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M. A. Slappendel 

 

Bevestigt hierbij dat de onderhavige verhandeling mag worden geraadpleegd en 

vrij mag worden gefotokopieerd. Bij het citeren moet steeds de titel en de auteur 

van de verhandeling worden vermeld.” 
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Samenvatting 

 

Doel:  Het systematisch weergeven van gepubliceerde literatuur ten aanzien van 

pijn in de schoudergordel en het functioneren van nek en schouders bij patiënten 

die een halsklierdissectie hebben ondergaan in de behandeling van hoofd en 

hals kanker. 

Data verzameling:  Een zoekstrategie is uitgevoerd in de volgende databases: 

Cumulative Index to Nursing and Allied Health Literature, the Cochrane library, 

Experta Medica en Pubmed. 

Review methode:  De halsklierdissecties beschreven in de geincludeerde 

studies werden geclassificeerd. De verzamelde literatuur wordt beoordeeld op 

pijnklachten en het functioneren van hals en schouders.  Het functioneren van 

hals en schouders wordt weergegeven volgens de symptomen van het 

‘shouldersyndrome’: houding, range of motion, spierkracht, onvermogen of 

beperkingen en elektrofysiologische evaluatie. Ook de ontwikkeling van de 

symptomen over de tijd werden geëvalueerd.  

Resultaten: De zoekstrategie leidde tot 244 studies waarvan 13 studies 

voldeden aan de in- en exclusie criteria. De studies toonden dat uitgebreide 

halschirurgie leidt tot meer pijnklachten en meer houdingsproblemen, 

verminderde range of motion, afgenomen spierkracht, meer beperkingen en een 

verminderde elektrofysiologische functie vergeleken met minder uitgebreide 

chirurgie. Over de tijd vindt meer herstel plaats bij patiënten met minder 

uitgebreide halschirurgie. 

Conclusie:  De literatuur toont dat meer uitgebreide chirurgie gepaard gaat met 

meer pijnklachten en disfunctioneren van hals en schouders vergeleken met 

minder uitgebreide chirurgie. Minder uitgebreide halschirurgie wordt 

geassocieerd met betere herstel resultaten vergeleken met uitgebreide chirurgie. 
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Abstract 

 

Objective:  To review systematically the published literature regarding pain in 

the shouldergirdle and neck and shoulder functioning in patients who underwent 

a neck dissection in the treatment of head and neck cancer.  

Data sourch:  A search strategy was conducted in the following databases: 

Cumulative Index to Nursing and Allied Health Literature, the Cochrane library, 

Experta Medica and Pubmed. 

Review methods:  Neck dissections performed in de included studies were 

classified. Studies were evaluated regarding experience of pain and functioning 

of neck and shoulders. Fysioning of neck and was evaluated according to the 

symptoms of the ‘shoulder syndrome’: posture, range of motion, strength, 

disability and electrophysiological evaluation. Also the development of the 

symptoms over time was evaluated.  

Results:  The initial search returned 244 studies, with 13 studies meeting the in- 

and exclusion criteria. Studies showed that more extensive neck surgery is 

associated with more experience of pain and more restrictions in posture, 

reduced range of motion,  less muscle strength, increased disability and worse 

electrophysiological evaluation compared to less extensive neck surgery. All 

outcomes showed the most severe disturbances in pain and function of neck and 

shoulders and less recovery over time after more extensive surgery. Over time 

patients with less extensive neck surgery showed more recovery. 

Conclusion:  The literature indicated that more extensive surgery involves more 

pain and dysfunction of neck and shoulders compared to less extensive surgery. 

Less extensive surgery is associated with better recovery results compared to 

more extensive surgery.  
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Introduction  

 

Head and neck cancer accounts for almost 10% of new patients with cancer in 

the Netherlands.1 In 2005 2650 patients were diagnosed with head and neck 

cancer.2 Surgical treatment of the primary tumor is one of the primary treatment 

interventions. Neck surgery can occur simultaneously with or subsequent to the 

surgical treatment of the primary tumor. A neck dissection is performed when a 

metastasis is found to be present after diagnostic evaluation or to determine the 

presence of metastasis with a prognostic neck dissection.3  

 

A neck dissection has been a valuable method for treating cervical metastasis.4  

En block removal of the cervical lymphatics level I to V, referred to as radical 

neck dissection (RND), has been performed since the turn of the 19th century. 

The radical neck dissection has been considered to be the standard basic 

procedure.5 In 1991 a classification of neck dissections was recommended by 

the Committee for Head and Neck surgery and Oncology and the American 

Academy for Otolaryngology- Head and Neck Surgery.6 In 2002 this classification 

was updated which lead to the introduction of the concepts of sublevels.7 The 

lymph node groups and the sublevels are based on the patterns of metastases, 

which are predictable. Within the RND all lymph nodes in level I through V, the 

spinal accessory nerve, the internal jugular vein and the sternocleidomastoid 

muscle are removed. All other procedures represent one or more alterations. 

These alterations involve attempts to preserve the anatomic structures which are 

removed during a RND. When one or more non-lymphatic structures are 

preserved the procedure is termed a modified radical neck dissection (MRND).  If 

one or more lymph node groups are preserved the neck dissection is termed a 

selective neck dissection (SND). The removed levels or sublevels should be 

noted when a SND is performed.7 When the alteration involves removal of one or 

more lymphatic and/ or nonlymphatic structures not ordinally encompassed by a 

radical neck dissection, the procedure is termed an extended radical neck 

dissection (ERND).  
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After 50 years of performing the RND Ewing and Martin8 described the disability 

that was caused by this surgical intervention: termed the ‘shoulder syndrome’. 

The symptoms involved in this syndrome include: restricted active range of 

motion, limited forward shoulder flexion and abduction, loss of muscle strength, 

and pain in the shoulder joint. Other symptoms are anatomical abnormalities 

consisting of a drooping of the affected shoulder, prominence of the scapula and 

prominence of shoulder joint muscles (the rhomboids in particular), scapular 

winging, a sensation of stiffness or soreness in the involved side and abnormal 

electromyographic (EMG) activity.8,9  Typical for the shoulder syndrome is the 

presence of a full passive range of motion and the absence of radiographic 

abnormalities.8,9  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

   

   

 

 

Figure 1. The disablement process and neck dissection in the treatment of head 

and neck cancer.10  

 

In Figure 1 disability caused by a neck dissection is presented within the model 

of the disablement process. This model is applicable in both chronic and acute 
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dissection will lead to restrictions in the quality of life, employment, and daily 

social activities.11-13  

 

Several explanations have been proposed to account shoulder pain and disability 

of the shoulder, including adhesive capsulitis or peri-artritis14, denervation of the 

nervus accessories or/and cervical plexus8,9, denervation and paresis of the m. 

trapezius pars descendens which results in instability of the shoulder joint8,9, 

strain placed on other supporting shoulder muscles because of the drooping of 

the shoulder9,15, subluxation of the sternoclavicular joint16,17, and myofacial 

trigger points.18  

 

It is assumed that modifications of the radical neck dissection cause less 

disability then the basic procedure. However, there is no clear overview of the 

pain and disability caused by (different types of) neck dissection. The purpose of 

this study is to systematically review the influence of neck dissection on pain and 

functioning of neck and shoulders in patients who had a neck dissection in the 

treatment of head and neck cancer.  

 

Methods 

 

A literature search was conducted for eligible articles up to 21 November 2008 

within the following electronic databases: Cumulative Index to Nursing and Allied 

Health Literature (CINAHL), the Cochrane library, Experta Medica (EMBASE) 

and Pubmed.  

Each database has its own indexing term and thus search terms included were 

developed for each database. Mesh head headings, Cinahl Headings, Emtree 

Tools and textwords were included in the electronic search: head and neck 

cancer, head and neck neoplasms, neck dissection, radical neck dissection, 

shoulder function, shoulder joint, shoulder girdle, shoulder pain, neck pain, 

disabled persons, ADL disability, physical disability, and disability. Furthermore, 

reference tracking of all identified articles was performed.  
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Studies were selected when they met the following inclusion criteria: 1) the 

design of the study had to be a prospective cohort study, 2) participants were 

subjects who had undergone a neck dissection in the treatment of head and neck 

cancer, 3) a pretreatment measurement was conducted, 4) functioning of neck 

and shoulders and/or pain in the shoulder girdle were evaluated, and 5) articles 

had to be written in Dutch, English or German.  

Two independent researches (M.S, C.S) screened search results for potentially 

eligible studies.  When titles and abstracts suggested a study was potentially 

eligible for inclusion, a full paper copy was obtained. Disagreements between the 

two researchers regarding a study’s eligibility were resolved by discussion until 

consensus was reached.  

Neck dissections performed in the studies were reclassified according to the 

classification of 2001 for a comparison of the different studies. Pain and 

functioning of neck and shoulders were evaluated according to the symptoms 

associated with the ‘shoulder’ syndrome described by Ewing and Martin8 and 

Nahum et al9. The content of the studies was evaluated for 1) the different types 

of neck dissection performed, 2) outcome measures 3) methods of assessment, 

4) follow-up measurements and 5) results.  

The outcomes were evaluated regarding the presence and development of pain 

and functioning of neck and shoulders over time (within analyses) and the 

differences between the different types of neck dissection performed (between 

analyses). 

 

Results 

The search yielded 244 hits with the duplicates deleted. Of the 244 studies 192 

studies were excluded after screening the title and abstracts because of 1) other 

types of cancer, 2) a description of surgical techniques and 3) other outcomes. 

Of 52 studies that were read full text 40 studies were excluded due to other study 

designs. Twelve studies fulfilled the eligibility criteria and were included in the 

review (see Fig. 2).19-30 Reference tracking of the included studies resulted in one 

additional study.14  
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Figure 2. Literature search flowchart.  
 

Included studies were published between 1983 and 2008. Sample size ranged 

from 21 patients to 278 patients, with an average size of 72. Demografic data 

were first compiled from each study.   

Trials which reported the age of the patients were mostly of adult patients, except 

for one study.22 Sample size ranged from 21 to 287. Age of the included studies 

ranged from 16 to 82 years. In most studies the average age was around the 6th 

decade.  

 

Different types of neck dissection were performed and first reclassified following 

the classification of 2001 (Table 2). In three studies patients without neck surgery 

were evaluated as well.23-25 In one study the surgeons assigned risk factors to the 

patients for determining the possible damage of the nerve during surgery.24  

Postoperative measurements ranged from immediate after surgery to more than 

18 months after surgery.23-24 In one study patients were evaluated pre-radiation 

therapy (approximately 4 weeks after surgery) and upon completion of the 

radiation therapy.25   
 

Assessment of pain  

Pain was measured in eleven studies (Table 3).14,19,20-24,27-30 Rating 

scales19,21,27,29-30, the University of Washington Quality of Life Questionnaire 
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(UW-QoL)22,23, and notation of presence or absence of pain14,20,28 were used to 

measure pain. One study did not mention the assessment or instrument they 

used.24   

Guldiken et al21 reported significant worse pain and stiffness scores at 18 months 

compared with baseline (P<.0005). Agha-Mir-Salim et al19 found an increase in 

patients who had a RND in pain experience at 3 and 6 months. Kuntz et al22 

showed significant improved pain levels in the SND group at 6 and 12 months 

(P=.005 and P=.02), the MRND group showed a trend toward improvement at 12 

months and the RND group reported minimally improved pain scores at 12 

months compared to 6 months. Laverick et al23 concluded that pain improved in 

time but no supported data was presented. Patten et al14 noted that 71 to 83% of 

the patients experienced pain during follow-up. Stuiver et al29 reported a small 

decrease in percentage of pain experience in patients at discharge (55%) 

compared to the final visit (48%). Talmi et al30 evaluated pain experience in 4 

patients at discharge, 2 patients at 1 month and 1 patient at 2 months 

postoperatively.  

Agha-Mir-Salim et al19 concluded that patients who had a RND experienced more 

pain compared to a MRND and a SND. This finding was supported by Cheng and 

Leipzig.20,24 Cheng et al20 reported the presence of shoulder pain in 12 of the 21 

patients; 5/5 RND, 5/9 MRND and 2/7 SND. More patients experienced pain after 

severe nerve injury caused by the neck dissection were found according to 

Leipzig.24 Talmi et al30 found that 6/8 RND and 15/28 MRND experienced pain. 

Kuntz et al22 reported a better pain scores in the SND group compared to the 

RND and MRND group at both 6 and 12 months (P>.05 and P≤.005). Selcuk et 

al27 reported better pain scores in patients after a SND level I to IV compared to a 

SND level I to V. 

 

Assessment of neck and shoulder function 

Neck and shoulder function were evaluated according to the symptoms of the 

‘shoulder syndrome’: posture, range of motion, strength, disability and 

electrophysiological evaluation. The results are evaluated regarding the presence 
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and development over time and the different neck  dissections compared 

(respectively within and between analyses).  

 

Posture was observed and measured with a visual inspection and a 

photograph14, recording the presence of absence of shoulder droop29, shoulder 

protraction and scapular flaring28 and measuring the shoulderdroop28 (Table 4). 

Two studies evaluated shoulder droop over time.14,29 Stuiver et al29 reported no 

change between discharge and 4 months postoperatively. Patten et al14 

concluded that shoulder droop was present at 1, 6, 12 and 18 months. 

One study explored the differences between different types of neck dissection.28 

Sobol et al28 noted significant differences for shoulder droop in the SND group 

compared to both the MRND and RND groups (P<.05). A statistical difference 

between the groups was also observed for  flaring of the scapula (P<.05).28  

 

Range of motion (ROM) of the shoulder14,20-21,24-25,27-29 and neck24-25,29 was 

assessed with a Cybex isokinetic system20, an electronic inclinometer21,29, a 

goniometer27-28,the Brunnstrom-Dennen method of grading movements25 and not 

described methods14,24 (Table 5).   

Loss of ROM was observed for both the neck24-25,29 and the shoulders14,20-21,24-

25,27-29. Stuiver et al29 found a significant decrease of ROM abduction and forward 

flexion of the shoulder after discharge compared to baseline, which did not 

improve substantially over time. A decrease in cervical ROM was observed at 

discharge followed by an improvement over time.29 Postoperative cervical ROM 

values did not reach baseline values.29 A small but statistical significant 

improvement in cervical rotation at 4 months was found.29 Guldiken et al21 found 

a significant deterioration for abduction when baseline values were compared 

with postoperative values at 1 and 3 months (P<.05). No significant differences 

were found between baseline and 6 and 18 months postoperatively.21 Leipzig et 

al24 observed a decrease of ROM in neck and shoulders between 7 and 38%. 

Patten et al14 found significant PROM limitations of 71 to 83% at 1, 6, 12 and 18 

months postoperatively. Selcuk et al27 reported a ROM limitation in 5 patients 

after surgery.  
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Significant differences were found when the different types of neck dissection 

were compared.27-29 Selcuk et al27 found a better ROM in patients with a SND 

level I-IV compared with a SND level I-V (P≤.02). Sobol et al28 found significant 

better results in ROM in the SND group compared to both the RND and MRND 

group at 16 weeks (P<.05). The RND and MRND group did not differ 

significantly.28  At last, Stuiver et al29 found significant differences at discharge 

and at 4 months between the SND and both the MRND and RND. No significant 

differences between the types of neck dissection were found for cervical 

mobility.29  

 

Strength of the shoulder14,20,24,28 and neck24 were assessed with a Cybex isokinetic 

system20, with manual muscle testing14, with weights of 1 and 5 pounds28 and 

one study lacked data of method24 (Table 6).  

A decrease in strength over time was found in three studies.14,20,24 Leipzig et al24 

reported an objective loss of strength in 3 of the 25 patients with little nerve 

damage. Patten et al14 noted 71% to 83% of the patients experienced weakness 

of the shoulder. Cheng et al20 reported  significant lower strength values for 

flexion-extension and abduction-adduction 1 month after surgery compared to 

baseline (P<.05) in the SND. After 6 months strength had returned to the 

preoperative value in the SND group.20 In the MRND all strength values were 

significantly lower at 1 month compared to baseline (P<.05).20 The values in the 

MRND group were still lower after 6 months, with a statistical significance in 

shoulder flexion-extension (P<.05).20 In the RND strength of the operated 

shoulder was significantly lower in all directions at both 1 and 6 months 

compared with baseline (P<.05).20  Sobol et al28 also found improved strength at 

1 year in 7/8 MRND, but not in the one patient who was re-evaluated one year 

after a RND.   

One study compared strength between the different types of neck dissection.28 

Sobol et al28 compared patients with SND to both MRND and RND and reported 

significant better values for patients after a SND compared to both RND and 

MRND at 16 weeks (P<.05). No significant differences were found between the 
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RND and MRND.28 Also no significant difference was found between RND, 

MRND and SND for the patients perspectives in regard to decrease in strength.28 

 

Disability was measured with the shoulder domain of the University of 

Washington Quality of Life questionnaire (UW-QoL)22,23, the Neck Dissection 

Impairment Index (NDII)21, a questionnaire based on the Shoulder Pain Disability 

Index27, a questionnaire modified from the NDII26, subjective questions regarding 

activities of daily living24 and the numeric rating scale29 (Table 7). 

A change over time in disability scores was reported in three studies.22,23,29 

Stuiver et al29 showed a significant increased disability between baseline and 

discharge and 4 months postoperatively (IQR 0;50). Laverick et al23 found an 

increase in dysfunction in the different neck dissections at 6 months followed by 

a very slight improvement over time. A significant worse shoulder function at 6 

months in patients with a RND and MRND compared with baseline was found by 

Kuntz et al (P≤.0003)22. Patients with a SND  reported a shoulder function near 

normal at 6 months.22 The MRND group reported improved function at 12 months 

but values remained lower compared to baseline (P<.0001).22 The RND 

experienced a relatively stable dysfunction at 12 months.22 Leipzig et al24 

reported that 40% of the patients experienced minimal dysfunction.  

Significantly worse shoulder function was found in the MRND and RND groups 

compared with the SND (p=.004) at 6 months by Kuntz et al22. No significant 

differences were found between the MRND and SND at 12 months.22 The RND 

reported a remaining worse dysfunction compared to the SND (P=.004) and 

MRND (P>.05).22 Orhan et al26 found significantly lower disability scores for 

patients with a SND compared to patients with a RND (P<.011). Significant better 

results for the SND level I-IV were found compared to the SND level I-V.27. 

Laverick et al23 found a statistical significant difference between the different 

types of neck dissection at 6 months (P=.002) and 18 months (P=.04).  

 

Electrophysiological evaluation to measure reinnervation and recovery consisted 

of electroneurography (ENG) and (needle or evoked) electromyography (EMG)  

to evaluate shoulder function (Table 8).14,20,26-28 
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Two studies found better electrophysiological values over time.14,26 Patten et al14 

found an increase in nerve function of 40% to 85% between 1 month and 18 

months. Orhan et al26 found low statistical significant postoperative EMG scores 

compared to preoperative values in both the SND and RND (P=.001 and 

P=.006). A significant reinnervation was found over time in patients with a SND 

but no preoperative values were reached at the final visit.26 Patients with a RND 

showed no significant reinnervation.26  

Significant better EMG scores between pre- and postoperative measurements in 

the RND group compared to the SND group were found by Orhan et al26. The 

difference in reinnervation in the SND and RND group was also found significant 

(p=.003 for third to ninth month and p=.003 for third week to ninth month).26 

Sobol et al28 found a significant difference between RND and MRND after 16 

weeks (P<.05) and a significant difference between SND and both RND and 

MRND (P<.05). This finding was in agreement with Cheng et al20 who found 

significant lower values in patient who had a MRND compared with a SND 

(P<.025). At last Selcuk et al27 found significant better electrophysiological results 

in the SND level I-IV compared to the SND level I-V (P<.0005).  

 

Discussion 

This systematic review reveals that more extensive neck surgery leads to more 

pain experience and dysfunctioning of neck and shoulders. More extensive neck 

surgery is referred as both the resection of more non-lymphatic structures 

(radical neck dissection versus modified radical and selective neck dissection) 

and the removal of more (sub)levels of lymphatic structures.      

 

In this review pain in the shouldergirdle and functioning of neck and shoulders 

was evaluated. Patients with severe surgery, a RND, experienced more pain 

than patients with less severe surgery, MRND and SND. This finding is in 

agreement with Dijkstra et al31 who found that non-selective neck dissection is a 

risk factor for shoulder pain.  Also patients with more extensive selective neck 

surgery experienced higher pain scores. El Ghani et al32 also found worse 

average pain scores in patients with more extended neck dissection. In contrast, 
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Cappiello et al33 did not find a difference in shoulder pain experience between 

patients who had a SND level II-IV or level II-V.   

Secondly results show more extensive surgery led to more dysfunction of neck 

and shoulders. This finding is supported by different authors.32,34 Chepheha et 

al34 found statistically better long-term shoulder function in patients with SND 

compared to patients with MRND who were measured with Constant’s Shoulder 

Test. Shoulder droop, shoulder protraction and scapular flaring were more 

present in more extensive surgery (SND level II-IV compared to SND level II-V) 

following Cappiello et al33.  

Cappiello et al33 also found more limited shoulder flexion and abduction and 

significant worse electromyographic values in patients with more extensive neck 

surgery (SND level II-IV compared to SND level II-V). Selcuk et al23 and Laverick 

et al27 both found worse values in shoulder function in patients who had more 

extensive SND. This finding is supported by Terrell et al35 who reported that 

dissection extending into level V, whether radical, modified radical, or part of a 

more selective procedure, is known to have a higher incidence of shoulder 

dysfunction than dissections not extended posteriorly. 

The influence of a neck dissection on cervical mobility was investigated less 

frequently. It seems presumable that the neck is affected as well. In a cross 

sectional study small differences in mobility of the cervical spine in patients 

following unilateral SND were found.36 This is in agreement with results in this 

review.24-25,29 Further research regarding cervical ROM is recommended.  

This review indicates that patients after a neck dissection improve over time. 

More extensive surgery results in fewer improvements over time. Also results 

show that improvements in pain and functioning are still below the baseline 

values.  

Participation of patients in a physical program with or without the assistance of a 

physical therapist was reported in two studies.24,29 Patients were given a 

shoulder brace in the case of shoulder droop and they received instructions for 

shoulder exercises and therapy in one study.24 Patients were given home 

exercises and were referred to physical therapy when winging of the scapula was 

present during active movements of the shoulder.29 McNeely et al37 have shown 
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that progressive resistance exercise training was feasible in patients who had a 

neck dissection in the treatment of head and neck cancer. They found significant 

improvements in shoulder pain, overall score for shoulder pain and disability.37 

Therefore it is important to investigate benefits patients might experience after a 

physical therapy intervention.   

 

A number of criticisms in this review can be made. In this review cohort studies 

with a pre-treatment measurement were included. A cohort study has the 

potential to eliminate possible confounders with a pre-treatment measurement 

and makes it possible to investigate the development of a parameter over time. 

The control groups of randomized controlled trials or controlled clinical trials 

could have had an added value but these studies were not included in this 

review. Another critical note is an article, which was retrieved by the author, 

which met the eligibility criteria but was not recognized in the literature search.38 

A search in the references of the retrieved studies and the excluded studies did 

not deliver this study as well. The reviewers are convinced of the 

comprehensiveness of the used search string and therefore the decision was 

made not to include this study. An explanation for missing this study could be the 

publication date which was in 2007 and therefore couldn’t have been mentioned 

in the references of most of the included studies.  

A limitation observed in the included studies was the methodological quality. 

Methodological quality was not assessed since there is no consensus about a 

reliable and valid instrument to assess the methodological quality of cohort 

studies.39-40 Several studies did not report the method which was used to assess 

outcomes and therefore transparency lacked. Data regarding validity and 

reproducibility of the assessments were not given in most of the studies. At last 

some studies only used descriptive statistics.  

Recommendations for further research are to investigate the impact of neck 

dissection on pain and functioning of neck and shoulders, and especially the 

neck, over time in a well designed study.  
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Conclusion 

This systematic review reveals that more extensive surgery involves more pain 

and dysfunction of neck and shoulders compared to less extensive surgery. Also 

patients who had less extensive surgery do improve better over time, but 

postoperative outcome scores remain worse than baseline scores.  
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Table 2 Types of neck dissections  
 

 RND MRND                           SND 
 

No ND 

 
 

N     

 
 

N     

Agha-Mir Salim 
(2002) 

40 8 8 24 level I-V  

Cheng  (2000) 21 5 9 
 

7  
removal of the high-risk nodes  

 

Guldiken (2005) 25 bilateral 
 

  25 bilateral level I-V   

Kuntz  (1999) 84 9 34 41 usually levels II to III or II to IV   

Laverick (2004) 278 3 
unilateral 

3 
unilateral 

Unilateral 153 level III-IV, 22 level V 
Bilateral 33 level III-IV, 4 level III-IV/level 
V, 1 level III-IV/ radical,  1level V/radical 

58 

Leipzig (1983) 109 96 ND with different risk factors (1-7) based on possible 
manipulation of the spinal accessory nerve 

13 

Nowak  (1989) 126 59, * 17 58, * 10  9 

Orhan (2007) 21 bilateral 
 

1 
bilateral 

 12 bilateral SND not differentiated, 
8 bilateral SND/RND 

 

Patten (1993) 29 29 not differentiated which type of ND  

Selcuk (2008) 26,  32 
necks 

 

  15 level I to V  
17 level I to IV 

 

Sobol (1985) 26 
unilateral 
9 bilateral 

11 18 
unilateral 
3 bilateral 

 3 unilateral, 3 bilateral  

Stuiver (2008) 139, ** 36 15 52 51  

Talmi (2000) 30, 36 
necks 

8 28   

 
N= number of participants; ND= neck dissection; RND= radical neck dissection; MRND= modified radical neck 
dissection; SND= selective neck dissection; pre= preoperatively; post= postoperatively.  
* pectoral myocutaneous flap reconstruction; ** different reconstruction techniques 
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Table 3   Pain 
Author 
 

Participants Test Follow-up Results 

 Within analyses Between analyses 
 

Agha-
Mir-
Salim  
(2002) 

8 RND & 
8 MRND  
24 SND  

rating scale in 
rest and 
during 
movement 

Preoperatively 
2 weeks, 1, 3 
and 6 months 
postoperatively 

More patients who had 
a RND experienced 
pain after 6 months 
compared to two 
weeks, 1 and 3 
months.  

Pain in rest after 6 months 
was experienced in 50% 
after RND, 12,5% after 
MRND and 16,7% after 
SND. Motion depended 
pain after 6 months was 
62,5% after RND, 37,5% 
after MRND and 29,2 after 
SND.  

Cheng 
(2000) 
 

5 RND 
9 MRND 
7 SND 

presence or 
absence of 
pain 

Preoperatively, 
1 and 6 
months 
postoperatively 

- Presence of shoulder pain 
in 12 of the 21 patients; 
5/5 RND, 5/9 MRND and 
2/7 in the SND.  

Guldiken 
(2005) 
 

25 SND (2) pain and 
stiffness with a 
rating scale  

Preoperatively 
and at 18 
months  

Pain and stiffness 
scores of the final visit 
in patients with SND 
were significantly 
worse (P<0.005) than 
the preoperative 
scores. 

- 

Kuntz  
(1999) 
 

9 RND 
34 MRND 
41 SND 

subdomain 
shoulder pain 
of the UW-
QoL 
 

Preoperatively, 
6 and 12 
months after 
surgery 

The SND group 
significant improved in 
pain levels at 6 and 12 
months (p=.005 
resp.p=.02). At 12 
months the MRND 
group showed a trend 
toward improvements 
in the average pain 
score. The RND group 
reported worsened 
pain scores at 6 
months, which 
minimally improved at 
12 months. 

The SND group scored 20 
points higher, on the 
average, than the RND 
group, and 10 points 
higher than the MRND 
group at both 6 and 12 
months (P>.05 and 
P≤.005). 

Laverick 
(2004) 
 

3 RND 
3 MRND 
153 SND  
33 SND (2) 
58 no ND 

subdomain 
shoulder pain 
of the UW-
QoL 
 

Day before 
surgery, and at 
6, 12 and > 18 
months later 

Pain tended to improve 
in time. No exact data 
are presented.  

There were no significant 
differences for pain 
between the groups at 
baseline (p>.05).  

Leipzig 
(1983) 
 

96 ND 
13 no ND 

not mentioned Preoperatively, 
immediate 
after surgery 
and 6 months 
later 

- In patients with risk factor 
7 (nerve resected with no 
reconstruction) 40% of the 
patients experienced 
minimal pain compared 
with 64% in risk factor 4 
(RND with preservation of 
the nerve) and 70% in risk 
factor 2-3 (traction of the 
nerve). 
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Patten 
(1993) 
 

29 ND 
 

presence of 
dull ache or 
capsular pain 
 

Preoperatively, 
at 1,6,12 and 
18 months 
postoperatively 

At 1, 6, 12 and 18 
months 71% to 83% of 
the patients had 
significant experience 
of pain. Dull ache and 
capsular pain remained 
present during the 
postoperative period.  

- 

Selcuk  
(2008) 
 

32 SND a question-
naire based on 
the Shoulder 
Pain Disability 
Index 

Preoperatively 
and 6 months 
postoperatively 

- Shoulder pain scores 
were better in the SND 
level I to IV than the SND 
level I to V, although 
these findings were not 
significant (P=.06). 

Sobol 
(1985) 

11 RND 
18 MRND 
 3 MRND (2) 
3 SND 
3 SND (2) 

A 
questionnaire 
which 
contained 
questions 
pertaining to 
pain  
 

Before surgery 
and 4 months 
later (mean 
16,5 weeks) 

- The SND group differed 
significantly from both the 
MRND and the RND in 
regard to frequency of 
pain. No statistically 
significant difference was 
found between the 
groups.  

Stuiver  
(2008) 
 

15 RND 
52 MRND 
51 SND 

numeric rating 
scale 

Preoperatively, 
at discharge 
from hospital 
and after 4 
months 

At discharge 55 % of 
the patients and at 4 
months 48% 
experienced shoulder 
pain. Between 
discharge and 4 
months 66,3% of 
patients had no change 
in pain, 14,6% 
exhibited an increase 
and 19.0% had a 
reduction in pain.  

- 

Talmi 
(2000) 

8 RND 
28 MRND 

visual 
analogue 
scale: severity 
of pain  
head& neck 
body chart: to 
mark the sites 
of pain  

Before 
surgery; 24,48, 
72 hours after 
surgery, at 1 
week and 1 
month after 
discharge and 
if applicable 
after 3 and 6 
months  

Mean pain level of 5.4 
present in 21 patients 
(70%) during the first 
24 hours and a pain 
level of  0.5 at 
discharge in 4 patients 
(13%). 2 Patients 
experienced pain after 
1 months (mean score 
3.0) and 1 patient after 
2 months. Body map 
studies showed pain 
localized in the scar 
area.  

21 patients reported pain 
at the first postoperative 
week: 6/8 RND (75%) and 
15/28 MRND (68%) 
recorded pain. 

RND= radical neck dissection, MRND= modified radical neck dissection, SND= selective neck dissection, (2) 
bilateral 
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Table 4   Posture 
Author 
 

Participants Test Follow-up Results 

 Within analyses Between analyses 
 

Agha-
Mir-
Salim  
(2002) 
 

8 RND 
8 MRND 
24 SND 

Position of the 
scapula and 
ability to make 
an abduction 
movement 
over the 90 
degrees 

Preoperatively 
2 weeks, 1, 3 
and 6 months 
postoperatively 

In 17 patients a parese 
of the Trapezius 
muscle was found with 
no change over time.  

8/8 Patients with a RND, 
5/8 with a MRND and 4/24 
with a SND experienced a 
parese of the Trapezius 
muscle. 

Patten  
(1993) 
 

29 ND Shoulder 
droop: visual 
inspection and 
photograph 

Preoperatively, 
at 1,6,12 and 
18 months 
postoperatively 

Shoulder droop is 
present at 1, 6, 12 and 
18 months. No exact 
data is given. 

- 

Sobol  
(1985) 

11 RND 
18 MRND 
3 MRND (2) 
3 SND  
3 SND (2) 

presence or 
absence of 
shoulder 
droop, 
shoulder 
protraction 
and scapular 
flaring  

Before 
surgery, 4 
months later 
(mean 16,5 
weeks) 

- There was a significant 
difference in protraction 
and shoulder droop 
between the SND and 
both the MRND and RND 
(P<.05).  No significant 
differences were found 
between MRND and RND. 
Statistical differences 
were observed between 
each of the three groups 
when compared of flaring 
of the scapula (p<.05). 

Stuiver 
(2008) 
 

15 RND 
52 MRND 
51 SND 

presence or 
absence of 
shoulder 
droop 

Preoperatively, 
at discharge 
from hospital 
and after 4 
months 

In 57% of the cases the 
presence of shoulder 
droop was reported, 
which remained 
essentially unchanged 
over time. 
 

 

RND= radical neck dissection, MRND= modified radical neck dissection, SND= selective neck dissection, (2)= 
bilateral 
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Table 5   Range of motion 
Author 
 

Participants Test Follow-up Results 

 Within analyses Between analyses 
 

Cheng 
(2000) 
 

5 RND 
9 MRND 
7 SND 

ROM shoulder 
with a Cybex 
isokinetic 
system 

Preoperatively, 
1 and 6 
months 
postoperatively 

In the MRND group 2/9 
and in the RND 3/5 
patients had shoulder 
ROM limitation in the 
operated shoulder. 

 

Guldiken 
(2005) 
 

25 SND (2) ROM 
shoulder: 
electronic 
inclinometer  
 

Preoperatively 
and  
1,3 ,6 and18 
months 
postoperatively 

The abduction was 
found to decrease 
significantly at the first 
and third month in 
comparison with 
preoperative 
measurements (P<.05). 
No significant 
difference was found 
between the 
preoperative values 
and 6 and 18 months 
postoperatively.   

- 

Leipzig  
(1983) 
 

96 ND 
13 no ND 

ROM shoulder 
and cervical 
mobility 
 

Preoperatively, 
immediate 
after surgery 
and 6 months 
later 

All patients showed a 
loss of ROM in neck 
and shoulders between 
7 and 38%. No exact 
data are available. 
 

- 

Nowak   
(1989) 
 

42 RND 
17 RND with 
PMF 
48 MRND 
10 MRND 
with PMF 
9 no ND 
 

 

AROM head  
and shoulder 
AROM and 
PROM with 
Brunnstrom-
Dennen 
method of 
grading 
movements 

Preoperatively, 
after 10 days, 
preradiation 
therapy, upon 
completion of 
radiation 
therapy 

 
 

The average ROM 
postoperatively for 
forward flexion was 96% 
in the MRND group 
versus 78% in the RND 
group. The ROM for 
abduction showed no 
differences comparing 
RND and MRND. When a 
PMF was performed ROM 
was 79% in the MRND 
group versus 77% in the 
RND group.  In all 
measurements the % 
ROM was essentially the 
same between the two 
groups with PMF.  

Patten  
(1993) 
 

29 ND 
 

ROM shoulder 
 

Preoperatively, 
at 1,6,12 and 
18 months 
postoperatively 

At 1,6,12 and 18 
months postoperatively 
71% to 83% of the 
patients had significant 
PROM limitations.  

- 

Selcuk  
(2008) 
 

32 SND 
 

ROM 
shoulder: 
goniometer  
 

Preoperatively 
and 6 months 
postoperatively 

- A better ROM in the SND 
level I-IV than in the SND 
level I-V with significant 
differences (P≤.02) for all 
movements was 
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observed.   
Sobol 
(1985) 

11 RND 
18 MRND 
3 MRND (2) 
3 SND 
3 SND (2) 

ROM 
shoulder: 
goniometer by 
measuring 
flexion and 
abduction  
 

Before 
surgery, 4 
months later 
(mean 16,5 
weeks) 

- The SND group differed 
significantly in ROM from 
the MRND and RND when 
compared at 16 weeks 
(P<.05). The RND and 
MRND group did not differ 
significantly in ROM 16 
weeks postoperatively.  

Stuiver 
(2008) 
 

15 RND 
52 MRND 
51 SND 

ROM shoulder 
and 
cervical spine 
with an  
inclinometer 
 

Preoperatively, 
at discharge 
from hospital 
and after 4 
months 

AROM showed a 
significant decrease 
after surgery and did 
not improve 
substantially over time. 
The changes in AROM 
for abduction were 
larger than the changes 
for forward flexion. 
ROM of the neck 
improved over time but 
did not reach baseline 
values within the study 
period. A small but  
statistical significant 
improvement was 
found for cervical 
rotation at 4 months. 

At discharge and 4 
months postoperatively 
significant differences 
were found in ROM, 
abduction and forward 
flexion, between SND and 
both MRND and RND. 
No statistically significant 
difference were found in 
cervical mobility when 
SND and both MRND and 
RND are compared. 

RND= radical neck dissection, MRND= modified radical neck dissection, SND= selective neck dissection, (2)= 
bilateral, ROM= range of motion, AROM= active range of motion, PROM= passive range of motion, PMF= pectoral 
myocutaneous flap reconstruction 
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Table 6 Strength 
Author 
 

Participants Test Follow-up Results 

 Within analyses Between analyses 
 

Cheng 
(2000) 
 

5 RND 
9 MRND 
7 SND 

Strength of the 
shoulder:  
flexion-
extension, 
abduction-
adduction, 
external -
internal 
rotation with a 
Cybex 
isokinetic 
system 
 

Preoperatively, 
1 and 6 
months 
postoperatively 

In the SND group 
strength (except for 
rotation) was 
significantly lower 
compared to baseline 
and the no operated 
side (P<.05) at 1 
month. After 6 months 
strength had returned 
to the preoperative 
value.  In the MRND all 
strength values were 
significantly lower at 1 
month compared with 
baseline and the no 
operated side (P<.05). 
These values were still 
lower after 6 months, 
with a statistical 
significance in shoulder 
flexion-extension 
(P<.05). In the RND 
strength of the 
operated shoulder was 
significantly lower in all 
directions at both 1 and 
6 months compared 
with baseline (P<.05).  

 

Leipzig  
(1983) 
 

96 ND 
13 no ND 

Strength of the 
neck, shoulder 
and scapula  
 

Preoperatively, 
immediate 
after surgery 
and 6 months 
later 

In patients with little 
damage only 3 of the 
25 patients 
experienced functional 
loss of strength. No 
further data are 
available. 

- 

Patten  
(1993) 
 

29 ND 
 

Strength of the 
shoulder: 
manual 
muscle test 
 

Preoperatively, 
at 1,6,12 and 
18 months 
postoperatively 

At 1,6,12 and 18 month 
postoperatively 71% to 
83% of the patients had 
significant weakness in 
the motions of forward 
flexion, external 
rotation and internal 
rotations. 

- 

Sobol  
(1985) 

11 RND 
18 MRND 
3 MRND (2) 
3 SND 
3 SND (2)  

Bilateral 
abduction and 
flexion of the 
shoulder with 
1& 5 pound 
weights and 
patient’s 
perception of 

Before 
surgery, 4 
months later 
(mean 16,5 
weeks) 
9 patients 
were re-
evaluated 1 

Seven of the 8 patients 
who had undergone  a 
MRND and were re-
evaluated, were 
improved after 1 year. 
The one person who 
had undergone a RND 
showed deterioration.  

The SND group differed 
statistically significant 
from both the RND and 
MRND when compared at 
16 weeks (P<.05). There 
was no significant 
difference between the 
RND and MRND 16 
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decrease of 
strength was 
evaluated with 
questions of 
the 
questionnaire.  
 

year after 
surgery.  
The 
questionnaire 
was used at 16 
weeks. 

weeks after surgery.  
No significant difference 
was found between RND, 
MRND and SND for the 
patients perspectives in 
regard to decrease in 
strength. 
 

RND= radical neck dissection, MRND= modified radical neck dissection, SND= selective neck dissection, (2)= 
bilateral 
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Table 7 Disability 
Author 
 

Participants Test Follow-up Results 

 Within analyses Between analyses 
 

Guldiken  
(2005) 

25 SND (2) Disability: 
Neck 
Dissection 
Impairment 
Index  
 

18 months 
postoperatively 

The overall mean ± 
S.D. score for all 
patients was 98.2 ± 
1,98 (range, 95-100). 

NDII scores were only 
significant different in type 
of primary surgery. 

Kuntz 
(1999) 
 

9 RND 
34 MRND 
41 SND 

subdomain 
shoulder 
function of the 
UW-QoL 
 

Preoperative 
period, 2 
weeks, 1, 3 
and 6 months 
after surgery 

The MRND and RND 
groups showed 
significant worse 
shoulder function 6 
months after surgery 
compared with the 
pretreatment scores 
(P≤.0003). Six months 
after surgery shoulder 
function was near 
normal in the SND 
group. At 12 months 
MRND group reported 
improved function. The 
shoulder function in the 
MRND group was still 
worse than 
pretreatment score 
(P<.0001). The RND 
group reported a 
relatively stable 
dysfunction.  

The MRND and RND 
groups showed 
significantly worse 
shoulder function 
compared with the SND 
(P=.004) 6 months after 
surgery. 
There were no significant 
differences between the 
MRND and SND at 12 
months. 
The RND group reported 
a remaining worse 
dysfunction compared to 
the SND (P=.004) and 
MRND (P>.05). 

Laverick  
(2004) 

3 RND 
3 MRND 
153 
unilateral 
SND  
33 bilateral 
SND 
58 no ND 

subdomain 
shoulder 
function of the 
UW-QoL 

Day before 
surgery, and at 
6, 12 and > 18 
months 
postoperatively 

Shoulder function 
showed an increase in 
dysfunction at 6 
months and then a very 
slight improvement 
over time for all 
patients. Patients with 
a neck dissection  
showed lower shoulder 
values at 6 months 
compared to baseline. 
The values increased 
over time  but did not 
return to preoperative 
values.  

Patients without a ND had 
the best values for 
shoulder function after 6 
months. Patients with a 
bilateral dissection had 
the worst score after 6 
months. 
There were statistical 
significant differences 
between the groups at 6 
months (P=.002) and at 
18 months (P=.04).  

Leipzig  
(1983) 
 

96 ND 
13 no ND 

Subjective 
questions 
regarding 
activities of 
daily living 

Preoperatively, 
immediate 
after surgery 
and 6 months 
later 

14 of the 35 patients 
after a RND had 
minimal dysfunction 
(40%). 

- 

Orhan 
(2007) 
 

1 RND (2) 
12 SND (2) 
8 SND/ RND 

questionnaire 
modified of the 
NDII  

9 months 
postoperatively 

- The assessment of 
shoulder dysfunction 
shows that the SND group 
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(2) questionnaire scores were 
significantly lower than 
those of the RND group 
(P<.011). 

Selcuk  
(2008) 
 

32 SND questionnaire 
based on the 
shoulder pain 
disability index 

 6 months 
postoperatively 

- Disability scored 
significantly (P=.00) better 
values in the SND level I-
IV compared to the SND 
level I-V. 

Stuiver  
(2008) 
 

15 RND 
52 MRND 
51 SND 

numeric rating 
scale 

Preoperatively 
and after 4 
months 

Shoulder disability 
increased significantly 
between 4 months after 
surgery and baseline 
(IQR 0;50). 

- 

RND= radical neck dissection, MRND= modified radical neck dissection, SND= selective neck dissection, (2)= 
bilateral 
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Table 8 Electrophysiological evaluation 
Author 
 

Participants Test Follow-up Results 

 Within analyses Between analyses 
 

Cheng 
(2000) 
 

5 RND 
9 MRND 
7 SND 

Electrophysiological 
evaluation: ENG 
and EMG of 
affected and 
unaffected shoulder 
 

5 weeks after 
surgery and 
two patients in 
the RND 
underwent a 
second EMG 
examination 6 
months after 
operation 
 

No significant 
differences for ENG 
were found between 
the affected and 
unaffected shoulder 
in the SND group. 
Significantly lower 
values were found 
between the 
affected side and 
the unaffected side 
in the MRND group 
(P<.05). On the 
EMG data patients 
with RND showed 
the worst 
disturbance after 5 
weeks of operation. 
All had abnormal 
findings on their 
operated side. The 
results of the two re-
evaluated persons 
with a RND 
remained severly 
abnormal.  

Significantly lower 
values for ENG were 
found in patients who 
had undergone  a 
MRND compared with a 
SND (P<.025). 

Orhan  
(2007) 
 

1 RND (2) 
12 SND (2) 
8 SND/RND 
(2) 
 
 

Electrophysiological 
evaluation: Needle 
EMG and evoked 
EMG 

Preoperatively, 
3 weeks, 3 and 
9 months 

Both groups, SND 
and RND, had low 
statistical significant 
post-operative EMG 
scores, compared 
with preoperative 
values (P=.001 and 
P=.006).  
Within the RND no 
significant 
reinnervation was 
observed. The SND 
showed a significant 
reinnervation, but 
did not reach 
preoperative values 
at the final 
evaluation.  

The difference between 
preoperative and 
postoperative EMG 
scores was significantly 
greater in the RND than 
SND group. 
The difference in 
reinnervation between 
the groups was also 
statistical significant 
(P=.003 for third to ninth 
month and P=.003 for 
third week to ninth 
month). 

Patten  
(1993) 
 

29 ND 
 

EMG Preoperatively, 
at 1,6,12 and 
18 months 
postoperatively 

Nerve function 
increased from 40% 
of the patients at 1 
month to 85% of the 
patients at 18 
months.  
 

- 
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Selcuk  
(2008) 
 

32 SND cervical plexus 
function and the 
accessory nerve 
function with needle 
EMG 
 

Preoperatively, 
6 weeks and 6 
months 
postoperatively 

- Better 
electrophysiological 
results were found in the 
SND level I-IV than in 
the SND level I-V for all 
parts of the trapezius 
muscle. Distal motor 
latency of the accessory 
nerves at postoperative 
6 month was significant 
lower in SND level I-IV 
than in SND level I-V  
(p<.005). Similar results 
were found at 6 month, 
though this difference 
was not significant. 

Sobol  
(1985) 

11 RND 
18 unilateral 
MRND 
3 bilateral 
MRND 
3 unilateral 
SND 
3 bilateral 
SND 

EMG of the 
trapezium muscle 
bilateral 

Before 
surgery, 4 
months later 
(mean 16,5 
weeks) 
 
9 patients 
were re-
evaluated 1 
year after 
surgery. 

- A significant difference 
between the RND and 
MRND groups was 
observed 16 weeks after 
surgery (P<.05). This 
difference seemed to be 
greater one year 
postoperative but 
supporting data is 
missing. The SND group 
compared with both the 
RND and MRND 
showed a significant 
difference as well 
(P<.05). The significant 
differences (P<.05) 
between the groups  
tended to increase in 
time.  
 

RND= radical neck dissection, MRND= modified radical neck dissection, SND= selective neck dissection, (2)= 
bilateral, ENG= electroneurography, EMG= electromyography  
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Samenvatting 

 

Doel:  Het onderzoeken van de invloed van halschirurgie op de range of motion 

van hals en schouders bij patiënten met kanker in de mondholte. 

Design:  Prospectieve cohortstudie 

Onderzoekzoeksinstelling:  University Medical Centre Utrecht 

Patienten en methode:  Lateroflexie van de hals en anteflexie en abductie van 

de schouder werden gemeten bij baseline, 4 tot 6 weken na interventie, 6 en 12 

maanden na interventie bij 93 patiënten met orale kanker. 

Resultaten: Na interventie nam de lateroflexie van de hals significant af in de 

(M)RND in de niet-aangedane zijde. Schouder anteflexie en abductie nam 

significant af na interventie in zowel (M)RND en SND en in niet-aangedane zijde 

in de SND. Na interventie verbeterde schouder abductie in de geopereerde zijde 

in (M)RND and SND significant. 12 Maanden na interventie zijn de waarden van 

de range of motion van de hals en schouders lager vergeleken met baseline.  

 Conclusie:  Halschirurgie heeft een negatieve impact op de range of motion van 

hals en schouders. Na de interventie herstelt de range of motion van hals en 

schouders maar blijven de waarden lager vergeleken met baseline.   
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Abstract 

 

Objective:  To explore the influence of neck surgery on range of motion of neck 

and shoulders in patients with cancer in the oral cavity.  

Study design:  Prospective cohort study 

Setting:  University Medical Center Utrecht 

Patients and methods:  Lateral flexion of the neck and forward flexion and 

abduction of the shoulder were measured at baseline, 4 to 6 weeks after 

intervention, 6 and 12 months after intervention in 93 patients who had neck 

surgery in the treatment of oral cancer. 

Results:  After intervention lateral flexion of the neck decreased significantly  in 

in the non-operated side of the (M)RND. Shoulder forward flexion and abduction 

decreased significantly after intervention in both (M)RND and SND  in the 

operated sides and in the non-operated side in SND. After intervention shoulder 

abduction in the operated side improved significantly in (M)RND and SND. 12 

Months after intervention values of range of motion were still lower compared to 

baseline measures. 

Conclusion:  Neck dissection has a negative impact on the range of motion of 

neck and shoulders. After intervention range of motion of neck and shoulders 

improves but values were still lower compared to baseline.  
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Introduction 

 

Cancer in the oral cavity has an incidence of 266.7 per 100,000 persons per year 

worldwide (169,5 male and 97,1 female).1 The mortality rate within this 

population worldwide is 127,9 per 100,000 persons per year (80,8 male and 47,1 

female).1  It is the sixth most common cancer worldwide accounting for an 

estimated 4% of all cancers.2   

In many countries surgery remains the first option in the treatment of oral cancer. 

This intervention in the oral cavity involves (partial of total) resection of the 

maxilla, mandible, mouth floor, cheek or tongue. Oral cavity carcinomas have 

high rates of occult metastasis to cervical lymph nodes.3 A neck dissection has 

been a valuable method for treating cervical metastasis.4 Neck surgery will be 

performed in clinically palpable neck disease or as a diagnostic tool with 

dissection of the cervical lymph nodes at risk of metastasis.5  

 

The type and extent of neck dissection is dictated by the tumor site, size, and 

stage.6 In a radical neck dissection all lymph nodes in level I till V, the spinal 

accessory nerve, the internal jugular vein and the sternocleidomastoid muscle 

are removed.6 If one or more non-lymphatic structures are preserved the 

procedure is termed a modified radical neck dissection. If one or more lymph 

node groups are preserved it is termed a selective neck dissection.6 Selective 

neck dissection is performed as a therapeutic and prognostic procedure in neck 

without palpable nodes.5  

 

Ewing and Martin et al7 were the first who described the ‘shoulder syndrome’: a 

disability caused by a neck dissection. The symptoms involved in this syndrome 

include: restricted active range of motion, limited forward shoulder flexion and 

abduction, loss of muscle strength and pain in the shoulder joint.7,8 Other 

symptoms are anatomical abnormalities consisting of a drooping of the affected 

shoulder, prominence of the scapula and prominence of shoulder joint muscles 

(the rhomboids in particular), scapular winging, a sensation of stiffness or 

soreness in the involved side and abnormal electromyographic (EMG) activity.7,8 
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Typical for the shoulder syndrome is the presence of a full passive range of 

motion and the absence of radiographic abnormalities.7,8  

Several explanations have been proposed to account for shoulder pain and 

disability of the shoulder, including adhesive capsulitis or peri-artritis9, 

denervation of the nervus accessories and/or cervical plexus7,8, denervation and 

paresis of the m. trapezius pars descendens which results in instability of the 

shoulder joint7,8, strain placed on other supporting shoulder muscles because of 

the drooping of the shoulder8.10, subluxation of the sternoclavicular joint11,12 and 

myofacial trigger points13. 

 

It has been assumed that modifications of the radical neck dissection cause less 

shoulder disability then the radical neck dissection. Little is known about the 

influence of neck dissection on the range of motion of the neck. Anatomically it is 

presumable that the neck is affected as well. 

 

The aim of this study is to investigate the influence of neck surgery on the range 

of motion of neck and shoulders in patients who underwent a surgical 

intervention in the treatment of cancer in the oral cavity.  

 

Research question 

What is the influence of neck surgery on the active range of motion of neck and 

shoulders in patients with oral cancer?   

 

Methods 

 

Design 

Prospective cohortstudy. 

 

Patient population 

In this study participants with malignancies in the oral cavity who agreed to 

participate in the Quality of Oral Function (QuOFu) study were selected.12 The 

QuOFu-study is a prospective cohort study which investigates the quality of oral 
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functioning after treatment of cancer in the oral cavity. Participants in the QuOFU 

study have been diagnosed with cancer in the oral cavity and received a 

treatment in the University Medical Center Utrecht or University Medical Center 

St Radboud between Januari 2007 and February 2008. Participants of the 

QuOFu study were included in this study when they met the following inclusion 

criteria:  1) patients with cancer in the oral cavity, 2) patients have had a follow 

up measurement one year after surgery before the end of February 2009, 3) 

patients underwent a unilateral neck dissection or no dissection and 4) patients 

received surgery combined with or without radiotherapy as treatment modalities.  

 

Patients were divided in three groups based upon the neck surgery performed: 

the (M)RND in which the radical neck dissection (RND) and modified radical neck 

dissection (MRND) were merged together, the selective neck dissection (SND) 

and no neck dissection (no ND).  

 

Outcome measures 

Sociodemographic data and information of type and extent of neck dissection 

were derived from medical records. Neck surgery was classified according to the 

Classification of 2001 recommended by the Committee for Head and Neck 

surgery and Oncology and the American Academy for Otolaryngology- Head and 

Neck Surgery.5 

 

Primary outcome measure was the active range of motion of the neck and the 

shoulders of both operated and non-operated sides. Active range of motion was 

assessed for shoulder forward flexion, shoulder abduction and lateroflexion of the 

neck. Range of motion was obtained with the use of an electronic inclinometer 

(microFET6). Winter et al13 have found an Intra Class Correlation (ICC) of 0,83 in 

patients with an affected shoulder when a shoulder abduction was performed. 

Both operated and non-operated sides were measured. The mean of two 

sequential measurements was used for further analysis. The end-point in the 

range of motion measurements was determined by musculo-skeletal restriction at 

the joint or the subject’s complaints about pain.  
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Patients were evaluated 4 to 6 weeks before intervention (T0), 4 to 6 weeks after 

intervention (T1), at 6 months (T2) and 12 months (T3) after intervention 

according to a standardized measurement protocol. The mean of two sequential 

tests per measurement moment was used for further analysis.  

 

Data analysis 

Descriptive statistics (mean and SD) were calculated for relevant demographic 

and clinical variables. Statistical analyses were performed using repeated 

measures ANOVA, a one-way ANOVA and paired T-samples to compare 

operated and non-operated sides.  For all test, a two-sided p value lower than 

0.05 was considered significant. All data were statistically analysed using SPSS 

15.0.   

 

Results 

 

This study was conducted prospectively in 93 patients (51 men and 42 women) 

who received a surgical intervention after the diagnosis for cancer in the oral 

cavity at the University Medical Center Utrecht or the University Medical Center 

St Radboud between January 2007 and June 2008. 

 

Figure 1. Patient’s inclusion 

Of the original 123 patients who had their 12 month follow-up before the end of 

June 2009 93 patients were included in the study (see Figure 1).  

93 patients included 

123 patients  
 

Excluded for the following reasons:  
- bilateral neck dissection (n=11) 
- no surgical intervention (n=8) 
- surgery combined with chemotherapy (n=1) 
- other diagnosis after baseline (n=9) 
- other type than oral cancer (n=1) 
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†: patient(s) died, X: patient(s) stopped to participate, * patient(s) with a missing measurement 

Fig. 2 Patient lost to follow-up  

 

Data on active range of motion was available in 93 patients. Missing data were 

due to death (n=11), refusal for further participation (n=15) and transition to 

palliative care (n=4). 

 

Table 1 Descriptive statistics of patient population and treatment modalities 

 

 

 

 

 

 

 

 

 

 

 

Variable                                                                    Mean (SD)                                                                               

Gender 

       Male 

       Female 

 Age, mean (SD) 

 Type of dissection 

        Radical  

        Modified radical  

        Selective 

        No neck dissection  

  Radiotherapy 

        Yes 

         No 

 

51 

42 

62,0 (12,8) 

 

4 

14 

45 

30 

 

53 

40 

Before intervention T0 
N=93 

With neck dissection 
4-6 weeks after intervention  

N=60 (1*) 

No neck dissection 
4-6 weeks after intervention  

N=24 

With neck dissection 
6 months after intervention 

N= 54 (1*) 

 

No neck dissection 
6 months after intervention  

N=23 

 

3†, 3X 

1†, 1X 1†, 5X 

1† 

With neck dissection 
12 months after intervention 

N=50 (1*) 

No neck dissection 
12 months after intervention  

N=17 

1†, 3X 2†, 4X 
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The mean age of the participants in the study was 62,0 years (range: 19 - 86 yrs; 

sd: 12,8 yrs). 51 participants were male (55%) and 42 were female (45%).  

In all patients surgical treatment was performed.  

 

Neck lateral flexion 

The average lateral flexion of the neck was not statistically different between the 

groups at baseline. Repeated measures ANOVA on the operated side showed 

no significant differences in (M)RND. Significant decreases between T0-T3, T1-

T3, T2-T3 were found in SND (p≤.031) and in no ND a between T0-T3 (p=.002). 

In the non-operated side (M)RND showed a significant decrease between T0-T1 

(p=.001) followed by a significant improvement between T1-T2 (p=.043). SND 

showed significant decreases in neck lateral flexion between T0-T3 and T2-T3 

(p≤.009). No significant differences were found between the groups in both 

operated and non-operated sides.   

 

 

 

 

 

 

 

 

 

Fig. 3 Neck lateral flexion on the operated side      Fig. 4 Neck lateral flexion on the non- 

                                                                                operated side                                                                           

 

There were no significant differences in neck lateral flexion found between the 

groups at T1, T2 and T3. When the operated and non-operated sides are 

compared (see Figure 3 and 4) significant worse neck lateral flexion of the 

operated side in no ND at T3 (p=.034) and worse neck lateral flexion of the non-

operated side in the (M)RND at T1 (p=.006) were found.  
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Shoulder forward flexion 

The average shoulder forward flexion did not differ between the groups at 

baseline. Repeated measures ANOVA showed significant decreases in (M)RND 

in the operated sides between T0-T1 and T0-T2 (P≤.013) and an almost 

significant decrease between T0-T3 (P=.052). SND showed significant decreases 

in T0-T1, T0-T2, T0-T3 (P≤.018) and an improvement between T1-T2 (P=.015). 

No ND showed a significant decrease between T0-T2, T0-T3 and T1-T3 

(P≤.043). In the non-operated side significant decreases were found in SND 

between T0-T1 and T0-T3 (P≤.025). No significant differences between the 

groups in both operated and non-operated sides were observed.    

 

 

 

 

 

 

 

 

Fig. 5 Shoulder forward flexion on the operated     Fig. 6 Shoulder forward flexion on the        

side                                                                         non-operated side                                                                  

                                                                        

A significant difference in shoulder forward flexion was found between the three 

groups at T1 (P=.018) on the operated side. Post hoc analyses showed 

significant worse shoulder forward flexion for the (M)RND compared to no ND 

(P=.005). In the non-operated side no significant difference between the three 

groups was found. 

Comparison of the operated and non-operated side (see Figure 5 and 6) showed 

significant lower values in the operated side in SND and (M)RND at T1 and T2 

(P≤.042) and an almost significant lower value in (M)RND at T3 (P=.051) in the 

operated side.   

 

 

*
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Shoulder abduction 

The average shoulder abduction did not statistically differ between the groups at 

baseline. Repeated measures ANOVA showed significant decreases in shoulder 

abduction in the operated sides in (M)RND between T0-T1, T0-T2 and T0-T3 

(p≤.019) and an increase between T1-T2 (p=.032). In SND significant decreases 

in shoulder abduction were found between T0-T1, T0-T2 and T0-T3 (p≤.000) and 

improvements in shoulder abduction between T1-T2 and T2-T3 (p≤.011). In no 

ND significant decreases were found between T0-T2 and T0-T3 (p≤.041). In the 

non-operated sides almost significant decreases in shoulder abduction were 

found in (M)RND between T0-T3 and T2-T3 (p=.051 resp. p=.054). Significant 

decreases in shoulder abduction in SND were found between T0-T1, T0-T3 and 

T2-T3 (p≤.034). In no ND no significant differences were found. An analysis 

between the groups showed significant differences between T1-T2 and T1-T3 

(both p=.028). 

 

 

 

 

 

 

 

 

 

Fig. 7 Shoulder abduction on the operated sid       Fig. 8  Shoulder  abduction  on the    

                                                                                non-operated side)  

 

Significant differences in shoulder abduction between the groups were found at 

T1 in the operated side (p=.003). Shoulder abduction was found significant worse 

in the (M)RND compared to no ND (p=.001) and SND (p=.018). For the non-

operated shoulder no significant differences in shoulder abduction were found.  

Comparison of shoulder abduction in the operated and non-operated side (see 

Figure 8 and 9) showed significant lower values for abduction in the operated  
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side at T1, T2 in both SND and (M)RND (p≤=.003). 

  

Discussion  

The aim of this study was to investigate the development in range of motion of 

neck and shoulders over time in patients who have diagnosed oral cancer. 

Range of motion of neck and shoulders decreased in all patients after 

intervention in both operated and non-operated sides with significant differences 

in all groups. However the results suggest that after intervention shoulder range 

of motion of the operated side is more detoriated in patients with more extended 

neck surgery.  

Intervention in oral cancer showed a significant decrease for lateroflexion of the 

neck of the non-operated sides between baseline and T1 in (M)RND. The neck 

was divided in an operated and a non-operated side. The operated side was 

termed the side of the neck where the neck dissection was performed or where 

the tumour was localized. A decrease in range of motion of the non-operated 

side suggests that stretching the tissue of the operated side is more limited than 

contraction of the same tissue. After 6 months range of motion was significantly 

improved in (M)RND. These results are in comparison with the prospective study 

of Stuiver et al14. They evaluated cervical rotation and extension and found a 

decrease of range of motion at discharge followed by a small but statistical 

significant improvement in cervical rotation 4 months after surgery. Stuiver et al14 

concluded that 4 months after surgical intervention cervical ROM values did not 

reach baseline values. No significant difference between the types of neck 

dissection was found.  

Evaluation of the results of patients who did not have surgical treatment of the 

neck showed a significant lower value at 12 months follow-up compared to 

baseline. The decrease of lateroflexion of the operated neck over time was found 

small but significant. Whether the differences are clinically relevant is not known.  

Recently Van Wouwe et al15 published a cross-sectional study in which they 

evaluated shoulder morbidity after non-surgical treatment of the neck at least 6 

months after intervention. Out of hundred patients included  57 were treated non-

surgically.16 They found an impaired abduction and forward flexion after both 
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surgical and non-surgical treatment.15 After surgical treatment of the neck, 

patients had significant more impaired abduction and forward flexion as 

compared to non-surgically treated patients (P<.001).15 This result is in 

agreement with this study in which a significant difference in forward flexion was 

found 6 months after intervention when patients with neck surgery were 

compared to patients without neck surgery (P=.042). No differences were found 

between the different types of neck dissection.  

After neck surgery, shoulder forward flexion and abduction significantly 

decreased in both (M)RND and SND in the operated side. These findings are in 

agreement with Stuiver et al14 who also observed a significant decrease of 34° in  

abduction and 19° in forward flexion at discharge c ompared to baseline. In this 

study decreases of 26° in abduction and 16° in forw ard flexion in the operated 

sides were found. These differences were found to be significant in the operated 

sides between the different groups. (M)RND showed worse range of motion 

compared to no ND and SND. These results are in comparison with Stuiver et 

al14 who also found significant differences at discharge in favor of SND 4 months 

after surgery. In this study no significant differences were found after 6 and 12 

months. Guldiken et al16 found a significant deterioration for abduction when 

baseline values were compared with postoperative values at 1 and 3 months 

(P<.05). Dijkstra et al17 found in a cross sectional study that range of motion of 

the shoulder was significantly and considerably affected by neck dissection. The 

mean difference between the operated and non-operated side was 21° for 

forward flexion and 47° for abduction. 17 Dijkstra et al17 found that a non-selective 

neck dissection was a risk factor for restricted shoulder abduction. 

 

In this study significant improvements were found between T1 and T2 for forward 

flexion and abduction in the operated side. (M)RND showed a significant 

improvement in shoulder abduction and SND in both shoulder abduction and 

forward flexion. This finding suggests that after the impact of neck surgery range 

of motion is able to restore to a certain level. A striking fact is a significant 

decrease in cervical lateroflexion between 6 and 12 months after surgery in SND 

in both operated and non-operated side and a non significant trend of a decrease 
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in (M)RND. Although the difference in cervical lateral flexion differed significantly 

only small differences were found. A possible explanation could be the normal 

aging process or a decreased attention to range of motion of the neck.  

A limitation of this study is that only an objective outcome measure regarding 

range of motion of neck and shoulders was used. The aim of this study was to 

investigate the impact of neck surgery in patients with oral cancer on range of 

motion of both operated and non-operated sides. However it is important to 

evaluate the impact of limitations in range of motion in neck and shoulders and 

the impact on patient’s daily activities. 

During this study no data was collected regarding physiotherapy which may be a 

possible confounder. It is hypothesized that physiotherapy after neck surgery 

may be required to preserve range of motion of neck and shoulders. Salerno et 

al19 have studied the influence of a postoperative self-rehabilitation training 

course with assisted physiotherapy. After 6 months postoperatively the group 

which attended to the rehabilitation training with three sessions per week did 

better than the group without the physical therapy sessions (P=.00) with 

significant difference for shoulder forward flexion (P=.00) and abduction 

(P=.00).18  

In this study patients with a MRND or RND were merged together which could 

have confounded the outcomes. Since the knowledge and performance of less 

extensive neck dissections have developed only a small amount of patients had 

undergone a RND. Because both RND and MRND have to face with losses of 

non-lymphatic tissue patients were merged together. Patients with SND were 

also merged together because almost all patients underwent a SND level I to III. 

However research has shown the differences between different types of SND on 

range of motion.19 Merging groups together could have influenced the results.  

The strength of this study was its prospective design, allowing us to investigate 

the influence of a neck dissection on range of motion of neck and shoulders. A 

pre-treatment measurement made it possible to detect shoulder problems before 

surgical intervention in the treatment of oral cancer.  
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Recommendations for further research are to investigate the influence of 

limitations in range of motion on disability in daily activities patients might 

experience. Also experimental studies which are designated to evaluate the 

effectiveness of a well structured rehabilitation program are required.  

 

Conclusion 

 

Neck dissection has a negative impact on the range of motion of neck and 

shoulders. More limitations in range of motion were observed in patients with 

more extensive surgery. Significant decreases were observed in the non-

operated neck and operated and non-operated shoulders between baseline and 

after intervention. Significant increases in range of motion over time in the non-

operated neck and operated shoulders were found. 12 Months after surgery 

values were still lower compared to baseline measures.  
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