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Abstract
Objectives

To determine how iterative metal artifact reduction (iMAR), virtual monoenergetic imaging (VMI), and
reconstruction kernel selection affect metal artifacts and image quality around orthopedic implants on
photon-counting detector CT (PCD-CT), and to identify task-specific reconstructions for bone and soft-
tissue evaluation.

Materials and methods

This retrospective within-patient study included 10 patients with 11 orthopedic implant sites. All
reconstructions were generated from the same PCD-CT raw data. Three predefined comparisons were
performed: iIMAR off versus on at 70 keV/Br40/1.0 mm; four bone reconstructions combining T3D or
145-keV VMI with Qr64 or Br64 at 0.4 mm,; and four soft-tissue reconstructions combining T3D or 65-keV
VMI with Br40 or Qr40 at 1.0 mm. CT attenuation, image noise, artifact index (Al), signal-to-noise ratio
(SNR), contrast-to-noise ratio (CNR), 5-point Likert scores, and interreader agreement were evaluated.

Results

With matched parameters, iMAR increased median bone scores from 2 to 4 and soft-tissue scores from
1 to 2-3. For bone, 145-keV VMI reduced image noise and Al compared with T3D; 145-keV Br64 had the
highest subjective scores, whereas 145-keV Qr64 showed the most favorable quantitative metrics. For
soft tissue, T3D had lower noise and Al and higher SNR than 65-keV VMI, and T3D Br40 received the
highest subjective scores. Weighted k ranged from 0.635 t0 0.717.

Conclusion

Post-processing optimization on PCD-CT was task specific. IMAR improved image evaluability, 145-keV
VMI favored bone and bone-implant interface assessment, and T3D Br40 favored adjacent soft-tissue
evaluation.

1 Introduction

CT is routinely used to evaluate patients after fracture fixation, spinal instrumentation, joint replacement,
and implant reconstruction following bone tumor resection. Follow-up imaging must depict implant
position and integrity, periprosthetic bone change, component loosening, and abnormalities in adjacent
soft tissues [1-4]. Metal, however, can produce severe streaking and attenuation distortion that
obscures both the interface and surrounding tissues, particularly in large porous titanium implants and
multicomponent fixation systems [5-10].
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CT metal-induced artifacts arise from several mechanisms, including photon starvation, scatter
radiation, beam hardening, partial-volume effect, and inconsistent projection data [11, 12]. These
artifacts can be mitigated by hardware- and software-based strategies: photon-counting-detector CT
(PCD-CT) with direct-conversion detectors enables spectral imaging and high-resolution reconstruction,
improving bone-implant-interface sharpness by 35-42% and bone-cement-interface sharpness by 28—
43% relative to energy-integrating-detector CT (EID-CT) [13, 14]; metal-artifact-reduction algorithms (e.qg.,
iterative metal-artifact-reduction, iMAR) correct metal-contaminated projection data to reduce severe
streaks and abnormal CT-value shifts [15, 16]; spectral-derived virtual monoenergetic images (VMI) at
high energy levels alleviate partial beam-hardening artifacts but may lower tissue contrast [17].
Reconstruction kernels modulate the balance among spatial resolution, image noise and texture.
Sharper kernels facilitate visualization of the bone texture and implant margins yet may increase noise;
smoother kernels improve image homogeneity but can reduce the sharpness at the bone-implant
interface [13, 18, 19]. Therefore, different diagnostic tasks may require distinct parameter combinations:
a setting that improves cortical and bone-implant interface sharpness may not provide the best
depiction of adjacent soft tissues.

Previous PCD-CT studies have largely evaluated selected VMI levels, iIMAR, or limited reconstruction
settings in specific implants or anatomic regions [18, 20—23]. For clinical cases of large postoperative
implants in bone-tumor patients requiring simultaneous evaluation of both bone and soft-tissue
components, the relative effects of different post-processing parameters on identical raw data remain to
be clarified. This study focuses on post-processing reconstruction. An intra-patient comparison was
performed to investigate the effects of IMAR activation status, image type, VMI energy level, and
reconstruction kernel on metal artifacts and image quality, with the aim of identifying task-specific post-
processing strategies for bone and soft-tissue evaluation.

2 Materials and methods

2.1 Study design and ethics

This single-center retrospective exploration study was a secondary analysis of a prospectively acquired
dataset and used a within-patient repeated-measures design. The original prospective study was
approved by the Ethics Committee of Sun Yat-sen University Cancer Center (No. C2025-006-01), and all
participants provided written informed consent that permitted secondary image post-processing
analyses. The study was conducted in accordance with the Declaration of Helsinki and reported
according to STROBE [24]. All CT examinations were clinically indicated; no additional acquisition, scan-
range extension, or radiation exposure was introduced for this analysis.

2.2 Participants

Consecutive adults who underwent PCD-CT and had an orthopedic metal implant were screened from
March 4 to April 16, 2026. Inclusion criteria were age 18 years or older, complete coverage of the implant
and adjacent tissues, raw spectral data sufficient for all predefined reconstructions, matched image
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plane/field of view/matrix across reconstructions, and no severe motion artifact affecting measurement.
Exclusion criteria were missing raw data, incomplete implant coverage, inability to define a distal or
contralateral reference region of interest (ROI), or substantial external metal or other inseparable
artifacts. Ten patients with 11 implant sites were included; one patient contributed both thoracic and
lumbar spinal sites. The implant site was the unit of analysis.

2.3 PCD-CT acquisition and reconstruction

All examinations were acquired with a NAEOTOM Alpha.Prime PCD-CT system (Siemens Healthineers),
and post-processing was performed with syngo.via VC10. Acquisition parameters included 140 kV with
automatic tube-current modulation, 120 x 0.2-mm detector collimation, Quantum HD mode, pitch 0.85,
and 0.5-second rotation time. Bone reconstructions used a 1024 x 1024 matrix and soft-tissue
reconstructions a 512 x 512 matrix. Slice thickness/increment was 1.0/0.7 mm or 0.4/0.2 mm according
to the predefined task. When iMAR was enabled, the HIP preset was used. Quantum iterative
reconstruction (QIR) was fixed at level 3 for all study reconstructions and was not evaluated as an
independent variable.

2.4 Post-processing comparison framework

All images were reconstructed from the same raw dataset. To avoid simultaneous changes in image
type, VMI energy, kernel, and slice thickness, three predefined comparison modules were used (Table 1).
Module A compared iMAR off and on with 70-keV VMI, Br40, and 1.0-mm thickness held constant.
Module B evaluated bone using four combinations of T3D or 145-keV VMI with Qré64 or Br64, with iMAR
enabled and thickness fixed at 0.4 mm. Module C evaluated soft tissue using four combinations of T3D
or 65-keV VMI with Br40 or Qr40, with iMAR enabled and thickness fixed at 1.0 mm. Slice thickness was
task specific and was not analyzed as an independent factor.
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Table 1

Post-processing reconstruction comparison framework.

Module

A: iIMAR
on/off

B: Bone post-
processing

C: Soft tissue
post-
processing

Research question

Does iMAR improve the
subjective evaluability of
images containing metal
implants?

Effects of image type and
reconstruction kernel on
periprosthetic bone
artifacts and the bone-
implant interface

Effects of image type and
reconstruction kernel on
adjacent soft tissues

Fixed
parameters

70 keV, Br40,
1.0 mm

iMAR
enabled, 0.4
mm

iMAR
enabled, 1.0
mm

Parameters
compared

iMAR disabled
vs enabled

Image type:
T3D vs 145
keV VMI;

Kernel: Qr64
vs Br64

Image type:
T3D vs 65 keV
VM,

Kernel: Br40
vs Qr40

Reconstruction
settings

A1 non-iMAR-70
keV-Br40-1.0 mm;

A2 iIMAR-70 keV-
Br40-1.0 mm

B1 iMAR-T3D-
Qr64-0.4 mm;

B2 iIMAR-145 keV-
Qr64-0.4 mm;

B3 iMAR-T3D-
Br64-0.4 mm;

B4 iMAR-145 keV-
Br64-0.4 mm

S1iMAR-T3D-
Br40-1.0 mm;

S2 iIMAR-65 keV-
Br40-1.0 mm;

S3 iMAR-T3D-
Qr40-1.0 mm;

S4 iIMAR-65 keV-
Qr40-1.0 mm

Notes: T3D denotes the conventional polyenergetic image exported from the scanner workstation;
the manufacturer designation is retained. Br denotes Body Regular and Qr Quantitative Regular. The
numbers 40 and 64 indicate kernel sharpness; higher values generally provide greater edge
sharpness and spatial resolution at the cost of higher image noise.

2.5 Quantitative image analysis

This study took metal-artifact reduction and the evaluability of peri-implant structures as the primary
evaluation outcomes. Quantitative metrics were CT attenuation, image noise (SD), artifact index (Al),
signal-to-noise ratio (SNR), and contrast-to-noise ratio (CNR). A musculoskeletal radiologist with 5 years
of experience placed ROIs on a reference reconstruction and copied the coordinates to corresponding
reconstructions. ROIs were approximately 150 mm?, and measurements from three adjacent sections
were averaged. Sampling included periprosthetic bone, periprosthetic muscle, distal or contralateral

reference tissue and fat. ROIs avoided the implant itself, cortical margins, vessels, and focal lesions.

Al was calculated as vmax(SD_artifact? - SD_reference?, 0). For bone analysis, SD in fat remote from the
artifact served as the reference; for soft-tissue analysis, contralateral normal muscle was used. Al was
therefore compared only within the same module. SNR was calculated as |[HU_target|/SD_target. Bone
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CNR used periprosthetic bone as the target and fat as background; soft-tissue CNR used periprosthetic
muscle as the target and fat as background, with CNR calculated as [HU_target -
HU_background|/SD_background.

2.6 Qualitative image analysis

Two musculoskeletal radiologists with 7 and 10 years of experience independently performed qualitative
assessment. Readers were blinded to participant identity and reconstruction parameters, image order
was randomized, and evaluations were performed on the same display system under standardized
viewing conditions. Bone assessment included implant margin sharpness, metal artifact suppression,
periprosthetic bone visualization, and bone-implant interface visualization. Soft-tissue assessment
included soft-tissue contrast, muscle-fat boundary delineation, artifact interference, and diagnostic
confidence. Each item was graded on a 5-point Likert scale, with higher scores indicating better image
quality or less artifact (Table S1).

2.7 Statistical analysis

Statistical analysis was performed with SPSS Statistics version 29.0.0 (IBM). The implant site was the
analysis unit (n = 11), and reconstructions from the same site were treated as repeated measurements.
Quantitative variables are reported as mean + SD and ordinal scores as median and interquartile range.
In module A, the eight qualitative scores were compared between matched iMAR-off and iMAR-on
images using paired Wilcoxon signed-rank tests. In modules B and C, quantitative metrics were
compared using repeated-measures analysis of variance and qualitative scores using the Friedman test.
Because this was an exploratory small-sample study, no post hoc pairwise testing was performed in
modules B or C; between-reconstruction differences were interpreted descriptively. Interreader
agreement was assessed with linear weighted Cohen k. Two-sided p < 0.05 indicated statistical
significance.

2.8 Selection of task-specific reconstructions

No reconstruction was defined as optimal from a single metric alone. For bone, priority was given to
artifact behavior and Al, followed by implant margin and bone-implant interface visualization. For soft
tissue, image noise, SNR, CNR, and artifact interference were considered first, followed by soft-tissue
boundary definition and diagnostic confidence. When quantitative noise performance and subjective
sharpness favored different reconstructions, both advantages were retained in the task-specific
interpretation.

3 Results
3.1 Participant and implant characteristics

Ten patients contributed 11 implant sites: right radius (n = 2), right humerus (n = 1), thoracic spine (n = 1),
lumbar spine (n = 1), calcaneus (n = 1), right shoulder (n = 2), pelvis (n = 2), and femur (n = 1). The median
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volume CT dose index was 11.2 mGy (range, 5.33-18.2 mGy), and the median dose-length product was
396 mGy-cm (range, 117-1396 mGy-cm) (Table S2). Baseline characteristics are summarized in Table 2.
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Table 2
Baseline characteristics of patients with orthopedic metal implants undergoing PCD-CT

Characteristic Value
Number of patients 10
Number of implantation sites 11

Demographic characteristics

Age (years), mean + SD 34.8+9.8

Sex, male/female, n (%) 7 (70.0) / 3(30.0)
Anatomic and surgery-related characteristics

Actual examination date range of included cases March 4 to April 16, 2026

Distribution of implantation sites, n (%)

Upper extremity 5(45.5)
Right radius 2(18.2)
Right humerus 1(9.1)
Right shoulder joint 2(18.2)
Spine 2(18.2)
Lumbar spine 1(9.1)
Thoracic spine 1(9.1)
Lower extremity/pelvic region 4 (36.4)
Calcaneus 1(9.7)
Pelvis 2(18.2)
Femoral head 1(9.1)
Postoperative interval, by implantation site, n (%)

< 6 months 1(9.1)
6 months-2 years 3(27.3)
> 2 years 7 (63.6)
Fixation method, by implantation site, n (%)

Bone cement fixation 1(9.7)

Note: Age and sex use the patient as the denominator (n = 10); implant location, postoperative
interval, and fixation method use the implant site as the denominator (n=11).
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Characteristic Value

Bone cement plus screw fixation 4 (36.4)
Screw fixation alone 3(27.3)
Artificial vertebral body plus screw fixation 2(18.2)
Implant plus screw fixation 1(9.1)

Note: Age and sex use the patient as the denominator (n = 10); implant location, postoperative
interval, and fixation method use the implant site as the denominator (n=11).

3.2 Effect of iIMAR under matched parameters

At matched 70-keV/Br40/1.0-mm settings, enabling iMAR increased the median scores for implant
margin sharpness, metal artifact suppression, periprosthetic bone visualization, and bone-implant
interface visualization from 2 to 4. Median scores for soft-tissue contrast, muscle-fat boundary
delineation, artifact interference, and diagnostic confidence increased from 1 to 2—-3. The results support
the use of iIMAR as a baseline candidate artifact-reduction step under the parameter combinations
applied in this study (Fig. 1).

3.3 Bone image quality

Quantitative bone results are shown in Table 3. Overall differences among the four bone reconstructions
were significant for CT attenuation, SD, SNR, CNR, and Al (all p < 0.05). With Qré4, 145-keV VMI reduced
SD from 196.00 + 106.17 HU to 103.46 + 56.41 HU and Al from 168.42 + 118.48 to 81.18 + 57.09
compared with T3D. With Br64, SD decreased from 255.55+ 151.01 HU to 134.82 + 67.54 HU and Al from
228.67 £165.65t0 100.97 + 75.98. CT attenuation also decreased at 145 keV, whereas SNR was
numerically higher and CNR changed little within the same kernel. Because CT attenuation is energy
dependent and varies with tissue composition, it was not used alone to define artifact improvement.

Page 10/27



Table 3

Quantitative image-quality metrics across reconstructions with iMAR enabled

Reconstruction
setting

T3D-Qr64

145 keV-Qr64
T3D-Br64

145 keV-Bro4
Periprosthetic soft
tissue

T3D-Br40

65 keV-Br40

T3D-Qr40

65 keV-Qr40

Periprosthetic bone

CT attenuation
(HU)

297.27 +184.33
17436 £117.27
29291 +183.90

165.36 £110.17

66.64 + 50.81

64.09 +£79.48

65.91 + 50.51

64.09 +78.37

SD (HU)

196.00 +
106.17

103.46
56.41

255.55%
151.01

134.82 +
67.54

20.09+5.84
32.27
27.69

19.36 +£5.52

30.18 +
24.45
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4.34

1216
6.64

12.54 +
4.41

13.02 +
6.49

Al

168.42 +
118.48

81.18
57.09

228.67
165.65

100.97 +
75.98

14.98 +4.62

26.89

29.47

15.00 £4.71

25.61 %
25.83

Qualitative bone results are summarized in Table 4 and Fig. 2. Overall differences among reconstructions
were significant for implant margin sharpness, metal artifact suppression, periprosthetic bone
visualization, and bone-implant interface visualization (all p < 0.05). The 145-keV Br64 reconstruction

had median scores of 5 (IQR, 5-5), 5 (IQR, 4-5), 4 (IQR, 4-5), and 5 (IQR, 4-5), respectively, which were
the highest among all groups; the corresponding scores for 145-keV Qr64 were 4 (IQR, 4-4), 4 (IQR, 4-4),
4 (IQR, 3-4),and 4 (IQR, 3-4).

Thus, 145-keV VMI consistently reduced bone image noise and Al relative to T3D at the same kernel.
Kernel selection showed a trade-off: 145-keV Br64 provided the highest subjective scores for implant
margins and the bone-implant interface, whereas 145-keV Qr64 provided lower SD and Al and a higher

CNR (Fig. 3).
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Table 4

Qualitative image-quality scores across reconstructions

Reconstruction
setting

non-iMAR-70 keV-
Br40-1.0 mm

iMAR-70 keV-Br40-
1.0 mm

iMAR-T3D-Qr64-
0.4 mm

iMAR-145 keV-
Qr64-0.4 mm

iIMAR-T3D-Br64-
0.4 mm

iIMAR-145 keV-
Br64-0.4 mm

Reconstruction
setting

non-iMAR-70 keV-
Br40-1.0 mm

iMAR-70 keV-Br40-
1.0 mm

iMAR-T3D-Br40-
1.0 mm

iMAR-65 keV-Br40-
1.0 mm

iMAR-T3D-Qr40-
1.0 mm

iIMAR-65 keV-
Qr40-1.0 mm

Implant
margin
sharpness
2 (2-2)
4 (4-4)
2 (2-3)
4 (4-4)
3(3-3)

5 (5-5)

Soft tissue
contrast

1(1-2)
3(2-3)
3 (3-4)
3(2-3)
2 (2-3)

3 (2-3)

Metal artifact
suppression

Periprosthetic
bone visualization

2 (2-2) 2 (2-2)

4 (4-4) 4 (4-4)
3(2-3) 3(2-3)

4 (4-4) 4 (3-4)
3(3-3) 3(3-3)

5 (4-5) 4 (4-5)
ettt
delineation soft tissues
1(1-2) 1(1-1)

2 (2-3) 2 (2-3)
3(3-4) 3(3-4)

2 (2-3) 2 (2-2)
3(2-3) 3(2-3)

2 (2-3) 2 (2-2)

Bone-implant
interface
visualization
2 (2-2)

4 (4-4)
3(2-3)

4 (3-4)
3(3-3)

5 (4-5)

Diagnostic
confidence

1(1-1)
2 (2-3)
3 (3-4)
2 (2-3)
2 (2-3)

2 (2-3)

3.4 Soft-tissue image quality

Quantitative soft-tissue results are shown in Table 3. Overall differences among T3D-Br40, 65-keV Br40,
T3D-Qr40, and 65-keV Qr40 were significant for CT attenuation, SD, SNR, CNR, and Al (all p < 0.05).

At the same kernel, T3D showed lower image noise and Al and higher SNR than 65-keV VMI. With Br40,
SD, Al, and SNR were 20.09 + 5.84 HU, 14.98 + 4.62, and 3.53 + 2.56 for T3D versus 32.27 + 27.69 HU,
26.89 £29.47,and 1.72 + 1.56 for 65-keV VMI. With Qr40, the corresponding values were 19.36 + 5.52
HU, 15.00 £ 4.71, and 3.60 + 2.62 for T3D versus 30.18 + 24.45 HU, 25.61 + 25.83, and 1.84 + 1.54 for 65-
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keV VMI. CNR was numerically slightly higher at 65 keV (Br40, 12.16 + 6.64 vs 11.84 + 4.34; Qr40, 13.02
+6.49 vs 12.54 + 4.41), whereas CT attenuation was similar.

Qualitative soft-tissue results are summarized in Table 4 and Fig. 2. Overall differences were significant
for soft-tissue contrast, muscle-fat boundary delineation, artifact interference, and diagnostic confidence
(all p<0.05). T3D-Br40 had a median score of 3 (IQR, 3-4) for all four dimensions. T3D-Qr40 had median
scores of 3 for muscle-fat boundary delineation and artifact interference and 2 for soft-tissue contrast
and diagnostic confidence. Most scores for the two 65-keV VMI reconstructions were 2-3.

Overall, T3D provided lower noise and Al and higher SNR than 65-keV VMI for soft-tissue evaluation. T3D-
Br40 had the highest descriptive scores across soft-tissue contrast, muscle-fat boundary delineation,
artifact interference, and diagnostic confidence (Fig. 4).

3.5 Interreader agreement

Weighted k values for interreader agreement ranged from 0.635 to 0.717 (95% Cl, 0.496-0.856; all p <
0.05), indicating moderate-to-good agreement. Agreement was highest for metal artifact assessment (k
=0.717;95% Cl, 0.608-0.827).

3.6 Task-specific reconstruction strategies

Task-specific reconstruction strategies derived from the quantitative and qualitative findings are
summarized in Table 5. Representative bone and soft-tissue appearances are shown in Fig. 5.
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Table 5

Task-specific post-processing strategies derived from study findings

Clinical task

Baseline
configuration

Bone
assessment

Goal: artifact
reduction and
bone-implant
interface

Soft-tissue
assessment

Goal:
noise/artifact
reduction and
soft-tissue
depiction

Use

Baseline

Morph.

Quant.

Routine

Quant.

Setting

iMAR on
+ task-

specific
settings

iIMAR-
145 keV-
Br64-0.4
mm

iMAR-
145 keV-
Qr64-0.4
mm

iMAR-
T3D-
Br40-1.0
mm

iIMAR-
T3D-
Qr40-1.0
mm

Key
parameters

iMAR on
QIR level 3

iMAR on

145-keV
VMI

Br64
0.4 mm

1024 x
1024

iMAR on

145-keV
VMI

Qr64
0.4 mm

1024 x
1024

iMAR on
T3D

Br40

1.0 mm
512 x 512
iMAR on
T3D

Qr40

1.0 mm

512 x 512

Main rationale

Matched iMAR-on
images had higher
qualitative scores
than iIMAR-off
images, supporting
iIMAR as the
baseline artifact-
reduction step.

Highest descriptive
subjective scores;
145-keV VM also
reduced
attenuation, noise,
and Al versus T3D
at the same kernel.

Most favorable
quantitative profile
among tested bone
reconstructions,
with lower SD and
Al and higher
SNR/CNR.

Highest descriptive
soft-tissue scores;
lower SD and Al
and higher SNR
than 65-keV VMI.

Slightly lower SD
and Al and higher
SNR than Br40, with
somewhat lower
contrast and
diagnostic-
confidence scores.

Typical application

All orthopedic
metal implant PCD
CT reconstructions

Osseointegration,
suspected
loosening, bone-
implant interface,
implant/bone-
cement morphology

Periprosthetic
attenuation, artifact
quantification,
bone-density-
related analysis

Soft-tissue swelling,
muscle injury,
masses, routine
postoperative
follow-up

Muscle attenuation,
soft-tissue noise,
and CNR
measurement
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4 Discussion

This within-patient study evaluated how iMAR, VMI energy, and reconstruction kernels affect image
quality around orthopedic metal implants on PCD-CT. Three findings were central. First, with energy,
kernel, and slice thickness matched, iIMAR improved all eight qualitative image-quality scores. Second,
for bone evaluation, 145-keV VMI reduced image noise and artifact burden relative to T3D, whereas
kernel selection reflected a trade-off between subjective sharpness and quantitative stability: Br64
yielded the highest subjective scores and Qr64 the most favorable quantitative metrics. Third, for
adjacent soft tissue, T3D showed lower noise and Al and higher SNR than 65-keV VMI, with T3D-Br40
receiving the highest descriptive subjective scores. Under the optimally-recommended image
reconstruction protocol, satisfactory fine-detail visualization was achieved for different types of complex
implants and the bone-implant interface (Fig. 6).

For the complex postoperative implants after bone tumor surgery, the present findings further support
the value of PCD-CT as a high-resolution imaging platform for reducing metal artifacts and improving
visualization of features relevant to osseointegration, osteolysis, and bone remodeling [25, 26]. The
benefit of IMAR observed in this study is consistent with previous reports showing improved evaluation
of metal-bone interfaces after correction of metal-corrupted projection data [12, 15, 17, 20, 23].

The bone findings also support the use of high-energy VMI in combination with iMAR for reducing
artifacts around orthopedic implants, in agreement with previous studies [12, 27, 28]. Earlier work has
shown that high-energy VMI in the range of approximately 110-150 keV can weaken beam-hardening
effects and improve visualization of the bone-implant interface [17, 23]. In the present study, this
advantage extended beyond relatively localized implants, such as dental hardware and spinal screws, to
large and structurally complex postoperative implants after bone tumor surgery. At a fixed
reconstruction kernel, 145-keV VMI reduced the Al of periprosthetic bone by more than 50% compared
with T3D. In addition, the study demonstrated an important trade-off related to kernel selection under
high-energy VMI with iIMAR. Br64, a sharper Body Regular kernel, achieved the highest subjective visual
scores and provided the clearest depiction of implant margins and the bone-implant interface, making it
more suitable for routine morphologic interpretation. In contrast, the Qr64 Quantitative Regular kernel
provided lower image noise, more stable CT attenuation, and better quantitative contrast performance,
making it more suitable for objective applications such as quantitative CT analysis, radiomics, and bone-
density-related measurements. Because previous metal artifact studies have focused mainly on energy
level and artifact-reduction algorithms, the present findings add practical information regarding how
reconstruction-kernel selection can be tailored to different clinical and quantitative tasks [13, 29].

Soft-tissue behavior differed markedly from the pattern observed for bone. In the present study, 65-keV
low-energy VMI did not demonstrate the expected contrast advantage for peri-implant soft tissues and
instead showed higher image noise and Al together with lower subjective image-quality scores than T3D.
This finding contrasts with conventional spectral applications in abdominal imaging, where low-energy
VMI can increase soft-tissue contrast by amplifying differences in x-ray attenuation and is commonly
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used to improve lesion conspicuity in organs such as the liver and pancreas [30—32]. In the immediate
vicinity of metal, however, low-energy photons are more readily absorbed by the implant, which may
aggravate photon starvation and secondary beam-hardening effects. The resulting increase in image
noise and artifact burden can therefore offset the theoretical gain in soft-tissue contrast. Similar
observations have been reported in settings involving dental implants and implanted thoracic devices,
suggesting that the usual strategy of using lower energy simply to increase contrast may not be directly
applicable to soft tissues adjacent to metal [5, 20]. In our study, T3D combined with the Br40 kernel
provided the most favorable overall balance among soft-tissue contrast, noise control, artifact
suppression, and subjective diagnostic confidence. These results further emphasize the task-dependent
nature of post-processing: reconstruction strategies should be matched to the specific anatomic target
and diagnostic requirement rather than applied uniformly across all imaging tasks.

Clinical investigations of postoperative implants in bone-tumor patients and implant biomaterial
research provide practical context and a feasible foundation for the evaluation metrics adopted in this
study. Follow-up of porous titanium implants in the pelvis, femur, radius, and sacrum commonly requires
assessment of radiolucent lines, osseointegration, periscrew bone loss, implant integrity, and tumor
recurrence within adjacent soft tissues[4, 6-9]. Large solid implant components, porous surfaces, and
multiple screws often render these imaging findings challenging to interpret. The present study did not
test diagnostic accuracy for loosening, bone ingrowth, infection, or tumor recurrence; therefore,
improved image quality should not be interpreted as evidence of enhanced lesion detection. Instead,
these task-specific reconstruction strategies provide a reproducible framework for future diagnostic
outcome studies.

This study had several limitations. First, it was a single-center exploratory analysis of 10 patients and 11
implant sites, with heterogeneity in anatomic location, implant type, and metal configuration. Second, all
data were obtained from one PCD-CT platform; slice thickness was linked to the imaging task, QIR was
fixed at level 3, and interactions among slice thickness, iterative reconstruction strength, kernel, and VMI
energy were not independently evaluated. Third, without a conventional EID-CT comparator, this study
was unable to directly quantify the diagnostic benefit of PCD-CT over conventional CT in orthopedic-
implant imaging. Fourth, ROl measurements and qualitative scores may be influenced by anatomy,
implant orientation, patient positioning, and reader experience. Fifth, IMAR can generate secondary low-
attenuation bands or dark-edge artifacts around large or complex implants, which were not
independently graded or quantified. Finally, the study evaluated image quality rather than diagnostic
accuracy, and the proposed reconstructions require validation in larger multicenter cohorts.

5 Conclusions

In orthopedic metal implant imaging with PCD-CT, post-processing performance was task dependent.
iIMAR improved image evaluability under matched conditions. For bone and bone-implant interface
assessment, 145-keV VMI was favored, with Br64 better suited to morphologic interpretation and Qré4 to
quantitative analysis. For adjacent soft tissue, T3D with Br40 provided the most balanced performance.
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Larger studies are needed to determine whether these image-quality advantages improve diagnostic
performance.
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Figure 1
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Lumbar fixation images reconstructed with iMAR off and on under matched 70-keV/Br40/1.0-mm
conditions. Soft-tissue and bone windows are shown for both reconstructions.
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Figure 2

Distribution of qualitative image-quality scores across reconstruction settings.
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Bone-implant interface visualization
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Figure 3

Bone reconstructions using T3D-Qr64, 145-keV Qr64, T3D-Br64, and 145-keV Br64. iMAR was enabled
and slice thickness was fixed at 0.4 mm; image plane, magnification, window width, and window level
were matched. (a) Representative long-bone implant case showing osseous structures, implant margins,
and bone cement. (b) Representative lumbar implant case showing streak artifacts and the bone-implant
interface across reconstructions.
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Figure 4

Hip implant images illustrating soft-tissue appearance across T3D, 65/70-keV VMI, and iMAR on/off
settings.
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Figure 5

Lumbar implant images reconstructed with selected post-processing settings.

Page 25/27



Figure 6

Complex implants of calcaneus (a), pelvis (b), and shoulder joint (c), revealing screw details, implant
textures, and clear bone-implant marginal contact interfaces.
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