranged from 0.5 to 7.5 years. Patients who 
did not make it to 5  years died of either concurrent 
disease or recurrent cancer. No patient had a neck  
recurrence. One patient had a recurrence at the skull 
base 6  months after surgery. Two patients had local 
recurrences (1 in each group), and both were salvaged 
with surgery.

DISCUSSION
SND limits lymph node dissection to preserve shoulder 
function.16,19,33,34 SAN dysfunction in SND occurs with 
level 2a/2b dissection.16,35 Thus, can level 2b–sparing 
SND further improve shoulder outcomes?
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Yes. This study convincingly shows that SND  
(2a-4) causes less shoulder impairment than SND includ-
ing 2b. Shoulder-related QOL at 6 months postoperatively 
was 17 points lower than the baseline with 2b-sparing dis-
section (group 1). This drop is statistically but not clin-
ically significant. For patients with level 2b dissected  
(group 2), the decline was 30 points at 6 months, which 

is statistically and clinically significant. Moreover, the dif-
ference in 6-month scores between the groups was signif-
icant (P = .008).

The results show that even minimal dissection of the 
SAN (SND [2a-4]) will cause patient-perceived shoulder 
impairment; however, this does not become clinically 
meaningful until level 2b is dissected. The dysfunction 

Figure 1. Randomization, enrollment, and follow-up of trial participants. EMG indicates electromyography; NDII, Neck Dissection 
Impairment Index; SND, selective neck dissection; XRT, external-beam radiation therapy.
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observed even with SND (2a-4) is potentially related to 
the partial devascularization of the SAN on the superior 
aspect of level 2a.8 It could also be due to an SAN injury 
when the level III/IV contents are pulled up under the 
SCM. The SAN is in close proximity and can be grossly 
injured or overstimulated during this part of the dissec-
tion if the surgeon is not careful. However, the technique 
used within this trial minimized any cautery or blind 

dissection during this part of the SND. In addition, all 
SANs were stimulated strongly with a low current at the 
end of SND; this supports the idea that the dysfunction 
from SND (2a-4) is more likely due to ischemia than 
technique.

All patients experienced decreases in self-perceived 
shoulder function after SND (2-4). Partial recovery  
occurred at 6  months, as expected, but none returned 
to the baseline.24,30 This was despite all patients being 
enrolled in a progressive resistance exercise training pro-
gram.24,30 Similar results showing a universal drop in 
NDII scores have been shown for more extensive neck 
dissections and those exposed to XRT.8,19,33,36

This is the first study to establish the MICD 
for NDII scores (18.1 points). The value defines how 
much change in shoulder-related QOL is meaningful to  
patients. Moreover, this allows the current data to show 
clinically significant improvements in shoulder-related 
QOL when level 2b is spared in SND. Future trials may 
use this value in studying shoulder function after neck 
dissection.

TABLE 1. Baseline Characteristics of the Study 
Participants

Characteristic
Group 1: Not 2b 

(n = 15)
Group 2: 2b 

(n = 15) P

Age, median (range), y 59.8 (48.6-78.8) 64.3 (44.0-76.4) .76
Sex: male:female, No. 14:1 12:3 .30
Primary cancer site, No. .12

Oral cavity 5 8
Oropharynx 9 3
Larynx 1 4

pT classification, No. .08
Tx 1 0
T1 2 0
T2 9 5
T3 2 4
T4 1 6

pN classification, No. .97
N0 8 9
N1 2 2
N2a 2 2
N2b 3 2

Overall AJCC stage, No. .45
II 6 3
III 3 3
IV 6 9

CCI score, median 
(range)

5 (2-6) 4 (2-7) .69

Smoking history, median 
(range), pack-y history

20 (0-50) 30 (0-50) .46

Preoperative BMI,  
median (range), kg/m2

25.2 (19.8-38.7) 27.6 (17.1-36.1) .36

Abbreviations: AJCC, American Joint Commission on Cancer; BMI, body 
mass index; CCI, Charlson Comorbidity Index.
All measurement values are presented as medians.

TABLE 2. Perioperative NDII Scores per Group

Perioperative  
Time Period

NDII Score, Median ± SE (IQR)

PGroup 1: Not 2b Group 2: 2b

Preop 100 ± 1.7  
(92.5 to 100)

97.5 ± 2.4  
(92.5 to 100)

.49

4 mo postop 71.3 ± 6.7  
(48.1 to 81.3)

62.5 ± 6.3  
(28.8 to 68.8)

.19

6 mo postop 77.5 ± 4.6  
(72.5 to 90.0)

65.0 ± 4.9  
(55.0 to 75.0)

.008

Median change (6 mo 
– preop)

−17.5 ± 3.8  
(−22.5 to −2.5)

−30 ± 5.1  
(−40.0 to −25.0)

.02

Abbreviations: IQR, interquartile range; NDII, Neck Dissection Impairment 
Index; postop, postoperative; preop, preoperative; SE, standard error.
All measurement values are presented as medians. Bolded values denote sta-
tistical significance (P ≤ .05).

TABLE 3. Perioperative Shoulder ROM per Group

Perioperative  
Time Period

ROM, Median (IQR), Degrees

PGroup 1: Not 2b Group 2: 2b

Active flexion
Preop 162 (148 to 166) 154 (147 to 162) .51
4 mo postop 143 (118 to 158) 136 (115 to 146) .25
6 mo postop 148 (131 to 152) 140 (115 to 154) .31
Change (6 mo – preop) −14 (−16 to −16) −34 (−48 to −4) .07

Active abduction
Preop 161 (143 to 164) 157 (150 to 162) .68
4 mo postop 151 (89 to 166) 87 (69 to 145) .04
6 mo postop 154 (114 to 166) 93 (84 to 155) .046
Change (6 mo – preop) −7 (−28 to 4) −61 (−88 to 4) .06

Active internal rotation
Preop 70 (55 to 100) 85 (50 to 100) .98
4 mo postop 67.5 (44 to 84) 55 (43 to 65) .12
6 mo postop 65 (40 to 80) 50 (30 to 68) .22
Change (6 mo – preop) −18 (−30 to 0) −20 (−35 to −10) .23

Active external rotation
Preop 60 (35 to 90) 75 (41 to 81) .68
4 mo postop 58 (41 to 74) 40 (28 to 55) .02
6 mo postop 50 (35 to 75) 43 (28 to 50) .29
Change (6 mo – preop) −10 (−15 to 5) −13 (−30 to −5) .22

Passive flexion
Preop 166 (163 to 171) 161 (159 to 170) .46
4 mo postop 160.5 (147 to 172) 160 (153 to 166) .70
6 mo postop 165 (150 to 170) 162 (143 to 171) .79
Change (6 mo – preop) −3 (−13 to 4) −1 (−31 to 3) .84

Passive abduction
Preop 173 (165 to 175) 162 (154 to 174) .13
4 mo postop 168 (128 to 177) 172 (141 to 176) .80
6 mo postop 171 (153 to 180) 169 (142 to 172) .41
Change (6 mo – preop) −1 (−17 to 6) −8 (−32 to 20) .90

Abbreviations: IQR, interquartile range; postop, postoperative; preop, preop-
erative; ROM, range of motion.
All measurement values are presented as medians. Bolded values denote sta-
tistical significance (P ≤ .05).
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All active ROM measures declined in both groups 
from the baseline to 6 months. Although most patients 
showed a partial recovery, no patient experienced a full 
recovery. Previous studies support the idea that the  
most significant ROM disruption is in abduction when 
both level 515,16 and level 2b are dissected.8 Active  

abduction was most affected. Patients with level 2b dis-
sected lost a median of 61 degrees in abduction, which 
was significantly worse than that for their counterparts 
at 6 months (P = .049). The decline of 61 degrees from 
the baseline very likely represents a clinically meaning-
ful difference but only approached statistical significance 

TABLE 4. Perioperative Shoulder Strength Testing per Group

Perioperative Time Period

1 Repetition Maximum, Median (IQR), lbs

PGroup 1: Not 2b Group 2: 2b

Preop 70 (48 to 100) 80 (50 to 90) .72
4 mo postop 70 (53 to 100) 80 (50 to 100) .99
6 mo postop 70 (47 to 100) 70 (34 to 95) .55
Change (6 mo – preop) 0 (0 to 0) 0 (0 to 0) .49

Perioperative Time Period

Muscular Endurance, Median (IQR), Repetitions

PGroup 1: Not 2b Group 2: 2b

Preop 20 (17 to 24) 21 (19 to 23) .78
4 mo postop 10 (7 to 13) 8 (5 to 13) .45
6 mo postop 11 (10 to 19) 11 (10 to 15) .43
Change (6 mo – preop) −7 (−11 to −3) −9 (−16 to −4) .41

Perioperative Time Period

Shoulder Height, Median (IQR), cm

PGroup 1: Not 2b Group 2: 2b

Preop 150 (145 to 152) 151 (139 to 153) .78
4 mo postop 152 (147 to 154) 151 (140 to 155) .49
6 mo postop 149 (147 to 152) 151 (142 to 153) .94
Change (6 mo – preop) −0.1 (−2 to 0.7) −1 (−1 to −1) .99

Abbreviations: IQR, interquartile range; postop, postoperative; preop, preoperative.
All measurement values are presented as medians. 

TABLE 5. Perioperative Spinal Accessory Nerve Conduction Studies on the Randomized Neck

Perioperative Time Period

Distal Motor Latency, Median (IQR), ms

PGroup 1: Not 2b Group 2: 2b

Preop 2.2 (2.0 to 2.4) 2.2 (2.0 to 2.4) .86
4 mo postop 2.1 (1.6 to 3.0) 2.2 (1.9 to 3.6) .43
6 mo postop 2.2 (0.9 to 2.4) 2.6 (1.8 to 2.8) .05
Change (6 mo – preop) 0.1 (−1.4 to 0.4) 0.2 (−0.1 to 0.9) .25

Perioperative Time Period

Action Potential Amplitude, Median (IQR), mV

PGroup 1: Not 2b Group 2: 2b

Preop 8.1 (7.9 to 9.7) 7.9 (7.1 to 10.3) .60
4 mo postop 7.8 (4.2 to 8.5) 2.3 (0.9 to 4.7) .04
6 mo postop 7.6 (4.4 to 8.8) 1.4 (0.7 to 3.3) .002
Change (6 mo – preop) −0.4 (−3.6 to 0.1) −5.6 (−9.3 to −4.0) .004

Perioperative Time Period

Area, Median (IQR), mVms

PGroup 1: Not 2b Group 2: 2b

Preop 76.7 (68.9 to 86.3) 78.7 (58.8 to 96.9) .92
4 mo postop 73.5 (24.5 to 79.2) 21.1 (8.1 to 41.8) .04
6 mo postop 61.2 (29.5 to 74.6) 24.4 (10.1 to 43.5) .04
Change (6 mo – preop) −14.4 (−46.8 to 1.3) −47.1 (−100.8 to −32.6) .05

Abbreviations: IQR, interquartile range; postop, postoperative; preop, preoperative.
All measurement values are presented as medians. Bolded values denote statistical significance (P ≤ .05).
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(P = .06). In a feasibility study, Parikh et al8 also found 
that patients with level 2b dissected experienced the most 
ROM disruption in abduction. This is similar to what 
Celik et al11 showed, with abduction tending to show the 
majority of its improvement 6 months after surgery.

Because both groups received identical PT interven-
tions postoperatively, it was possible to control for differ-
ences in outcomes that would have been influenced by 
rehabilitation services.37 Passive ROM was not signifi-
cantly affected by level 2b dissection, and this suggests 
that the loss of active ROM was not due to mechanical 
contractures in the shoulder joint. Rather, the loss of  
motion was linked to losses in nerve function. Although 
the progressive resistance exercise training program helps 
to minimize fibrotic changes and preserve shoulder-joint/
soft-tissue mobility, it cannot fully compensate for the 
loss of nerve function.33

Both groups maintained shoulder strength, endur-
ance, and shoulder height. This is likely attributable to 
the development of compensatory musculature in the 
shoulder girdle, as has previously been described.23,24,30

EMG changes showed markedly worse nerve func-
tion in group 2 (2b). Compound motor amplitude 
potentials and negative peak areas, which are directly 
proportional to axon numbers, fell. Distal motor laten-
cies remained unchanged within and between groups, 
and this suggests that SAN myelin is undamaged. This 
points to axonotmesis and not neuropraxia as the main 
mechanism of nerve injury, which is consistent with a 
stretch or ischemic injury (vs compression). There was a 
significant difference between groups at all time points 
and especially in the change from baseline. Similar  
results have been reported in nerve conduction amplitude 
drops after extensive level 5 SAN dissection.8,35 Despite 
the use of a technique that avoids direct stretch to the 
SAN, the SCM requires retraction to expose level 2b.  
Through this retraction, it is conceivable that indirect 
SAN stretch occurs. It is possible that different neck 
dissection techniques could result in various degrees of 
nerve disruption. A future study could be performed 
to compare different methods of level 2 and SAN 
dissection.

Some claim that level 2b dissection is difficult and 
time-consuming.8,38,39 Level 2b dissection required 3  
additional minutes of surgical time in this study. Although 
this was statistically significant, it was certainly not a clin-
ically meaningful difference. This was the first study to 
show the time needed to complete level 2b dissection.

The lymph node yield of level 2b averaged 6 nodes, 
which was on par with previous reports.38 Moreover, 

there were no neck recurrences after 5 years. Thus, it was 
ensured that appropriately thorough dissections were 
performed.

Limitations included a low sample size; however, the 
trial met the a priori power calculation for the primary 
outcome and had high post hoc power. It was, however, 
limited in numbers for nerve conduction testing because 
some patients opted out on account of ongoing neck 
pain/discomfort or difficulty in attending appointments. 
Recruiting patients for this trial was challenging because 
the strict criteria made many patients ineligible.

Parikh et al8 conducted a similar study in which 
patients were randomized to different SNDs. This pilot 
study also found patient attrition to be an issue. Their 
study focused on EMG results, which are likely the most 
objective measure of SAN function after neck dissec-
tion, but it did not focus on patient-reported outcomes. 
Moreover, their study lacked the rigorous controls of the 
current trial in terms of controlling for PT intervention, 
arm dominance, and surgical technique (all of the current 
participants received a bilateral neck dissection). Lima  
et al35 have shown that EMG testing can pick up sub-
clinical SAN dysfunction. It is important that subclinical 
and even major EMG changes in the SAN rarely correlate 
with subjective findings such as QOL.19,40 This is the 
first RCT to investigate shoulder function–related QOL 
changes when level 2b is dissected.

The current trial stopped measuring outcomes at 
6 months, which is when shoulder function often begins 
to recover after neck dissection when level 5 is spared.11,23 
Emerging evidence demonstrates that SAN recovery 
and objective shoulder function may continue to slowly 
improve beyond 1 year after neck dissection.41 The cur-
rent data show that most recovery seems to happen after 
4 months and that between 4 and 6 months, QOL and 
functional measures improve only minimally. This study 
focuses on the period of time with the most recovery 
and may reflect only short-term recovery. Previous stud-
ies have also shown that the majority of shoulder func-
tion improves within the first 6 months.8,11,23 However, 
slow improvement may continue for a year or longer.41 
Thus, patients, especially those undergoing 2b dis-
section, may benefit from ongoing PT and follow-up  
beyond 6 months. Future studies could consider follow- 
up of 1 year or longer because shoulder-related QOL and 
functional measures may continue to improve over time. 
This would be especially true for patients committed to 
ongoing long-term shoulder rehabilitation.

Because we know that level 2b–preserving SND 
produces improved shoulder function, the next question 
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is this: When is it oncologically safe to omit level 2b in 
SND? The long-term follow-up of this study showed that 
no patient had a neck recurrence. Hoyt et al12 have shown 
that contralateral level 2b nodes very rarely have meta-
static lymph nodes across all head and neck mucosal can-
cer sites. Paleri et al41 found that only 18 of 903 patients 
with head and neck cancer (2%) had level 2b nodal dis-
ease. Several others have corroborated these data.39 Thus, 
there is evidence to suggest when level 2b could be safely 
omitted in SND. However, this study was not designed or 
powered to answer this question.

In conclusion, SND including level 2b leads to 
significant long-term deterioration in QOL and active  
abduction and nerve conduction amplitude deficiencies. 
When it is oncologically sound, level 2b should be omit-
ted from SND.
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