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Introduction

Lung cancer is the leading cause of cancer-related mortality 
in men and women worldwide (1). This is mainly due to 
the fact that lung cancer patients are mostly asymptomatic 
in early stages. Patients presenting with symptoms such 
as cough or chest pain in the clinics often already have 
advanced lung cancer with very limited survival time despite 
of treatment. Therefore, early detection of lung cancer is 
extremely important. 

The National Lung Screening Trial (NLST), a large-scale 
randomized controlled trial including over 53,000 participants, 
has demonstrated that low-dose computed tomography 
(LDCT) screening for individuals at high risk for lung 
cancer, reduced lung cancer mortality by 15–20%, when 
compared to chest radiographs (2). The result of NLST 
was translated by several U.S. medical associations, 

including the U.S. Preventive Service Task Force, into 
recommendation for lung cancer screening using LDCT 
for high-risk individuals (3,4). Since February 2015, lung 
cancer screening for high risk individuals is covered by 
Medicare (5).

Despite of the benefits regarding lung cancer related 
mortality reduction brought by LDCT lung cancer 
screening, a major drawback of lung cancer screening is 
its high rate of false-positive screen results. A challenging 
problem in lung cancer screening is the high prevalence of 
small-to-intermediate sized (<500 mm3 or <10 mm) lung 
nodules found in LDCT lung cancer screening. Up to 66% 
of participants enrolled for LDCT lung cancer screening 
have at least one lung nodule, with the large majority 
being benign (6). Across all three screening rounds of the 
NLST, 24.2% of participants received a positive screen 
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result, 96.4% of these were false-positive (2). Although 
most nodules were classified as benign by non-invasive 
follow up scans, false-positive screening results may cause 
anxiety and unnecessary invasive diagnostic procedures in 
some participants, which may come with complications 
and increased healthcare cost. In order to reduce the false-
positive rate, a method to accurately identify malignant 
nodules is required. 

Diameter measurements are widely used in CT 
lung cancer screening. Due to its simplicity, it is easily 
applicable and it is currently the main method worldwide 
for measuring lung nodule size. A number of medical 
associations have incorporated diameter measurement in 
their recommended nodule management protocol, including 
the Fleischner society lung nodule recommendations and 
the Lung CT screening reporting and data system (Lung-
RADS) (7,8). With the advent of thin slice CT, more 
than a decade ago, as well as the availability of three-
dimensional segmentation software, semi-automated 
volume measurements of lung nodules have become a 
valuable alternative option. The Dutch-Belgian lung cancer 
screening trial (NELSON) is the first large scale lung 
cancer screening trial that based its nodule management 
protocol on semi-automatically measured volume of lung 
nodules instead of manually measured diameter, and 
on nodule growth in terms of volume-doubling time. 
Implementation of an extra screen result for indeterminate 
lung nodules (volume 50–500 mm3 or volume-doubling 
time (VDT) 400–600 days at incidence screens) leading 
to an extra short term LDCT, had led to a far lower false-
positive rate compared to NLST (1.7% vs. 26.6%), a 
comparable sensitivity (92.5% vs. 93.5%) and a significantly 
higher specificity (98.3% vs. 73.4%) at baseline (2,9). 

Several nodule characteristics were shown to be 
associated with lung cancer. Lung nodule margin may also 
help with differentiation of malignant from benign nodules. 
Spiculated and lobulated nodules have higher probability of 
being malignant compared to round nodules with smooth 
margin (10-13). However, nodule size and nodule growth 
rate were found to be most important predictors (14-19).

In lung cancer screening management protocols, 
nodules are divided to different risk groups by diameter or 
volume-based cutoffs for new nodules, and nodule growth 
or growth rate cutoffs for existing ones. Accurate nodule 
size estimation is necessary for correct classification of 
nodules to their risk groups. Misclassification of a nodule 
could potentially result in under- or overestimation of its 
malignancy probability, misdiagnosis or over-diagnosis of 

lung cancer, along with increased frequency of unnecessary 
invasive diagnostic procedures.

This review first focuses on the two largest CT lung 
cancer screening studies that have used diameter or volume 
measurements for the estimation of lung nodule size. 
Secondly, inter- and intrareader variability studies for 
both volume and diameter measurement will be discussed. 
Thirdly, an overview of recent phantom studies focusing on 
the accuracy and precision for volume- and diameter based 
measurement will be provided. Fourthly, the influence 
of CT-scan and reconstruction parameters on volume 
measurements will be discussed. Finally, future perspectives 
on lung nodule measurements will be proposed.

Lung cancer screening

In the NLST, nodule management was based on manually-
measured maximum nodule diameter, or diameter growth 
on follow-up CTs. Participants with nodules of ≥4 mm or 
with increase in diameter of at least 10% were considered 
screen positive (20). However, for a nodule 4 mm in 
diameter, a 10% increase would mean 0.4 mm, which lies 
within the range of the 95% confidence interval of manual 
measurements of small nodules.

To reduce the high false positive rate of the NLST, 
the American College of Radiology released Lung CT 
Screening Reporting and Data System (Lung-RADS), a 
classification system for LDCT lung cancer screening. 
According to Lung-RADS, lung nodules are classified based 
on maximum diameter for round nodules and based on 
mean diameter measurement (mean of maximum transverse 
diameter and perpendicular diameter) for non-round 
nodules, instead of the use of only maximum diameter in 
NLST. The diameter cut-off for benign nodules has been 
increased from 4 to 6 mm. Two intermediate categories, 
which are also considered as positive result were added, a 
6–8 mm category (6-month follow-up) and an 8–15 mm 
category (3-month follow-up). Growth has been defined as 
a 1.5 mm increase in diameter, instead of the 10% criterion 
in the NLST protocol. A growing nodule will be moved 
up from its original category to a higher risk category, 
requiring more intensive management. Additionally, 
nodules presenting with additional imaging findings such as 
spiculation, ground glass nodule that doubles in size within 
a year, as well as enlarged lymph nodes may be classified 
into a higher risk group.

The increase of cut-off for benign nodules may decrease 
the sensitivity for malignant nodules. In a retrospective 
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study, where Pinsky et al. applied Lung-RADS criteria to 
the NLST protocol, it was found that Lung-RADS protocol 
showed a higher specificity when compared to the NLST 
protocol (87.2% vs. 73.4%). However, the lung cancer 
sensitivity of Lung-RADS is lower than NLST (84.9% vs. 
93.5%) (3). In another study, where Lung-RADS was applied 
to a total of 2,180 screening subjects with high-risk for lung 
cancer, of which 577 (26%) of patient’s clinical follow-up 
was unavailable, McKee et al. have shown that reclassifying 
nodules between 4 mm and 6 mm in diameter from a positive 
to a negative screen result did not cause an increase in false-
negative results (4). However, in this study the number 
of nodules that were reclassified, only 152, was limited. 
Given in NLST, nodules of this size category (4–6 mm)  
had a positive predictive value for lung cancer of 0.5% (2), 
and 0.8 out of the 152 nodules predicted to be false positive. 
Therefore, more research is needed to confirm these results.

The NELSON trial is a large-scale randomized-

controlled lung cancer screening trial investigating whether 
LDCT can reduce lung cancer related mortality by 25% 
compared to no screening at 10-year follow-up. One of 
the main differences between NELSON and NLST is 
the fact that whereas NLST used nodule diameter as its 
indicator to assess nodule size and growth, NELSON used 
semi-automatically measured nodule volume. In contrast 
to NLST, which followed a black and white approach in 
classifying nodules, NELSON introduced an intermediate 
screen result (volume 50–500 mm3) for nodules with highest 
uncertainty in their nature, in addition to a negative screen 
result (volume <50 mm3) and a positive screen result (volume 
>500 mm3). Screenees with an indeterminate result received 
a short-term follow-up by low-dose chest CT. Nodules 
that had grown by 25% in volume at the short term follow-
up CT, and had a VDT <400 days, were considered to be 
positive. Although the final results of the NELSON trial 
are still awaited, it was found that the NELSON strategy 
led to a much higher positive predicted value compared 
to diameter-based protocols, with comparable lung cancer 
sensitivity and negative predictive value (9).

Inter- and intrareader variability of nodule volume 
and diameter

Inter- and intrareader variability studies have played 
an important role in the development of rel iable 
diagnostic tools, and understanding of the variability 
of screening outcomes in the field of lung cancer 
screening. A measurement method that yields low 
inter- and intravariability results in consistent treatment 
recommendations. For this, a measurement needs to be 
objective and has to be an accurate representation of the 
true size of the object that is being measured. It is therefore 
logical to assume that estimating nodule size by semi-
automated volume measurements is a superior method 
compared to manual diameter measurements (Figure 1). 
Since there is limited number of studies that compare 
inter-and intrareader variability of small-sized lung nodule 
measurements, studies comparing volume- and diameter 
measurements of larger lesions will also be discussed.

In a study where 54 solid nodules were measured 
diameter wise by multiple radiologists, Revel et al. found 
that for intrareader variability, 1.6 mm growth cut-off 
would ensure the detection of true growth, while for 
multiple radiologists a 1.7 mm growth cut-off would ensure 
the detection of true growth (21). This study was performed 
with a single CT scan. It is known that lung nodules are 

Figure 1 Transverse images of a solid pulmonary nodule and 
its location (A), semi-automatically assessed volume (B) and two 
possible manual diameter measurements (C) and (D).
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rarely symmetrical or spherical in shape, and the variation 
of inspiration level during CT scanning can cause nodules 
to be scanned at a differing rotational position, thus adding 
additional variability to diameter measurements. “Coffee 
break” studies, where measurement variability is evaluated 
after repeat CT scans within 15 minutes, can demonstrate 
the inherent variability of inspirational variation. In a 
study where 30 non-small cell lung cancers with mean 
lesion size of 3.7 cm (range: 1.0–8.0 cm) were evaluated 
for measurement variability using repeat CT scans within  
15 minutes, the 95% limits of agreement was found to be 
±4.8 mm, and 33% of nodules had measurement differences 
between radiologists greater than 2 mm (22). Yet, several 
other factors may have contributed to the large variability 
found in this study. Firstly, tumors in this study were much 
larger in size compared to the study by Revel et al. Although 
not statistically significant (P=0.06), Oxnard et al. have 
found that larger lesions tended to have larger measurement 
variability, when compared to smaller nodules. Secondly, the 
morphology of these 30 tumors had not been described, as 
non-smooth lesions may yield larger measurement variation 
compared to smooth nodules. Nevertheless, the result 
of these studies questions the reproducibility of manual 
diameter measurements of lung nodules. 

Zhao et al. evaluated the inter- and intra-scan variability 
of 32 lesions [mean size: 37.2 mm (range, 10.7–81.5 mm)] 
of three radiologists (23). The radiologists were blinded and 
the order of the scans were randomized. For the evaluation 
of measurement repeatability, the first and the second 
radiologist had 2 days between two repeat reading sessions, 
while for the third radiologist all readings were done in one 
session. The 95% limits of agreement for unidimensional 
intra-scan and inter-scan variability varied greatly among 
the three radiologists and were ±10.2% and ±16.9%  
for the first radiologist, ±19.2% and ±21.8% for the 
second radiologist, and ±25.9% and ±22.9% for the 
third radiologist. Interestingly, the third radiologist who 
did all the readings in one session, did not show better 
repeatability compared to other radiologist. Although all of 
the 95% limits of agreement from this study fell within the 
guideline of Response Evaluation Criteria in Solid Tumors 
(RECIST) where 30% diameter increase is considered as 
significant growth, this study showed that measurement 
variability of manual diameter measurements varies greatly 
between readers. 

The variability of diameter measurements is influenced by 
repeat scans. Due to the difference in inspirational level, the 
maximum transverse diameter of an asymmetrical lung nodule 

can vary greatly between two consecutive scans because of 
the difference in nodule rotation. Therefore, it is reasonable 
to assume the volume of the nodule to stay constant, while 
maximum diameter might be different on repeat scans. In a 
study where Gietema et al. evaluated interobserver variability 
of semi-automated volume measurements (24), 47/430 
(11%) nodules had interobserver variability while the rest 
of the lung nodules 383/430 (89%) did not. The 95% limits 
of agreement of these 47 nodules in which interobserver 
variability occurred, was found to be ±25.2%. In another 
study, Gietema et al. evaluated the influence of lung nodule 
size, inspiration level, and nodule morphology on volume 
measurement variability of repeat scan within 15 minutes 
while using the same volume measurement software (25). 
The 95% limits of agreement for a total of 218 nodules was 
±22.5%, which is comparable to ±25.2% found for nodules 
that had interobserver variability in the previous study. For 
nodules that were completely segmented by measurement 
software, the inspiration level was only weakly related to 
the measurement precision. The influence of nodule shape 
on the measurement precision was found to be significant 
(P<0.001), considering spherical nodules and nonspherical 
nodules had 95% limits of agreement of ±12% and ±28.4%, 
respectively. It was suggested to set the growth cut-off for 
semi-automated volume measurements of spherical nodules 
at 15% whereas for nonspherical nodules to be set at 30%. 
However, nonspherical nodules can also be subdivided to 
lobulated, spiculated, and irregular based on nodule margin, 
each may influence on measurement variability by different 
extent. By adopting separate growth cut-off for each nodule 
morphological categories more optimal nodule management 
in lung cancer screening might be achieved.

Several other “coffee break” studies have found 
similar limits of agreement for automated nodule volume 
measurements. In the study by Wormanns et al. the 95% 
limit of agreement was ±21.3% (26), while Goodman et al.  
reported a 95% limit of agreement of ±25.6% (27). Hein et al.  
compared the interscan interreader variability between 
standard-dose CT and ultra-low dose CT, and reported 
maximum 95% limits of agreement of ±27% (28). The 
similarity of this value compared to values reported in the 
literature for low-dose CT scanners suggests that semi-
automated volume measurement at ultra-low dose is 
feasible without compromising the precision of volume 
measurement. 

One important point is that volume measurement works 
conjointly with its semi-automatic function. The benefit of 
volume measurement alone cannot be clearly seen through 
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the comparison between manual diameter measurement 
and semi-automated measurement, as it is not known how 
much does the automatic function plays part. By comparing 
semi-automated diameter measurement with semi-
automated volume measurement, the true benefit of volume 
measurement can be shown. Zhao et al. have compared 
the semi-automated diameter measurement with semi-
automated volume measurement of lung tumors, where 
he concluded that growth cut-off, based on the 95% limit 
of agreement, for semi-automated diameter measurement 
should be set at 8%, while for semi-automated volume 
measurement it should be set at 15%. Since the mean 
tumor size in this study varied from 34 to 37 mm in 
diameter depending on the reader, for a hypothetical 
spherical tumor of 35 mm in diameter assuming the tumor 
to be a perfect sphere, a variation of 8% in diameter, would 
result in measurement variability of around 25% in volume 
compared to the 15% cutoff for volume measurements 
as set by the authors. The low measurement variability 
compared to other studies found in literature may be 
pointing to the relation between nodule/tumor size and 
measurement variability. A disadvantage of comparison 
between two types of semi-automated measurements is that 
the performance can vary between measurement softwares. 
Since it is unknown how the two software programs in 
the above mentioned studies perform compared to other 
commercially available softwares, one needs to be cautious 
when making conclusion of which type of measurement has 
better accuracy and precision. 

Studies discussed so far focused on measurement of 
static lung lesions. Studies of lung lesions that are tested 
to be sensitive to targeted therapy can help to demonstrate 
the sensitivity and specificity of volume and diameter 
measurement at detecting size change of lesions. Zhao 
et al. compared the sensitivity of diameter and volume 
measurements in detecting size shrinkage of lung lesions 
as a response to gefitinib treatment, for lung tumors with 
and without EGFR sensitizing mutations (29). The optimal 
threshold for detecting response to gefitinib treatment were 
determined to be 7.0% and 24.9% in decrease in diameter 
and volume, respectively. For diameter measurements, 
the sensitivity for detecting the response of EGFR 
sensitizing mutations was 71% while specificity was 78%, 
whereas for volume measurements, the sensitivity was 
90% and specificity 89%. Although the study focused on 
the measurement of lung masses instead of lung nodules, 
the superiority in sensitivity and specificity of volume 
measurement in detecting change in size of tumors suggests 

similar performance difference also applies for smaller lung 
nodules.

In summary, although limit of agreement for both 
manual diameter measurements and semi-automated volume 
measurements for the studies discussed above lies in the 
same range in terms of absolute percentages, the percentage 
of lung nodules in which an actual inter-reader difference 
found was with 11% far lower for semi-automated nodule 
volume measurements compared to manual diameter 
measurements, where inter-reader variability occurs 
commonly. Furthermore, the extra dimension in volume 
measurements should be taken into account. Assuming a 
nodule as a sphere, a variation of 20% in nodule diameter, 
which is commonly found in the different studies, refers to 
a variation of 72% in nodule volume. 

Phantom studies

Up until now, static and dynamic lung nodules and tumors 
have been discussed. However, a disadvantage of patient 
studies is that the true size of lung nodules is not known. 
CT phantom studies, although less representative of CT 
scans in the clinical setting, allows CT-derived nodule size 
assessment of artificial nodules to be compared with their 
true size. In addition, phantom studies allow optimization 
of CT scan and reconstruction parameters without harming 
test subjects with radiation exposure.

Semi-automated volume measurements were compared 
to manual diameter measurements in an anthropomorphic 
phantom study by Xie et al. (30). It was reported that low-
dose CT yielded more accurate volume measurement 
when using a semi-automated method than using a 
manual method. In their anthropomorphic study of 
measuring 15 spherical nodules of 3, 5, 8, 10, and  
12 mm in diameter (corresponding to 14, 65, 268, 
523 and 904 mm 3),  both semi-automated volume 
measurement and volume derived from manual diameter 
measurement significantly underestimated the size of 
nodules of three different densities (−800, −630, +100 HU).  
For solid nodules (+100 HU), semi-automated volume 
measurements had significantly smaller underestimation 
when compared to manual diameter derived volume 
(7.6±8.5% vs. 26.4±15.5%). Furthermore, manual diameter 
measurements had significantly larger underestimation 
compared to semi-automated diameter measurements 
(9.2±6.0% vs. 3.7±7.1%). In addition to this, solid nodules 
that were smaller had larger relative underestimation in CT-
derived volume measurements and diameter measurements, 
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when compared to larger nodules. However, there are 
contradicting findings from previous studies, as some have 
reported a similar trend of underestimation with decreasing 
nodule size (31,32), while others reported increasing 
overestimation with decreasing volume size (33-38).  
The so-called partial volume effect has been considered 
as an important contributor to potential error in semi-
automated volume measurements of lung nodules. Most 
softwares use voxel counting method to calculate nodule 
volume. A problem arises when voxels consist of partly 
nodule tissue and partly lower density lung parenchyma. As 
a result, voxels around the margin of nodules would present 
as the average density of nodule tissue and parenchyma in 
relative radiodensity, seen as blurry margin. Depending 
on the threshold set by the measurement software, these 
partial-volume voxels can either be counted as part of 
nodule volume or can be excluded, hence resulting either 
over- or underestimation of nodule volume. 

In a subsequent phantom study, Xie et al. evaluated semi-
automated volume measurements of small irregular lung 
nodules (spiculated and lobulated ones) ranging from 5.1±0.2 
to 88.4±3.4 mm3 in volume and −51±11 to +157±8 HU  
in actual density (39). The CT-derived semi-automated 
volume of irregular nodules was significantly smaller 
than the actual volumes with a mean underestimation of 
18.9±11.8 mm3 (percentage underestimation: 39%±21%). 
The percentage underestimation for irregular nodules was 
found to be larger than for spherical nodules evaluated in 
the previous study (39±21% vs. 7.6±8.5%). Additionally, 
actual nodule volume and nodule shape were found to 
significantly influence CT-derived volume. However, it 
was found that the observer did not influence the CT-
derived volume. The fact that nodules that are smaller and 
with complicated margin have larger measurement error 
compared to larger and spherical nodules, can be explained 
by the surface area to volume ratio (SA/V), since nodules 
with large SA/V ratio are more under influence of partial 
volume effect than nodules with low SA/V ratio such as 
large spherical nodules.

In summary, in phantom studies it was found that 
semi-automated volume measurements led to a more 
accurate estimation of nodule size as manual diameter 
measurements. However, both measurement techniques led 
to an underestimation of actual nodule size.

Effect of scan and reconstruction parameters

Optimization of scan and reconstruction parameters can 

improve the accuracy of lung nodule measurements. Several 
parameters have been examined on their influence on 
volume measurement accuracy and precision, including slice 
thickness and reconstruction kernel. 

As explained earlier, partial volume effect can cause 
volume measurement errors especially in nodules small in 
size and with complex margins, as they have large SA/V.  
However, by reducing the slice thickness of CT, the voxel 
size can be decreased. Therefore, the influence of the 
partial volume effect can be reduced and measurement 
accuracy can be improved. The influence of slice thickness 
on volume measurement has been evaluated in a number of 
studies. Winer-Muram et al. have found a difference of 20% 
in volume measurement of tumors between thin (2–3 mm)  
and thick (8-10) slice thickness settings (38). Similar 
findings have also been reported by Petrou et al. (40) and 
Kuhnigk et al. (41). 

In phantom studies, the influence of slice thickness on 
semi-automated volume measurement has been evaluated 
as well. In a recent study, Li et al. evaluated 40,000 volume 
measurements of 48 nodules ranging from 5 to 20 mm in 
size to determine factors that contribute substantially to 
measurement errors of lung nodule size (42). Slice thickness 
× collimation along with nodule size and attachment to 
vessels and chest wall were found to be the main factors 
of measurement error. Similar findings regarding slice 
thickness also have been reported by Winer-Muram et al. 
in which volume overestimation varied directly with section 
thickness (38).

In CT-imaging a compromise exists between image 
detail and image noise. During image reconstruction, 
mathematical filters, also known as reconstruction kernels, 
are applied to change some of the image characteristics. 
Detailed kernels, also known as hard kernels, are selected to 
enhance detail, usually at the expense of increased imaging 
noise, while soft kernels are selected to reduce noise in 
an image. However, reduction of noise usually increases 
blurring and reduces visibility of detail. Like the blurring 
caused by partial volume effect, which has an influence 
on nodule volume measurements, soft kernels can also 
influence nodule volume measurements in a similar way, 
by introducing blurring along the nodule margin. Ko et al.  
reported that the choice of hard or soft kernels had a 
significant effect on the measurement error of synthetic 
nodules (43). Similarly, Li et al. reported hard kernels 
yielded better repeatability coefficient than those images 
reconstructed using medium kernels (42).

Although hard kernels have generally yielded better 
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measurement results, with reduced measurement error 
and better precision than soft kernels, image noise remains 
to be a problem and can possibly affect lung nodule 
detectability and volume measurement. Punwani et al. 
reported decreasing sensitivity of nodule detection (>4 mm)  
at signal-to-noise ratio (SNR) of 1.5 and lower (44),  
with similar finding also reported by Li et al. (45). 
Nevertheless, Christe et al. reported no significant impact 
of noise on volume measurement (46). However, Xie et al. 
reported underestimation of nodule measurements at lower 
doses (30). The latter was confirmed by Willemink et al, 
reporting an underestimation of up to 23.9% for nodules 
>5 mm (47). The difference in reported results could be 
caused by the choice of different slice thicknesses and type 
of reconstruction kernel.

Future perspectives

There is an accumulating evidence that shows volume 
measurements of lung nodules is more accurate and 
reproducible when compared to diameter measurements. 
Through the optimization of scanning and reconstruction 
parameters, the accuracy and reproducibility of measurement 
can be further improved, reaching even closer to the 
physical volume of lung nodules. However, this may be 
lesser the case for diameter measurement.

Recently, iterative reconstruction has been introduced to 
CT imaging. Compared to reconstruction kernels, iterative 
reconstruction aims to reduce the noise of images while 
minimising the compromise to image detail. This allows the 
possibility of ultra-low dose CT-scanning (1/10 of radiation 
dose compared to a regular CT scan), producing CT 
images of image quality and detail comparable to LDCT. 
Sui et al. reported that ultra-low dose CT with iterative 
reconstruction had higher sensitivity in detecting lung 
nodules (92.1% and 92.9% for reader 1 and 2, respectively) 
compared to LDCT with fi ltered back projection 
(88.9% and 86.6% for radiologist 1 and 2, respectively). 
Furthermore, when iterative reconstruction is compared 
to LDCT with filtered back projection, no significant 
differences in nodule volume or diameter measurements 
were found (48).

Commercially available software can vary greatly in 
measurement accuracy and precision, not to mention the 
poor performance in measuring the size of sub-solid/part-
solid nodules, due to their lower contrast ratio to the lung 
parenchyma. Zhao et al. reported significant differences 
in volumetric measurements from the comparison of 

three commercially available volume measurement 
softwares which could affect the classification of nodules 
based on their size (49). In addition to this, one of the 
main factors for large variability in semi-automatic 
volume measurement of lung nodules is vessel and pleura 
attachment. Therefore, the improvement of segmentation 
software as well as standardization of CT imaging 
parameters is an important part in the implementation 
of semi-automated volume measurement into clinical 
practice. 

The final screen results of the NELSON trial are 
awaited before the decision on implementation of lung 
cancer screening in Europe can be made. However, with 
the implementation of lung cancer screening in the United 
States, and the high number of incidentally detected 
nodules in clinical care worldwide, it is of major importance 
to use a precise and accurate manner to estimate nodule size 
and detect nodule growth. The positive results of previous 
studies suggest that manual measurements of nodule 
diameter may be replaced by semi-automated volume 
measurements in the (near) future.

Summary

We have reviewed the comparison of semi-automated 
volume measurement and diameter measurement of 
lung nodules. Although manual diameter measurements 
are currently the standard in U.S. lung cancer screening 
programs and are used for lung nodules detected in routine 
clinical care, results of European screening studies using 
semi-automated volume measurements in terms of false-
positive screen results and positive predictive value may 
not be neglected. There is an accumulating evidence that 
semi-automatic volume measurements have higher accuracy 
and reproducibility compared to diameter measurements. 
Furthermore, with optimization of CT scanners and 
reconstruction parameters, and advancement in semi-
automated volume measurement software, the accuracy and 
reproducibility of volume measurements can be improved 
even further. The positive results of previous studies on 
volume and diameter measurements of lung nodules suggest 
that manual measurements of nodule diameter may be 
replaced by semi-automated volume measurements in the 
(near) future.
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