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INTRODUCTION
Sarcopaenia, defined by the loss of muscle mass and 
strength, is estimated to affect around 9–18% of individ-
uals over the age of 65 years old.1 To date several studies 
have demonstrated adverse outcomes following abdom-
inal surgery to be associated with sarcopaenia indicating a 
potential role in patient risk stratification.2–7 The two domi-
nant methods used to radiologically quantify sarcopaenia 
include the measurement of the total psoas muscle area 
(TPMA) or total abdominal muscle area, which typically 
includes the: psoas, erector spinae, quadratus lumborum, 
transversus abdominis, external and internal oblique’s, and 
rectus abdominis muscles. Measurements are universally 
made from single slice imaging at the level of the third 
lumbar vertebrae or umbilicus.2–7

Manual tracing and the semi-automated technique are 
two commonly used methods to measure TPMA.2–7 The 

manual technique involves the observer to draw freehand 
around the psoas to calculate its axial area. Alternatively, 
the semi-automated technique is based on Hounsfield unit 
(HU) thresholds that can be utilised to highlight skeletal 
muscle automatically.2,3,7 Both these methods described 
require a limited knowledge of anatomy to identify the psoas 
muscle and delineate it from the quadratus lumborum and 
crura.

Despite the reported use of both image analysis methods 
extending over 30 years, there is limited evidence to suggest 
whether observer clinical experience has any influence 
on measurement accuracy and reproducibility when util-
ising either method. It is on this background we aimed to 
investigate whether clinical experience influences observer 
measurement of TPMA. Secondly, we investigated whether 
the TPMA measurements were influenced by the measure-
ment technique used.
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Objective: The measurement of total psoas muscle area 
(TPMA) on CT imaging is commonly made using either 
manual tracing or a semi-automated technique. We exam-
ined whether clinical experience influenced measurement 
of TPMA when utilising these two commonly used methods 
and describe the relationship between techniques.
Methods: Pre-operative cross-sectional CT imaging of 
114 consecutive patients undergoing elective endovas-
cular aneurysm repair were analysed. Retrospective 
measurements of the TPMA were performed by four 
independent investigators with a range of clinical expe-
rience (medical student to specialist surgical registrar) 
using either technique. Intra- and inter-observer differ-
ences were assessed.
Results: There was no significant intra- or inter-ob-
server differences when measuring the TPMA. Clinical 

experience also did not influence TPMA measurements 
recorded. Significant differences were observed between 
techniques when measuring TPMA (mean −65.8, 
239.3 SD, p = 0.004). Measurement differences between 
techniques were highly correlated and modelled using 
linear regression.
Conclusion: Both manual tracing and semi-automated 
technique quantification methods of measuring TPMA 
are highly reproducible and independent of assessor 
bias and clinical experience.
Advances in knowledge: Either of the commonly used 
techniques to measure TPMA may be reliably used by 
an individual with appropriate training. We describe a 
relationship to facilitate comparison between these 
methods by which sarcopaenia may be quantified in 
patients with routine CT imaging.
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METHODS and materials
We analysed anonymised pre-operative cross-sectional 
abdominal CT scans in patients who had undergone elective 
endovascular aneurysm repair for an abdominal aortic aneu-
rysm. Pre-operative CT imaging of the abdomen is routinely 
performed on all patients undergoing planned elective inter-
vention, in the supine position with a breath-hold to minimise 
motion artefact. Consecutive patients were identified from a 
prospectively maintained database, the Health Quality Improve-
ment Partnership National Vascular Registry), from January 
2008 to December 2014.8 Inclusion into the study required the 
patient to have a cross-sectional CT image available at the level 
of the third lumbar vertebrae on the local picture archiving and 
communications system.9 Patients were excluded if the proce-
dure was an open surgical repair, acute endovascular aneurysm 
repair, regional cases (where images were not available) or if they 
had incomplete imaging.

This study followed the Strengthening the Reporting of Obser-
vational Studies in epidemiology guideline for reported retro-
spective cohort studies. Ethical approval was granted by the local 
radiology research authorisation group and Health Research 
Authority (IRAS project ID, 228484).

Observer selection
Four independent observers were selected based solely on clinical 
experience from a selection of employees and students working 
within the academic department of the Leeds Vascular Institute 
at the Leeds Teaching Hospitals NHS Trust. These included two 
doctors with 2 years postgraduate clinical experience (Observers 
1 and 2), surgical registrar with 5 years postgraduate clinical 
experience (Observer 3) and a second-year medical student 
(Observer 4). Observers 1 and 2 were selected so that differences 
in measurements between methods could be assessed indepen-
dent of bias of clinical experience. Observer 3 was selected to 
ensure anatomical familiarity. Observer 4 was selected as they 
were in the early years of training to ensure knowledge relating 
to anatomy was limited.

Data collection
Demographic data collected included age, gender, height and 
weight. All images were assessed for inclusion by a single inves-
tigator. Transverse cross-sectional images at the level of the 
transverse processes were identified by counting up from the 
sacrum to the third lumbar vertebrae on the sagittal view of the 
abdomen. Images were subsequently downloaded in the digital 
imaging and communications in medicine format with preser-
vation of actual dimensions to avoid magnification indices and 
scales.

Image analysis
Individual observers were trained by an experienced investigator 
(consultant radiologist for the manual tracing method and surgical 
registrar for the semi-automated technique method). Manual 
tracing was performed using a free version of OsiriX 6.0 (Pixmeo 
SARL, Bernex, Switzerland) by identifying the psoas muscle and 
drawing around the presumed border (Figure 1a).10 The semi- 
automated technique was performed using ImageJ (National 

Institutes of Health, Bethesda, MD) by circling around a region 
within which the psoas muscle was evident after setting the HU 
range between −30 and 130 (Figure 1b).11 ImageJ is a free open 
platform image processing software developed by the National 
Institutes of Health (https://​imagej.​nih.​gov/​ij/) which may be 
used to process digital imaging and communications in medi-
cine images. We acknowledge that there are a variety of other 
software packages which may have been used for this purpose.

Images were analysed by measuring both the left psoas muscle 
area (LPMA) and right psoas muscle area (RPMA), and subse-
quently deriving the TPMA. Observers were trained to identify 
and exclude the quadratus lumborum and crura. All images 
were individually analysed using either the manual tracing or 
semi-automated technique method by Observers 1 and 2 respec-
tively. 50 images were subsequently randomly selected using a 
random number generator (https://www.​random.​org). The two 
initial observers (Observers 1 and 2) reanalysed the images 
blinded to the results obtained from their initial analyses so that 
any intra-observer differences could be identified. We felt it to be 
unlikely that observers would be able to recall the measurements 
of all 100 measurements (50 LPMA and 50 RPMA) they had 
previously recorded. The images were then analysed with manual 
tracing by Observer 3 and then using semi-automated technique 
by Observer 4. This facilitated the assessment of inter-observer 

Figure 1.  Example of transverse cross-sectional digital image 
of the same patient assessed using (a) the manual training 
method and (b) the semi-automated technique.
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differences in measurements based on clinical experience. All 
observers were blinded to the results of other observers.

Statistical analysis
All measurements were calculated as an area (square milli-
metre). Continuous variables were reported as a mean alongside 
a 95% confidence interval (95% CI) or standard deviation (SD). 
Intra-observer and inter-observer differences were evaluated for 
measurements of TPMA using Bland–Altman plots and differ-
ences in measurements evaluated using Student’s t-test. The 
limits of agreement were calculated from the SD of differences 
calculated between observer measurements. Prior to comparing 
both methods all measurements of TPMA obtained for each 
technique were averaged to minimise observer error. The rela-
tionship between the two assessment modalities was similarly 
assessed using a Bland–Altman plot and trends validated using 
Pearson’s correlation and linear regression. Statistical signifi-
cance was defined as p < 0.05. Statistical analyses were performed 
using Minitab 17 (Minitab Inc, Coventry, Pennsylvania).12

RESULTS
Overall 471 patients were identified initially from the National 
Vascular Registry. A total of 114 patients (24%) were identi-
fied to be eligible for measurement of the TPMA (Figure  2). 
Corresponding CT imaging were performed between January 

2008 and December 2014. In this cohort 97 patients were males 
(85.1%) and the mean age was 76 years [95% CI (74.8–77.6)]. 
The mean height was 171 cm [95% CI (169.3–174.1)] and mean 
weight 81.3 kg [95% CI (77.0–85.5)].

Methods of image analysis
The mean TPMA measured by Observer 1 using manual tracing 
was 2055.6 mm2 (SD 537.2). Repeat assessment by Observer 1 
did not highlight any significant intra-observer differences in 
measurements (mean difference −8.9 mm2, SD 94.4, p-value = 
0.508) (Figure 3a). Mean TPMA measurements by Observer 3 
using manual tracing were 2070.1 mm2 (SD 567.6). No signifi-
cant inter-observer differences were evident when using manual 
tracing (mean difference −14.5 mm2, SD 120.1, p-value 0.399) 
(Figure 3b). When utilising the semi-automated technique mean 
TPMA measurements by Observer 2 were 2137.4  mm2 (SD 
569.8). Again repeat assessment by Observer 2 did not high-
light any significant intra-observer differences (mean difference 
−6.6 mm2, SD 65.0, p-value = 0.479) (Figure 3c). Mean measure-
ment of TPMA using semi-automated technique by Observer 4 
was 2142.1 mm2 (SD 577.6). No significant inter-observer differ-
ences were observed when using the semi-automated technique 
(mean difference −4.7, SD 60.3, p-value = 0.585) (Figure 3d).

Measurement of the TPMA was significantly lower with manual 
tracing (mean difference −65.8, SD 239.3  mm2, p < 0.0005) 
(Table  1). This may be due to the measurement of the LPMA 
being significantly lower with manual tracing compared to 
semi-automated assessment (mean difference 46.5  mm2, SD 
133.9 mm2, p < 0.0005). Furthermore comparative measurements 
of the RPMA with manual tracing had a slight negative skew in 
relation to measurements with the semi-automated technique 
(skewness −0.07) implying a trend towards lower measurements 
of the RPMA with MT. Despite these significant differences in 
measurements between both techniques, measurements were 
significantly correlated on Pearson’s correlation which could be 
modelled using linear regression (Table 1 and Figure 4).

Intra-observer and inter-observer differences
The range of clinical experience of observers is shown in Figure 5. 
Comparison of differences in measurements by Observers 1 and 
3 were not significant as described above. Similarly, there were 
no significant differences in measurements by Observers 2 and 
4. Comparison of corrected semi-automated technique measure-
ments by Observer 4, using the linear regression equation 
calculated (Figure 4), there were significant differences between 
measurements by Observers 3 and 4 (mean difference −2 mm2, 
SD 199.7, p-value = 0.985). Clinical experience did not appear 
to make any significant difference when measuring the TPMA 
using either of the two dominant techniques.

DISCUSSION
This study, to our knowledge, is the first to explore the impact 
of observer clinical experience on the measurement of TPMA. 
Furthermore, we add to the existing evidence that both manual 
tracing and semi-automated technique are robust and results 
reproducible following basic training from an experienced 
investigator.

Figure 2.  Flow chart illustrating the inclusion and exclusion 
of local patients identified from the NVR.  AAA, abdominal 
aortic aneurysm; EVAR, endovascular aneurysm repair; NVR, 
National Vascular Registry.
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Risk stratification is a key component when planning for elec-
tive intervention or treatment in a multi-disciplinary setting.13,14 
Decisions are often based on patient co-morbidity, investigation 

results, patient preference and clinical suitability. The additional 
assessment of risk based on sarcopaenia would require the accu-
rate and reliable measurement of the TPMA. Our data suggest 

Figure 3.  Bland–Altman plots to assess intra- and inter-observer differences when using manual tracing and semi-automated 
technique to measure TPMA. TPMA, total psoas muscle area.

Table 1.  Statistical comparison of psoas muscle measurements by observers comparing manual tracing and the semi-automated 
technique

Psoas muscle 
area

Manual 
tracing

(mean, SD)

Semi-
automated 
technique

(mean, SD)

Inter-method 
difference

(mean difference, 
SD)

p-value
(t-test)

Pearson’s 
correlation

Correlation 
p-value

R2
(adjusted)

LPMA (mm2) 1009.6 (272.4) 1056.1 (258.1) −46.5 (133.9) <0.005 0.874 <0.0005 76.2%

RPMA (mm2) 1015.2 (275.1) 1034.5 (271.4) −19.3 (148.4) 0.168 0.853 <0.0005 72.5%

TPMA (mm2) 2024.8 (527.1) 2090.6 (511.7) −65.8 (239.3) 0.004 0.894 <0.0005 79.8%

LPMA, left psoas muscle area; RPMA, right psoas muscle area; TPMA, total psoas muscle area.

Figure 4.  Bland–Altman plot and linear regression analysis assessing inter-method measurement differences in the measurement 
of TPMA with manual tracing and semi-automated technique. TPMA, total psoas muscle area.
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