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Association between Age and Trunk Muscle Area 
and Density in Patients with Spinal Metastases
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Study Design: A retrospective study.
Purpose: This study aimed to evaluate the relationship between age and trunk muscle composition and between trunk muscle compo-
sition and overall survival in patients with spinal metastasis.
Overview of Literature: A low skeletal muscle mass is associated with a poor overall survival in patients with cancer. However, no 
previous studies have evaluated the relative effects of age and disease on muscle mass and muscle quality in patients with advanced 
cancer.
Methods: This study included 539 patients diagnosed with spinal metastasis from February 2009 to July 2018. The patients were cate-
gorized into four groups based on age: <59, 60–69, 70–79, and ≥80 years. Differences in trunk muscle composition among age groups 
and among groups were classified on the basis of survival (< or >3 months after spinal metastasis diagnosis) were evaluated.
Results: In total, 515 patients (273 men, 242 women; mean age, 67.8 years) with complete medical records were included in the 
analysis. No significant differences were observed in the area of the psoas and paravertebral muscles among age groups in either 
sex. A significant trend toward a low muscle density with the increase in age was found for both sexes. Patients who survived less 
than 3 months had significantly smaller trunk muscle area than those who survived for more than 3 months in both sexes.
Conclusions: The results suggest that the reduction in muscle density is associated with advanced age, whereas a decreased muscle 
area is associated with pathology. Additionally, a small trunk muscle area was associated with a short overall survival. Further stud-
ies are needed to elucidate the underlying mechanisms of age- versus cancer-related changes in the muscle area and their influence 
on overall survival.
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Introduction

Bone is the third most common site of metastasis after 
lung and liver [1], whereas the spine is the most common 
site for bone metastasis [2,3]. Recently, morphometric 
analyses of the trunk muscles have attracted attention be-

cause of the relationship between morphometric findings 
and overall survival or surgical outcomes in patients with 
cancer. A meta-analysis and systematic review reported 
that a low skeletal muscle mass was associated with a 
short overall survival among patients with cancer [4].

Advanced cancer often causes rapid weight loss, includ-
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ing deterioration in muscle mass. Muscle loss in patients 
with advanced cancer has been attributed to two distinct 
mechanisms: sarcopenia, which is defined as the age-
related decrease in muscle mass and muscle function 
[5], and/or cachexia, which is defined as the weight loss 
resulting from an underlying illness [6]. A review article 
that investigated muscle loss among patients with cancer 
recorded that 15%–50% were sarcopenic, and 25%–80% 
were cachectic [7]. Malnutrition affects the muscle com-
position and can increase the risk of surgical site infection 
following spinal surgery, which then can directly influence 
the survival of patients.

The effect of aging on muscle size and quality has been 
reported in patients with lumbar disease and in healthy 
volunteers. Previous studies of non-cancer patients re-
vealed that the trunk muscle area is age dependent [8-
11] and the presence of age-dependent progressive fatty 
infiltration [9-13]. Identification of the etiology of loss of 
muscle mass and quality in patients with cancer is impor-
tant because the treatments for sarcopenia and cachexia 
differ; however, no previous studies have analyzed the dif-
ferential effects of age and cancer on muscle composition 
in patients with spinal metastasis. This study aimed to 
investigate the association between age and trunk muscle 
composition in patients with spinal metastasis. We also 
analyzed the relationship between the trunk muscle com-
position and overall survival in this population.

Materials and Methods

1. Study population

The data from 539 patients who were diagnosed with spi-
nal metastases at our institution from February 2009 to 
July 2018 were retrospectively reviewed. Spinal metastases 
were radiologically diagnosed with computed tomography 
(CT), magnetic resonance imaging, or positron emission 
tomography. The primary site was categorized as having 
slow, moderate, or rapid growth, in accordance with pre-
vious reports [14]. The minimum follow-up period after 
diagnosis of spinal metastasis was 3 months, except in 
cases of death before 3 months. We excluded 24 patients 
who had incomplete clinical or radiological data. Given 
the anonymous nature of the data, the requirement for 
informed consent was waived. This study was approved 
by the Institutional Review Board of Yodogawa Christian 
Hospital (approval no., 2019-035). The requirement for 

informed consent from individual patients was omitted 
because of the retrospective design of this study.

2. Outcome measures

The primary outcome was the relationship between trunk 
muscle composition and age in patients with spinal me-
tastasis. The psoas major, paravertebral muscle area, and 
density were measured as indicators of the trunk muscle 
composition. Age was categorized into four groups: <59, 
60–69, 70–79, and ≥80 years. The secondary outcome was 
the association between trunk muscle composition and 
overall survival in patients with spinal metastasis. Poor 
overall survival was defined as the survival of less than 3 
months after the diagnosis of spinal metastasis.

3. Measurements

The bilateral psoas major and paravertebral muscles 
(multifidus and erector muscles) were measured by ag-
gregating the cross-sectional area (mm2) at the L3 level on 
CT images captured at the time closest to the diagnosis 
of spinal metastasis. The L3 level was used as a standard 
landmark because its correlates best with whole-body 
muscle mass [15,16]. The muscle area was normalized 
for patient height (m2) to calculate the muscle indexes 
for the psoas muscle in mm2/m2. The muscle density was 
evaluated based on the muscle radiation attenuation rate 
in Hounsfield units (HU). Adipose tissue and skeletal tis-
sue areas were defined in accordance with standard HU 
ranges (−190 to −30 HU for adipose tissue and −29 to 150 
HU for skeletal muscle) [17].

4. Statistical analysis

The significance of differences in demographic charac-
teristics and composition of trunk muscles among age 
groups was tested by one-way analysis of variance, with 
post hoc testing performed with the Bonferroni method 
for continuous variables and with chi-square tests for cat-
egorical data. The Jonckheere-Terpstra trend test was used 
to identify trends in the relationship among age, trunk 
muscle area, and density. The analysis of covariance ad-
justed for age was performed to examine the trunk muscle 
area and density among patients who survived more than 
3 months versus those who survived less than 3 months.

Survival was estimated with the Kaplan-Meier method, 
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and survival estimates were compared with the log-rank 
test. Data were censored on September 30, 2019. Patients 
who were lost to follow-up were censored at the date of 
last contact/follow-up. Patients who were alive on Septem-
ber 30, 2019 were censored for overall survival analysis. 
Overall survival was calculated from the date of diagnosis 
of spinal metastasis to the date of death. IBM SPSS Statis-
tics ver. 19.0 (IBM Corp., Armonk, NY, USA) was used 
for all statistical analyses; p<0.05 was considered statisti-
cally significant.

Results

A total of 515 patients were included in this study. The 
mean patient age was 67.8 years (range, 21–93 years); 53% 
of patients were male. The most frequent primary site 
was the lung (187 patients, 36%), followed by breast (92 
patients, 18%) and prostate (57 patients, 11%) (Table 1). 
A total of 49 patients (10%) underwent surgery for spinal 
metastasis, 229 patients (44%) received radiation therapy 
for spinal metastasis, and 342 patients received bone-

modifying agents (66%). Table 2 shows the patients’ de-
mographic and clinical data by age group. Among women, 
the oldest age group (>80 years) had a higher proportion 
of patients with rapid growth and poor performance sta-
tus than other age groups.

1. Survival

The overall median survival time for all patients was 10.9 
months. The overall median survival time among women 
was significantly longer than that among men (18.3 versus 
7.3 months, respectively; p<0.001). Survival curves were 
significantly different in patients ≥80 years versus those 
<59 years in both sexes (Fig. 1).

2. Muscle area and density

The area of the psoas and paravertebral muscles was not 
significantly different among the age groups for either sex 
(Fig. 2). A statistically significant trend toward the low 
density of the psoas and paravertebral muscles with high 
age groups was observed for both sexes (Fig. 3). Among 
men, muscle density in patients aged over 80 years was 
significantly lower than that in patients aged less than 79 
years. Among women, muscle density in patients aged 
over 70 years was significantly lower than that in patients 
aged less than 59 years. Table 3 shows the differences in 
demographic characteristics, trunk muscle area, and den-
sity among patients who survived for more than 3 months 
versus those who survived less than 3 months. The pa-
tients who survived for less than 3 months were signifi-
cantly older than those who survived more than 3 months 
in both sexes. The analysis of covariance adjusted for age 
showed that psoas major and paravertebral muscle areas 
were significantly lower in patients who survived for less 
than 3 months than those who survived for more than 3 
months.

Discussion

This study investigated the relationship between the 
trunk muscle composition and age in patients with spinal 
metastasis. The bilateral psoas major and paravertebral 
muscles were measured by aggregating the cross-sectional 
area at the L3 level on CT images. The results revealed 
that the area of the trunk muscles did not significantly 
differ among the age groups; however, a significant trend 

Table 1. Type of primary cancer

Characteristic Total 
(n=515)

Men 
(n=273)

Women 
(n=242) Age (yr)

Age (yr) 67.8±11.2 70.0±9.7 65.4±12.2

Primary site

Lung cancer 187 (36) 112 75 68.7±9.9

Breast cancer 92 (18) 0 92 61.1±11.6

Prostate cancer 57 (11) 57 0 73.1±7.5

Colon and rectal cancer 32 (6) 16 16 66.6±10.5

Gastric cancer 27 (5) 21 6 67.3±9.7

Hepatocellular carcinoma 17 (3) 11 6 72.7±9.4

Multiple myeloma 11 (2) 6 5 64.0±17.4

Malignant lymphoma 11 (2) 4 7 69.6±11.6

Pancreatic cancer 10 (2) 5 5 72.6±7.2

Renal cell carcinoma 9 (2) 7 2 71.4±9.5

Bladder cancer 8 (2) 6 2 76.8±7.8

Biliary tract cancer 7 (1) 4 3 71.7±10.6

Thyroid cancer 7 (1) 2 5 61.7±23.1

Esophageal cancer 6 (1) 5 1 66.5±6.4

Uterine cancer 5 (1) 0 5 58.8±12.7

Unknown origin 15 (3) 11 4 69.6±12.7

Other 14 (3) 6 8 70.3±12.5

Values are presented as mean±standard deviation or number of patients (%).
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toward the low density of the trunk muscles was observed 
with older age. Additionally, a low trunk muscle area was 
associated with poor overall survival.

1. Relationship between age and trunk muscle area

We observed that the trunk muscle area did not differ 
among age groups of men or women. Previous studies of 

Table 2. Demographic characteristics

Characteristic
Age group (yr)

p-value
<59 60–69 70–79 ≥80

Male patients

No. of patients 33 92 107 41

BMI (kg/m2) 21.8±3.7 22.2±3.6 21.8±3.1 21.4±3.6 0.851

Primary sitea) 0.147

Slow growth   6 15 24   7

Moderate growth 10 11 19 11

Rapid growth 17 66 64 23

ECOG performance status 0.124

0–2 25 58 65 20

3–4   8 34 42 21

Female patients

No. of patients 72 66 75 29

BMI (kg/m2) 21.2±3.7 21.6±3.8 22.2±4.0 21.3±3.2 0.427

Primary sitea) 0.022

Slow growth 26 25 16   6

Moderate growth 28 25 34   7

Rapid growth 18 16 25 16

ECOG performance status <0.001

0–2 59 49 50 10

3–4 13 17 25 19

Values are presented as number or mean±standard deviation.
BMI, body mass index; ECOG, Eastern Cooperative Oncology Group.
a)Categorized according to Katagiri et al. [14].
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patients without cancer have shown mixed results on the 
association between age and trunk muscle area, partly be-
cause of the differences in pathology among studies. Sev-
eral studies have revealed that trunk muscle area was age 
independent [12,18], but this result conflicted with that of 
several other studies [8-11].

Among patients with advanced cancer, muscle loss can 
result from sarcopenia, which is defined as the age-related 
decrease in muscle mass associated with changes in 
muscle synthesis signaling pathways [5], and/or cachexia, 
which is defined as the cytokine-mediated degradation of 
muscle and adipose depots [6]. We noted that the trunk 
muscle area did not differ among age strata. Thus, age had 
little effect on trunk muscle area. A possible explanation 
for this finding is that the presence of advanced cancer 
dramatically increases muscle loss, especially in young pa-

tients. This finding suggests that reduction in muscle area 
is more affected by pathology than advanced age.

2. Relationship between age and trunk muscle density

This study showed that the density of the psoas major and 
paravertebral muscles decreases with age in patients with 
spinal metastasis. A low muscle density indicates a high 
amount of fatty infiltration in the muscle. Several studies 
have analyzed fatty infiltration by using magnetic reso-
nance imaging [10-12] or CT [9,13] in patients with and 
without lumbar disease; these reports showed the pres-
ence of age-dependent progressive fatty infiltration and 
agree with this study of patients with spinal metastasis. 
In contrast to muscle mass, trunk muscle density is not 
greatly affected by advanced cancer. Although why muscle 
density is more related to aging than advanced cancer 
remains unclear, this parameter is not likely related to the 

Fig. 3. Density of psoas major and paravertebral muscles in men (A) and 
women (B) according to age group. ANOVA, analysis of variance.
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effect of advanced cancer on muscle fat infiltration.
This study also showed that in elderly patients, fatty de-

generation was more prominent in paravertebral muscles 
than in the psoas muscle (Fig. 3), a finding similar to the 
results of a study in patients without cancer [13]. Age 
seemed to affect degeneration in the paravertebral mus-
cles more than in the psoas muscle. This difference might 
be related to muscle type-specific degeneration [13].

3.   Association between trunk muscle area and overall 
survival

This study showed that trunk muscle area was significant-
ly smaller in patients who survived for less than 3 months 
than in those who survived for more than 3 months. Sev-
eral recent studies have revealed a relationship between 
skeletal muscle mass and outcomes in patients with can-
cer. A meta-analyses and systematic review reported that 
a low skeletal muscle mass is associated with a short over-
all survival [4]. Similarly, this study showed an associa-
tion between the low trunk muscle area and poor overall 
survival in patients with spinal metastasis.

Patients with spinal metastasis typically present with 
back pain, neurological symptoms, and/or signs of me-
chanical instability. Additionally, the malignant disease 
itself causes the loss of muscle mass and low muscle func-
tion. A retrospective study showed that rehabilitation 
improved functional outcomes in patients with spinal 
metastasis. Furthermore, those who achieved a high func-
tional gain after rehabilitation had longer survival [19]. 

Therefore, rehabilitation is important to regain functional 
ability, regardless of age.

Several limitations of this study should be acknowl-
edged. First, its retrospective nature was a limitation; the 
treatment of spinal metastases and systemic treatments 
for primary cancer were not uniform. Second, the analy-
ses remain subject to biases resulting from unobserved 
confounding factors, such as the interval after the diagno-
sis of primary cancer or spinal metastasis. Further studies 
with a larger sample size and propensity score matching 
to reduce bias should be conducted to confirm the present 
results.

Conclusions

This study examined the relationship between age and 
trunk muscle area and density in patients with spinal me-
tastasis. The results suggest that the reduction in muscle 
density is associated with advanced age, whereas a de-
creased muscle area is associated with pathology. Addi-
tionally, a low trunk muscle area was associated with poor 
overall survival. Further studies are needed to elucidate 
the underlying mechanisms of age- versus cancer-related 
changes in the muscle area and their influence on overall 
survival.
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Table 3. Comparison of trunk muscle area and density among patients surviving more than 3 months versus those surviving less than 3 months

Variable
Men Women

Survival >3 mo Survival <3 mo p-value Survival >3 mo Survival <3 mo p-value

No. of patients 190 83 199 43

Age (yr) 69.0±9.9 72.1±9.1 0.015     64.6±11.9     69.0±13.3 0.034

Body mass index (kg/m2) 22.2±3.4 20.9±3.5 0.005   21.9±3.9   20.4±3.0 0.020

Muscle area (mm2/m2)

Psoas major muscle 451±9 406±14 0.008a) 325±7   286±16 0.033a)

Paravertebral muscle 1457±22 1298±34 <0.001a) 1351±18 1238±40 0.011a)

Muscle density (HU)

Psoas major muscle 41.3±0.6 39.2±1.0 0.058a)   39.6±0.7   36.0±1.4 0.028a)

Paravertebral muscle 32.9±0.8 31.7±1.3 0.445a)   24.2±1.0   22.3±2.3 0.451a)

Values are presented as number or mean±standard deviation.
HU, Hounsfield units.
a)Adjusted for age.
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