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INTRODUCTION

High-resolution computed tomography (HRCT) has historically improved visualization of 
the lung anatomy, including the peripheral bronchi, pulmonary vessels, and interlobular 
septa.[1] Numerous radiologic-pathologic correlational studies have been performed using HRCT 
for interstitial lung diseases,[2] airway disease,[3] lymphangitic diseases,[4] and for pulmonary 
nodules,[5] demonstrating HRCT’s ability to display details seen at subsequent pulmonary 
histopathology. At present, HRCT plays an important role in diagnosing lung diseases, including, 
classifying and monitoring interstitial lung diseases[6] as well as pulmonary nodules.[7]

ABSTRACT
Objectives: e objectives of the study were to estimate the impact of high matrix image reconstruction on chest 
computed tomography (CT) compared to standard image reconstruction.

Material and Methods: is retrospective study included patients with interstitial or parenchymal lung disease, 
airway disease, and pulmonary nodules who underwent chest CT. Chest CT images were reconstructed using 
high matrix (1024 × 1024) or standard matrix (512 × 512), with all other parameters matched. Two radiologists, 
blinded to reconstruction technique, independently examined each lung, viewing image sets side by side and 
rating the conspicuity of imaging findings using a 5-point relative conspicuity scale. e presence of pulmonary 
nodules and confidence in classification of internal attenuation was also graded. Overall image quality and 
subjective noise/artifacts were assessed.

Results: irty-four patients with 68 lungs were evaluated. Relative conspicuity scores were significantly 
higher using high matrix image reconstruction for all imaging findings indicative of idiopathic lung fibrosis 
(peripheral airway visualization, interlobular septal thickening, intralobular reticular opacity, and end-stage 
fibrotic change; P ≤ 0.001) along with emphysema, mosaic attenuation, and fourth order bronchi for both readers 
(P ≤ 0.001). High matrix reconstruction did not improve confidence in the presence or classification of internal 
nodule attenuation for either reader. Overall image quality was increased but not subjective noise/artifacts with 
high matrix image reconstruction for both readers (P < 0.001).

Conclusion: High matrix image reconstruction significantly improves the conspicuity of imaging findings 
reflecting interstitial lung disease and may be useful for diagnosis or treatment response assessment.

Keywords: Image reconstruction, Interstitial lung disease, Idiopathic pulmonary fibrosis, Airway disease, 
Pulmonary nodule
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While newer computed tomography (CT) systems 
substantially lower radiation dose and implement faster 
table speeds, techniques to improve spatial resolution 
have lagged. e development of an ultra-HRCT system in 
2011 allowed detector element sizes of 0.25 × 0.25 mm and 
spatial resolution of 120  µm.[8] Current ultra-HRCT can 
provide images with matrix sizes of 1024 × 1024 or 2048 
× 2048 compared to the standard matrix size of 512 × 512, 
improving image quality for pulmonary nodules in vivo[8] 
and imaging findings of diffuse lung disease in cadaveric 
lungs with diffuse lung diseases.[9,10]

At present, ultra-HRCT systems are not widely available and 
nearly all chest CT images are created using a standard image 
reconstruction matrix of 512 × 512. Recently, Bartlett et al. 
have shown that high matrix image reconstruction using 
a 1024 × 1024 matrix with a photon-counting CT system 
improved the detection of higher-order bronchi.[11] Based 
on these findings, we hypothesized that high matrix image 
reconstruction with 1024 × 1024 matrix using a conventional 
CT system with an energy-integrating detector could improve 
the conspicuity of normal anatomy and abnormal findings 
of various lung diseases, including interstitial lung diseases, 
airway diseases, and pulmonary nodules. e purpose of 
this study is, therefore, to estimate the impact of high matrix 
image reconstruction on chest CT compared to our current 
practice of standard image reconstruction for evaluation of 
lung disease.

MATERIAL AND METHODS

Patients

is retrospective study was approved by our institutional 
review board (IRB number: 19-000961). Participating patients 
consented to the retrospective use of medical records and 
materials for research purposes. A chest radiologist (T.F.J. with 
7 years of chest imaging experience) searched for adult patients 
(age ≥18) with any lung pathologies displayed on a clinical 
HRCT scan performed on a 192-slice CT scanner (Definition 
Force; Siemens Healthineers, Forchheim, Germany) and who 
had archived projection CT data as part of a clinical registry 
between January 2017 and December 2018.

CT protocol

CT examinations were performed using a 192-slice CT 
scanner (Definition Force, Siemens Healthineers) with 
a routine chest protocol without contrast or pulmonary 
embolism CT protocol with contrast. All images were 
reconstructed at both 512 × 512 (standard image 
reconstruction) and 1024 ×1024 matrix sizes (high matrix 
image reconstruction) using software on the scanner 
(Precision Matrix; Siemens Healthineers). Scanning and 
reconstruction parameters are summarized in Table 1.

Image analysis

During reading sessions, a co-author (B.D.M.) displayed 
the paired images (standard image reconstruction and high 
matrix image reconstruction) side by side in a random 
fashion (i.e.  high matrix image reconstruction on the left 
or right monitor) on two diagnostic quality monitors using 
a workstation (syngo.via; Siemens Healthineers). In each 
reading session, images were identically enlarged on the 
two monitors to display either the right or left lung using 
a predetermined randomization scheme (i.e.  lung and 
reconstruction matrix assigned to the left and right monitor 
for each patient), with each patient’s images shown only once 
per session. Two board-certificated radiologists (T.F.J and A.I 
with 7 and 6 years of chest imaging experience, respectively), 
who were blinded to clinical history, histopathological 
diagnosis, and image acquisition and reconstruction 
parameters, were asked to compare the left monitor to the 
right monitor. With this design, each lung was compared 
to itself with the only difference being the reconstruction 
matrix. Consequently, the readers had 68 image sets from 
34  patients in the two reading sessions. e lung window 
setting was used for evaluation.

Image analysis began with readers panning up and down 
through images on both monitors to determine the presence 
of (1) peripheral airway visualization, (2) mosaic attenuation, 
(3) emphysema, (4) interlobular septal thickening, (5) 
intralobular reticular opacity, (6) bronchial wall thickening, 
and (7) end-stage fibrotic change, including traction 
bronchiectasis and honeycombing using a 5-point Likert 
scale (0) absent; (1) likely absent; (2) uncertain; (3) likely 
present; and (4) present. If a finding was rated as being 
present on at least one monitor, a score of three was assigned 
to at least one of the two sets of images.

Once a finding was identified as being present, readers 
evaluated the relative conspicuity of the abnormal imaging 
finding on each monitor using a standard grading system, 
comparing the images on the left monitor to images on 
the right monitor.[11] Readers were instructed to examine 
the abnormality on the right monitor, then examine the 
imaging finding on the left monitor and rate the conspicuity 
of the images on the left monitor using a 5-point relative 
conspicuity scale (-2, definitely worse, probable decreased 
ability to detect abnormalities;  -1, definitely worse, unclear 
effect on potential diagnosis; 0, about the same or unclear 
benefit/decrement; +1, definitely better, unclear effect on 
potential diagnosis; +2, definitely better, probable increased 
ability to detect the finding).[11] e conspicuity of 3rd  and 
4th order bronchi was also specifically evaluated for all cases 
using the same 5-point relative conspicuity scale.

Subsequently, each radiologist reader selected up to four 
pulmonary nodules for image evaluation in patient scans 
where nodules were present. If there were more than four 
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pulmonary nodules, the radiologists were asked to prioritize 
nodules for selection first by attenuation (1 – ground-glass 
attenuation and 2 – part solid nodules) and then by size 
(i.e. nodules with diameters between 3 mm and 7 mm). For 
each nodule, the likelihood that a nodule was present on each 
image type was rated (0–100 score) and then the nodule’s 
internal attenuation was characterized (ground-glass and 
part-solid, solid). Subsequently, a score reflecting confidence 
in correctly classifying internal attenuation was given (0–100 
score).

Finally, the radiologists rated overall image quality for the 
image set on each monitor, using a 3-point Likert scale (1 = 
poor image quality; 2 = fair image quality; and 3 = excellent 
image quality), in addition to grading subjective visual 
noise or artifact (1 = strong presence of noise or artifact; 2 = 
moderate presence; and 3 = absence to slight presence).

Statistical analysis

All CT images were examined by both readers and were 
randomly assigned over the course of two reading sessions. 
e analysis assumed no order effect in the data analysis, 
and statistics were computed by reader as well as a composite 
index, which averaged reader responses.

To test for systematic differences in ratings by reader as well 
as summarize the degree to which, if any, the readers agreed 
on the ratings, Krippendorff ’s alpha, and the generalized 
test of symmetry (i.e.  an extension of McNemar’s test to 
tables larger than 2 × 2) were constructed. Krippendorff ’s 
alpha is a generalized measure of agreement that allows for 
missing data (e.g. when one reader identified an abnormality 
as being present and the other rated it as being absent). For 

this paper, the alpha value is interpretable the same as the 
more commonly reported kappa and was categorized as none 
(<0), slight (0–0.20), fair (0.21–0.40), moderate (0.41–0.60), 
and substantial (0.61–0.80). Rejection of the null hypothesis 
in the symmetry test suggested differential perceptions 
by reader, potentially in terms of the quantification of the 
relative conspicuity by reader. Monte Carlo approximation of 
the exact multinomial test was used to produce the P-value 
for the test of symmetry.

A relative conspicuity score was used to reflect the differential 
ability of the two reconstructions to display each imaging 
finding and used by the readers in comparing images on 
the left monitor compared to images on the right monitor. 
For purposes of analysis, the reader data were converted, as 
appropriate, to represent the conspicuity of findings on the 
high matrix images in comparison to the routine images. 
Consequently, this scale, which ranged from -2 to + 2, had 
anchors of  -2 indicating high matrix image reconstruction 
was much worse than routine standard image reconstruction, 
and + 2 indicating high matrix image reconstruction was 
much better, with 0 being non-differential. e Wilcoxon 
signed-rank test was used to test the hypothesis that the 
perceived performance was not different between the two 
reconstruction approaches stratified by reader. In addition, 
the mean conspicuity rating (along with 95% confidence 
intervals) for each imaging finding for each reader for each 
imaging finding was calculated.

Likert scales for the presence and confidence of classification 
of pulmonary nodules, and image quality and subjective noise 
and artifact were compared between two reconstructions 
using Wilcoxon signed-rank test.

Table 1: Summary of CT acquisition and reconstruction parameters.

Parameter Chest Routine Protocol Pulmonary Embolism Protocol

Scan type Spiral Spiral (Flash mode)
Rotation Time (s) 0.25 0.25
Collimation 192×0.6 (with z flying focal spot) 192×0.6 (with z flying focal spot)
Pitch 1.2 3
kVp 120 120
CareDose 4D ON ON
Quality Reference mAs* 80 180
CTDIvol (mGy)ǂ 5.35 7.61
Reconstruction
Iterative Reconstruction Algorithm/Strength ADMIRE/2 ADMIRE/2
Kernel Bv49 Bv49
Slice ickness (mm) 1.5 1.5
Slice Increment (mm) 1.0 1.0
Field of View Patient size Patient size
*Quality reference mAs is the product of tube current (mA) and rotation time (s) and is the effective mAs for a reference sized patient (70 kg) when 
CareDose 4D (the automatic exposure control technique used on Siemens scanners) is turned on. ǂ: CTDIvol: volume CT dose index. e specific value of 
CTDIvol for each patient varies as CareDose 4D adjusts tube current, and consequently CTDIvol, according to patient size. Values provided here are for the 
reference sized patient (70 kg). Note that PE protocol may run into tube power limit at the high pitch value of 3, CT: Computed tomography
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For statistical tests, P-value of <0.05 was considered to 
indicate a statistically significant difference. Analyses were 
conducted by statistical software R version 3.6.2.

RESULTS

Patients

During the catchment period 243  patients had chest CT 
scans with archived projection data, with 39 having lung 
pathologies that qualified them for study inclusion. Five of the 
39 patients were excluded because of a lack of permission to 
use health information for research purposes. erefore, our 
cohort consisted of 34 patients (average age 64.7 ± 12.3 year 
old, M: F = 24:10) who had including interstitial lung disease 
(n = 12), sarcoidosis (n = 4), emphysema (n = 4), pneumonia 
(n = 4), bronchitis (n = 3), bronchial asthma (n = 1), 
amyloidosis (n = 1), graft-versus host disease (n = 1), or/and 
pulmonary nodules (n = 4). e field of view is determined 
by the patient size at our institution and Table 2 shows the 
estimated pixel sizes for patient images in our cohort, which 
ranged from 0.664–0.898 mm for routine reconstruction and 
0.332–0.449 mm for high matrix reconstruction.

Presence of imaging findings

e majority of patients had peripheral airways that could 
be seen on routine or high matrix chest CT images, with 
other imaging findings seen in about one-third of the lungs 
examined. Reader agreement for the presence of mosaic 
attenuation (α = 0.444), emphysema (α = 0.584), and 
intralobular reticular opacity (α = 0.466) was moderate. 
Inter-observer agreement for interlobular septal thickening 
(α = 0.349) and end-stage fibrotic change (α=0.335) was fair, 
and agreement for bronchial wall thickening (α = 0.014) and 
peripheral airway visualization (α = –0.206) were slight and 
none, respectively.

Conspicuity of imaging findings

Table 3 summarizes the relative conspicuity scores for each 
of the imaging findings on high matrix chest CT images 
relative to routine matrix, with scores of zero indicating 
relative equivalence. For conspicuity of 4th  order bronchi, 
the score of high matrix image reconstruction was higher 
than that of routine standard image reconstruction for both 
readers (P < 0.001) [Figure 1].

For all tested imaging findings suggestive of idiopathic 
pulmonary fibrosis, including peripheral airway 
visualization, interlobular septal thickening, intralobular 
reticular opacity, and end-stage fibrotic change such as 
traction bronchiectasis and honeycombing, the scores for 
high matrix image reconstruction images were significantly 
higher than those of standard image reconstruction 
for both readers (P ≤ 0.001) [Figures  2 and 3]. For 
mosaic attenuation and emphysema, high matrix image 
reconstruction showed higher scores than those of routine 
standard image matrix (P ≤ 0.001) [Figure 4]. For bronchial 
wall thickening, there was not a significant difference 
between reconstructions for one reader (P = 0.072), 
although the score was higher than that of standard image 
reconstruction. Figure 5 shows the mean conspicuity scores 
for each imaging finding for each reader. For all imaging 
findings except for visualization of 3rd  order bronchi, the 
lower end of the 95% confidence interval for the relative 
conspicuity score exceeded zero, with zero indicating no 
difference in ability of the reconstruction to display the 
imaging finding.

Lung nodules

In assessing lung nodules, reader 1 found 157 nodules 
in 59 lungs (72 solid, 34 part-solid, and 51 ground-glass 
nodules using standard image reconstruction), with the 
reader reclassifying one solid nodule and one ground-
glass nodule as part-solid nodules using high matrix image 
reconstruction. Reader 2 found 130 nodules in 49 lungs 
(68 solid nodules, 6 part-solid nodules, and 56 ground-
glass nodules using standard image reconstruction), with 
reader 2 reclassifying one ground-glass nodule as a solid 
nodule with high matrix image reconstruction. Table  4 
shows the likelihood ratings for pulmonary nodule presence 
and confidence ratings for correct classification of internal 
attenuation characteristics. Regarding nodule presence, 
solid and part-solid nodules had similar likelihood ratings, 
with high matrix image reconstruction demonstrating a 
slightly higher likelihood of ground-glass nodules for one 
reader (P < 0.001). For confidence in correctly classifying 
internal attenuation characteristics as solid, part-solid or 
ground-glass, high matrix reconstruction significantly 
increased confidence for all types of nodules for one reader 

Table  2: Estimated pixel size for patient images displayed 
using standard image reconstruction and high matrix image 
reconstruction.

Field of 
view (mm)

Number 
of patients

Estimated 
pixel size in 

standard image 
reconstruction 

(mm)

Estimated pixel 
sizes in high 
matrix image 

reconstruction 
(mm)

340 7 0.664 0.332
350 1 0.684 0.342
360 1 0.703 0.352
380 9 0.742 0.371
400 6 0.781 0.391
420 7 0.820 0.410
440 2 0.859 0.430
460 1 0.898 0.449
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Image quality

Image quality scores were significantly higher with high 
matrix image reconstruction compared to standard image 
reconstruction for both readers (R1 - 2.03 ± 0.17 vs. 2.63 ± 
0.49, P < 0.001; R2 - 2.03 ± 0.24 vs. 2.81 ± 0.40, P < 0.001). 
One reader rated subjective noise and artifact slightly but 
significantly better for high matrix reconstruction, while the 
other reader thought the opposite (R1 - 2.75 ± 0.44 vs. 2.79 
± 0.41, P = 0.003; R2 - 2.81 ± 0.50 vs. 2.72 ± 0.62, P = 0.030, 
[Figure 7]).

Table  3: Mean relative conspicuity scores  (SD) for the conspicuity of each imaging finding as visualized using high matrix image 
reconstruction images  (1024×1024) compared to standard image reconstruction  (512×512). A  score of 0 indicated the structure or 
abnormality was seen equivalently between reconstructions. (Other scores: -2, high matrix image reconstruction definitely worse, probable 
decreased ability to see abnormalities; -1, high matrix image reconstruction definitely worse, unclear effect on potential diagnosis; +1, high 
matrix image reconstruction definitely better, unclear effect on potential diagnosis; +2, high matrix image reconstruction definitely better, 
probable increased ability to see abnormalities).

Reader 1 P‑value Reader 2 P‑value

Normal anatomy
3rd brohchi 0 (0) NA 0.68 (0.50) <0.001*
4th bronchi 0.94 (0.54) <0.001* 1.103 (0.49) <0.001*

Abnormal findings
Peripheral airway visualization 1.35 (0.77) <0.001* 0.91 (0.75) <0.001*
Mosaic attenuation 0.71 (0.81) 0.001* 1.42 (0.58) <0.001*
Emphysema 1.16 (0.55) <0.001* 1.42 (0.77) <0.001*
Interlobular septal thickening 0.61 (0.50) 0.001* 0.92 (0.28) <0.001*
Intralobular reticular opacity 1.47 (0.93) <0.001* 0.90 (0.40) <0.001*
Bronchial wall thickening 0.76 (0.61) <0.001* 0.57 (0.54) 0.072
End stage fibrotic change 1.18 (0.95) <0.001* 0.95 (0.61) <0.001*

Wilcoxon-signed rank test,*: P<0.05

(P < 0.001), but did not affect classification confidence for 
the other reader [Figure 6].

Figure 1: An 81-year-old female with idiopathic pulmonary fibrosis 
Compared to standard image reconstruction (a), high matrix image 
reconstruction, (b) is better in depicting thickened bronchial walls 
(black arrows) and an area of mucus plugging (arrowheads) in a 
right middle lobe bronchus. Relative conspicuity scores of 2 and 1 
were rated by each reader.

ba

Figure  2: A  72-year-old male with idiopathic pulmonary fibrosis 
Compared to standard image reconstruction (a), intralobular 
reticular opacity in the peripheral lung is more distinct and 
better demonstrated in the left lower lung on high matrix image 
reconstruction (b). A  relative conspicuity score of 2 was rated by 
both readers.

ba

Figure  3: An 81-year-old female with idiopathic pulmonary 
fibrosis Compared to standard image reconstruction (a), traction 
bronchiectasis (black arrows), peripheral airway visualization 
(white arrows), interlobular septal thickening (black arrowheads), 
and intralobular reticular opacity (white arrowheads) are more 
clear on high matrix image reconstruction (b). Both readers 
rated these abnormalities as being present and high matrix image 
reconstruction demonstrating higher relative conspicuity scores for 
each of the above four imaging findings.

ba



Figure 5: (a-b) Relative conspicuity scores of airway and parenchymal findings seen at high matrix image reconstruction are demonstrated in 
comparison to standard matrix by each of the two radiologist readers. Positive scores indicate that high matrix reconstruction better displayed 
the imaging finding (with zero representing equivalency). For each finding, the black dot represents the mean relative conspicuity score of the 
imaging finding on high matrix reconstruction compared to routine images with the bar representing the 95% confidence intervals. It can be 
seen that all findings for both readers were better visualized at high matrix reconstruction except 3rd order bronchi for one reader.

a b
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DISCUSSION

is study demonstrated that high matrix image 
reconstruction provides increased conspicuity of abnormal 

pulmonary imaging findings compared to standard image 
reconstruction for two thoracic radiologists. Findings seen 
with usual interstitial pneumonia (UIP) pattern such as 
interlobular septal thickening (P ≤ 0.001), intralobular 
reticular opacity (P < 0.001), and end-stage fibrotic changes 
including traction bronchiectasis and honeycombing 
(P < 0.001) were observed more clearly in high matrix image 
reconstruction compared to standard image reconstruction 
by both readers. Conversely, there was not a consistent 
trend toward increasing confidence in the identification 
or classification of pulmonary nodules using high matrix 
reconstruction.

ese results suggest high matrix image reconstruction can 
potentially contribute to improved diagnostic performance 
for diagnosing UIP pattern on CT images. For the treatment 
of idiopathic pulmonary fibrosis, early pharmacological 
management using antifibrotic agents such as nintedanib 
and pirfenidone can mitigate the decline in pulmonary 

Table  4: Likelihood ratings for pulmonary nodule presence and confidence ratings for correct classification of internal attenuation 
characteristics.

Reader 1 Reader 2
Standard image 
reconstruction

High matrix image 
reconstruction

P‑value Standard image 
reconstruction

High matrix image 
reconstruction

P‑value

Likelihood
Ground-glass 79.2±16.0 80.8±14.1 0.076 83.7±14.0 87.7±11.9 <0.001*
Part-solid 88.2±12.7 89.4±11.0 0.125 98.3±4.1 98.3±4.1 NA
Solid 94.2±9.0 94.2±9.5 1.000 99.5±2.1 99.7±1.7 1.000

Classification
Ground-glass 74.8±12.3 83.2±9.4 <0.001* 98.5±4.9 98.5±4.9 NA
Part-solid 76.2±15.2 86.5±11.3 <0.001* 81.7±11.7 81.7±9.8 1.000
Solid 89.9±15.4 92.3±11.7 <0.001* 100±0 99.8±1.2 1.000

Wilcoxon-signed rank test, *:P<0.05

Figure 4: A 64-year-old man with chronic idiopathic bronchiolitis 
Compared to standard image reconstruction (a), the difference 
between low-attenuation pulmonary lobules (arrows) and 
surrounding high-attenuation lobules is more conspicuous in high 
matrix image reconstruction (b). Relative conspicuity scores of 1 
and 2 were rated by each reader.

ba



Figure 7: Result of overall image quality, subjective noise and image 
artifact. (a) Overall image quality: High matrix image reconstruction 
is significantly better than standard image reconstruction for 
both readers (P < 0.001). (b) Subjective image noise and artifact: 
High matrix image reconstruction varies slightly but significantly 
between the reconstructions for both readers. Wilcoxon-signed 
rank test.*P < 0.05.

ba
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function and improve the patient’s prognosis,[12,13] but are 
expensive and can result in severe adverse events.[14] As 
such, multidisciplinary discussion involving clinicians, 
radiologists, and pathologists is important and widely 
accepted to insure the correct and reproducible diagnosis 
for idiopathic pulmonary fibrosis.[15] In patients who are 
clinically suspected of idiopathic pulmonary fibrosis, 
a surgical biopsy is not recommended for diagnosis 
when HRCT shows a typical UIP pattern of bilateral 
reticulation, traction bronchiectasis, and honeycombing 
distributed predominantly in the peripheral and lower 
lungs.[16] Given the findings in our study, high matrix 
image reconstruction may be of benefit in patients with 
known or suspected UIP. Readers demonstrated fair or 
moderate interobserver agreement (α = 0.335–0.466) when 
evaluating these findings; not dissimilar to the previous 
studies with standard image reconstruction, typically 
showing moderate interobserver agreement in diagnosing 

UIP based on honeycombing, even by experienced thoracic 
radiologists.[17,18]

In contrast, several other chest CT findings such as upper-
lung or peri-bronchovascular predominant fibrosis, 
significant parenchymal consolidation, and ground-glass 
opacity or mosaic attenuation are inconsistent with a UIP 
pattern and raise the possibility of an alternative interstitial 
lung disease.[19] High matrix image reconstruction did 
demonstrate mosaicism to a better extent than standard 
image reconstruction for both readers (P ≤ 0.001). In terms 
of emphysema, high matrix image reconstruction was shown 
to better demonstrate areas of low attenuation in the lung 
parenchyma compared to standard image reconstruction 
(P < 0.001).

To increase CT image detail with smaller pixels, a smaller field 
of view with higher matrix is required. In the current study, 
we reconstructed CT images with a higher matrix (1024 × 
1024) relative to standard image reconstruction (512 × 512). 
Pixel size is calculated by dividing field of view by matrix size; 
therefore, matrix parameters do influence pixel size; however, 
overall spatial resolution is determined by a combination of 
the detector element, reconstruction kernel, slice thickness, 
and CT system in addition to image matrix size.[10] In this 
study, estimated pixel sizes in all patients ranged from 0.664 
to 0.898 mm for standard image reconstruction and 0.332–
0.449  mm for high matrix image reconstruction [Table  2], 
both of which were larger than the 0.23  mm resolution 
reported in the Yanagawa et al. study using garnet based 
detectors.[20] In our study, pixel size is the limiting factor to 
the overall system’s spatial resolution; therefore, it is expected 
that high matrix image reconstruction would demonstrate 
improved anatomic detail resulting in higher conspicuity and 
confidence levels in identifying some imaging findings by 
providing shaper CT images with less blurry borders.

Lung nodules are commonly identified on CT in routine 
clinical practice. ese can be benign or malignant, 
with potential etiologies such as inflammatory 
processes, granulomas, atypical adenomatous 
hyperplasia, adenocarcinoma in situ, minimally invasive 
adenocarcinomas, invasive adenocarcinomas, and metastases 
which can be difficult to discriminate at a single time 
point.[7,21] Pulmonary nodule management is determined by 
the type of lung nodule (solid, part-solid, or ground-glass), 
its diameter on CT images, and patient risk factors.[22] High 
matrix image reconstruction improved confidence with 
regard to the presence and classification of internal 
attenuation for one reader only. erefore, high matrix image 
reconstruction may not provide reliable improvement in 
pulmonary nodule detection and classification.

A previous study using the same CT platform as this study 
demonstrated that high matrix image reconstruction showed 
no significant difference in subjective evaluation of the 

Figure 6: An 84-year-old woman presents with a part-solid nodule 
readers classified the nodule as part-solid and rated the likelihood 
score for nodule presence and confidence of internal attenuation 
classification as being similar at standard image reconstruction (a) 
and high matrix reconstruction (b).

ba
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bronchial tree but higher image sharpness and image noise 
compared to standard image reconstruction[23] In studies 
investigating CT scanners utilizing a combination of smaller 
detector size (0.25 × 0.25  mm) and high matrix image 
reconstruction, the technique was beneficial in lung nodule 
evaluation,[24,25] peripheral airway assessment,[26] small 
pulmonary ossification detection,[27] quantitative emphysema 
measurement,[28] automatic bronchial segmentation,[29] and 
virtual bronchoscopy.[30] Although smaller detector size 
exploits the advantage of high matrix image reconstruction, it 
is uncertain how high matrix image reconstruction improves 
the performance of other diagnostic tasks when combined 
with conventional CT detector size.

ere are some limitations to our pilot study. First, in the 
assessment of patients with more than four lung nodules, 
each reader-selected up to four lung nodules using a common 
prioritization scheme for nodule selection. As a result, paired 
comparison could not be performed, although the main purpose 
of this study was not to compare interobserver agreement but 
image construction technique. Second, high matrix image 
reconstruction requires longer reconstruction times and 
generates 4  times the data of standard image reconstruction 
and these disadvantages should be weighed when considering 
implementation of this technique. To view images, we enlarged 
routine images so that one lung filled each monitor. A practical 
method for viewing high matrix images in clinical practice will 
be important to take advantage of our findings; limiting the use 
of high matrix reconstruction to cases with known or suspected 
UIP may be one strategy. ird, we did not scan to determine 
spatial resolution using a slit phantom because our aim was to 
assess the clinical impact of high matrix image reconstruction in 
diagnosing pulmonary pathologies. Finally, high matrix image 
reconstruction may have different effects when combined with 
different scanning parameters such as reconstruction algorithm 
or radiation dose; however, in our study we sought to specifically 
compare 512- and 1024-matrices while fixing other parameters. 
As such, further studies could be beneficial in determining how 
modifying other scanning parameters might affect image quality 
in the setting of high matrix size. 

CONCLUSION

High matrix image reconstruction can be of benefit to 
radiologists evaluating a wide range of chest pathology, 
particularly interstitial lung diseases by improving 
conspicuity of peripheral airway visualization, interlobular 
septal thickening, intralobular reticular opacity, and end-
stage fibrotic change.
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