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ABSTRACT

The study aimed to show the changes on artrokinematic parameters of the neck and swallowing function after radiotherapy (RT) in
head and neck cancer (HNC) patients. The fourty patients with HNC have been evaluated before, 1 and 3 months after RT. The pos-
ture, normal joint movement, muscle strength and endurance of the neck were evaluated as artrokinematic parameters. The clinical
and radiological swallowing function evaluations were also done. Mean age of patients were 53,22±10,92 years. Head anterior tilt,
kyphosis and shoulder protraction were more in the 3rd month after RT in posture analysis (p< 0.001). The neck flexion, lateral fle-
xion and rotation limitations have increased (p< 0.001), neck muscle strength and endurance have gradually decreased (p< 0,001)
after RT. At the same time, swallowing phases have been adversely affected after RT with all these side effects (p< 0.001) and the
severity of aspiration in all consistencies has increased gradually (p< 0.05). As a result, RT starts to show its negative effects from
the early period of cancer treatment. Unlike other studies, we concluded that RT affects head and neck structures negatively and
these describes how RT affects swallowing function. So it is highly important to include head and neck structure mobility, strength
and endurance assessments and exercises in swallowing rehabilitation.
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ÖZET

Bafl Boyun Kanseri: Radyoterapi Sonras› Boyun Artrokinematik Parametreleri ve Yutma Fonksiyonundaki De¤ifliklikler

Çal›flman›n amac›; bafl boyun kanserli (BBK) hastalarda radyoterapi (RT) sonras› boyun artrokinematik parametreleri ve yutma fonk-
siyonundaki de¤ifliklikleri göstermektir. BBK’l› 40 hasta RT öncesi, sonras› 1 ve 3. aylarda de¤erlendirildi. Artrokinematik parametre-
ler olarak boyun postür, normal eklem hareketi, kas kuvvet ve endurans› de¤erlendirildi. Klinik ve radyolojik yutma fonksiyon de¤er-
lendirmeleri de yap›ld›. Hastalar›n yafl ortalamas› 53,22±10,92 y›ld›. Postür analizinde bafl anterior tilti, kifoz ve omuz protraksiyonu
RT sonras› 3. ayda daha fazla idi (p< 0.001). RT sonras› boyun fleksiyon, lateral fleksiyon ve rotasyon limitasyonlar› artt› (p< 0.001),
boyun kas kuvvet ve endurans› giderek azald› (p< 0.001). Ayn› zamanda RT sonras› tüm bu yan etkilerle birlikte yutma fazlar› kötü
yönde etkilendi (p< 0.001) ve tüm k›vamlarda aspirasyon fliddeti giderek artt› (p< 0.05). Sonuç olarak RT erken dönemden itibaren
olumsuz etkilerini göstermeye bafllamaktad›r. Di¤er çal›flmalardan farkl› olarak RT’nin bafl ve boyun yap›lar›n› olumsuz yönde etkile-
di¤i ortaya konuldu ve bu da RT’nin yutma fonksiyonunu nas›l etkiledi¤i aç›klamaktad›r. Bu yüzden yutma rehabilitasyonuna bafl bo-
yun yap› hareketlilik, kuvvet ve endurans de¤erlendirme ve egzersizlerini dahil etmek çok önemlidir.
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INTRODUCTION
The treatment types of the head and neck cancers
(HNC) will be surgical removal of the tumor, radi-
otherapy (RT), chemotherapy (CT) or a combinati-
on of these procedures. Various degrees of dyspha-
gia may occur during and after diagnosis and treat-
ment.1

The relationship between structures involved in
swallowing function is impaired greatly after treat-
ment in HNC patients. Surgical removal results in a
lot of swallowing problems due to lack of anatomi-
cal structures. Changes in the muscle tissue after
RT occur and continue for a long time.2 These chan-
ges result in loss of normal muscle cells and it leads
to stiffen soft tissue and decrease in muscle
strength.3 The effects of RT on mobility and
strength of oropharyngeal structures were demonst-
rated in previous studies.4-10 Optimal rehabilitation
programme includes not only oropharyngeal exer-
cises which are focus on oropharyngeal mobility
and strength but also neck mobility and strengthe-
ning exercises. Although we know the importance
of head and neck structures mobility and strength in
swallowing rehabilitation, there is no study to eva-
luate the artrokinematic characteristics of head and
neck like posture, range of motion, strength and en-
durance after RT. So we tried to show the effects of
these artrokinematic parameters on swallowing
function by including them to swallowing evaluati-
on.

RT may affect the artrokinematic characteristics of
head and neck, and this may have severely negati-
ve effects on swallowing. Based on this idea, we ai-
med to show the changes on artrokinematic para-
metres of the neck and swallowing function after
RT.

PATIENTS AND METHODS
The study included 45 individuals with HNC pati-
ents who had RT plan. Patients were evaluated be-
fore, 1 and 3 months after RT. Median age of pati-
ents was 56 (min: 20, max: 65) years. There were
33 males (82.5%) and 7 females (17.5%).

Patients who had swallowing problems due to other
medical reasons and received RT before were not
included in the study.

The study was approved by the Ethics in Research
Committee of our institution.

Demographic and clinical information of patients
which were obtained from them and their hospital
records were noted. The information about patients
included their age, gender, height, weight and diag-
nosis. The localization, degree, stage and pathology
of tumor were also taken. And their treatment infor-
mation which included the presence of surgery and
CT,  duration and field of RT were noted.

Observarvational posture analysis, especially inclu-
ding vertebral column, head and neck was perfor-
med in standing position. Head anterior tilt, cervi-
cal flattening, kyphosis, protraction and height of
the shoulders were examined in anterior and lateral
planes. Postural changes were scored between 0-3.
(0: normal, 1: mild deviation, 2: moderate deviati-
on, 3: severe deviation). Normal range of motion
(ROM), muscle strength and endurance of neck we-
re also recorded. ROM measurements were taken in
the direction of flexion, extention, lateral flexions
and rotations with goniometer while patients were
sitting upright on chair. Neck flexion in supine po-
sition, extention in prone position and lateral flexi-
on in side lying position were measured with dyna-
mometer (Lafayette MMT, Model 01160). Endu-
rance assessment can be defined as how many ti-
mes patients can do neck flexion, extension and la-
teral flexion in one minute period.

Clinical and radiological swallowing assessments
were done.11 In clinical assessment, Swallowing
Ability and Functional Evaluation (SAFE) was
used. Its parameters are physical oromotor functi-
ons, oral and pharyngeal phase assessments. Swal-
lowing was graded normal, mild, moderate and se-
vere impairment in each parameters. In radiological
assessment, videofluoroscopic swallowing evalu-
ation(VFSE) were done with three consistency of
food (liquid-pudding-biscuit). In statistical analy-
sis, we used 5 ml volume of each consistencies
which provide to monitor swallowing physiology
more effective.12 Oral, pharyngeal and esophageal
swallowing physiologies and residue after swallo-
wing were evaluted with VFSE. Some subparame-
ters like tongue retraxion, delay in triggering the
swallowing reflex, hyolaryngeal elevation, airway
closure, aspiration, esophageal motility disorder
were also assessed. Each parameters were scored
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between 0-3 (0: normal, 1: mild impairment, 2: mo-
derate impairment, 3: severe impairment). In resi-
due scoring, 0 was used for no residue, 1 was mild,
2 was moderate  and 3 was severe residue. Penetra-
tion- Aspiration Scale (P-AS) was used for determi-
ning the penetration aspiration severity.13

Statistical Analysis
Statistical analyses were performed using the SPSS
software version 15. The variables were investiga-
ted using the visual (histograms, probability plots)
and analytical methods (Kolmogorov-Simir-
nov/Shapiro-Wilk’s test) to determine whether or
not they are normally distributed. Descriptive
analyses were presented using medians and inter-
quartile range (IQR) fort he non-normally distribu-
ted and ordinal variables. Friedman tests were con-
ducted to test whether there is a significant change.
The Wilcoxon test was performed to test the signi-
ficance of pairwise differencesto adjust for multipl
comparisons. An overall 5% type-I error level was
used to infer statistical significance.

RESULTS
The study included 45 HNC patients, of whom 1
was exitus, 2 did not completed their treatment and
2 did not come their controls. So the study was
completed with 40 patients.

Median age of patients was 56 (min: 20, max: 65)
years. There were 33 males (82.5%) and 7 females
(17.5%). Table 1 summarizes tumor characteristics. 

All cases underwent RT, of whom 33 (82.5%) rece-
ived concomitant chemoterapy and radiotherapy.
Two (5%) patients underwent surgery for primary
tumor, 24 (60%) underwent surgery for primary tu-
mor with neck dissection and 14 (35%) had no sur-
gery. 

RT was delivered to primary tumor and/or all
lymphatics. All cases received RT to primary tumor
site. Beside the primary site, 27 patients received
additional RT to right neck, 26 to left neck and 28
to supraclavicular fossa. Median daily dose was
180 cGy (min: 180, max: 230). Median RT dose to
primary tumor site was 6000 cGy (min: 5580, max:
7020), to neck field was 5400 cGy (min: 5000,
max: 6000). And dose was increased up to 7000
cGy if there was lymp node involvement.
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Table 1. Tumor characteristics

Tumor site n (%)

Larynx 20 (50%)

Nasopharynx 5 (12.5%)

Tongue 5 (12.5%)

Tonsil 3 (7.5%)

Retromolar trigone 2 (5%)

Parotid 2 (5%)

Lips 1 (2.5%)

Tongue base 1 (2.5%)

Hypopharynx 1 (2.5%)

Tumor Degree

Undifferentiated 3 (7.5%)

Less differentiated 1 (2.5%)

Moderate differentiated 29 (72.5%)

High differentiated 7 (17.5%)

Tumor pathology

Squamous cell carcinoma 34 (85%)

Adenoid carcinoma 5 (12.5%)

Acinic cell carcinoma 1 (2.5%)

Tumor Stage

I 5 (12.5%)

II 1 (2.5%)

IIA 2 (5%)

IIB 1 (2.5%)

III 20 (50%)

IVA 11 (27.5%)

45 HNC patientswho had RT plan

Excluded(n:5)
1:ex,
2: not completed their
treatment
2: not come their
controls

40 HNC patients who had RT plan

1 months after RT
N: 40

3 months after RT
N: 40

Figure 1. Flowchart of patients  (HNC= head and neck can-
cers)



In clinical swallowing evaluation, physical oromo-
tor functions, oral and pharyngeal phase of SAFE
were gradually worsened towards the third
month(p< 0,001). SAFE scores before, 1 and 3
months after RT were shown at Figure 2.

VFSE results also supported these findings. Oral,
pharyngeal, esophageal phase impairments, amount
of residue and total swallowing impairment score
were all increased (p< 0,001). Tongue retraxion,
delay in triggering swallowing reflex, hyolaryngeal
elevation, esophageal motility disorder, airway clo-
sure in liquids and pudding consistencies were gra-
dually worsened towards the third month (p<
0,001). In parallel with these results, aspiration se-
verity in liquids, pudding and biscuit consistencies
increased after RT (p< 0,05). Distribution of pati-

ents according to aspiration status was summarized
in Table 2.

Aspiration severity in liquids and pudding consis-
tencies according to P-AS were gradually increased
after RT (p< 0,001). There was no difference bet-
ween 1 and 3 months after RT(p> 0,05), but there is
an increase in aspiration severity in direction to 1
and 3 months after RT than before RT in biscuit
consistencies (p< 0,001). 

Head anterior tilt and kyphosis were gradually inc-
reased after RT (p< 0,001). There was no differen-
ce between 1 and 3 months after RT(p> 0,05), but
there is an increase in shoulder protraxion in direc-
tion to 1 and 3 months after RT than before RT (p<
0,001). There was no significant difference in cer-
vical lordosis and shoulder height before, 1 and 3
months after RT (p> 0,05). 

Changes in ROM of neck flexion, lateral flexion
and rotation 1 and 3 months after RT were signifi-
cantly worse when compared to pre-RT status.
Neck left lateral flexion and rotation limitation we-
re gradually increased after RT(p< 0,001). There
was no difference between 1 and 3 months after
RT(p> 0,05), but there is an increase in neck flexi-
on, right lateral flexion and rotation limitation in di-
rection to 1 and 3 months after RT than before RT
(p< 0,001).

Neck flexion strength, neck flexion, extention and
lateral flexion endurances were gradually decre-
ased after RT (p< 0,001) (Table 3).
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Figure 2. SAFE scores before, 1 and 3 months after radiot-
herapy

Table 2. Aspiration status before, 1 and 3 months after radiotherapy

ASPIRATION + –

LIQUID- before RT 2 (5%) 38 (95%)

LIQUID- 1 month after RT 8 (20%) 32 (80%)

LIQUID- 3 months after RT 9 (22.5%) 31(77.5%)

PUDDING- before RT - (0%) 40 (100%)

PUDDING-1 month after RT 7 (17.5%) 33 (82.5%)

PUDDING-3 months after RT 7 (17.5%) 33 (82.5%)

BISCUIT- before RT - (0%) 40 (100%)

BISCUIT-1 month after RT 7 (17.5%) 33 (82.5%)

BISCUIT-3 months after RT 7 (17.5%) 33 (82.5%)

Before radiotherapy

1 month after radio-
therapy
3 months after radio-
therapy

Physical
oromotor
functions

Oral phase Pharyngeal
phase

3
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1,0

0.5
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DISCUSSION
Our study showed that swallowing function of
HNC patients was affected negatively after RT in
early period. The aspiration severity was gradually
increased. Artrokinematic parameters were also af-
fected negatively. Postural changes in head anterior
tilt, kyphosis and shoulder protraxion were incre-
ased. Neck flexion, lateral flexion and rotation limi-
tations were increased while neck flexion strength,
neck flexion, extension and lateral flexion enduran-
ces were decreased.

Oral and pharyngeal swallowing disorders were de-
monstrated after RT in HNC patients in many stu-
dies.2,9,14-17 Decreased tongue mobility and strength,
impairment in bolus preparation and transport, inc-
reased oral residue were described as oral phase di-
sorders.15,18,19 Delayed triggering swallowing reflex,
impairment in velopharyngeal closure, decreased
tongue base retraxion, pharyngeal contraction, hyo-
laryngeal elevation, airway closure, upper esopha-

geal sphincter (UOS) opening and increased resi-
due in tongue base, vallecula, pharynx and pyri-
form sinus were determined as phryngeal disorders
after RT.3,14,15,20-23 In a study, decreased tongue base
retraxion and hyolaryngeal elevation 1 month after
CRT, delayed triggering swallowing reflex, impair-
ment in airway closure 3 months after CRT, decre-
ased UOS opening 6 and 12 months after CRT we-
re found. They stated that these results related to
decreased oral intake.24 Our results support the lite-
rature. In our study, tongue base retraxion, hyo-
laryngeal elevation decreased, delayed triggering
swallowing reflex and residue increased. So seve-
rity of oral, pharyngeal and esophageal swallowing
disorders were gradually increased after RT. 

In VFSE, we determined that airway closure were
gradually worsened and aspiration severity incre-
ased after RT. Aspiration rates before, 1 and 3
months after RT is respectively, 5%, 20%, 22,5% in
liquids, 0%, 17,5%, 17,5% in puding and biscuit
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Table 3. Neck ROM limitations, muscle strength and endurances

Before RT 1 months after RT 3 months after RT p
Mean±SD Mean±SD Mean±SD

Neck ROM limitations

Neck flexion 10,43±6,72 14,18±6,62 15,38±6,19 <0,001

Neck extension 17,05±9,69 18,53±8,05 19,43±7,59 0,079

Neck right lateral flexion 11,25±8,15 14,15±7,86 15,13±6,78 <0,001

Neck left lateral flexion 10,88±7,64 14,25±6,44 15,28±6,50 <0,001

Neck right rotation 1,53±3,99 3,83±6,51 4,7±7,13 <0,001

Neck left rotation 2,45±5,05 3,35±5,52 5,18±8,15 <0,001

Neck muscle strength

Neck flexion 4,85±2,05 3,77±1,78 2,91±1,58 <0,001

Neck extension 8,43±1,28 8,30±1,24 8,25±1,28 0,146

Neck right lateral flexion 6,86±2,19 6,80±2,23 6,71±2,12 0,137

Neck left lateral flexion 6,38±2,12 6,35±2,12 6,04±2,11 0,350

Neck muscle endurance

Neck flexion 26,8±9,25 21,23±7,30 17,63±6,89 <0,001

Neck extension 32,9±10,64 28,18±7,09 26,38±7,19 <0,001

Neck right lateral flexion 29,73±8,66 25,65±7,39 23,15±6,69 <0,001

Neck left lateral flexion 31,03±7,85 25±7,48 23,4±6,71 <0,001

RT: Radiotherapy



consistencies. These results were parallel with lite-
rature. In a study of 43 patients with larynx cancer
who received RT/CRT,  aspiration was seen in 54%
(12/22) of patients in CRT group, 33% (7/21) of pa-
tients in RT group(8) . In another study of 64 pati-
ents who received CRT, when aspiration rate was
17% before treatment, it increased to 59% 2 months
(1-10 month) after treatment.25 It is clear that aspi-
ration severity increases with abnormalities in
oropharyngeal structures. These abnormalities of
anatomical structures due to RT/CRT can be redu-
ced by reorganization the treatment modalities. But
it is not always possible. So HNC patients should
be regularly followed for the aspiration risk from
the period prior to RT.

VFSE is described as the gold standard in swallo-
wing evaluation in studies.26 After swallowing eva-
luation, exercise programmes which focus on neck
mobility and strengthening are used. Although we
know the importance of head and neck structures
mobility and strength in swallowing rehabilitation,
classical swallowing evaluations do not include
posture analysis, ROM, strength and endurance as-
sessments. So we tried to emphasize the effects of
these artrokinematic parameters on swallowing
function by including them to swallowing evaluati-
on. In posture analysis, head anterior tilt and
kyphosis were gradually increased after RT. There
was no difference between 1 and 3 months after RT,
but there is an increase in shoulder protraxion in di-
rection to 1 and 3 months after RT than before RT.
Postural changes were thought to occur due to dec-
reased mobility, strength and endurance of the regi-
on or the patients efforts to protect the region du-
ring the disease period. Protective behaviour of pa-
tients when they come for evaluation after RT sup-
ported this hypothesis. ROM, muscle strength and
endurance of neck also adversely affected. Neck
left lateral flexion and rotation limitation were gra-
dually increased after RT. There was no difference
between 1 and 3 months after RT, but there is an
increase in neck flexion, right lateral felxion and
rotation limitation in direction to 1 and 3 months af-
ter RT than before RT. Neck flexion strength, neck
flexion, extention and lateral flexion endurances
were gradually decreased after RT. Thus, changes
in neck posture, , range of motion, muscle strength
and endurance after RT was found unlike other stu-
dies. We think that these dramatic changes have a

significant impact on swallowing function. And
postural changes and loss of strength also causes
pain and excessive effort during activity. So neck
ROM, strength and endurance assessments should
be done before, during and after RT. This provide
us to prevent negative effects of RT from the early
period. Physiotherapy methods are very important
to cope with these negative side effects.

Further studies with more patients or long follow
up may be planned. New groups may be created ac-
cording to diagnosis and RT doses. And how swal-
lowing function and neck region will be affected
can be described. Changes in long term can also be
determined.

These results demonstrated that RT affects swallo-
wing function negatively in early period. In additi-
on, artrokinematic parameters of neck are also wor-
sened after RT. If problems do not handle in early
period, more problems may occur in the future. So
if it is possible, swallowing assessments which inc-
lude the assessments of head and neck artrokinema-
tic parameters should be done before RT and pos-
sible impairments can be determined and preven-
ted. We concluded that an important development
in swallowing ability, nutritional status and also li-
fe quality of the patients with early intervention can
be provided.
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