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ABSTRACTABSTRACT

Introduction: Symptoms of the shoulder syndrome (SS) and spinal accessory nerve (SAN) impairments are
well-known complications to any neck dissections (NDs). Even so, their prevalence is reported with large
variations in the literature. Furthermore, marginal mandibular nerve (MMN) injuries are claimed to be
underreported. The purpose of this study was to investigate the prevalence of SS, SAN and MMN injuries after
different types of ND.

Methods: This systematic review and meta-analysis included studies reporting SAN and MMN injuries
following the three main types of ND. Pooled estimates of the prevalence were made by the main types of ND
with 95% confidence intervals (95% CI).

Results: Nineteen studies reported a total of 457 SAN injuries. The estimated prevalence of SS or SAN injuries
following radical neck dissection, modified radical neck dissection and selective neck dissection was 94.8%
(95% CI: 88.5-98.9%), 33.0% (95% CI: 19.4-48.3%) and 27.9% (95% CI: 7.1-54.5%), respectively. Five studies
reported a total of 64 MMN injuries. The estimated prevalence following modified radical neck dissection and
selective neck dissection was 13.1% (95% CI: 0-37.6%) and 12.7% (95% CI: 4.3-24.1%), respectively.

Conclusions: This meta-analysis estimated a high prevalence of SS, SAN and MMN injuries following the three
main types of ND. If oncological considerations allow it, the less morbid ND should be considered. MMN
injuries have only been reported in a limited number of small studies. The results may be used to compare
future research and as guidance for quality evaluation within departments.
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KEY POINTSKEY POINTS

The estimated prevalence of the shoulder syndrome/spinal accessory nerve injury following radical neck
dissection was 94.8%, modified radical neck dissection 33.0% and selective neck dissection 27.9%.

The literature on marginal mandibular-nerve injury following neck dissection is sparse.

In general, patients should be informed about the risk of particular injuries to their spinal accessory
nerve due to their specific subtype of neck dissection.

Neck dissection (ND) is a commonly used procedure for  removal of metastasis-suspected
lymph nodes and status is an important prognostic factor  for  survival in patients with head
and neck cancer  [1]. ND is defined by the American Academy for  Otolaryngology-Head and
Neck Surgery (AAO-HNS), which has classified NDs by an anatomical subdivision of the neck
into levels [2]. Nerve impairments are well-known complications to all types of ND [3]. Both
the spinal accessory nerve (SAN) and the marginal mandibular  branch of the facial nerve
(MMN) are known to be exposed during a ND [2, 4-6]. According to the AAO-HNS, three major
types of NDs exist [2]. Which ND is chosen depends on oncological considerations, but the
stage of disease is crucial. Radical neck dissection (RND) includes an intentional sacr ifice of
the SAN [7]. RND is rarely used and is only offered to patients with advanced disease. The
modified radical neck dissection (MRND) is a procedure associated with considerably less
morbidity and has largely replaced the RND in advanced disease. Selective neck dissection
(SND) is used in less advanced disease. Both MRND and SND intend to preserve the SAN and
MMN; even so, nerve impairments are frequently reported [3, 5, 8-10].

Injury of the SAN can cause the shoulder  syndrome (SS) which includes shoulder  pain,
scapular  winging and atrophy of the sternocleidomastoid muscle (SCM) and the trapezius
muscle (TM) [11, 12]. This manifests itself as reduced elevation, flexion and abduction of the
shoulder  joint.  Nerve stimulators are now used as standard care to reduce the r isk of nerve
injuries, in particular  MMN injuries. MMN injuries lead to lower  lip weakness that causes
functional problems such as oral incontinence, speaking difficulties and problems with
chewing on the affected side. Additionally, patients experience cosmetic problems such as
sagging of the mouth [13]. Both the functional and the cosmetic impact have a negative effect
on the quality of life among these patients [4]. Clinical examinations and electromyography
are recommended in order  to detect nerve dysfunction [14, 15], and both temporary and
permanent nerve dysfunction of nerves are seen [16]. The prevalence of SAN injuries
following NDs has been reported with various results [3, 5, 8-10], whereas the prevalence of
MMN is claimed to be underreported [4, 17]. The aim of this systematic review and meta-
analysis was to investigate the prevalence of the SS, SAN and MMN injuries among patients
who underwent different types of NDs. The goal was to determine the prevalence of nerve
injuries among the major  types of ND.
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METHODSMETHODS

The Preferred Reporting Items for  Systematic Reviews and Meta-Analyses (PRISMA) [18]
were used to prepare this study.

El ig ibil ity cr iter iaEl ig ibil ity cr iter ia
To generate the inclusion cr iter ia and to specify which studies to include, the Patient-
Exposure-Outcome-method was used [19]. Only studies reporting symptoms of SS, injuries
or  impairments of the SAN or  MMN as prevalence, incidence or  similar  following NDs were
included. Language was limited to English or  Scandinavian with no limitation to publication
date. Only observational studies were included. There was no limitation to diagnostic
methods or  time to follow-up, but self-reported injuries and questionnaires alone were
excluded.

Inf or mation sou r ces and  sear ch str ateg yInf or mation sou r ces and  sear ch str ateg y
Three electronic health-related databases were used to identify eligible articles: PubMed
(MEDLINE), EmBase via OVID (1946 to present) and the Cochrane Library. Both free-text and
keywords (Medical Subject Headings and Emtrees) were included. All search strategies are
shown in Appendix 1 [https://ugeskriftet.dk/files/a08190464_-_supplementary.pdf]. In
addition, reference lists of included studies and relevant systematic reviews were screened
for  references. Finally, unpublished literature was searched in Clinical-Trails and
OpenGrey. The last search was performed on 1 May 2017.

S tu d y sel ection, d ata extr action and  r isk of  bias within stu d iesS tu d y sel ection, d ata extr action and  r isk of  bias within stu d ies
Reference management software (EndNote) was used to electronically and manually
remove duplicates among the extracted articles. Covidence.org (Covidence Systematic
Review Software) was used by two independent authors to screen title/abstract and full-text
reading to determine eligibility for  inclusion. Disagreements regarding the inclusion were
solved by discussion within the author  group. The following data were extracted from the
included studies: Lead author, year  of publication, study design, country, number  of
patients, type of cancer, staging of disease, type of radiotherapy (RT), time to follow-up, type
of diagnostics, type of ND and number  of injuries to the SAN or  the MMN. The quality
assessment of the included articles was conducted using the Quality Assessment Tool for
Before-After  (Pre-Post) Studies with No Control Group [20]. All studies were graded as good,
fair  or  poor. "Good" indicates a small r isk of bias and the results are considered reliable.
The "fair" rating is assumed to have some r isk of bias but not sufficient to alter  the results,
and the "poor" rating is given when a high r isk of bias is present.

S ynthesis  of  r esu l tsS ynthesis  of  r esu l ts
We graded NDs according to the definition established by the AAO-HNS. RND includes
removal of the lymph nodes from level I-V, the SAN, the SCM and the internal jugular  vein
(IJV). Described symptoms of the SS are included. Three subtypes of MRND exist. Lymph
nodes from level I-V are always removed. The MRND type 1 includes preservation of the
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SAN. Both the SAN and the IJV are preserved in a MRND of type II; and the SAN, the IJV and
the SCM are preserved in type III. Studies reporting RND with preservation of the SAN are
graded as a MRND of type 1. Functional neck dissections were graded as MRND of type 3.
SNDs are the last major  ND, which includes four  subtypes. Anterior  neck dissection (AND),
also called SND (VI), which includes removal of the lymph nodes in level VI; supraomohyoid
neck dissection (SOMND), also called SND (I-III), which includes level I-III; lateral neck
dissection (LND), also called SND (II-IV), which includes II-IV; and posterolateral neck
dissection (PLND), also called SND (II-V), which includes II-V [2]. The extended radical neck
dissection was not included in this meta-analysis because of the further  extent of surgery to
the neck. Prevalence of injuries was organised by injuries to SAN or  MMN and the subtype of
ND. The total number  of SAN and MMN injuries with ranges of prevalence was found by
simple descriptive statistics. MetaXL version 5.3 was used to conduct the meta-analysis.
Pooled estimates with 95% confidence intervals of the estimated prevalence were calculated
for  RNDs, MRNDs and SNDs. Heterogeneity was assessed by inconsistency test. Because of

few inclusion cr iter ia, a high heterogeneity/inconsistency (I2 > 75%) among the included
studies was expected and the random effects model was used in the meta-analysis. To asses
for  publication bias, funnel plots were created.

RESULTSRESULTS

S tu d y sel ectionS tu d y sel ection
The selection process is shown in Appendix 2 [https://ugeskriftet.dk/files/a08190464_-
_supplementary.pdf]. A total of 363 articles were identified by the search strategy. In all, 114
duplications were removed. Another  183 articles were excluded based on title and abstract.
Furthermore, 51 articles did not meet the eligibility cr iter ia after  full-text screening. Four
studies were found in the reference lists or  in the grey literature of unpublished articles.

Study character istics
Twenty studies were included as shown in Tabl e 1Tabl e 1 . The studies were published from 1981 to
2017. The majority were published from the Western world. All studies were observation
studies including: seven cross-sectional studies [4, 7, 9, 21-24] , six retrospective cohort
studies [5, 14, 25-28] , six prospective cohort studies [8, 15, 29-32] and one case-control study
[33]. Five studies [4, 7, 9, 15, 31] reported the use of RT. The time to follow-up ranged from a
few days [8] to years [21]. Four  studies [22, 27, 30, 31] did electromyography (EMG) alone,
while five studies [14, 15, 26, 32, 33] did EMG in combination with clinical examinations and
the rest did clinical examinations. The prevalence of SS after  RND was reported in nine
studies, followed by 14 after  MRND and 11 studies after  SND. MMN involvement was reported
in one study after  RND, four  studies after  MRND and three studies after  SND. Ten studies did
not report which level was dissected and three studies failed to report which subtype of SND
was used (Table 1).
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Inju r ies to  the spinal  accessor y ner veInju r ies to  the spinal  accessor y ner ve
Nineteen studies reported on 457 SAN injuries following 2,537 NDs, as presented in Tabl e 2Tabl e 2 .
The prevalence of SS following RND ranged 66.6-100%. The estimated prevalence was
calculated to 94.8% (95% confidence intervals (CI): CI: 88.5-98.9%). SAN injuries following
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MRND ranged 1.3-81.8%. The estimated prevalence was calculated to 33.0% (95% CI: 19.4-
48.2%). SAN injuries following SND ranged 0-94.3% with an estimated prevalence of 27.9%
(95% CI: 7.1-54.5%). Forest plots of SAN sequelae/injuries following RND, MRND and SND are
illustrated in Fig u r e 1Fig u r e 1 .
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Inju r ies to  the mand ibu l ar  mar g inal  ner veInju r ies to  the mand ibu l ar  mar g inal  ner ve
Seven studies reported on 64 MMN injuries in 1,042 NDs as shown in Table 2. One study
reported injuries to MMN after  RND with a prevalence of 22.5%. MMN injuries following
MRND ranged 1.3-39.4% with an estimated prevalence of 13.1% (95% CI: 0-37.6 %). MMN
injuries after  SND ranged 5.5-22.5%. The estimated prevalence was calculated to 12.7% (95%
CI: 4.3-24.1%). Forest plots of MMN injuries following MRND and SND are shown in Fig u r e 2Fig u r e 2 .
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Risk of  bias within stu d ies and  r isk of  bias acr oss stu d iesRisk of  bias within stu d ies and  r isk of  bias acr oss stu d ies
Ten studies were graded as “good”, seven as “fair” and three as “poor”. The scores of the
individual studies from the quality assessment are reported in Appendix 3
[https://ugeskriftet.dk/files/a08190464_-_supplementary.pdf]. A summary of the quality
assessment of the included studies is shown in Appendix 4
[https://ugeskriftet.dk/files/a08190464_-_supplementary.pdf]. In general, the funnel plot
showed asymmetry (Figure 1 and Figure 2) by visual inspection. Most plots showed outliers
of the 95% confidence limit, which indicates true heterogeneity among the included studies.
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DI SCUSSI ONDI SCUSSI ON

We found high prevalences of SS or  SAN injuries following RND and MRND. Our  findings
indicate that minimal disturbance of the SAN is important to avoid post-operative nerve
impairments. Unsurprisingly, NDs were seen to have the highest estimated prevalence of the
SS or  SAN injuries (94.8%), followed by MRNDs (33.0%) and SNDs (26.7%). MMN injuries were
calculated to have a nearly equal prevalence following MRND (13.1%) and SND (12.7%). The
extent of SAN injuries following NDs has been discussed over  several decades in several
studies and reviews [10, 34, 35], whereas MMN injuries have been much less reported in the
literature.

Inju r ies to  the spinal  accessor y ner veInju r ies to  the spinal  accessor y ner ve

The estimated prevalence of the SS following RND was lower  than expected. Discrepancies in
prevalence were seen because three studies reported a lower  rate than the expected 100%
[8, 21, 23]. One possible explanation may be an alternative innervation of the SCM and TM by
motor  fibres from the third and fourth cervical nerve branches, which are seen in some
individuals [36, 37]. This alternative innervation might lower  the prevalence of dysfunction
even though the SAN has been sacrificed. Our  findings are consistent with previous
literature that patients who undergo RNDs should expect symptoms of SS [10, 23, 35]. One
study reported five out of nine MRND with intentional sacr ifice of the SAN; these were
included as RNDs in our  study [24]. However, future studies should use AAO-HNS
classifications to reduce bias. One study reported a lower  prevalence of SS when the
sacrificed SANs were grafted during the NDs, using the greater  auricular  nerve [21]. In
small samples, grafting of the SAN has previously been reported with success 8-9 months
after  ND [38]. This correlates with the findings by Saunders et al [21] and other  reports after
SAN grafting [39, 40]. However, nerve grafting includes the possibility of graft failure and
donor  site morbidity. Based on the sparse literature on SAN grafting, it remains too early to
draw conclusions regarding its efficiency and clinical value.

The prevalence of SAN injuries following MRND was higher  than expected, but considerably
lower  than that of RND [41]. One explanation may be the increased r isk of involuntary lesion
of SAN due to the comprehensiveness of the MRND. An increased r isk of SAN injuries has
been reported if the NDs involve removal of lymph nodes at level II and V [2], where the
surgeon is in close proximity to the SAN. Three studies reported a notably lower  prevalence
of SAN injuries following MRND [5, 26, 28] than the other  studies. No obvious explanation was
found for  this discrepancy, and their  results should thus be interpreted with caution. A
higher  prevalence of SAN affection was seen in studies among patients combining MRND with
RT. However, the findings do not take into account the time of RT administration [7, 31]. Both
surgery and RT can cause both temporary and permanent nerve injuries due to
demyelination or  devascular isation of the nerve [42]. Further  research is needed to
elaborate on how the combination of MRND and RT affects SAN injury. This may be done in a
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prospective cohort study with specific follow-up times for  nerve injuries in patients with
neoadjuvant and adjuvant RT to the MRNDs with the purpose of establishing any differences
in the prevalence of SAN injuries.

The estimated prevalence of SAN injuries following SND was lower  than that of MRND. It is
questionable whether  the subtypes of SND are comparable because different levels are
dissected among the subtypes. We calculated SAN injures per  ND. All the included studies
have operated either  level II or  V, where SAN is exposed during a ND. The result may
therefore be considered as "nerves under  r isk". A higher  prevalence of SAN injuries was
found when level V was included [9, 14]. When level V was omitted, the prevalence of SAN
injury was correspondingly lower  [29]. This demonstrates that the less invasive SNDs are an
advantage with regard to SAN injuries because of the reduced dissection levels. The study
that reported the highest prevalence of SAN affection following SND included the removal
of the cervical plexus from the second to the fourth cervical nerve branch in 32 cases [27].
These branches contr ibute to the SAN and may possibly contr ibute to explaining the
increased prevalence.

Inju r ies to  the mand ibu l ar  mar g inal  ner veInju r ies to  the mand ibu l ar  mar g inal  ner ve
Five studies reporting MMN injuries were included in this study. One study reported MMN
injuries following RND. Because of the sparse material, no further  analysis of pooled
estimates or  inconsistency tests were conducted. Previous studies reported an increased r isk
of involuntary lesion when level I-II was included due to the anatomical location of the MMN
[4-6]. RND, MRNDs and all SNDs except the AND involve level I and/or  II. One study reported
few MMN injuries following MRND in a large study population [5]. One explanation might be
that the study did not include level I in their  FND, which we graded as an MRND of Type 3.
This lowered the potential r isk of MMN injuries and may possibly produce an
underestimation of the true prevalence.

Three studies reported injuries to the MMN following SND with a similar  prevalence, which
resulted in narrow ranges and estimates. Two of these studies did not report which subtype
of SND was used [4, 28], which makes comparison difficult. All three studies reported stage
of disease prior  to surgery, but a relation between MMN injuries and disease stage could not
be identified as subtypes of SND and MMN injuries could not be differentiated in the
individual studies. In general, the prevalence of MMN injuries following ND is lower  than
that of SAN injuries. Different techniques to avoid MMN injuries are described in the
literature [6, 13]. The literature is sparse and future research on MMN injuries following ND
is needed to clar ify their  extent. It would be desirable with a larger  multicentre registry
study focusing on MMN injuries to investigate the true injury ratios.

Nerve injuries should be detected early so that relevant investigation and treatment can be
started. Sequelae from nerve injuries should be managed by a physiotherapist team.
Relevant training programmes and follow-ups should be offered to ensure the best possible
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outcome for  the patients. In particular , shoulder  joint immobility due to the SS should be
prevented with relevant exercises.

LimitationsLimitations
Our  study is not without limitations. All included studies were observational studies. Five
studies were retrospective studies [5, 14, 25-27], which tend to introduce information and
recall bias compared with prospective studies. No randomisations were seen among the
included studies [8, 15, 29-32], which increases the r isk of confounding. However, it is
uncertain whether  randomisation was even possible because of oncological considerations.
If the main outcome was not included in the title/abstract, it is likely that the study was
excluded. This could affect the calculated estimation in our  study. Studies of other
languages than English or  Scandinavian were excluded and the possibility of excluding
studies of any other  languages could potentially affect the estimations. Most studies
reported inclusion and exclusion cr iter ia, which lowered the r isk of selection bias within the
studies. The included studies have been published over  a number  of years (1981-2017). This
period has seen major  changes in the oncological treatment including optimisation
measures and changes in the indication for  the different NDs. These factors may have a
major  impact on the number  of nerve injuries and should be taken into consideration. The

heterogeneity in our  meta-analysis, as measured by I2, was high. This is most likely due to
differences in diagnostic tests, the use of RT, time to follow up and the subtype of ND. Visual
inspection of funnel plots related to SAN injuries suggests publication bias after  MRND. It is
impossible to conclude on the presence of publication bias in studies describing MMN
injuries due to the low study prevalence. We were unable to differentiate the severity and
extent of the injuries (temporary or  permanent injuries) due to missing information
regarding RT, follow-up-times, stage of disease and differences in methodology. This could
be clar ified in a prospective study with specific follow-up times using both clinical test and
EMG evaluation to determine the extent and severity of the injuries, including axonotmesis
from neuropraxia which several studies suggest may improve up to 12 months after  surgery
[27, 40]. The quality assessment showed a lack of information in most of the included studies
as the majority did not clearly report information about the study population, the
intervention and the outcome. The lack of homogeneity and information among the
included studies complicates comparison. This meta-analysis may be used as a basis for
comparison or  as goal/guidance for  the purpose of quality evaluation within the
departments and for  further  attempts to reduce nerve impairment after  NDs.

CONCLUSI ONSCONCLUSI ONS

This study presents a meta-analysis of the prevalence of SAN and MMN injuries following the
three main types of ND from a mixed cohort of studies and over  a considerable time span.
The estimated prevalence of the SS or  SAN injuries was found to be high: RND 94.8%, MRND
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33.0% and SND 27.9%. If oncological considerations allow, MRND or  SND should be
considered in order  to reduce the prevalence of nerve injuries compared with RND. MMN
injuries have only been reported in a small number  of small studies and are probably
underestimated. The estimated prevalence of MMN injuries was found to be similar  between
MRND and SND at 13.1% and 12.7%, respectively. The results of this study can be used to
compare future research regarding SAN and MMN injuries and it can be used as a goal or
guidance for  quality evaluation within departments.
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