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A B S T R A C T

Background: There is an increasing incidence of oropharyngeal squamous cell carcinoma (OPSCC) survivors 
living with treatment-related head and neck lymphedema (HNL). This study aimed to determine (i) the preva
lence of external HNL, (ii) changes in HNL over a nine-month period post-treatment, and (iii) factors associated 
with HNL among patients with OPSCC treated with (chemo)radiotherapy.
Methods and Results: Fifty patients were recruited (mean age 64 years), where two thirds were male. HNL was 
assessed with a lymph scanner in seven facial points, and with a measuring tape at three levels, before treatment, 
and three and nine months post-treatment. Paired sample t-test was used to calculate changes in HNL and logistic 
regression analysis identified factors associated with HNL, including age, gender, BMI, physical activity, addition 
of chemotherapy and radiation dose. At three months post-treatment, 80 % of patients had HNL, which decreased 
to 69 % nine months post-treatment. The submental point was the most common location for HNL and showed 
the greatest change over the nine-month period. Differences in circumferential measurements were small. Low 
physical activity increased the odds of developing HNL (p = 0.011).
Conclusions: HNL is a common side effect after (chemo)radiotherapy treatment. The changes in HNL at the 
submental point seem to be greatest while the changes in neck circumferential are small. Since a low level of 
physical activity increased the risk of developing HNL, it may be important to encourage physical activity in this 
population.

Introduction

The Western world is experiencing an increasing incidence of 
oropharyngeal squamous cell carcinoma (OPSCC) due to human papil
lomavirus (HPV)-driven tumours [1–3]. The standard treatment for 
OPSCC is (chemo)radiotherapy, (c)RT. Regardless of treatment, i.e., 
surgery, (c)RT or in combination, the prognosis for the HPV-associated 
OPSCC is excellent [2] leaving an increasing number of survivors with 
common long standing side effects such as fibrosis, swallowing diffi
culties, xerostomia and fatigue. Another, often overlooked but frequent 
side effect, is head and neck lymphedema (HNL) [4–6].

The lymphatic system of the head and neck consists of superficial and 
deep vessels that drain into inferior deep cervical nodes in the jugular 
trunk and enter the right lymphatic duct or, on the left side of the neck, 

the thoracic duct. HNL occurs when the lymphatic system fails to 
transport lymph fluid either because of the direct impact of a neck 
dissection or tissue fibrosis caused by the surgery and/or (c)RT [7]. 
There are two different types of HNL: external (in the face, neck and 
submental region) which this study is focused on, and internal (in the 
oral cavity, pharynx and larynx) [8].

HNL can cause inflammation, fibrosis and reduced mobility, which 
may lead to sensations of swelling and heaviness. Severe HNL can result 
in impaired communication, respiration and swallowing [9,10]. Patients 
with HNL also experience a negative body image which may lead to 
anxiety, depression and a decreased quality of life [11–13]. Early 
diagnosis is therefore crucial to improve the possibility of reducing HNL 
before it becomes chronic.

There are several assessment methods used for diagnosing HNL, 
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classifying its severity, quantifying the extent of lymphedema, and 
monitoring its progression. So far, there is no consensus on which 
method should be used to assess HNL. The various assessment methods 
include patient-reported and clinician-reported assessments that rely on 
rating scales [14]. However, these assessments are subjective and have 
limited evidence supporting their validity and reliability in clinical 
settings [15]. In addition, technical assessment methods, such as ultra
sound and 3D scanning [16,17] exist but require further validation 
studies before they can be implemented. CT scans, an imaging-based 
assessment, provide valuable information but are entailed with radia
tion exposure and high cost, making it less suitable for routine moni
toring [14,18].

Objective measurements of local tissue water can be obtained by a 
lymph scanner, which identifies and distinguishes different levels of 
lymphedema. The lymph scanner has been validated [19], demonstrated 
excellent interrater reliability in the head and neck region [20], and 
normal reference values have recently been established [21,22]. The 
lymph scanner has been used to assess changes in HNL at the submental 
measuring point [11,20]. However, after head and neck cancer (HNC) 
treatment, HNL develops in several different sites in the head and neck 
area, making it essential to measure multiple points to obtain a more 
accurate picture. Another objective and reliable method (showing suf
ficient intra- and interrater reliability) is tape measurement of the neck 
circumference [20,21,23].

There are large discrepancies in the reporting of the prevalence of 
HNL, ranging from 10 % to 90 % [10,24,25]. It is likely that the tumour 
location and the type of treatment affect the prevalence of HNL and 
subsequently vary between the HNC subsites. In addition to treatment, 
different factors such as gender, BMI and level of physical activity may 
affect the prevalence of lymphedema [26–28], but more knowledge is 
needed.

Taken together, there is an increasing incidence of OPSCC survivors 
living with treatment-related HNL. Consequently, there is a need for a 
deeper understanding of HNL, including its prevalence, development 
over time, and factors associated with its occurrence. Such knowledge is 
important to improve the management of HNL.

Aim

The aim of this study was to determine (i) the prevalence of external 
HNL, (ii) changes in external HNL over a nine-month period post- 
treatment, and (iii) factors associated with external HNL, among pa
tients with OPSCC and treated with (c)RT.

Materials and methods

Study design

This study used a single-center exploratory, prospective, cohort 
design. It was approved by the Swedish Ethical Review Authority (ref. 
no.2020–01066) and was registered at ClinicalTrials.gov (ref.no. 
NCT05316974). Reporting has been done according to the STROBE 
guidelines.

Setting

The study was conducted at Skåne University Hospital, Sweden, a 
tertiary referral hospital where all HNC patients in the Southern Health 
Care Region, with a population of approximately 1.9 million, are 
assessed and treated. Recruitment of participants occurred from October 
2022 to November 2023 and the patients were followed for nine months 
post-treatment.

Participants

Patients aged 18 years or older, with biopsy-confirmed OPSCC (stage 

I-IV), as assessed by the multidisciplinary tumour board and planned for 
curatively intended (c)RT, were eligible for inclusion. Exclusion criteria 
were pregnancy, previous treatment for HNC, as well as pre-treatment 
surgery or Botox injections in the head and neck area. On the first 
visit to the Dept. of Oncology, the patients received oral and written 
information about the study and were invited to participate. Informed 
consent was obtained from all patients before inclusion.

Data collection

HNL was assessed by two methods: with a lymph scanner to assess 
local tissue water, and with a measuring tape to assess neck circumfer
ence. The HNL assessments were performed before treatment began as 
part of clinical routine (baseline), and three and nine months after 
treatment completion. All patients were measured in the morning and 
all measurements were performed by the first author (AH).

Diagnosis, tumour stage, oncological treatment (radiation fields and 
dose, chemotherapy) and age at diagnosis, were extracted from medical 
records. Information on BMI, smoking habits, and ratings of physical 
activity was collected at baseline, and at three and nine months post- 
treatment. Physical activity level was self-assessed based on Frändin 
and Grimby’s Activity Scale. The scale consists of six levels that cate
gorise activity from complete rest to high-intensity physical activity 
[29].

As part of the standard follow-up procedure, all patients were offered 
an appointment with a physiotherapist and given instructions in manual 
lymphatic drainage for daily self-care. Any interventional therapy for 
HNL during the follow-up was not cause for exclusion but was 
registered.

Measurements of local tissue water

The lymph scanner MoistureMeterD, Delfin Technologies Ltd, 
Finland, was used to assess local tissue water. The technique is based on 
an ultrahigh-frequency electromagnetic waves of 300 MHz which 
penetrate the skin to a depth of 2.5 mm. The lymph scanner registers the 
reflected electromagnetic waves and are displayed as the percentage of 
tissue water content (PWC). A standardised positioning protocol, 
including seven facial points, was used [21]. Points 1 to 3 were identi
fied on both sides of the face and neck (Table 1). Measuring tape and soft 
pen were used to identify and mark the points. The patient was placed in 
an upright sitting position with the head facing straight forward.

Measurements of neck circumference

Neck circumference measurements (CM), in cm, were collected by a 
measuring tape held flat against the skin at three levels:

Upper level: the highest possible circumferential level of the neck, 
inferior to the mandible.

Middle level: the circumferential level right over the thyroid 
cartilage.

Lower level: the lowest possible circumferential level of the neck.

Table 1 
Summary of the Locations for the Measuring Points.

Measuring points (P)

P1 The point in the middle of a line between the nasal alar cartilage and the ear 
lobule

P2 The point in the middle of a line between P4 and 1 cm below the mandibular 
angle

P3 The point in the middle of a line between the lobule and the jugular fossa
P4 The point 8 cm below the midline of the lower lip
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Definition of HNL

HNL was defined as an increase in PWC or CM of 2 standard de
viations (SD) or more compared to normal reference values of tissue 
water in the head and neck area [21], at any measuring point or 
circumferential level three months after the HNC treatment.

Statistical methods

Demographic data and clinical characteristics were presented as 
mean and SD (continuous variables) or numbers and percent (categor
ical variables). Data was analysed using IBM SPSS version 28. A p-value 
< 0.05 was considered statistically significant. The PWC and CM values 
were normally distributed at all measuring points and occasions. The 
prevalence of HNL was calculated three and nine months post- 
treatment. Paired sample t-test was used to calculate the changes in 
tissue water between the post-treatment assessments. The Bonferroni 
method was applied to correct for multiple comparisons related to the 
changes for PWC and CM. Thus, for statistical significance a p-value of 
0.05/7 = 0.007 was applied for PWC and 0.05/3 = 0.017 for CM. 
Univariate logistic regression analyses (HNL as dependent variable, 
dichotomized as yes or no) were used to determine factors associated 
with HNL at three and nine months. The binary independent variables 
were gender (male/female), age (<65/≥65), chemotherapy (yes/no), 
contralateral radiotherapy at any level (yes/no), BMI (<25/≥25) and 
physical activity according to Frändin and Grimby’s Activity Scale (1–3/ 
4–6).

Result

Participants

Fifty patients with OPSCC, planned for (c)RT with curative intent, 
were recruited. In total, 84 % of the patients (n = 42) completed both 
post-treatment assessments. A flowchart is presented in Fig. 1.

Table 2 presents participants’ demographics and clinical character
istics. Their mean age was 64 years and two-thirds were male. Only a 
few patients were smokers and 52 % had a BMI ≥ 25 before the start of 
treatment. The most common tumour subsite was the base of tongue, 
and most patients had stage I or II HPV-positive tumours. All macro
scopic diseases were treated with IMRT to a dose of 68 Gy (2 Gy per 
fraction, five fractions per week). Ninety-four percent of the patients 
received 68 Gy ipsilaterally to one or more neck levels, usually levels 
two and three. Seventy-two percent of the patients received an elective 
dose of 54 Gy to contralateral lymph nodes.

The mean BMI decreased from baseline to nine months from 25.7 to 
20.7 (p < 0.001). Half of the patients scored 4 to 6 on the physical 

activity scale at baseline. Physical activity scores were lowest three 
months post-treatment (Table 2).

Prevalence of HNL

Table 3 presents the prevalence of HNL over the nine-month period. 
HNL, measured in PWC, was registered in 80 % (n = 36) of the patients 
in one or more measuring points at three months. Nine months post- 
treatment HNL was registered in 69 % (n = 31). At three months the 
female/male ratio of HNL was 36 % (n = 13)/64 % (n = 23) and at 9 
months the female/male ratio was 42 % (n = 13)/58 % (n = 18).

The prevalence of HNL varied between the different measurement 
points. Among the patients with HNL, submental (P4) lymphedema was 
the most frequent three months post-treatment, occurring in 72 % (n =
26). At nine months, HNL was most frequent at the lowest point at the 
left side of the neck (P3), where 61 % (n = 19) of the patients had 

Fig. 1. Flowchart of participants for analysis at different time points.

Table 2 
Patients’ Demographics and Clinical Characteristics (n = 50) at Baseline and 
Post-Treatment.

Demographics and 
characteristics

Baseline 
n = 50

3 months 
n = 45

9 months 
n = 45

Male / Female, n (%) 33 (66) / 17 
(34)

​ ​

Age, mean (SD, range) 64 (10.2, 
46–88)

​ ​

P16, n (%) ​ ​ ​
Positive / Negative 45 (90) / 5 (10) ​ ​

T classification, n (%) ​ ​ ​
T1 10 (20) ​ ​
T2 26 (52) ​ ​
T3 7 (14) ​ ​
T4 7 (14) ​ ​

N classification, n (%)* ​ ​ ​
N0 4 (8) ​ ​
N1 33 (66) ​ ​
N2 11 (22) ​ ​
N3 2 (4) ​ ​

BMI, mean (SD) 25.7 (3.5) 23.3 (2.9) 20.7 (3.0)
<25, n (%) 24 (48) 33 (73) 41 (91)
≥25, n (%) 26 (52) 12 (27) 4 (9)

Smoking, n (%) ​ ​ ​
Smokers / Nonsmokers 5 (10) /45 (90) 2 (4) / 43 

(96)
2 (4) / 43 
(96)

Physical activity n, (%)** ​ ​ ​
1––3 25 (50) 24 (55) 20 (44)
4––6 25 (50) 20 (45) 25 (56)

*The five patients with P16-negative tumours had N classification N0 n = 1, N1 
n = 1, N2b n = 3, the four patients with lymph node metastasis are referred to N1 
in the table. **Missing data for one patient at three months.
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lymphedema, followed by the submental point 48 % (n = 15). HNL was 
least common in the measuring points at the cheeks (P1) at both three 
and nine months (Table 3).

The prevalence of HNL, measured as CM, was registered in 25 % (n =
11) of the patients, in one or more of the three levels three months post- 
treatment. Nine months post-treatment HNL was found in 18 % (n = 8). 
The prevalence of HNL was almost equal between the three levels 
(Table 3).

Changes in PWC and CM

Table 4 presents the changes in PWC and CM over the nine-month 
period. PWC increased in all measuring points from baseline to the 
three months post-treatment. After Bonferroni correction the increase 
was significant (p < 0.007) in five out of seven measuring points. All 
values, except at the cheeks (P1), decreased between three and nine 
months, with statistical significance remaining at the submental point 
(P4) after correction for multiple comparisons. PWC increased at all 
measuring points from baseline to nine months (p < 0.001). The changes 
in PWC were greatest at the submental point (P4) on both measuring 
occasions.

The changes in the neck CM were small. A significant increase was 
observed at the upper level from baseline to three months post- 
treatment. The changes between three and nine months decreased 

significantly from − 0.98 (upper level) to − 0.82 (lower level), and the 
values were lower than at baseline. No significant changes in circum
ferential levels between baseline and nine months post-treatment were 
found after Bonferroni correction was applied (Table 4).

Factors associated with HNL

Table 5 presents factors potentially associated with HNL (dependent 
variable) three and nine months post-treatment. The univariate logistic 
regression analysis revealed that a lower level of physical activity 
(scoring between 1–3) at baseline was significantly associated with a 
higher prevalence of HNL (p = 0.011). Odds ratio was 16.62 (CI 1.91 to 
144.24). At nine months the result remained significant (p = 0.012).

Discussion

To the best of our knowledge, this is the first study that has evaluated 
the prevalence, changes, and factors associated with HNL among pa
tients who underwent (c)RT for OPSCC. We found that HNL was com
mon after (c)RT, most prevalent three months post-treatment and 
decreased slightly at nine months. More patients with HNL were iden
tified with the lymph scanner than by the measuring tape. A low level of 
physical activity at baseline was significantly associated with a higher 
prevalence of HNL.

Table 3 
Percentage of Tissue Water Content (PWC) and Neck Circumferences Measurements (CM) at Baseline and Prevalence of Head and Neck Lymphedema (HNL) over the 
Nine-Month Period.

MeasurementBaseline(n = 50) 
Mean (SD)

Measurement 
3 months (n = 45) 
Mean (SD)

Prevalence of HNL 3 months 
n (%)*

Measurement9 months (n = 45) 
Mean (SD)

Prevalence of 
HNL 9 months 
n (%)*

PWC (%) ​ ​ ​ ​ ​
P1 Right 35.0 (9.8) 38.0 (8.5) 2 (5.6) 41.2 (6.8) 6 (19.4)
P1 Left 35.8 (8.4)** 38.8 (9.9) 5 (13.9) 40.9 (7.2) 3 (9.7)
P2 Right 36.6 (9.4)*** 45.3 (9.4) 13 (36.1) 44.6 (7.9) 11 (35.5)
P2 Left 38.5 (7.4) 48.0 (8.4) 19 (52.8) 45.2 (6.8) 12 (38.7)
P3 Right 40.4 (7.9) 47.0 (9.0) 10 (27.8) 46.7 (7.5) 9 (29.0)
P3 Left 39.3 (8.1) 49.9 (8.7) 23 (63.9) 47.3 (8.0) 19 (61.3)
P4 33.7 (10.5) 47.7 (7.9) 26 (72.2) 42.8 (9.4) 15 (48.4)

CM (cm) ​ ​ ​ ​ ​
CM upper 40.6 (3.6) 41.5 (3.4) 6 (54.4) 40.6 (3.3) 4 (50.0)
CM middle 39.0 (3.2) 39.4 (2.9) 4 (36.4) 38.6 (3.0) 4 (50.0)
CM lower 38.6 (3.0) 38.8 (2.8) 7 (63.6) 38.0 (2.6) 4 (50.0)

P = measuring point, SD = standard deviation. *The prevalence of HNL is presented as the number (%) of patients with HNL at any measuring point according to PWC 
at 3 months post-treatment (n = 36/45), and CM (n = 11/45), and at 9 months post-treatment according to PWC (n = 31/45), and CM (n = 8/45). **Not measurable 
point at baseline for one patient due to beard. ***Not measurable point at baseline for one patient due to tumour.

Table 4 
Changes in Percentages of Water Content (PWC) and Circumferential Measurements (CM) over the Nine-Month Period.

Changes between 
baseline and 3 months 
Mean diff (95 % CI)

p-value Changes between 
3 and 9 months 
Mean diff (95 % CI)

p-value Changes between 
baseline and 9 months 
Mean diff (95 % CI)

p-value

PWC (%) ​ ​ ​ ​ ​ ​
P1 Right 2.84 (0.20 to 5.47) 0.035 2.78 (0.52 to 5.04) 0.017 6.04 (3.73 to 8.35) <0.001
P1 Left 3.19 (− 0.35 to 6.74) 0.076 2.34 (− 0.69 to 5.37) 0.127 5.27 (2.89 to 7.64) <0.001
P2 Right 8.77 (6.17 to 11.37) <0.001 − 0.39 (− 2.84 to 2.06) 0.750 8.08 (5.41 to 10.74) <0.001
P2 Left 9.62 (6.75 to 12.49) <0.001 − 2.26 (− 3.93 to − 0.59) 0.009 6.81 (4.59 to 9.02) <0.001
P3 Right 6.70 (4.40 to 9.01) <0.001 − 0.12 (− 2.32 to 2.08) 0.914 6.16 (4.27 to 8.04) <0.001
P3 Left 11.05 (8.25 to 13.86) <0.001 − 2.49 (− 4.36 to − 0.62) 0.010 8.07 (5.40 to 10.74) <0.001
P4 14.18 (10.73 to 17.63) <0.001 − 4.63 (− 7–20 to − 2.07) <0.001 8.55 (4.81 to 12.28) <0.001

CM (cm) ​ ​ ​ ​ ​ ​
CM A 0.98 (0.29 to 1.67) 0.007 − 0.98 (− 1.46 to − 0.49) <0.001 0.00 (− 0.72 to 0.72) 1.000
CM B 0.49 (− 0.45 to 1.02) 0.071 − 0.84 (− 1.28 to − 0.40) <0.001 − 0.42 (− 1.00 to 0.16) 0.148
CM C 0.30 (− 0.17 to 0.76) 0.209 − 0.82 (− 1.20 to − 0.44) <0.001 − 0.59 (− 1.11 to − 0.07) 0.028

The changes of PWC and CM are presented as mean difference (95 %CI for mean = 95 % confidence interval). Numbers of patients at baseline to three months post- 
treatment according to PWC n = 45 and CM n = 44 due to missing data for one patient. Numbers of patients at three months to nine months post-treatment according to 
PWC n = 42 and CM n = 41. Numbers of patients at baseline to nine months according to PWC and CM n = 45. The significance level after Bonferroni correction was for 
PWC 0.007 and for CM 0.017.
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Prevalence of HNL

Several studies have examined the prevalence and progression of 
HNL in cancer patients with varying findings and methods used. Ac
cording to Jeans et al., HNL was prevalent in 71 % of patients at three 
months, decreased by six months (58 %), and was almost resolved (10 
%) at 12 months [25]. In contrast, Ridner et al. found that approximately 
75 % of patients had HNL more than one year after treatment comple
tion [10]. This finding is more consistent with our study, where HNL, 
measured by PWC, was present in 80 % of patients three months after 
treatment and in 69 % nine months post-treatment. However, the studies 
are difficult to compare due to differences in assessment methods. Rid
ner et al. [10] used a rating scale, and Jeans et al. [25] used various 
assessment techniques, including measuring local tissue water with a 
lymph scanner, but only in one measuring point, making it difficult to 
compare results directly. Additionally, our study comprised OPSCC pa
tients treated with (c)RT and in the previous studies [10,25] different 
HNC diagnoses and cancer treatments were included.

In the present study lymph node metastases in the neck were equally 
common on the right and left sides, although right-sided primary tu
mours were slightly more prevalent. The submental measuring point 
(P4) was the most common location for HNL. It was also more common 
in the lower part of the left side of the neck (P3 left) compared to the 
right side (P3 right). The reason that the caudal measuring points were 
more affected by HNL might be explained by lymph fluid flowing in all 
directions in the peripheral parts of the lymphatic system and can 
therefore be affected by gravity in an upright position [30]. If the 
pumping collectors of the lymphatic system are damaged by radiation, 
lymph accumulates on the cheeks and sinks to the lowest point (P4)[31].

Moreover, the PWC values for our patients before treatment were 
slightly lower than those of the healthy population [21]. This is a 
remarkable difference from the study by Ridner et al. who reported an 
HNL prevalence of 63 % before treatment [10]. Even though a more 
advanced cancer stage might contribute to imparity, the discrepancy in 
assessment methods is a more likely factor.

Changes in PWC and CM

The submental measuring point (P4) was not only the most common 
location for HNL, it also showed the greatest change over time. How
ever, we recommend that all measuring points should be assessed until 
more is known about their clinical relevance, and further research is 
therefore needed.

An interesting, previously not observed, finding is that PWC at the 
cheeks (P1) continued to increase nine months post-treatment. Either 
submandibular and submental fibrosis prevents the oedema from 
decreasing or the remaining measuring points are in peripheral radia
tion fields where the system recovers more quickly. A likely explanation 
for the decrease is that lymphedema may undergo spontaneous regres
sion over time, as seen in radiation treatment for breast cancer. There
fore, a later follow-up, 18 to 24 months post-treatment, would also 

provide further insights into the long-term progression of HNL.
The neck CM decreased at nine months and was even lower than at 

baseline, likely due to weight loss. However, the changes were small and 
HNL was detected in fewer patients when measured with a measuring 
tape compared to a lymph scanner. Accordingly, a measuring tape 
should not be the only method of choice in the assessment of HNL.

Factors associated with HNL

In the logistic regression analyses, self-reported low physical activity 
both before treatment (p = 0.011) and nine months post-treatment (p =
0.012) considerably increased the odds for HNL, suggesting that phys
ical activity could have a beneficial effect on HNL. This aligns with 
previous studies showing that physical activity can reduce arm and leg 
lymphedema [32]. However, the physical activity reported by the pa
tients was not focused on movements in the head and neck area, but on 
the overall amount of physical activity. The reason why our participants 
scored the lowest physical activity levels three months post-treatment is 
not entirely clear, but may be due to fatigue, appetite loss and other side 
effects following the treatment. Thus, more knowledge about head- and 
neck-specific training and the importance of exercise in managing 
lymphedema is warranted.

Several studies have shown a correlation between high BMI and 
lymphedema in breast cancer and gynaecological cancer [26–28,33,34] 
and our HNL results have a similar trend (p = 0.074 at nine months). 
Few studies have investigated the relationship between high BMI and 
HNL, probably because patients with HNC typically experience signifi
cant weight loss during treatment. However, an article by Tribius et al. 
showed that a higher BMI was a predictor of HNL after multimodal 
therapy in HNC treatment [35].

Furthermore, our patient population was a homogeneous group 
where the ipsilateral radiation dose was standardized to 68 Gy, 2 Gy/ 
fraction. Therefore, these factors were not included in the regression 
analysis. Patients who received additional chemotherapy showed an 
increased risk of developing HNL nine months post-treatment, although 
only a few patients received chemotherapy, and the results were not 
statistically significant. Tribius et al. have shown that chemotherapy was 
predictive for HNL three months after treatment but not in later follow- 
ups [35]. A larger cohort with different treatment strategies is needed to 
analyse the long-term effect of chemotherapy on HNL.

Strengths and limitations

A strength of the current study is the homogenous group of patients 
with OPSCC receiving standardised treatment with (c)RT. In terms of 
cancer stage, gender, age, HPV-positivity and treatment, the cohort is 
consistent with the Swedish OPSCC patients [36]. We therefore believe 
that the results, despite being from a single-center study, are represen
tative. Another advantage is the objective assessment methods, with 
confirmed interrater reliability in the head and neck area [21,23]. While 
a larger sample size would have been desirable, the number of patients 

Table 5 
Logistic Regression Analyses of Factors Associated with Head and Neck Lymphedema.

3 months post-treatment 9 months post-treatment
Independent variable 0dds ratio (95 % CI) p-value 0dds ratio (95 % CI) p-value

Gender (ref female vs male) 0.50 (0.09 to 2.80) 0.435 0.23 (0.04 to 1.21) 0.083
Age (ref < 65 vs ≥ 65) 1.79 (0.39 to 8.29) 0.457 0.72 (0.20 to 2.56) 0.615
Chemotherapy (ref no vs yes) * 0.999 6.19 (0.71 to 54.16) 0.099
Contralateral radiotherapy (ref no vs yes) 1.50 (0.31 to 7.27) 0.615 1.36 (0.36 to 5.19) 0.655
BMI at baseline (ref < 25 vs ≥ 25) 1.40 (0.32 to 6.07) 0.655 3.46 (0.89 to 13.51) 0.074
Physical activity at baseline (ref 4–6 vs 1–3) 4.16 (0.75 to 22.90) 0.102 16.62 (1.91 to 144.24) 0.011
Physical activity post-treatment(ref 4–6 vs 1–3) 3.00 (0.64 to 14.02) 0.163 8.31 (1.58 to 43.62) 0.012

CI: confidence interval. Head and Neck Lymphedema (dependent variable) was dichotomized (yes/no). Numbers of patients with HNL at.
any measuring point according to PWC at three months (n = 36/45) and at nine months (n = 31/45). Physical activity according to Frändin and Grimby’s Activity 
Scale. *Chemotherapy has no odds ratio at three months because all participants who received chemotherapy had HNL.
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in this exploratory study was considered sufficient to get adequate an
alyses. The study has a follow-up time of nine months, which may not 
capture long-term outcomes or late-emerging side effects. Longer 
follow-up post-treatment is needed to fully understand the trajectory of 
HNL.

As different measuring methods could be used to assess HNL and no 
specific method is recommended, our data is somewhat difficult to 
compare with other studies. Additionally, the cut-off value for HNL was 
based on reference values for healthy individuals. However, the pa
tients’ measurement values before treatment, at baseline, corresponded 
well with the values for healthy individuals [21]. HNL was defined as an 
increase in PWC or CM of 2 SD or more compared to normal reference 
values of tissue water in the head and neck area, at any measuring point 
or circumferential level three months after HNC treatment. The time 
point has also been used by Deng et al., who defined HNL as swelling 
that develops three months after HNC treatment [24]. At this time point, 
the acute side effects of radiation therapy have healed and therefore 
considered appropriate.

Clinical implications

Measuring local tissue water is a simple, objective method that al
lows repeated measurements and comparisons at different time points. 
The method is therefore well-suited for use in clinical practice. We 
suggest that the definition of HNL should be 2 SD above the normal 
reference value. The PWC changed significantly from baseline to nine 
months, unlike the changes in neck CM. This makes measurement of 
PWC more suitable than CM for assessing HNL. Furthermore, early 
diagnosis of lymphedema after cancer treatment and early treatment of 
HNL is important to prevent further development and deterioration 
[37–39]. If HNL is left untreated, it could be a chronic, irreversible 
oedema and development of fibrofatty deposits and fibrosis with lifelong 
discomfort and problems for the patients [6]. It is therefore important to 
diagnose HNL early and improve self-care and HNL treatment. Since low 
physical activity was associated with an increased risk of developing 
HNL, it is also important to encourage patients to engage in physical 
activity.

Conclusions

This prospective study on patients treated with (c)RT for OPSCC 
confirms that HNL is a common side effect and most patients had 
persistent HNL nine months after treatment completion. The changes in 
HNL at the submental point seem to be greatest while the changes in 
neck circumferential are small. Since a low level of physical activity 
increased the risk of having HNL, it may be important to encourage 
physical activity.

Funding
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