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= Abstract =

Background/Objectives: This study aimed to evaluate the changes of uptake around the sternoclavicular joint 

(SCJ) according to 18F-FDG PET images in patients with head and neck cancer who underwent neck dissection.

Materials & Methods: Retrospectively, the medical records of patients who received selective or comprehensive 

neck dissection were reviewed. Preoperative and 1-year postoperative 18F-FDG PET images, if available, were 

analyzed by nuclear medicine physicians in both qualitative and quantitative manners.Correlation between the 

changes of uptake around SCJ and perioperative data were statistically analyzed.

Results: Thirty-seven patients satisfying the inclusion criteria were enrolled. Seven patients with increased uptake 

around SCJ on 1-year postoperative 18F-FDG PET showed a correlation with radical or comprehensive neck dis-

section, accessory nerve sacrifice, and high postoperative SUVmax. When 20 patients with increased uptake around 

SCJ according to quantitative measurement were compared with other patients without increased uptake, no parame-

ter was significantly different, except postoperative SUVmax. Bivariate logistic regression analysis revealed that 

the clinical symptom (shoulder or sternal pain) was significantly correlated with the extent of neck dissection 

(OR 0.227, CI 0.053-0.966, p=0.045) and spinal accessory nerve sacrifice (OR 13.500, CI 1.189-153.331, p=0.036).

Conclusions: Increased uptake around SCJ on 1-year postoperative 18 F-FDG PET was correlated with either 

the radical or comprehensive procedure, as well as with accessory nerve sacrifice. This suggests that subjective 

analysis of 18F-FDG PET can be used to detect subclinical shoulder instability.

Key W ords : Sternoclavicular joint, Neck dissection, Accessory nerve, Positron-Emission Tomography, Head and 

neck neoplasm
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INTRODUCTION

Sternoclavicular joint (SCJ)-related problems are not un-

common, especially as late complications after neck dis-

section (ND). SCJ-related problems include various patho-

logic spectrums—from mild swelling of SCJ to fracture of 

the proximal end of the clavicle—with a wide range of 

incidences. Significant SCJ hypertrophy was observed in 

54% of patients who underwent ND
1)

, while insufficiency 

fracture of the clavicle was found in approximately 0.4~ 

0.5%.
2
 Severe SCJ-related problems, which were considered 

as drawing attention from patients or physicians, were noted 

in only 8% of patients.
2)

 Consequently, only a few case 

reports to date have addressed SCJ-related problems after 

ND; hence, radiological findings of SCJ-related problems 

remain to be unfamiliar to most physicians.

Positron emission tomography/computed tomography 

(PET/CT) is useful in providing functional information and 

precise anatomical localization. PET/CT with 
18

F-fluo-

drodeoxyglucose (FDG) has been used widely in the field 

of oncology since it utilizes a unique property of cancer—

enhanced anaerobic glycolysis. However, FDG is not a tu-

mor-specific agent, and it is also actively taken up by in-

flammatory cells. FDG PET/CT visualizes inflammatory re-

actions, which is often regarded as a pitfall in evaluating 

malignant tumors. Although this non-specificity of FDG can 

be its weakness, it can be a benefit for evaluating some 

benign conditions. The application of FDG PET/CT has 

been extended to include the assessment of disease activity 

in various inflammatory disorders, such as tuberculosis and 

sarcoidosis
3-5)

, as well as in degenerative arthritis.
6)

Considerable numbers of head and neck cancer patients 

undergo FDG PET/CT for purpose of post-treatment sur-

veillance or response evaluation of adjuvant therapy after 

ND. Physicians often encounter unexpected uptakes around 

SCJ on FDG PET/CT, which may likely end up being ne-

glected due to the preconceived notion of this anatomical 

site, including the adjacent bones, as not being a common 

site for tumor recurrence in head and neck cancer patients, 

unless presented with disseminated hematogenous metastases. 

As aforementioned, not only physicians but also radiologists 

are unaware of the clinical significances and imaging find-

ings of SCJ-related problems after ND. Thus, SCJ-related 

problems might be overlooked in some patients undergoing 

ND. The aim of this study is to analyze the incidence and 

clinical significance of FDG uptake in SCJ after ND.

MATERIALS AND METHODS

Patients

Among the 69 patients with head and neck cancer who 

received comprehensive or selective ND between September 

2011 and November 2014, 37 patients with records of 

pre-operative and 1-year post-operative FDG PET/CT im-

ages were included in this study. The medical records, in-

cluding demographic data and surgical procedures, were ret-

rospectively reviewed. For surgical procedure, laterality, ex-

tent of surgery (level of neck dissection), preservation of 

spinal accessory nerve (SAN), sternocleiodomastoid (SCM) 

muscle, and internal jugular vein (IJV) were evaluated. The 

institutional review board (IRB No. 06-2012-216) of Seoul 

National University Boramae Medical Center approved all 

protocols and study design, and due to its retrospective na-

ture, informed consent requirement was waived.

PET/CT protocol

Whole-body PET/CT images were acquired using a dedi-

cated PET/CT system (Gemini TF, Philips Healthcare, 

Cleveland, OH). Patients fasted for at least 6 hours before 

PET/CT scanning. FDG (5.18 MBq/kg) was intravenously 

administered after confirming the fasting duration and blood 

glucose level (< 140 mg/kg). To ensure acquisition of inter-

pretable PET images, 20 mg of furosemide was intra-

venously administered, and 125 ml of barium sulfate sol-

ution (EZCT [1.5% weight-volume barium sulfate suspen-

sion], Taejoon Pharm, Seoul) was administered orally 1 

hour prior to scanning. At 1 hour after FDG injection, CT 

scan (80 mA and 140 kVp) was performed to attenuate the 

correction prior to PET scan. CT scan was obtained at a 

5-mm section thickness from the skull base to the mid-thigh. 

CT images were reconstructed using a 512×512 matrix and 

a 50-cm field of view. PET scan was obtained from the 

mid-thigh to the skull base. PET images were reconstructed 

with a 128×128 matrix, using the ordered subset expect-

ations maximum iterative reconstruction algorithm with a 

Gaussian filter of 8-mm and a field-of-view of 50-cm.
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PET/CT images analysis

Two experienced nuclear physicians (Oh SW, Kim YK) 

reviewed the FDG PET/CT scans. First, they qualitatively, 

in other words, visually, assessed the uptake around SCJ; 

a discernible FDG uptake on the area of SCJ from the ad-

jacent soft tissues was determined to be positive. Second, 

as for quantitative analysis, the regions of interest (ROIs) 

were placed on the area of SCJ, and the maximum stand-

ardized uptake values (SUVmax) were calculated using a 

dedicated workstation with a software provided by the ven-

dor (The Extended Brilliance Workspace with Fusion 

Viewer, Philips Healthcare, Cleveland, OH). SUVs were 

calculated as follows:

SUV = [FDG activity concentration (Bq/mL)] x [total 

lean body weight (kg)] / [administered FDG activity (Bq)]

Statistical analysis

The correlation between perioperative data and changes--both 

qualitative and quantitative--on PET/CT scan was analyzed. 

The continuous outcomes were analyzed using independent 

t-tests between the two groups, and the dichotomous out-

comes were analyzed using chi-square test for the trend and 

logistic regression analyses. Uni- and multi-variate analyses 

using a bivariate analysis was performed to evaluate the 

correlation between clinical symptoms of SCJ-related prob-

lems and various parameters, including PET/CT. All stat-

istical analyses were performed using SPSS V20.0 (IBM 

SPSS, New York, NY, USA). Statistical significance was 

defined as p<0.05.

RESULTS

Patients' characteristics

The mean age was 61.6 ± 12.3 years, and the male-to-fe-

male ratio was 5.17:1. The mean time interval between pre- 

and post-operative FDG PET/CT was 11.4±1.7 months. Six 

patients (16.2%) underwent supraomohyoid neck dissection 

(SOND), 5 patients (13.5%) underwent lateral neck dis-

section (LND), 22 patients (59.5%) underwent modified 

radical neck dissection (MRND), and 4 patients (10.8%) 

underwent radical neck dissection (RND). According to the 

intraoperative findings, spinal accessory nerve (SAN) and 

sternocleidomastoid muscle (SCM) were sacrificed in 7 

(18.9%) and 18 patients (48.6%), respectively. Thirteen pa-

tients (35.1%) had bilateral ND; pre- or postoperative RT 

was given to 20 patients (54.1%). Nine patients (24.3%) 

complained of shoulder or sternal pain during the follow-up 

period.

Corre lation between perioperative parameters and 

increased uptake in PET/CT

Qualitative assessment of the PET/CT images showed 

that FDG uptake around SCJ was increased in 7 patients 

(18.9%). When comparing patients with and without in-

creased uptake by visual analysis, the extent of ND, sacri-

fice of SAN, and right and left postoperative SUVmax were 

significantly different (p=0.010, 0.016, <0.001, and 0.048, 

respectively) (Table 1). Detailed characteristics of these sev-

en patients are summarized in Table 2. Quantitative assess-

ment of SUVmax showed that there was an increased uptake 

around SCJ in 20 patients (54.1%) (Table 3). When compar-

ing patients with and without increased uptake, no parame-

ter was significantly different between the two groups, ex-

cept postoperative SUVmax. Bivariate logistic regression 

analysis revealed that clinical symptom (shoulder or sternal 

pain) was significantly correlated with the extent of ND 

(OR 0.227, CI 0.053-0.966, p=0.045) and sacrifice of SAN 

(OR 13.500, CI 1.189-153.331, p=0.036), although multi-

variate analysis showed no significant indicator for post-

operative clinical symptoms. Increased uptake in PET/CT 

scans by both qualitative and quantitative analyses showed 

no correlation with clinical symptoms (p=0.217, 0.387, re-

spectively) (Table 4).

DISCUSSION

This study demonstrated that qualitative assessment 

showed a correlation of increased uptake around SCJ on 

PET/CT scans with the extent of ND and SAN sacrifice. 

To date, various studies have assessed the effect of SAN 

injury on shoulder dysfunction after ND.
7-9)

 A wider re-

section of neck lymph node and sacrifice of SAN may influ-

ence shoulder instability, affecting subclinical changes in 

SCJ detected on PET/CT scans. Moreover, although the in-

crease by visual analysis might be correlated with sub-

clinical changes, it did not correlate with a clinical symptom 

of local pain. This in turn demonstrated that subjectively, 

the increased uptake might be an indicator for subclinical 
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Increase

(n=7)

No change or decrease

(n=30)
p-value

Sex (M:F) 6:1 25:5 0.685

Age (range) 64.1±7.6 61.2±13.2 0.713

Preoperative SUVmax

Right 1.27±0.39 1.17±0.21 0.325

Left 1.27±0.31 1.10±0.27 0.211

Neck dissection 0.010

SOND 0 6 (20.0%)

LND 1 (14.2%) 4 (13.3%)

MRND 3 (42.9%) 19 (63.3%)

RND 3 (42.9%) 1 (3.3%)

Side of neck dissection 0.266

Right 3 (42.9%) 15 (50.0%)

Left 0 6 (20.0%)

Bilateral 4 (57.1%) 9 (30.0%)

Sacrifice of SAN 3 (42.9%) 1 (3.3%) 0.016

Sacrifice of SCM 5 (71.4%) 13 (43.3%) 0.180

Perioperative RT 4 (57.1%) 16 (53.3%) 0.596

Pain

Shoulder pain 3 (42.9%) 5 (16.7%) 0.156

Sternal pain 0 1 (3.3%) 0.811

Postoperative SUVmax

Right 1.91±0.57 1.17±0.24 <0.001

Left 1.39±0.45 1.17±0.18 0.048

SOND; supraomohyoid neck dissection, LND; lateral neck dissection, MRND; modified radical neck dissection, RND; radical

neck dissection, SAN; spinal accessory nerve, SCM; sternocleidomastoid muscle, RT; radiation therapy.

Table 1. Patients’ characteristics according to visual analysis of FDG uptake change of the SCJ

Age Sex Neck dissection Side SAN SCM RT or RAI Side of uptake

Male 72 RND Right Sacrificed Resected Postop. RT Right

Female 69 LND Right Preserved Preserved Postop. RAI Right

Male 69 RND Bilateral Sacrificed(right) Preserved Postop. RAI- Bilateral

Male 58 RND Right Sacrificed Resected Postop. RAI Right

Male 53 MRND Bilateral Preserved Resected(right) Postop. RT Right

Male 55 MRND Right Preserved Resected Postop. RT Left

Male 66 MRND Right Preserved Resected Postop. RT Right

SAN; spinal accessory nerve, SCM; sternocleidomastoid muscle, RT; radiation therapy, RAI; radioactive iodine therapy, PTC; 

papillary thyroid cancer, LND; lateral neck dissection, MRND; modified radical neck dissection, RND; radical neck dissection

Table 2. Visual analysis by PET/CT in 7 patients presenting with FDG uptake change of the SCJ

changes in shoulder instability, but not an indicator for clin-

ical manifestation of local pain (Fig. 1).

However, quantitative assessment failed to show any cor-

relation between perioperative parameters and increased up-

take around SCJ, which suggests that minimal quantitative 

changes may occur without clinical significance in patients 

after ND. The quantitative analysis of FDG PET/CT re-

vealed that changes in SCJ occurred in 54.1% (n=20) of 

patients who underwent ND. This exceeded our expectation, 

as only nine patients complained of symptoms associated 

with SCJ. The incidence of increased uptake (n=7), accord-

ing to qualitative assessment, was roughly similar to the 

number of patients presenting clinical symptoms. Three 

among seven patients with increased uptake had shoulder 

or sternal pain. Hence, quantitative assessment may not be 

necessary if post-ND patients with minimal changes around 

SCJ do not show any significant changes by qualitative 

analysis of pre- and postoperative PET/CT imaging.

Because SCJ-related problems after ND, such as sterno-

costoclavicular hyperostosis, osteitis condensans, Friedrich’s 
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Increase

(n=20)

No change or decrease

(n=17)
p-value

Sex (M:F) 17:3 14:3 0.587

Age (range) 60.6±14.7 62.7±9.1 0.598

Preoperative SUVmax

Right 1.17±0.29 1.20±0.20 0.755

Left 1.11±0.35 1.16±0.18 0.554

Neck dissection 0.299

SOND 2 (10.0%) 4 (23.5%)

LND 4 (20.0%) 1 (5.9%)

MRND 10 (50.0%) 12 (70.6%)

RND 4 (20.0%) 0

Side of neck dissection 0.972

Right 10 (50.0%) 8 (47.1%)

Left 3 (15.0%) 3 (17.6%)

Bilateral 7 (35.0%) 6 (35.3%)

Sacrifice of SAN 4 (20.0%) 0 0.073

Sacrifice of SCM 10 (50.0%) 8 (47.1%) 0.560

Perioperative RT 10 (50.0%) 10 (58.8%) 0.419

Pain

Shoulder pain 6 (30.0%) 2 (11.8%) 0.174

Sternal pain 0 1 (5.9%) 0.459

Postoperative SUVmax

Right 1.48±0.51 1.12±0.21 0.010

Left 1.31±0.29 1.10±0.16 0.009

SOND; supraomohyoid neck dissection, LND; lateral neck dissection, MRND; modified radical neck dissection, RND; radical

neck dissection, SAN; spinal accessory nerve, SCM; sternocleidomastoid muscle, RT; radiation therapy.

Table 3. Comparison between uptake + and uptake – group in quantitative measurement

Fig. 1. Increased uptake of SCJ in postoperative PET by qualitative assessment and its association with operative findings.
Increased uptake in PET around SCJ may result from shoulder instability after neck dissection, especially those with wider extent
and sacrifice of spinal accessory nerve. There was no significant correlation between clinical symptom and increased uptake, 
which indicated that uptake in SCJ of postoperative PET is an indicator for subclinical changes in shoulder instability, but not 
an indicator for clinical manifestation of local pain. PET image showed FDG uptake was diffusely appeared along the articular
surface (arrow) (M/55, Tongue cancer, MRND type II (SCM sacrifice)).

disease, and Tietze’s syndrome
10,11)

, are often benign and 

self-limiting, it is highly probable for physicians to overlook 

SCJ-related problems. In addition, a shoulder disability 

caused by ND affects not only SCJ but acromioclavicular 

joint. Nevertheless, increased uptake around SCJ is more 

frequently observed than other joints associated with shoulder 
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Univariate Multivariate

OR (95% CI) p-value OR (95% CI) p-value

Sex
0.783

(0.621-1.251)
0.898

Age
0.986

(0.928-1.047)
0.635

Extent of ND
0.227

(0.053-0.966)
0.045

0.399

(0.081-1.967)
0.259

Side of ND
0.718

(0.302-1.706)
0.454

Sacrifice of SAN
13.500

(1.189-153.331)
0.036

4.559

(0.236-88.200)
0.316

Sacrifice of SCM
2.667

(0.552-12.883)
0.222

Perioperative RT
0.600

(0.132-2.724)
0.508

Increase in subjective analysis
3.000

(0.525-17.159)
0.217

Increase in quantitative analysis
2.000

(0.415-9.627)
0.387

ND; neck dissection, SAN; spinal accessory nerve, SCM; sternocleidomastoid muscle, RT; radiation therapy.

Table 4. Uni- and multi-variate analysis for the correlation between postoperative shoulder or sternal pain and perioperative
parameters

problem. In this regard, physicians might underestimate the 

clinical significance and importance of SCJ-related prob-

lems post-ND. Hence, if patients show increased uptake by 

qualitative analysis of pre- and postoperative PET/CT imag-

ing, a careful follow-up is highly recommended to detect 

any SCJ-related problems, since these patients may have 

subclinical changes around SCJ.

In this study, SAN sacrifice was shown to be one of the 

factors that were significantly related to the changes in SCJ. 

This finding is in line with previous reports. It has been 

reported that postoperative stability of SCJ is mainly de-

pendent on the integrity of SAN
12)

, and denervation change 

of the trapezius muscle innervated by the SAN plays a key 

role in SCJ-related problems.
13)

 Cho et al. suggested that 

the volume ratio of the trapezius muscles measured on a 

CT scan may predict the development of shoulder dysfunc-

tion after ND.
14)

 However, a relatively large intra- and/or 

inter-observer variability is unavoidable for this method, as 

they adopted a freehanded drawing technique to measure 

the trapezius muscle volumes on CT scans.

On the other hand, it has been reported that SCM is re-

sponsible for SCJ-related problems post-ND. Cantlon and 

Gluckman suggested that sternocleidomastoid section ren-

dered the clavicle relatively more prominently and that 

shoulder drooping widened and deepened the supra-

clavicular fossa, further increasing the joint prominence af-

ter radical ND.
15)

 It seems that the SCM section can also 

contribute to SCJ-related problems by decreasing the blood 

supply to SCJ. However, in this current study, no statisti-

cally significant correlation was found between the SCM 

section and the changes in SCJ on FDG PET/CT.

Our study showed no significant correlation between peri-

operative radiation therapies and FDG uptake changes in 

SCJ. According to a review by Ward and Langdon, radiation 

therapy might be partly responsible for SCJ-related prob-

lems after ND, causing avascular necrosis, resulting in stress 

fracture in the clavicular head.
16)

 Radiation-induced osteo-

necrosis is related to the absorbed radiation dose, and the 

probability of radiation-induced bony changes depends on 

many factors, including total dose and dose per fraction. 

Tolerance doses causing a maximum severe complication 

rate of 50% within the first five years after irradiation range 

from 20Gy to 30Gy and 65Gy to 70Gy for single and frac-

tionated doses, respectively. Generally, adjuvant radiation 

to manage head and neck cancer exposes minimal amounts 

of radiation to SCJ, or SCJ is excluded altogether from the 

radiation planning. Therefore, the probability of radia-

tion-induced changes around SCJ seems to be low in pa-

tients after ND. 

Lastly, osseous metastases should be considered for those 

with increased FDG uptake around SCJ, although the in-

cidence of this is highly rare. Osseous metastases are often 
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encountered in patients who have been followed-up using 

FDG PET/CT. Metastatic bony lesion is usually represented 

by a discrete focal uptake with a high SUV value. Contrary 

to the features of osseous metastases, diffused FDG uptake 

was observed along the articular surface, and SUV value 

was low with an approximate mean SUVmax of 1.57 in quan-

titative analysis.
6)

 Accordingly, the possibility of osseous 

metastasis or active joint inflammation could be excluded 

from the differential diagnosis. 

This study has some limitations to consider. The number 

of included patients was relatively small. In addition, the 

retrospective nature of this study may have resulted in po-

tential bias. However, to the best of our knowledge, this 

is the first study to evaluate postoperative changes around 

SCJ using FDG PET/CT imaging. Although rare, the clin-

ical significance of SCJ-related problems after DN is not 

negligible. Subjective analysis by an experienced nuclear 

physician may be enough to detect possible subclinical 

shoulder instability and ongoing changes in SCJ. Although 

the clinical symptom is not correlated with the changes on 

PET/CT scan, we believe that patients with a wide extent 

of ND and sacrifice of SAN may benefit more from should-

er rehabilitation if there is an increase in FDG uptake, de-

termined qualitatively, around SCJ on PET/CT scan.
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