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Abstract

Objective—To determine if focal increased uptake at the rotator interval (RI) and/or inferior 

capsule (IC) on 18F-FDG PET/CT (“positive PET”) predicts the presence of adhesive capsulitis 

(AC).

Materials and Methods—Three populations were retrospectively examined. Group 1 included 

1,137 consecutive 18F-FDG PET/CT studies and was used to determine the prevalence of focal 

uptake at the RI or IC. Group 2 included 361 cases from a 10-year period with 18F-FDG PET/CT 

and MRI of shoulder performed within 45 days of each other and was used to enrich the study 

group. Group 3 included 109 randomly selected patients from the same time frame as groups 1 

and 2 and was used to generate the control group. The study group consisted of 15 cases from the 

3 groups, which had positive PET findings. PET/CT images were assessed in consensus by two 

musculoskeletal radiologists. The reference standard for a diagnosis of AC was clinical and was 

made by review of the medical record by a pain medicine physician.
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Results—The prevalence of focal activity at either the RI or IC (“positive PET”) was 0.53%. 

Nine patients had a clinical diagnosis of AC and 15 patients had a positive PET. The sensitivity 

and specificity of PET for detection of AC was 56% and 87%, respectively. PET/CT had a positive 

likelihood ratio for AC of 6.3 (95% CI: 2.8–14.6).

Conclusion—Increased uptake at the RI or IC on PET/CT confers a moderate increase in the 

likelihood of AC.
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Introduction
18F-FDG PET/CT is a powerful diagnostic tool in oncology due to its ability to localize 

metabolically active neoplastic tissues. However, degenerative and inflammatory processes 

can have increased uptake and sometimes present a diagnostic. In the course of 

interpretation of 18F-FDG PET/CTs in a busy oncological practice, we have encountered 

cases of focal increased uptake in the region of the rotator interval (RI) and inferior capsule 

(IC) that were found to be unrelated to neoplasm (Fig. 1) [1]. Because signal abnormality at 

the RI and IC has been associated with adhesive capsulitis (AC) on MRI [2, 3], increased 

uptake at these locations has been anecdotally linked to AC [1, 4, 5]. However, this 

association has not been systematically studied.

Adhesive capsulitis is a relatively common inflammatory disorder of the shoulder joint 

associated with pain and limited range of motion [6]. Early conservative management (e.g., 

passive exercises) and minimally invasive intervention (e.g., manipulation under anesthesia 

and intra-articular steroid injection) have been shown to result in improved outcomes [7–10] 

and can prevent the “downward spiral of learned disuse” associated with adhesive capsulitis 

[8]. Incidentally detected increased uptake at the RI and IC on PET/CT may allow patients 

with AC to receive an early diagnosis and timely treatment. However, current data are 

lacking, and it is unknown if increased uptake at these locations reliably predicts the 

presence of AC in unselected patients undergoing 18F-FDG PET/CT.

This study aims to provide preliminary data towards that goal, and determine the ability 

of 18F-FDG PET/CT to detect AC based on increased uptake at the RI and/or IC. The central 

hypothesis is that increased uptake at these locations is associated with the presence of AC. 

A secondary aim was to determine the agreement of uptake on 18F-FDG PET/CT with signal 

abnormality on MRI.

Methods

Institutional review board approval was obtained as required for this retrospective cohort 

study. Inclusion criteria was patients with 1) 18F-FDG PET/CTs performed at our institution 

and 2) no history of surgical intervention at the shoulders.
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Patient Groups

Three different patient populations were examined for different analysis purposes (Fig. 2). 

Group 1 included 1,137 consecutive 18F-FDG PET/CT studies performed in January 2009. 

This group was used to determine the prevalence of abnormalities at the RI or IC (defined 

below). The year was chosen to allow for sufficient follow-up to allow confident 

determination of whether uptake was related to malignancy. Group 2 included 361 cases 

from 04/09/2003 to 07/04/2014 with 18F-FDG PET/CT and MRIs performed within 45 days 

of each other. This group was used to enrich the study population (the MRIs were not 

reviewed as part of this study). Group 3 included 109 randomly selected patients from the 

same time frame as the above groups and was used to generate a control group for clinical 

symptoms. Patients from groups 1 and 2 were excluded from the pre-randomization 

selection pool. Positive PET cases from the 3 groups were used to form the study group 

(please refer to Imaging and Image Analysis below for definition of “positive PET”). Cases 

from the study group were mixed with negative cases from group 3 and presented to a pain 

management physician (MPE) for chart review (see Chart Review below).

Imaging and Image Analysis

All 18F-FDG PET/CTs were performed at our institution according to standard guidelines 

and uniform image acquisition and processing protocols. Patients were instructed to fast for 

at least 6 hours prior to imaging and had a measured blood glucose level of less than 150 

mg/dL at the time of radiopharmaceutical administration. Patients received 370 – 740 MBq 

of 18F-FDG, and were asked to rest quietly in a darkened room for about 60 minutes before 

images were acquired on a PET/CT scanner (Discovery, GE Healthcare, Milwaukee, WI). 

CT images were acquired without oral or intravenous contrast, and used for attenuation 

correction of PET data.

18F-FDG PET/CTs from patients in all 3 groups were reviewed by 2 radiologists with 

fellowship training in musculoskeletal radiology (RS and BA), one of whom also had special 

expertise in oncological imaging and PET/CT (BA). The readers were blinded to the clinical 

data. Specifically, the readers did not know if the patient had symptoms related to the 

shoulders. A positive PET was defined as one with focal 18F-FDG uptake confined to the RI 

or IC, which was subjectively greater than that of the adjacent synovium and muscles (Fig. 

1). Progression to malignancy of focal uptake at the RI and IC was assessed on follow-up 

imaging on all modalities. Cases where increased uptake at the RI and IC was part of diffuse 

synovitis (i.e., the uptake was not focal) were not considered positive.

Chart Review

In the positive and control cases, data were collected on patient demographics (age, gender, 

and race), presence of common comorbidities (diabetes and thyroid dysfunction), underlying 

cancer diagnosis and disease status, and the presence of symptoms related to the shoulders. 

A fellowship-trained pain medicine physician (MPE) was blinded to the images and reports 

and reviewed the electronic medical record for clinic notes at or within 30 days of the MRI 

or 18F-FDG PET/CT for documentation of shoulder pain. The clinic notes were from a 

variety of clinical services, including orthopedics, rheumatology, cancer pain service, and a 

variety of oncological subspecialties. The presence of AC was subjectively classified as 
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positive for AC, negative for AC, or unclear (not enough evidence for or against a 

diagnosis).

Statistical Analysis

Summary statistics of patient characteristics were provided in the form of mean, SD, and 

range for continuous outcomes (age) and in the form of frequency and percentages for 

categorical outcomes (race, gender, presence of diabetes, and presence of symptoms related 

to the shoulder joints). The prevalence of focal uptake at the RI and IC along with their exact 

binomial confidence intervals was estimated. All tests were two-sided, and p-values of 0.05 

or less were considered statistically significant. Statistical analysis was carried out using 

SAS version 9 (SAS Institute, Cary, NC).

Results

A total of 6 positive PETs (focal increased uptake at the RI or IC) was identified from the 

1,137 consecutive 18F-FDG PET/CTs in Group 1, for a prevalence of 0.53% (95% CI: 0.22–

1.12%).

The study group was generated from these 6 cases plus positive cases found in Groups 2 and 

3. Group 2 consisted of 361 patients with PET/CT and MRI shoulder performed within 45 

days of each other. Among these patients, 8 were found with positive PETs and included in 

the study group. Group 3 consisted of 109 randomly selected cases and was used to generate 

the control group. A single positive PET was found in this group, which could not be used as 

a control, and was moved to the study group. A total of 15 cases were thus included in the 

study group (6 + 8 + 1) and 108 cases were included in the study group (109-1).

The 108 patients from the control group were combined with the 15 patients from the study 

group. A pain medicine physician, blinded to the imaging findings, reviewed the patient 

record to determine if symptoms consistent with AC were present at the time of PET/CT. Of 

these 123 patients, 9 classified as positive for AC, 47 as negative for AC, and 67 as unclear 

(not enough evidence for or against a diagnosis).

This clinical assessment of AC was used as the reference standard for comparison with 18F-

FDG PET-CT findings. The correlation between PET-positivity and AC was significant 

(Fisher’s exact, p = 0.001). Five of the 15 PET-positive patients had AC (33%), while 4 of 

the 108 control patients had AC (4%). All of the 5 PET-positive patients with AC were from 

the MRI group (Group 2).

The sensitivity of PET for detection of AC was 56% (95% CI: 23% – 85%), and the 

specificity was 91% (95% CI: 84%–95%). The positive likelihood ratio was 6.3 (95% CI: 

2.8 – 14.6). The negative likelihood ratio was 0.49 (95% CI: 0.2 – 1.01).

Discussion

Increased FDG uptake can occur in neoplastic and inflammatory cells, due to increased 

expression of glucose transporters. The high sensitivity of 18F-FDG PET/CT is therefore 

accompanied by low specificity. At the glenohumeral joint, non-neoplastic uptake can be 
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seen in patients diagnosed with AC [1, 4, 5], osteoarthritis [11], rheumatoid arthritis [12], 

subacromial impingement [5], and rotator cuff enthesopathy [5]. While patients with a 

known diagnosis of AC have been shown to have increased focal uptake at the RI and IC [4, 

5], the association in the inverse direction had not been studied. This association is of 

practical importance to imaging specialists who encounter this phenomenon on PET/CT and 

their patients.

Our study showed that focal uptake at these locations was not a rare occurrence, and has a 

prevalence of 0.53% (95% CI: 0.22–1.12%). We also showed that incidentally detected focal 

uptake at the RI or IC was indeed associated with a diagnosis of AC (Fisher’s exact, p = 

0.001). In addition, the presence of focal uptake at these locations had a high specificity of 

91% (95% CI: 84 – 95%) for the presence of AC, and conferred a moderate increase in the 

probability that the patient would have this diagnosis, with a positive likelihood ratio of 6.3 

(95% CI: 2.8–14.6). Sensitivity for detection of AC was low (56% with 95% CI: 23% – 

85%). This compares unfavorably with the high reported sensitivity of MRI and MRA in this 

regard, which is reported in the range of 59–98%, depending on technique, imaging features 

and cutoffs [2, 13–16]. We suspect that this low sensitivity is at least partially explained by 

the lower spatial resolution of PET compared to that of MRI [17].

The results from our retrospective study provide preliminary data on the significance of 

incidentally detected focal uptake at the RI and IC on 18F-FDG PET/CT. However, 

prospective studies will be needed to determine if these findings can allow confident 

diagnosis of AC.

Our findings also contribute to the sometimes contradictory evidence on the correlation 

between musculoskeletal uptake of 18F-FDG PET/CT and symptoms. On the one hand, there 

are reports suggesting an absence of association between symptoms and foci of increased 

uptake at the acetabular fossa [18], the knees and lumbar interspinous ligaments in patients 

with polymyalgia rheumatica [19, 20] atlantoaxial joints of patients with rheumatoid arthritis 

[12], and knees in patients with osteoarthritis [21]. However, the data is far from clear on 

this point, and other investigators have found significant differences in FDG avidity of 

symptomatic knees and shoulders when compared to that of asymptomatic joints [22, 23], 

and association of increased uptake at painful joints in patients with rheumatoid arthritis [24, 

25]. Further study is needed to better define the role of 18F-FDG PET in detection of 

common musculoskeletal conditions.

The main limitation of our study is the reliability of clinical documentation for diagnosis of 

AC, which was used as the reference standard for this study. This limitation is inherent to the 

study design; however, we believe that our findings can serve as a starting point for future 

prospective studies on shoulder pain in oncological patients. Another limitation relates to 

absence of formal review of MRIs in group 2. We did not include a formal review of these 

MRIs. As a cancer center, our MRIs of the shoulder, especially those performed in older 

patients, are performed with a wide field of view in order to assess the scapula, shoulder, and 

proximal humerus for the presence of metastases. We did not feel confident in using this 

small number of suboptimal scans in diagnosing AC, in drawing conclusions on the utility of 
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MRI in the setting of focal uptake at the RI or IC, nor in assessing the association between 

findings on PET and MRI.

Conclusion

Increased uptake at the RI, IC, or both on FDG PET/CT confers a moderate increase in the 

likelihood of AC.
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Fig. 1. 
Focal uptake at the rotator interval and axillary pouch. Axial unfused (a and c) and fused (b 

and d) 18F-FDG PET/CT images in a 64-year-old man with mantle cell lymphoma reveals 

focal increased uptake at the a–b) rotator interval (arrows, SUV=5.8) and c–d) inferior 

capsule (arrowheads, SUV=3.5).
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Fig. 2. 
Patient groups.
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