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Abstract
Purpose  Radiologically defined sarcopenia, or a low skeletal muscle index (SMI), is an emerging biomarker for adverse 
clinical outcomes in head and neck cancer (HNC) patients. Recently, SMI measurements have been validated at the level of 
the third cervical vertebra (C3) on diagnostic neck CT scans but are not yet validated on low-dose (LD) neck CT scans from 
the [18F]-FDG PET-CT. This hampers SMI analysis in HNC patients without a diagnostic neck CT but with a [18F]-FDG 
PET-CT scan. Therefore, the aim was to study whether (low) SMI based on LD CT scan from [18F]-FDG PET-CT is com-
parable to those derived from diagnostic neck CT scans.
Methods  HNC patients with both diagnostic CT and [18F]-FDG PET-CT of the neck were prospectively included into the 
OncoLifeS data-biobank. Skeletal muscle was retrospectively delineated at the level of the third cervical vertebra (C3), and 
(low) SMI (cm2/m2) was calculated for diagnostic and LD neck CTs. (Low) SMI from the diagnostic neck CT was consid-
ered the reference standard. Intra-class correlation coefficient (ICC), Bland–Altman plots, and Cohen’s Kappa analysis were 
performed.
Results  The cohort (n = 233) mean age was 66.2 ± 12.8 years, and 74.2% of patients were male. Inter-rater reliability was 
excellent (ICC > 0.990, 95% confidence interval 0.975–0.996, p < 0.001). The agreement of SMI between both modalities 
was high according to the Bland–Altman plot (mean ΔSMI =  − 0.19 cm2/m2), and there was no substantial bias. Cohen’s 
Kappa analysis showed an almost perfect agreement of low SMI between the two modalities (κ = 0.911, p < 0.001). The 
position of arms didn't affect the high agreement of (low) SMI.
Conclusion  Skeletal muscle mass, as measured with (low) SMI, remains constant irrespective of CT acquisition parameters 
(diagnostic neck CT scans versus LD neck scans of the [18F]-FDG PET-CT scan), positioning of arms, and observers. These 
findings contribute to the construction of a clinically useful radiological biomarker for SMI and therefore identify patients 
at risk for adverse clinical outcomes.
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Introduction

Annually, head and neck cancer (HNC) is responsible for 
almost 900,000 cases and 450,000 deaths worldwide [1]. 
More than 90% of cancers of the head and neck region are 
squamous cell carcinoma [2], with approximately two-thirds 
of newly diagnosed HNC patients having advanced stage 
disease [2, 3]. Moreover, patients with HNC are predisposed 
to malnutrition, which is most pronounced in patients with 
advanced disease [4]. Recently, low skeletal muscle mass 
is a phenotypic criterion for malnutrition and should be the 
focus of nutritional interventions, according to the Global 
Leadership Initiative on Malnutrition [5]. Even more impor-
tantly, low skeletal muscle mass on imaging, also known 
as radiological sarcopenia, is emerging as a radiological 
biomarker for frailty and adverse clinical outcome in HNC 
patients [6–9].

Single slice cross-sectional area (CSA, cm2) measure-
ments of the abdominal musculature at the third lumbar 
vertebra (L3) are the gold standard to calculate the skeletal 
muscle index (SMI, cm2/m2), and the latter is seen as a sur-
rogate marker for total body skeletal muscle mass [10, 11]. 
As a result of lacking abdominal imaging in HNC patients, 
Swartz et al. demonstrate that it is feasible to predict CSA at 
L3 by using the CSA of neck musculature at the third cervi-
cal vertebra (C3), and using that input to calculate the SMI 
of the patient [12]. CSA measurements at C3 were further 
validated for MRI [13], making skeletal muscle mass assess-
ment at C3 level a multi-modality biomarker. In current lit-
erature, two main imaging groups are used to calculate SMI 
on CT: diagnostic neck CT and low-dose (LD) CT usually 
from the [18F]-FDG PET-CT. However, the use of LD CT to 
measure SMI based on C3 CSA has not been validated yet.

In general, [18F]-FDG PET-CT imaging in HNC is helpful 
for pre-treatment oncological staging, selection, and deline-
ation of target volume for radiotherapy planning, treatment 
response assessment, and post-therapy follow-up. Validation 
of SMI calculation using LD CT at C3 level benefits patients 
receiving a [18F]-FDG PET-CT but have no diagnostic neck 
CT or MRI imaging. That would allow the assessment of 
skeletal muscle mass and in return evaluate the patient’s risk 
for malnutrition and adverse clinical outcome. Furthermore, 
validation of LD CT at C3 level to calculate SMI provides 
the possibility to monitor skeletal muscle mass during 
follow-up in cases with [18F]-FDG PET-CT imaging and 
could play a role in the prevention or treatment of muscle 
wasting in the case of nutritional or physical interventions. 
Therefore, the aim was to study whether SMIs and radiologi-
cal sarcopenia diagnosis (low SMI) based on LD CT scans 
from the [18F]-FDG PET-CT scan are comparable to those 
derived from diagnostic neck CT scans, the current reference 
standard in HNC patients. This present study hypothesised 

that the assessment of skeletal muscle mass, as measured 
with SMI and radiologically defined sarcopenia, can be reli-
ably measured on the LD neck CT scan from the [18F]-FDG 
PET-CT.

Materials and methods

Study design and medical ethical approval

This was a retrospective cohort study using prospectivelly 
gathered data from OncoLifeS, which is a large-scale insti-
tutional oncological data-biobank from the Netherlands, 
approved by the Medical Ethical Committee of the Univer-
sity Medical Center Groningen (UMCG) [14]. Access to 
the data for the here presented study was approved by the 
scientific board of the UMCG. Patients with pathologically 
proven cancer were enrolled in the OncoLifeS data-biobank 
after written informed consent was secured, and the follow-
ing details were collected and stored: clinical and treatment 
data, comorbidities, lifestyle, radiological and pathological 
findings, biomaterials, quality of life, and long-term out-
comes [14].

Study population and data collection

Inclusion criteria were patients with pathologically proven 
mucosal or cutaneous HNC cancer, irrespective of oncologi-
cal stage, with paired data of diagnostic neck CT scans and 
the LD CT scan from the [18F]-FDG PET-CT. The maximal 
time frame between the two modalities was 30 days or less, 
and it was not mandatory that imaging was made at baseline. 
Between August 2011 and March 2019, 272 patients were 
identified for the initial sample size. Patients were further 
excluded (n = 39, 14.3%) due to several reasons including the 
following: too low signal-to-noise ratio with or without arte-
facts (n = 17), patients with severe kyphosis or other cervical 
deformities resulting in the presence of multiple vertebrae on 
the axial slice at the level of C3 (n = 7), relevant anatomy not 
imaged (n = 7), no differentiation of muscle possibly due to 
muscle infiltration of the tumour (n = 5), and technical issues 
(n = 3). The final inclusion was 233 patients (see Fig. 1 for 
the flowchart).

Collected data were as follows: sex, age (years), weight 
(kg), height (m), body mass index (BMI, kg/m2), tumour 
site, oncological stage according to the seventh edition of 
the Union for International Cancer Control TNM Classifica-
tion, and treatment modality. Included patients were treated 
according to the applicable national guidelines which were 
deliberated by the multidisciplinary head and neck tumour 
board.
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Image acquisition parameters

In this present study, all imaging used for analysis were 
made during the normal oncological work-up. Diagnostic 
neck CT was considered the reference standard, as image 
quality is superior to LD CT. Manufacturers responsible for 
diagnostic neck CT imaging were as follows: Biograph 64 
(n = 171), SOMATOM Definition AS (n = 39), Biograph 
40 (n = 12), SOMATOM Force (n = 5), Biograph 128 Edge 
(n = 2), Sensation Open (n = 2), SOMATOM Definition 
Flash (n = 2), and SOMATOM Definition (n = 1). Acquisi-
tion parameters for diagnostic CT scans were as follows: 
80–140 kV, 512 × 512 matrix, 500 mm field of view (FOV), 
1.0–2.0 mm slice thickness, 0.5–1.0 spacing, soft tissue 
reconstruction (B30f, I26s, BR40, B20s), and use of intra-
venous iodine contrast in 217 (93.1%) of cases.

 LD CTs acquired during the [18F]-FDG PET-CT imag-
ing were generated by Biograph 64 (n = 215), Biograph 40 
(n = 16), and Biograph 128 Edge (n = 2) CT scanners. No 
intravenous iodine contrast was used in LD CT imaging, and 
other acquisition parameters for LD CT scans were as fol-
lows: 100–140 kV, 512 × 512 matrix, 500 mm FOV, 3.0 mm 
slice thickness, 1.5 spacing, and soft tissue reconstruction 
kernel (B30f). CT dose index volume was 4.93 ± 0.72 mGy 

and 0.44 ± 0.43  mGy for diagnostic and LD CT scans, 
respectively. Another apparent difference between the two 
modalities was the positioning of the arms. On diagnostic 
CT imaging, all patients had their arms down. On the LD 
neck CT, most patients also had their arms down (n = 200), 
but 31 patients had their arms up. Therefore, the outcome of 
this present study was also stratified for positioning of the 
arms based on the LD neck CT.

Skeletal muscle mass analysis and radiologically 
defined sarcopenia

All measurements were conducted in a semi-automatic way 
using the Aquarius workstation iNtuition edition program 
(Ver.4.13.P6, TeraRecon Inc.). The validated procedure of 
Swartz et al. was used to perform skeletal muscle analysis. 
Scrolling from the caudal to cranial direction, the first slice 
with a closed vertebral arch of C3 was selected [12]. Houns-
field units (HU) threshold were set to − 29 until + 150 HU 
which corresponds with muscle density [11], and thus auto-
matically excluding all other densities within the delineation. 
Total CSA (cm2) at C3 was the added CSA of the paraverte-
bral and both sternocleidomastoid muscles (see Fig. 2 show-
ing an example of paravertebral muscle delineation on LD and 

Fig. 1   Flow diagram of 
included patients. HNC, head 
and neck cancer; LD, low dose; 
SMM, skeletal muscle mass

Initial inclusion
n = 272

OncoLifeS database

Eligibility
criteria

SMM
assessment

Final inclusion
n = 233

Too low signal to noise ratio with or without artefacts (n = 17)
Too much angulation of the neck (n = 7)
Relevant anatomy not imaged (n = 7)

Infiltration of tumour into muscle (n = 5)
Technical issues (n = 3)

Excluded

Patients without pathological proven HNC cancer or patients
without paired imaging data of LD and diagnostic neck CT scans

within a time interval of <30 days

Excluded

Included

Included
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diagnostic neck CT scan). CSA at L3 level was then calculated 
with the equation of Swartz et al. and afterward corrected 
for patient stature (m2) resulting in the patient SMI (cm2/m2) 
(see Eqs. 1 and 2, respectively) [12]. To define radiologically 
defined sarcopenia, or low SMI, sex-specific SMI cut-off val-
ues were applied. The present study aimed to select previously 
published SMI cut-off values with a similar cohort of HNC 
patients based on age, ethnicity, and cancer site and stage. 
Eventually, the sex-specific SMI cut-off values of van Rijn-
Dekker et al. and Zwart et al. were selected [15, 16]. 

Observer reliability

The main observer (V.J. Cavalheiro, observer 1) was 
a medical student who performed all measurements in 
this present study, with the use of a step-by-step manual. 
CSA measurements at C3 level were first conducted in 
ten diagnostic CT scans, and inter-observer reliability was 
tested against other observers (PhD student (A.T. Zwart, 
observer 2) with 4 years experience doing these meas-
urements, and three other medical students). After train-
ing, observer 1 performed the measurement in the real 
dataset under the supervision of observer 2. Additionally, 
the inter-observer reliability of the main observer was 
tested for the measurements made in the real dataset but 
then against a board-certified radiologist specialised in 
head and neck imaging (M.J. Lamers, observer 3); this 
for twenty randomly selected diagnostic and LD CT neck 
scans. Observers who conducted measurements for the 
observer analysis were blinded by each other outcomes.

(1)
CSAatL3(cm2

) =27.304 + 1.363 ∗ CSAatC3
(

cm2
)

− 0.671 ∗ Age(years) + 0.640 ∗ Weight(kg)

+ 26.442 ∗ Sex(1 = Female, 2 = Male)

Statistical analysis

Continuous characteristics were tested for normality 
with the Kolmogorov–Smirnov analysis and Q–Q plots 
and presented as mean with standard deviation (SD) or 
median with interquartile range (IQR), for respectively 
normal and non-normal distributed characteristics. Cat-
egorical characteristics were presented with frequencies 
and percentages of the total. Inter-observer reliability 
was measured with an intra-class correlation coefficient 
(ICC) and provided with 95% confidence intervals (CI). 
For the first part of the research aim, the agreement of 
SMI between the two modalities, a Bland–Altman plot 
was generated including mean SMI (diagnostic neck 
CT + LD neck CT / 2), ΔSMI (diagnostic neck CT − LD 
neck CT), and limits of agreement (LOA) with 1.96SD 
and − 1.96SD. A linear regression was performed to 
evaluate potential proportional bias and was plotted into 
the Bland–Altman plot in case of a significant bias. To 
evaluate the agreement in radiologically defined sarco-
penia diagnosis as the second part of the research aim, 
two different sets of SMI cut-off values [15, 16] were 
applied to diagnose low SMI, and a Cohen’s Kappa (κ) 
analysis was conducted. An almost perfect agreement of 
diagnosis was considered if κ > 0.81. Furthermore, the 
Bland–Altman plot and Cohen’s Kappa analysis were 
stratified for positioning of arms, to evaluate if position-
ing of arms affects the agreement of SMI and sarcope-
nia diagnosis. The intended sample size was determined 
including as many eligible patients in the analysis. α 
was < 0.05. SPSS version 25 (IBM, Armonk, NY) was 
used for statistical analyses.

(2)SMI(cm2∕m2) = CSAatL3(cm
2
)∕Height(m2)

Fig. 2   Delineation of para-
vertebral muscle in green at 
C3 level made on LD from 
the [18F]-FDG PET-CT scan 
(A) and diagnostic neck (B) 
CT scan. Blue and green are 
within the skeletal muscle HU 
thresholds. Additionally, both 
sternocleidomastoid muscles 
were delineated to calculate 
the CSA at C3 level. C3, third 
cervical vertebra; CSA, cross-
sectional area; CT, computed 
tomography; LD, low dose
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Results

Baseline characteristics of the cohort

Of the  inc luded  cohor t ,  t he  mean  age  was 
66.2 ± 12.8 years, the median BMI was 24.3, IQR was 
7.2 kg/m2, and about three-quarters of patients (74.2%) 
were male. The most common tumour site was the 
oropharynx (39.9%) followed by the larynx (34.3%), 
hypopharynx (9.9%), oral cavity or lip (5.6%), cutane-
ous (4.3%), nasopharynx (3.4%), and unknown primary 
(2.6%) (see Table 1 for the other baseline characteristics 
of included patients).

Observer reliability

The performance of the main observer in the sample (n = 10) 
with diagnostic neck CT scans, which was used for teaching 
purposes, was excellent (ICC = 0.998, 95% CI 0.995–0.999, 
p < 0.001). Observer analysis was repeated in twenty ran-
domly selected patients from the real sample size, and the 
performance of the main observer remained excellent in 
diagnostic (ICC = 0.992, 95% CI 0.980–0.997, p < 0.001) 
and LD (ICC = 0.990, 95% CI 0.975–0.996, p < 0.001) neck 
CT scans.

Agreement of SMI between LD neck and diagnostic 
CT scans

Most diagnostic and LD CT scans were made on the same 
day (n = 196), and the median was 5.0 (IQR 11.0) days 
between the LD and the diagnostic CT scan. The mean 
SMI for the total cohort was 43.27 ± 7.71 cm2/m2 and 
43.08 ± 7.77 cm2/m2 for diagnostic and low-dose neck CT 
scans, respectively. For the total cohort, no significant pro-
portional bias could be identified for SMI calculated with 
LD and diagnostic neck CT scans, as indicated by the linear 
regression analysis (p = 0.405). The mean difference of SMI 
of both modalities was − 0.19 cm2/m2, with limits of agree-
ment between − 1.78 and 2.16 cm2/m2 (see the Bland–Alt-
man plot (Fig. 3A)). In total, 10 (4.29%) outliers outside of 
limits of agreement could be identified.

The Bland–Altman plots stratified for positioning of 
arms on the LD neck CT scan showed also a high agree-
ment independent of positions of arms (Figs. 3B and C). 
There was no proportional bias on the LD CT scan according 
to the linear regression analysis (p = 0.356 and p = 0.786 for 
the group with arms up and down, respectively). However, 
agreement of SMI between the two modalities performed 
slightly better in the case of arms down on the LD CT scan, 
as there was fewer variance in SMI difference according to 
the limit of agreement and fewer outliers (2.50%, n = 5 vs. 
6.45%, n = 2) compared to the patients having their arms up. 
Although minimal, the mean difference of SMI was better in 
the group having their arms up (− 0.004 cm2/m2) compared 
to the group with their arms down (0.88 cm2/m2) on the LD 
CT scan.

Agreement of sarcopenia diagnosis between LD 
and diagnostic neck CT scans

As mentioned previously, two sets of SMI cut-off val-
ues were applied to diagnose low SMI or radiologically 
defined sarcopenia. Based on the SMI cut-off values of 
Zwart et al., 60.5% and 57.9% of patients were found to 

Table 1   Baseline characteristics of included patients

Categorical data is given with percentage of total group size n. Con-
tinuous data is given as mean with standard deviation or as median 
with interquartile range (IQR)
BMI body mass index
* Histology of cutaneous-located malignancies was squamous cell car-
cinoma (n = 5), melanoma (n = 3), angiosarcoma (n = 1) and pleomor-
phic dermal sarcoma (n = 1)
** Staging confirmed with the 7th edition of American Joint Commit-
tee on Cancer Manual

Total n = 233

Sex
  Female 60 (25.8%)
  Male 173 (74.2%)

Age (years) 66.2 ± 12.8
BMI (kg/m2) 24.3 IQR 7.2
Tumour site

  Oropharynx 93 (39.9%)
  Larynx 80 (34.3%)
  Hypopharynx 23 (9.9%)
  Oral cavity or lip 13 (5.6%)
  Cutaneous* 10 (4.3%)
  Nasopharynx 8 (3.4%)
  Unknown primary 6 (2.6%)

Oncologic stage**
  I 5 (2.2%)
  II 22 (9.5%)
  III 53 (22.9%)
  IV 151 (65.4%)
  Missing 2

Treatment modality
  (Chemo-)radiation 197 (84.5%)
  Surgery 33 (14.2%)
  Deceased before initiating therapy 2 (0.9%)
  Palliative chemotherapy 1 (0.4%)
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be sarcopenic in the diagnostic CT and LD CT groups, 
respectively. Agreement of low SMI was almost perfect 
between the two modalities (κ = 0.929, p < 0.001) and 
was not affected by the  positioning of the arms with 
contradicting positioning of the arms (n = 31, κ = 1.000, 
p < 0.00) and similar position of the arms (n = 200, 
κ = 0.917, p < 0.001).

Similar results were found when applying the SMI cut-off 
values of van Rijn-Dekker et al. The prevalence of radio-
logically defined sarcopenia according to van Rijn-Dekker 
et al.’s SMI cut-off values was 42.1% and 40.3% for diag-
nostic and LD neck CT scans, respectively. Agreement in 
sarcopenia diagnosis between the two modalities was almost 
perfect (κ = 0.911, p < 0.001). According to Cohen’s Kappa 
analysis, agreement of sarcopenia diagnosis was similar in 
patients having contradicting positioning of arms (down on 
diagnostic neck CT versus up on LD neck CT) compared 
to patients with corresponding positioning of arms (down 
on both scan types) resulting with κ = 0.936, p < 0.001 and 
κ = 0.906, p < 0.001, respectively.

Discussion

This present study found excellent inter-observer reliability 
for SMI as measured with CSA at C3 level for both LD 
and diagnostic CT neck imaging. Moreover, a high agree-
ment of SMI and radiologically defined sarcopenia diag-
nosis (low SMI) between LD and diagnostic neck CT was 
observed. Positioning of arms did not affect the agreement 
in (low) SMI between the two modalities.

To our knowledge, this was the first study to analyse the 
agreement of SMI and radiologically defined sarcopenia as 
derived from CSA measurements at C3 level on LD neck CTs 
from the [18F]-FDG PET-CT, using diagnostic neck CTs as 
reference. Swartz et al. generated a formula to calculate the 
CSA at L3 based on the CSA of C3 corrected for patient char-
acteristics and found a high correlation (r = 0.891, p < 0.001). 
They studied a small group of 52 HNC patients who received 
a whole-body FDG-PET (low-dose) CT and 51 patients with-
out HNC who underwent a total-body (diagnostic) CT in a 
trauma setting. It could be hypothesised that the correlation of 
CSA at C3 and L3 is equal within these two imaging groups 
because of paired imaging data. This could be true but is not 
guaranteed as, e.g., low-dose imaging could impair the signal-
to-noise ratio in abdominal imaging more than neck imag-
ing, since abdominal imaging has more volume. Our study 
added to this previous study showing a good correlation of 
SMI based on C3 CSA between the diagnostic and low-dose 
CT in a large group of HNC patients, which has not been 
previously shown. Although Swartz et al. does not compare 
SMI outcomes at C3 level on both imaging modalities, others 

A

B

C

Fig. 3   Bland–Altman plots showing the agreement of SMI as meas-
ured at the level of the third cervical vertebra between LD CT scans 
from the [18F]-FDG PET-CT scan and diagnostic neck CT scans 
for total cohort (A), patients with their arms having down on the 
LD CT (B), and patients with their arms having up on the LD CT 
(C). The difference in SMI = diagnostic neck CT − LD neck CT. 
Mean SMI = diagnostic neck CT + LD neck CT / 2. The blue line is 
the  mean SMI difference, and the  red lines are limits of agreement 
with + 1.96 SD and − 1.96 SD. CT, computed tomography; LD, low 
dose; SMI, skeletal muscle index
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found similar results of SMI outcomes at L3 as measured with 
different CT acquisitions parameters [17, 18]. The phantom 
study of Kim et al. analysed the reliability of CSA measure-
ments at L3 level using various CT acquisition parameters 
(e.g. CT manufacturers, radiation dose, slice thickness, and 
image reconstruction algorithms) and found a good similar-
ity in CSA for all acquisition parameters compared to the 
standard protocol [17]. Moreover, the study of van Vugt et al. 
showed reliable identification of low SMI at L3 level using 
different intravenous iodine contrast phases [18]. The results 
of the study of van Vugt et al. are in line with the results of 
this present study, showing a good overlap of SMI between 
LD CT and contrast-enhanced diagnostic neck CT. The effect 
of positioning of the arms on SMI calculation was not previ-
ously published for skeletal muscle measurements made at 
C3 level. van Heusden et al. analysed the correlation of CSA 
between the fourth thoracic vertebra (Th4) and L3 and iden-
tified that positioning of the arms negatively impacted the 
correlation, mostly due to variance of the pectoralis muscle 
CSA [19]. In the contrary, the present study showed that posi-
tioning of the arms had minimal effect on the agreement of 
C3 SMI between LD and diagnostic neck CT. This difference 
in outcome is mainly explained by the insertion of the arms 
to the upper body, where the placement of the arms probably 
does not cause a lot of movement of the neck musculature, 
but does affect the pectoralis muscle. Although the published 
literature is limited, the results of the present study seem to 
be supported by the previous studies of van Vugt et al. and 
Kim et al., supporting the main results that the assessment of 
SMI at C3 level is reliable irrespective of heterogeneous CT 
acquisition parameters and positioning of the arms.

Some limitations should be addressed. First, there is no 
consensus on SMI cut-off values to diagnose low SMI, and 
this could be seen as a limitation. Therefore, we selected 
the two sets of sex-specific SMI cut-off values from pre-
viously published literature with a similar cohort of het-
erogeneous HNC patients. Irrespective of applied SMI 
cut-off values, this present study showed an almost perfect 
agreement of low SMI between LD and diagnostic CT, 
indicating that the agreement of low SMI between LD and 
diagnostic CT is good, and it is not affected by the applied 
SMI cut-off value. Second, heterogeneity of applied CT 
acquisition parameters existed within the diagnostic neck 
CTs in the present study. Ideally, CT acquisition parameters 
in diagnostic neck CTs were more homogenous, but the 
high agreement between LD and diagnostic neck CT scans 
implies that CT acquisition parameters do not influence 
SMI. Third, there also was heterogeneity in the study popu-
lation, including multiple locations and oncological stages 
of HNC that may have influenced the outcome, although 
it should be mentioned that HNC in itself represents a het-
erogeneous oncological group.

The latter, however, could also be seen as a strength 
as these two heterogeneities resemble daily practice, thus 
making our study more transferable to clinical practice. 
Another strength is the observer reliability analysis that 
was performed for the main observer in the sample for 
training purposes and in the real sample as well, show-
ing excellent performance of measurements at C3 level on 
both LD and diagnostic CT neck scans. Furthermore, most 
of the LD and diagnostic CT scans were made on the same 
day which limits the risk for possible pathophysiological 
changes of skeletal muscle between two measurements. 
Moreover, the present study had a relatively large prospec-
tively included cohort of HNC patients for validation, with 
respect to other validation studies. Future research should 
be focused on the clinical value of adding low muscle 
strength or function to the sarcopenia diagnosis in HNC 
patients, on the external validation of SMI cut-off values 
in HNC and on interventional studies (nutrition and/or 
exercise) to maintain skeletal muscle mass during treat-
ment which hopefully reduces adverse events.

Conclusions

This present study found that skeletal muscle mass, as meas-
ured with (low) SMI  using the CSA at C3 level, remains 
constant irrespective of CT acquisition parameters (diagnos-
tic neck CT scans versus LD neck scans of the [18F]-FDG 
PET-CT scan), positioning of arms, and observers. This is 
important as skeletal muscle mass status in HNC patients is 
related to frailty, malnutrition, and adverse clinical outcomes 
[6–9].

Abbreviations  BMI: Body mass index; C3 : Third cervical vertebra; 
CI: Confidence intervals; CSA: Cross-sectional area; HNC: Head and 
neck cancer; HU : Hounsfield unit; ICC: Intra-class correlation coeffi-
cient; IQR: Interquartile range; SD: Standard deviation; SMI : Skeletal 
muscle index; SMM: Skeletal muscle mass; L3 : Third lumbar vertebra; 
LD: Low dose; LOA: Limits of agreement; OR: Odds ratio

Author contribution  All authors contributed to the study conception 
and design. Material preparation and analysis were performed by A.T. 
Zwart under the supervision of the co-authors. Data collection was 
performed by A.T. Zwart and V. J. Cavalheiro. The first draft of the 
manuscript was written by A.T. Zwart, and all authors commented on 
previous versions of the manuscript. All authors read and approved 
the final manuscript.

Funding  The first author received a PhD scholarship for excellent mas-
ter students from the Graduate School of Medical Sciences from the 
University of Groningen and University Medical Center Groningen.

Data availability  The datasets generated and/or analysed during the 
current study are not publicly available due to privacy restrictions but 
are available from the corresponding author on reasonable request.

1741European Journal of Nuclear Medicine and Molecular Imaging (2023) 50:1735–1742



1 3

Declarations 

Ethics approval and consent to participate  The OncoLifeS initiative 
has been approved by the medical ethics committee of the UMCG 
(no. 2010/109) and has been ISO certified (9001:2008 Healthcare). 
OncoLifeS is registered in the Dutch Trial Register under the number: 
NL7839. This present study has been approved by the OncoLifeS sci-
entific board in September 2019 under the name “validation of skeletal 
muscle mass measurements on neck PET-CT”. All included patients 
gave written informed consent.

Consent for publication  Not applicable.

Competing interests  The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Ferlay J, Colombet M, Soerjomataram I, Mathers C, Parkin DM, 
Pineros M, et al. Estimating the global cancer incidence and mor-
tality in 2018: GLOBOCAN sources and methods. Int J Cancer. 
2019;144:1941–53. https://​doi.​org/​10.​1002/​ijc.​31937.

	 2.	 Vigneswaran N, Williams MD. Epidemiologic trends in head 
and neck cancer and aids in diagnosis. Oral Maxillofac Surg Clin 
North Am. 2014;26(123):141. https://​doi.​org/​10.​1016/j.​coms.​
2014.​01.​001.

	 3.	 Argiris A, Karamouzis MV, Raben D, Ferris RL. Head and neck 
cancer. Lancet. 2008;371:1695–709. https://​doi.​org/​10.​1016/​
S0140-​6736(08)​60728-X.

	 4.	 Couch ME, Dittus K, Toth MJ, Willis MS, Guttridge DC, George 
JR, et al. Cancer cachexia update in head and neck cancer: defi-
nitions and diagnostic features. Head Neck. 2015;37:594–604. 
https://​doi.​org/​10.​1002/​hed.​23599.

	 5.	 Cederholm T, Jensen GL, Correia MITD, Gonzalez MC, Fuku-
shima R, Higashiguchi T, et al. GLIM criteria for the diagnosis of 
malnutrition - a consensus report from the global clinical nutri-
tion community. J Cachexia Sarcopenia Muscle. 2019;10:207–17. 
https://​doi.​org/​10.​1002/​jcsm.​12383.

	 6.	 Hua X, Liu S, Liao JF, Wen W, Long ZQ, Lu ZJ, et al. When the 
loss costs too much: a systematic review and meta-analysis of 
sarcopenia in head and neck cancer. Front Oncol. 2020;9:1561. 
https://​doi.​org/​10.​3389/​fonc.​2019.​01561.

	 7.	 Zwart AT, van der Hoorn A, van Ooijen PMA, Steenbakkers 
RJHM, de Bock GH, Halmos GB. CT-measured skeletal muscle 
mass used to assess frailty in patients with head and neck cancer. J 
Cachexia Sarcopenia Muscle. 2019. https://​doi.​org/​10.​1002/​jcsm.​
12443.

	 8.	 Wong A, Zhu D, Kraus D, Tham T. Radiologically defined sarco-
penia affects survival in head and neck cancer: a meta-analysis. 
Laryngoscope. 2020. https://​doi.​org/​10.​1002/​lary.​28616.

	 9.	 Surov A, Wienke A. Low skeletal muscle mass predicts 
relevant clinical outcomes in head and neck squamous 
cell carcinoma A meta analysis Ther Adv. Med Oncol. 
2021;13:17588359211008844. https://​doi.​org/​10.​1177/​17588​
35921​10088​44.

	10.	 Mourtzakis M, Prado CM, Lieffers JR, Reiman T, McCargar LJ, 
Baracos VE. A practical and precise approach to quantification of 
body composition in cancer patients using computed tomography 
images acquired during routine care. Appl Physiol Nutr Metab. 
2008;33:997–1006. https://​doi.​org/​10.​1139/​H08-​075.

	11.	 Mitsiopoulos N, Baumgartner RN, Heymsfield SB, Lyons W, Gal-
lagher D, Ross R. Cadaver validation of skeletal muscle measure-
ment by magnetic resonance imaging and computerized tomogra-
phy. J Appl Physiol. 1985;1998(85):115–22.

	12.	 Swartz JE, Pothen AJ, Wegner I, Smid EJ, Swart KM, de Bree 
R, et al. Feasibility of using head and neck CT imaging to assess 
skeletal muscle mass in head and neck cancer patients. Oral 
Oncol. 2016;62:28–33. https://​doi.​org/​10.​1016/j.​oralo​ncolo​gy.​
2016.​09.​006.

	13.	 Zwart AT, Becker JN, Lamers MJ, Dierckx RAJO, de Bock GH, 
Halmos GB, et al. Skeletal muscle mass and sarcopenia can be 
determined with 1.5-T and 3-T neck MRI scans, in the event that 
no neck CT scan is performed. Eur Radiol. 2020; doi: https://​doi.​
org/​10.​1007/​s00330-​020-​07440-1

	14.	 Sidorenkov G, Nagel J, Meijer C, Duker JJ, Groen HJM, Halmos 
GB, et al. The OncoLifeS data-biobank for oncology: a compre-
hensive repository of clinical data, biological samples, and the 
patient’s perspective. J Transl Med. 2019;17:374–19. https://​doi.​
org/​10.​1186/​s12967-​019-​2122-x.

	15.	 van Rijn-Dekker MI, van den Bosch L, van den Hoek JGM, Bijl 
HP, van Aken ESM, van der Hoorn A, et al. Impact of sarcopenia 
on survival and late toxicity in head and neck cancer patients 
treated with radiotherapy. Radiother Oncol. 2020;147:103–10. 
https://​doi.​org/​10.​1016/j.​radonc.​2020.​03.​014.

	16.	 Zwart AT, Pörtzgen W, van Rijn-Dekker I, et al. Sex-specific cut-
off values for low skeletal muscle mass to identify patients at 
risk for treatment-related adverse events in head and neck cancer. 
J Clin Med. 2022;11(16):4650. https://​doi.​org/​10.​3390/​jcm11​
164650.

	17.	 Kim DW, Ha J, Ko Y, Kim KW, Park T, Lee J, et al. Reliability 
of skeletal muscle area measurement on CT with different param-
eters: a phantom study. Korean J Radiol. 2021;22:624–33. https://​
doi.​org/​10.​3348/​kjr.​2020.​0914.

	18.	 van Vugt JLA, Coebergh van den Braak RRJ, Schippers HJW, 
Veen KM, Levolger S, de Bruin RWF, et al. Contrast-enhance-
ment influences skeletal muscle density, but not skeletal mus-
cle mass, measurements on computed tomography. Clin Nutr. 
2018;37(1707):1714. https://​doi.​org/​10.​1016/j.​clnu.​2017.​07.​007.

	19.	 van Heusden HC, Swartz JE, Chargi N, de Jong PA, van Baal 
MCPM, Wegner I, et al. Feasibility of assessment of skeletal 
muscle mass on a single cross-sectional image at the level of the 
fourth thoracic vertebra. Eur J Radiol. 2021; 142:109879; doi: 
S0720-048X(21)00360-0.

Publisher's note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

1742 European Journal of Nuclear Medicine and Molecular Imaging (2023) 50:1735–1742

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1002/ijc.31937
https://doi.org/10.1016/j.coms.2014.01.001
https://doi.org/10.1016/j.coms.2014.01.001
https://doi.org/10.1016/S0140-6736(08)60728-X
https://doi.org/10.1016/S0140-6736(08)60728-X
https://doi.org/10.1002/hed.23599
https://doi.org/10.1002/jcsm.12383
https://doi.org/10.3389/fonc.2019.01561
https://doi.org/10.1002/jcsm.12443
https://doi.org/10.1002/jcsm.12443
https://doi.org/10.1002/lary.28616
https://doi.org/10.1177/17588359211008844
https://doi.org/10.1177/17588359211008844
https://doi.org/10.1139/H08-075
https://doi.org/10.1016/j.oraloncology.2016.09.006
https://doi.org/10.1016/j.oraloncology.2016.09.006
https://doi.org/10.1007/s00330-020-07440-1
https://doi.org/10.1007/s00330-020-07440-1
https://doi.org/10.1186/s12967-019-2122-x
https://doi.org/10.1186/s12967-019-2122-x
https://doi.org/10.1016/j.radonc.2020.03.014
https://doi.org/10.3390/jcm11164650
https://doi.org/10.3390/jcm11164650
https://doi.org/10.3348/kjr.2020.0914
https://doi.org/10.3348/kjr.2020.0914
https://doi.org/10.1016/j.clnu.2017.07.007

	The validation of low-dose CT scans from the [18F]-FDG PET-CT scan to assess skeletal muscle mass in comparison with diagnostic neck CT scans
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Study design and medical ethical approval
	Study population and data collection
	Image acquisition parameters
	Skeletal muscle mass analysis and radiologically defined sarcopenia
	Observer reliability
	Statistical analysis

	Results
	Baseline characteristics of the cohort
	Observer reliability
	Agreement of SMI between LD neck and diagnostic CT scans
	Agreement of sarcopenia diagnosis between LD and diagnostic neck CT scans

	Discussion
	Conclusions
	References


