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Abstract 

Background Lung cancer is the one of the most common types of cancer and considered as a leading cause of 
death from neoplasms. Almost all types of lung cancer develop from pulmonary nodules. The wide availability of the 
multi‑detector computed tomography (MDCT) scanners makes the detection of pulmonary nodules much easier. 
Volume rendering (VR) and maximum intensity projection (MIP) techniques are the most commonly used post‑
processing techniques. The purpose of this research is to compare and contrast the two techniques in terms of the 
number and size of nodules.

Results In the current study, 32 patients with pulmonary nodules were included being referred from the chest 
department, with their age ranging from 27 to 71 years old. Nodules characteristics, such as number and size, were 
evaluated on both MIP and VR techniques. Paired comparison of number of pulmonary nodules less than 6 mm 
between MIP and VR showed statistically significant difference in 4, 7 and 10 mm slip thickness with P‑value 0.003, 
0.0001 and 0.0001, respectively. Paired comparison of number of pulmonary nodules more than 6 mm in size 
between MIP and VR showed no statistically significant difference in 4, 7 and 10 mm slip thickness with P‑value > 0.05 
each. Comparison of the pulmonary nodules numbers according to slip thickness showed that there was a statistically 
significant difference in the number of detected nodules, showing that 10 mm slip thickness is significantly higher 
compared to 4 mm and 7 mm with P‑value 0.0001, 0.0001 for nodules < 6 mm, and 0.001 for the lung nodules > 6 mm 
in size.

Conclusions We can conclude the superiority of MIP over VR in detection of small sized nodules. MIP was easier to 
follow and showed high inter‑reader agreement. The 10 mm MIP outperformed all other slab thicknesses for nodule 
detection less than 6 mm. There was no statistically significant difference between both techniques in terms of larger 
nodules measuring > 6 mm.
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Background
Pulmonary nodules are common and usually inciden-
tal finding on chest computed tomography (CT) scan. 
They can be described as a well-demarcated, distinct 
and sharply marginated rounded opacity seen within 
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the pulmonary interstitium and its size should not 
exceed 30 mm in maximum transverse diameter [1].

Pulmonary nodules are being detected more fre-
quently as chest CT scans become more widely avail-
able. However, pulmonary nodules have been linked to 
a wide range of diseases, including infectious, inflam-
matory, and neoplastic diseases. Rapid recognition of 
a pulmonary nodule, in addition to the distinguishing 
characters such as size, site, and density, must be docu-
mented in order to make a diagnosis [2].

Post-processing techniques were created to mini-
mize the scanning time, reduce radiologist fatigue 
and increase efficiency. Several studies have founded 
the value of maximum MIP and VR techniques, in the 
detection of pulmonary nodules during routine report-
ing [2].

The MIP algorithm is useful in diagnoses because it can 
easily distinguish structures that are hyperdense in com-
parison to surrounding tissues. Detecting higher density 
voxels allows the radiologist to better understand the 
extension and morphology of some structures, such as 
nodules, calcifications, vessels, foreign bodies and surgi-
cal clips, and significantly minimizes the time required to 
analyze complex structures in multiple planes [3].

Volume rendering is a set of techniques for displaying a 
two-dimensional (2D) projection of a three-dimensional 
(3D) discretely sampled data set. These volume-rendered 
images can be sectioned and rotated in space to provide 
3D insight into bone anatomy. 3D-rendered images add 
to surgical planning and teaching by providing additional 
information [4].

VR displays are useful as an additional diagnostic 
review of thoracic multidetector CT data sets to highlight 
small solid intrapulmonary nodules in patients examined 
for the diagnosis of lung metastases or bronchogenic car-
cinoma [5].

Previous research had found that the VR technique 
aided in the diagnosis and improved the detection of 
solid lung nodules. Furthermore, VR review with syn-
chronizing side-by-side comparison has been found to be 
beneficial in CT follow-up for the growth evaluation of 
nodular ground-glass opacity, as it improves growth eval-
uation performance and reduces reading time [5].

The aim of this work is to determine which post-pro-
cessing (maximum intensity projection and volume 
rendering) technique is the best for the detection of pul-
monary nodules.

Methods
In this prospective study 32 patients were included, with 
their age ranging from 27 to 71 years old with median age 
of 58.5. The male-to-female proportions were 1:1.

Inclusion criteria

• Patients more than 18  years referred to the chest 
department of our institution for chest CT scan hav-
ing pulmonary nodules.

Exclusion criteria

• Pregnant patient.
• CT chest with breathing artifacts, consolidation, pul-

monary fibrosis and pneumoconiosis.

All cases were subjected to the following:

• Informed written consent was obtained from all 
patients prior to enrollment.

• Clinical examination with history taking, general and 
chest examination.

• Non enhanced CT.
• Post processing techniques were performed through 

GE work station (MIP and VR).

Protocol for CT chest study
Multidetector high-resolution CT protocols were applied 
with the patients in the dorsal decubitus position, during 
maximum inspiration, by using a 16-channel MDCT sys-
tem. Contiguous axial slices of CT scans were obtained at 
1.5  mm intervals, with 5  mm collimation, 130  Kvp, and 
an automatic tube modulation at 250 mA.

Data analysis

• Two radiologists reviewed the CT chest images along 
with the clinical data.

• The following characters of the pulmonary nodules 
were assessed:

• Nodule location: right or left lung.
• The size of the nodules
• The number of nodules.

Image analysis
Images were assessed using software imaging viewer 
(GE workstation). Data for different characteristics of 
pulmonary nodules were recorded. Each scan was inter-
preted by two radiologists independently, one having 
experience of 14 years and a trainee having experience of 
2 years. The software was used to reconstruct at window 
level of − 600 HU and window width of 1500 HU were 
set for analysis of lung nodules on MIP technique, while 
VR images were evaluated at − 500 HU window level and 
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width of − 1500 HU. Nodules characteristics such as size 
and number were visually evaluated on both MIP and 
VR techniques. Both radiologists evaluated each scan six 
times using the following method: MIP and VR on slab 
thicknesses of 4, 7 and 10 mm respectively.

Statistical analysis
Statistical analysis was conducted using SPSS 22nd edi-
tion; qualitative were presented in frequency and per-
centages. Quantitative data were presented in median 
and range after normality testing, paired comparison 
between postprocessing tools was conducted using Wil-
coxon paired rank test, and comparison between differ-
ent slip thickness was conducted using Friedman test. 
Any P-value < 0.05 was considered significant.

Results
A total of 32 patients were included in our final analysis, 
they had a median age 58.5 (ranging from 27 to 71) years 
old, and male-to-female proportions were 1:1.

Maximum intensity projection (MIP)
The median and maximum numbers of the detected pul-
monary are listed in Table  1, and it revealed the higher 
accuracy of the 10 mm slab thickness in detection of the 
pulmonary nodules less than 6 mm in size diameter com-
pared to the other slab thicknesses. On the other side, 
there was no statistically significant difference between 
the all-slab thicknesses in detection of the pulmonary 
nodules larger than 6 mm in diameter.

Volume rendering (VR)
Regarding median and maximum number of the detected 
pulmonary nodules with VR tool, they are listed in 
Table  2. In this table, the superiority of 7  mm slab 

thickness in detection of the pulmonary nodules less 
than 6  mm in diameter is noted compared to the other 
slab thicknesses. For detection of the pulmonary nodules 
larger than 6  mm in diameter, the different slab thick-
nesses show the same accuracy.

Paired comparison
The paired comparison of the detected pulmonary nod-
ules numbers between MIP and VR showed statistically 
significant difference in 4, 7 and 10 mm slip thickness 
with P-value 0.001, 0.0001 and 0.0001, respectively, as 
shown in Table 3.

Paired comparison of number of pulmonary nodules 
more than 6 mm in size between MIP and VR showed no 
statistically significant difference in 4, 7 and 10 mm slip 
thickness with P-value > 0.05 each as shown in Table 4.

Comparison of the detected pulmonary nodules num-
bers according to slip thickness (Table  5) showed that 
there was a statistically significant difference in the num-
ber of detected nodules, showing that 10 mm slip thick-
ness is significantly higher compared to 4 mm and 7 mm 
with P-values 0.0001, 0.0001 for nodules < 6  mm, and 
0.001 for nodules > 6 mm in size (as also shown in Figs. 1, 
2 and 3).

Discussion
The accurate diagnosis of pulmonary nodules is a critical 
step in lung cancer screening. Despite its potential ben-
efits, computer-aided detection (CAD) systems are not 
commonly employed by radiologists in clinical practice 
for pulmonary nodule diagnosis [6].

Early detection of a pulmonary nodule and its features 
such as size, density and site, must be documented in 
order to make a diagnosis. Post-processing techniques 
were created to minimize the scanning time, reduce 

Table 1 Summary of pulmonary nodules count using MIP at various slab thicknesses by readers

MIP Median Maximum

Rt nodules less than 6 mm in size (4 mm slab thickness) 11.5 82

Rt nodules less than 6 mm in size (7 mm slab thickness) 14.5 102

Rt nodules less than 6 mm in size (10 mm slab thickness) 18.5 182

Rt nodules more than 6 mm in size (4 mm slab thickness) 2.0 30

Rt nodules more than 6 mm in size (7 mm slab thickness) 2.0 30

Rt nodules more than 6 mm in size (10 mm slab thickness) 2.0 30

Lt nodules less than 6 mm in size (4 mm slab thickness) 11.5 92

Lt nodules less than 6 mm in size (7 mm slab thickness) 15.5 113

Lt nodules less than 6 mm in size (10 mm slab thickness) 20.0 159

Lt nodules more than 6 mm in size (4 mm slab thickness) 1.5 49

Lt nodules more than 6 mm in size (7 mm slab thickness) 1.5 49

Lt nodules more than 6 mm in size (10 mm slab thickness) 1.5 49
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radiologist fatigue and increase efficiency. Several stud-
ies have found the value of maximum MIP and VR tech-
niques, in the detection of pulmonary nodules during 
routine reporting [2].

In the current study we conducted a prospective study 
including 32 patients to assess the difference of the 
detected pulmonary nodules numbers between VR and 
MIP post-processing systems.

In the current study, paired comparison of the detected 
pulmonary nodules numbers between MIP and VR 
revealed higher detection of the MIP technique for the 
pulmonary nodules and showed statistically significant 
difference in 4, 7 and 10 mm slip thickness with P-value 
0.001, 0.0001 and 0.0001, respectively.

Paired comparison of number of pulmonary nodules 
less than 6 mm between MIP and VR showed statistically 
significant difference in 4, 7 and 10 mm slip thickness 
with P-value 0.003, 0.0001, and 0.0001, respectively, with 
higher number detected by MIP versus VR. However, 
there was no statistically significant difference in 4, 7 and 
10 mm slip thickness with P-value > 0.05 for each thick-
ness for nodules more than 6 mm.

Our data also showed that comparison of the detected 
pulmonary nodules numbers according to slip thickness 
showed that there was a statistically significant differ-
ence in the number of detected nodules, showing that 
10 mm slip thickness is significantly higher compared to 
4 mm and 7 mm with P-values 0.0001, 0.0001 for nod-
ules < 6 mm, and 0.001 for nodules > 6 mm in size.

Table 2 Summary of pulmonary nodules count using VR at various slab thicknesses by readers

VR Median Maximum

Rt nodules less than 6 mm in size (4 mm slab thickness) 8.0 55.0

Rt nodules less than 6 mm in size (7 mm slab thickness) 9.0 61.0

Rt nodules less than 6 mm in size (10 mm slab thickness) 8.5 41.0

Rt nodules more than 6 mm in size (4 mm slab thickness) 2.0 43.0

Rt nodules more than 6 mm in size (7 mm slab thickness) 2.0 43.0

Rt nodules more than 6 mm in size (10 mm slab thickness) 2.0 43.0

Lt nodules less than 6 mm in size (4 mm slab thickness) 8.0 75.0

Lt nodules less than 6 mm in size (7 mm slab thickness) 11.0 82.0

Lt nodules less than 6 mm in size (10 mm slab thickness) 9.5 45.0

Lt nodules more than 6 mm in size (4 mm slab thickness) 2.5 35.0

Lt nodules more than 6 mm in size (7 mm slab thickness) 2.0 35.0

Lt nodules more than 6 mm in size (10 mm slab thickness) 2.5 35.0

Table 3 Paired comparison of nodule count with respect to MIP 
and VR at various slab thicknesses by readers

MIP VR P value

Media Min–Max Median Min–Max

4 mm 14.8 2.5–94 11.0 1.5–79.5 0.001

7 mm 17.3 3–114.5 12.8 2–87 0.0001

10 mm 19.8 3.5–177.5 10.8 2.5–59.5 0.0001

Table 4 Paired comparison of nodule more than 6 mm count 
with respect to MIP and VR at various slab thicknesses by readers

MIP VR P value

Median Min–Max Median Min–Max

4 mm 1.5 0–35.5 2 0–39 0.618

7 mm 1.5 0–35.5 2 0–39 0.601

10 mm 1.5 0–35.5 2 0–39 0.618

Table 5 Comparison of difference in number of pulmonary nodules according to slip thickness

Slip thickness Nodules < 6 mm nodules > 6 mm nodules

Median Min–Max Median Min–Max Median Min–Max

4 mm 3 0–41 3 0–27 4.5 0–46

7 mm 5 0–57 4 0–48 6 0–63

10 mm 8.5 0–122 12 0–154 8.5 0–128

P value 0.0001 0.0001 0.001
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Fig. 1 A 59‑year‑old female patient with history of anaplastic thyroid carcinoma. MIP coronal (A) and axial sections at 4 mm (B), 7 mm (C) and 10 mm 
(D) slab thickness. VR coronal (E) and axial sections at 4 mm (F), 7 mm (G) and 10 mm (H) slab thickness. A number of the nodules detected by the MIP 
at 4 mm, 7 mm and 10 mm are 78, 126 and 136 nodules, respectively, compared to 70, 80 and 58 pulmonary nodules detected by the VR technique at 
4 mm, 7 mm and 10 mm, respectively. The number of the pulmonary nodules detected by each technique by each slab thickness is listed at Table 6
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Fig. 2 A 64‑year‑old male patient presented with colon cancer underwent surgery and chemotherapy. MIP coronal (A) and axial section at 4 mm 
(B), 7 mm (C) and 10 mm (D) slab thickness. VR coronal (E) and axial sections at 4 mm (F), 7 mm (G) and 10 mm (H) slab thickness. A number of the 
nodules detected by the MIP at 4 mm, 7 mm and 10 mm are 159, 170 and 176 nodules, respectively, compared to 150, 165 and 127 pulmonary 
nodules detected by the VR technique at 4 mm, 7 mm and 10 mm, respectively. The number of the pulmonary nodules detected by each 
technique by each slab thickness is listed at Table 7
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Fig. 3 A 70‑year‑old male patient presented with cancer urinary bladder. MIP coronal (A) and axial section at 4 mm (B), 7 mm (C) and 10 mm (D) 
slab thickness. VR coronal (E) and axial sections at 4 mm (F), 7 mm (G) and 10 mm (H) slab thickness. A number of the nodules detected by the MIP 
at 4 mm, 7 mm and 10 mm are 54, 59 and 65 nodules, respectively, compared to 48, 43 and 36 pulmonary nodules detected by the VR technique at 
4 mm, 7 mm and 10 mm, respectively. The number of the pulmonary nodules detected by each technique by each slab thickness is listed at Table 8
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Our findings agreed with Sharma et al. [7], who found 
that there was statistical significance between MIP and 
VR of 4  mm slab thickness in nodule detection with P 
value of 0.013 with MIP detection rate exceeding VR. 
However, it disagreed in their result which revealed that 
there was no statistical difference between the two tech-
niques with 7 and 11 mm slab thickness with P value 
of > 0.05 and between radiologists also there was good 
agreement.

Sharma et al. [7] also showed that total nodule count in 
MIP and VR was statistically significant different between 
MIP and VR for nodules less than 3 mm and 4–6 mm size 
with a P-value of 0.041 and 0.047, respectively. However, 
there was no significant difference between MIP and VR 
for 7–10 mm size of nodules (P-value 0.144).

These findings were consistent with the current results 
which demonstrated that significant difference was only 
reported in smaller pulmonary nodules < 6  mm, while 
there was no significant difference in relatively larger 
nodules > 6 mm.

Kawel et  al. [8], found that MIP with an 8 mm slab 
thickness had much higher sensitivity for nodule 

detection in chest CT than all other investigated tech-
niques: 5 mm MIP, 11 mm MIP, 5 mm VR, 8 mm VR, and 
11 mm VR. As well, MIP was found to be substantially 
superior to VR for detecting nodules less than 7 mm in 
the current investigation; however, there was no signifi-
cant difference between MIP and VR for detecting nod-
ules larger than 7 mm. These findings are in line with the 
findings detected in the current study.

Our results also matched with those reported by a 
study conducted by Naeem et  al. [2], who stated that 
MIP post processing technique detected more pulmo-
nary nodules using a slab thickness 4 mm identified 2028, 
with the 7 mm slap thickness identified 2423, while 10 
mm slap thickness identified 2499 pulmonary nodules 
as compared to VR technique using slab thickness 4 mm 
which identified 1693, with 7 mm identified 2081 and 10 
mm identified 2169 pulmonary nodules, respectively.

Our study was also in agreement with study carried out 
by Khan et  al. [9], who included a total of 445 nodules 
detected using MIP technique, with 356 (80%) being seen 
by VR and the remaining 89 (20%) not being diagnosed. 
They concluded that the maximum intensity projection 
imaging technique is superior to volume rendering for 
diagnosing tiny pulmonary nodules.

In the current study, we faced the limitation of small 
sample size.

Conclusions
We can conclude the superiority of MIP over VR in 
detection of small sized nodule. The 10 mm MIP outper-
formed the other slab thicknesses for nodule detection 
less than 6 mm. There was no statistically significant dif-
ference between both techniques in terms of large nod-
ules > 6 mm and slab thickness 10 mm.
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