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Effects of age and weight on the metabolic activities of 

the cervical, thoracic and lumbar spines as measured 

by fluorine-18 fluorodeoxyglucose-positron emission 

tomography in healthy males 

Abstract
Objective: This study aimed to explore the age and weight-related metabolic trends in the spines of healthy 

18male subjects using �uorine-18 �uorodeoxyglucose positron emission tomography ( F-FDG PET) imaging. 
Subjects and Methods: Forty three healthy male subjects (age 23-75 years, weight 50-145kg) were selec-

18ted from the CAMONA study. A global assessment methodology was applied to the subjects' F-FDG 180 
minute scans, where each region of the spine (cervical, thoracic and lumbar) was individually encapsulated 
in a single region of interest, and standardized uptake value (SUVmean) was calculated per respective re-
gion. Results: SUVmean increased signi�cantly with weight in both the thoracic spine (Slope=0.0066, P= 
0.001) and lumbar spine (Slope=0.0087, P<0.0001), but not the cervical spine. There were no signi�cant cor-
relations between age and SUVmean in all three regions. The cervical spine (average SUVmean=1.84±0.31) 
illustrated elevated activity when compared to the thoracic (average SUVmean=1.46±0.27, P<0.0001) and 
lumbar (average SUVmean=1.41±0.28, P<0.0001) spines. Conclusion: This study illustrated the ability of 
18F-FDG PET to assess metabolic processes in the spine. The data provided evidence of weight dependent 
metabolic activity, likely related to in�ammation. This study offers a methodological precedent that can be 
applied to studies in populations with back pain
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Introduction

Survey based studies have estimated chronic back pain to be widely prevalent in the 
population, especially in older and overweight cohorts [1, 2]. Lower back pain (LBP) 
has become the principal cause of disability worldwide [3]. Most cases fail to be at-

tributed to any disease or structural abnormality and are consequently classi�ed as “non-
speci�c” [4, 5]. Present clinical treatment of non-speci�c back pain has been ineffective 
and inefficient as evidence by the continued prevalence, rising disability [1-3] and econo-
mic burden on healthcare systems [6, 7]. Thus, the concise etiology of non-speci�c back 
pain has yet to be determined. Epidemiological survey based studies have purported an 
increasing occurrence of both neck pain (NP) and LBP with age [8]; others have sug-
gested a correlation of weight with back pain, particularly LBP [9-13]. The present body of 
literature on back pain calls for quantitative studies to examine the in�uence of age and 
weight on etiological mechanisms in the spine that may underlie back pain. 

Radiological imaging provides the ideal medium to gain insight into biological proces-
ses occurring in the spine. Positron emission tomography (PET) allows for quantitative as-
sessment of various metabolic processes in the human body. Fluorine-18-�uorodeoxy-

18 18glucose ( F-FDG) is the most widely used radiotracer; F-FDG is a radioactive analog of 
glucose that re�ects the magnitude of glucose usage in relevant tissues [14]. Tracer up-
take is determined by local perfusion and the rate of cellular appropriation. Uptake is nor-
malized to injection dose and body weight as standardized uptake value (SUV) [15]. 

18 18While F-FDG is primarily used in clinical oncology, relevant non-oncological uses of F-
FDG PET [16] include imaging in�ammation [7, 8, 17-19] and red bone marrow activity 

18[20-23]. Accordingly, F-FDG PET can be used to study the relationships between the spi-
ne's metabolic processes with both age and weight.

Traditional PET image analysis involves a qualitative scoring of the structure of interest. 
Standard quantitative analysis involves a region of interest (ROI) to be de�ned within the 
structure of interest, known as punch biopsy. Quantitative analysis has been proven to be
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Global assessment methodologies are more comprehen-
sive than competing methodologies [24, 26, 27]. Instead of 
the minuscule ROI used in punch biopsy, global analysis en-
capsulates the whole structure. Global assessment is often 
accompanied by the use of SUVmean, which consolidates 
the complete uptake of a structure as opposed to SUVmax 
[24, 26, 27]. The use of global ROI and SUVmean has been 
shown to be superior regarding partial volume correction 
and determining the most representative values for the 
whole structure [24, 26, 27].

Uncovering the metabolic processes in the spine may lead 
to greater understanding of the underlying causes of spine 
related pain. Accordingly, this study aimed to assess in�am-
mation and its correlations with age and weight in healthy 
males.

Methodology

Subjects and Methods
Forty-three healthy male subjects (age 23-75 years, weight 
50-145kg) were selected from the CAMONA study (28-30). 
The complete number of CAMONA subjects (n=139) was li-
mited to only healthy males (n=47); further, inadequately 
fasted (<6 hours) subjects were excluded (n=4). The original 
study, in which all subjects were recruited, deemed said sub-
jects “healthy controls” based on a lack of potentially compli-
cating conditions: illicit drug use, alcohol abuse, prescrip-
tion medication use, cardiovascular disease, diabetes, onco-
logical disease or immune disorder. Further, this study's 
subjects were con�rmed to not suffer from any confounding 
spinal disorder (e.g. ankylosing spondylitis) as could be de-
termined from the visual inspection CT data. Fluorine-18-
FDG PET/CT imaging was performed according to previo-
usly published methods [28]. Subjects were scanned on a 
hybrid PET/ CT system (GE Discovery STE, VCT, RX, and 690/ 
710 systems) 180 minutes after an intravenous injection of 

184.0MBq of F-FDG per kilogram of body weight. A longer ti-
me period of 180 minutes was chosen to limit the in�uence 
of the blood pool uptake on subsequent measurements.

Data Collection
Fluorine-18-FDG PET/CT images were analyzed using OsiriX 
software; Pixmeo SARL Bernex, Switzerland (version 7.04). 
Positron emission tomography and CT were co-registered, 
allowing us to identify anatomical landmarks in the spine wi-
th the CT and quantify functional information from the PET. 
The whole spine was divided into separate anatomical regi-
ons, cervical (C1-C7), thoracic (T1-T12) and lumbar (L1-L5), 
where each region was quanti�ed individually with the fol-
lowing methodology. A maximum intensity projection (MIP) 
of the PET/CT was utilized to remove all bone unrelated to 
the structured desired (e.g. cervical or thoracic spine). Seg-
mentation and quanti�cation were based on a region gro-
wing threshold algorithm applying segmentation parame-
ters with limits of (lower/upper bounds) 85/1500 Houns�eld 
units (HU) on the CT image. Seeding points were manually 
de�ned on the cortical bone of the desired vertebral region 

to allow the application of the semi-automatic three-dimen-
sional segmentation. The �nal computed region of interest 
was rede�ned by using morphology altering algorithms or 
manual additions and deletions. Regions of interest were 
placed to encapsulate the entire segmented spinal region. In 
each region of the spine that was analyzed, the ROI included 
vertebral bodies, intervertebral discs, facet joints, spinal 
processes, lamina and the spinal canal. Quantitative metrics 
were subsequently derived based on the segmented area. 

Figure 1. This image is the three-dimensional volumetric representation of the CT 
segmented axial spine ROI in a sample subject. The gross anatomy previously men-

18tioned is represented. The F-FDG uptake within this volume was used in further 
quantitative analysis (OsiriX software: version 7.04; Pixmeo SARL Bernex, Swit-
zerland).

Global Assessment and Statistics
Points of uptake within the axial ROI were averaged and pre-
sented as ROImean. The axial ROI also provided its total area, 

2ROIarea, in cm . The following computation (Figure 2) was 
utilized to derive the SUVmean, which represents the global 
uptake per area of the complete structure of interest. Biva-
riate correlations, including linear correlations, correlation t-
tests and paired t-tests, were performed. P values of less than 

20.01 were considered signi�cant. The variables R  and P were 
used to represent coefficient of determination and P value, 
respectively.  

Figure 2. The equations above mathematically express the derivation of the 
SUVmean (LaTeX).

Results

2This study's subjects had a minimal relationship (R =0.01, 
P=0.51) between age and weight.

Multiple paired t-tests were performed to compare the re-
gional uptakes within the spine. The cervical region (average 
SUVmean=1.84±0.31) expressed greater uptake as compa-
red to the thoracic (average SUVmean=1.46±0.27, P<0.0001) 
and lumbar (average SUVmean=1.41±0.28, P<0.0001). 
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The thoracic spine had greater uptake than the lumbar (P= 
0.02) though this was not deemed signi�cant given our stan-
dards.

Figure 3. The plot illustrates the relationship between age and weight within the 
group of subjects in the study (LaTeX).

Figure 4. The average SUVmean of each region is illustrated with standard error 
bars expressing the relative standard deviation (LaTeX).

2The cervical (R =0.10, P=0.04) spine lacked signi�cant cor-
2relation with weight. Both the thoracic (R =0.24, P=0.001) 

2and lumbar (R =0.24, P<0.001) regions illustrated statisti-
cally signi�cant positive correlations with increasing weight; 
the lumbar yielded the largest increase in SUVmean per ki-
logram.

Age failed to yield statistically signi�cant correlation with 
SUVmean in all three regions. 

Discussion

This study derived SUVmean in the cervical, thoracic and lum-
bar spines of each subject. Weight proved to be signi�cantly 

18correlated to F-FDG uptake in the thoracic (P=0.001) and 
lumbar (P<0.0001) spines but not in the cervical spine (P= 

0.04). This is likely due to the weight bearing functions of the 
thoracic and lumbar spines. Higher body weight appears to 
place greater pressure on the osseous tissues in the weight 
bearing spines, given that every vertebra supports the weight 
above its axial position [31] and the surface area to volume ra-
tio between bone and body mass [32]. Multiple osseous pro-

18cesses can culminate in greater F-FDG activity in response to 
elevated mechanical load. Mechanical stress is sensed by the 
bone and subsequent cellular responses are demonstrated 
through a process known as mechanotransduction [33]. Phy-
siologically acceptable increases in mechanical load result in 
stronger osseous tissue as a result of remodeling via cellular 
differentiation [34] and coordinated osteoclastic-osteoblastic 
activity [35]. In response to greater and more dynamic mec-
hanotransduction, a pro-in�ammatory response through the 
NF-kB signaling cascade is expressed [33]. Such mechanisms 
may be present in those of greater weight as such popula-
tions often have elevated levels of various pro-in�ammatory 
cytokines [36] and such cytokines have been associated with 
increased bone turnover activity [37-39]. In�ammatory res-
ponses in the bone marrow would be expressed in elevated 
18F-FDG uptake [19, 23]. To note, elevated pressure on the 
spine increases the fracture rates, especially in osteoporotic 
populations [40]. Even minor indiscernible fractures will result 
in regions of cellular proliferation and in�ammatory activity 
during the regenerative period [41-43]. Increased mechanical 
stress is transferred to the intervertebral discs, as well. Incre-
ased weight load compresses the discs and leads to a decre-
ase in disc height [13]. This compressive force on the disc tis-
sue leads to degeneration, namely expressed as in�amma-
tory activity [10, 18, 44]. Increased cellular glycolic activity, ob-
served as increased SUVmean, would arise in all such weight 
stimulated processes, especially in the weight bearing spines 
(thoracic and more so lumbar). The cervical spine would be 
expected to respond less signi�cantly to weight given the mi-
nimal weight supported by the region; this aligned with our 
results.

18Increased F-FDG activity has been previously observed in 
the cervical spine [45, 46] and has been popularly attributed 
to elevated grey matter in the spinal cord from C4-C8 [45, 47]. 
Further, there is spinal cord enlargement from C3 to T2 which 

18increases the propensity for greater F-FDG uptake in the 
cervical spine. Given the inclusion of the spinal cord in the 
global assessment methodology, such anatomical re-
asoning may explain the increased average SUVmean in the 
cervical spine (cervical>thoracic/lumbar, P<0.0001/<0.0001).
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Table 1. This table expresses the characteristics of the linear correla-
tion between SUVmean and age in the spine.

Region Coefficient of
Determination

P Value

Cervical 0.004 0.69

Thoracic 0.013 0.47

Lumbar 0.017 0.41



The relatively minimal in�uence of the spinal cord in the 
lumbar and thoracic spine may explain the lesser average 
SUVmean. 

Our study did not observe any signi�cant correlation be-
tween SUVmean and age, across all regions of the spine. The 
process of aging is accompanied by a loss of red bone mar-
row via a conversion to yellow marrow, a form of adipose tis-
sue [48]. Further, red bone marrow volume [49, 50] and acti-
vity [51] decreases with age. The sum processes in marrow 

18would hamper red bone marrow activity and reduce F-FDG 
uptake; such was observed by Fan et al. (2007) [21]. Alterna-
tively, increased in�ammation has been associated with age 
in both osseous tissues [43, 52] and intervertebral discs [52, 
53]. Processes regarding bone marrow and in�ammation 
would be counteractive in assessing SUVmean with age gi-

18ven the non-speci�city of F-FDG. Such counteraction may 
explain the absence of correlation between age and 
SUVmean. This explanation is supported by Aliyev et al. (20-
12) observation of increased age-related in�ammation (via 
18F-FDG uptake) by structures that lack bone marrow [52]. 
Additionally, weight was the preferred measure of vertebral 
load, as BMI normalization with height fails to account for the 
surface area to volume relationship between bone and body 
weight [32]; similar reasoning accounts for the use of 
SUVmean as opposed to alternative measures SUVbsa or 
SUL.

There are potential limitations to this study. The subjects of 
this study were limited to the male sex. Females often suffer 
from more severe osteoporosis and relevant complications 
which are heavily in�uenced by menopause. As such, the 
variable nature of menopausal onset [54] could contaminate 
the observation of a uniform aging process in the spine and 

potentially weight related matters as well. While the align-
ment of our study's results with epidemiological �ndings of 
back pain suggests that in�ammation may offer a partial eti-
ology for weight related non-speci�c back pain, there was no 
information as to whether subjects suffered from any spine 
related pain; therefore, such results cannot yet be deemed 
directly determinative of pain. Accordingly, a larger PET stu-
dy of subjects with non-speci�c back pain is required to fully 
elucidate the implications of these �ndings.

18In conclusion, this study has illustrated the potential of F-
FDG PET in assessing metabolic processes in the spine. While 

18the non-speci�city of F-FDG complicated the global asses-
sment of age related in�ammation, this study provided likely 
evidence of weight dependent in�ammation in the thoracic 
and lumbar spines. Our study provides a metabolic un-
derstanding of the spine with age and weight; accordingly, 
this study offers a precedent which should be expanded 
upon by further PET studies in populations affected by back 
pain.   

The authors declare that they have no con�icts of interest.
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