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Purpose: Periprosthetic joint infection (PJI) is a severe complication following joint replacement surgery, and there is a current lack
of rapid, accurate, and non-invasive diagnostic methods. This study aims to assess the effectiveness of using dual-energy computed
tomography (DECT) to quantify the maximum long and short axes of the external iliac lymph nodes (LNs) as a diagnostic tool for PJI.
Patients and Methods: In this prospective controlled study, 112 patients undergoing total hip or total knee revision surgery were
enrolled. All patients underwent preoperative DECT scanning to measure the maximum long and short axes of the external iliac LNs
on the affected side. The diagnostic value of lymph node size for PJI was assessed using receiver operating characteristic curves.
Results: The AUC (Area Under the Curve) quantifies the diagnostic method’s ability to distinguish between positive and negative
outcomes in this study. A value closer to 1.0 indicates better discriminatory performance. Compared to erythrocyte sedimentation rate (Area
Under the Curve (AUC) = 0.834), percentage of polymorphonuclear leukocytes (AUC = 0.621), and C-reactive protein (AUC = 0.765), the
maximum long axis (AUC =0.895) and maximum short axis (AUC = 0.858) of the external iliac LNs better differentiated PJI from aseptic
failure. For diagnosing PJI, the threshold for the maximum long axis of the LNs was 20.5 mm, with a sensitivity of 84.21% and a specificity
of 87.84%. For the maximum short axis, the threshold was 8.5 mm, with a sensitivity of 89.47% and a specificity of 82.43%. Combining the
maximum long and short axes of the external iliac LNs enhanced the diagnostic accuracy for PJL.

Conclusion: Measuring the long and short axes of external iliac LNs using DECT is an effective diagnostic approach for PJI, aiding
in the differentiation between PJI and aseptic failure following joint replacement surgery.
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Introduction

Periprosthetic joint infection (PJI) following joint replacement surgery is one of the most catastrophic complications that
clinicians must address.! Although the incidence of PJI is only around 2-3%, it is a significant cause of joint revision
surgery, accounting for approximately 15% of cases.>” PJI imposes significant physical, psychological, and economic
burdens on patients and presents substantial challenges to the healthcare system. The accurate and timely diagnosis of PJI
is crucial for surgeons in determining the appropriate method and timing for prosthesis revision surgery.* Pathogens can

suppress and evade recognition and destruction by the host immune system, and low-virulence pathogens often do not

Infection and Drug Resistance 2024:17 5605-5617 5605
Received: 24 September 2024 © 2024 Yang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
A 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

Accepted: 12 December 2024
Published: 17 December 2024

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0001-9116-2985
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Yang et al Dove

trigger a strong inflammatory response. This results in subtle infection symptoms and a slow disease progression,
blurring the distinction between PJI and aseptic failure.>® Therefore, the search for an accurate and rapid diagnostic
method for PJI is a key challenge for clinicians.

Although international consensus on PJI diagnosis is continually updated to incorporate new technologies and
biomarkers, a unified “gold standard” remains elusive. Traditional serological inflammatory markers, such as
C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR), are widely accepted and have been incorporated
into the Musculoskeletal Infection Society (MSIS) diagnostic criteria due to their simplicity and ease of use.” However,
as non-specific inflammatory markers, their diagnostic specificity for PJI is often suboptimal.® In our previous studies,
synovial fluid biomarkers, such as interleukin-6 and a-defensin, were effective in distinguishing PJI from aseptic failure
patients; however, there remains a risk of dry tap, leading to test failure.> Additionally, synovial fluid inflammatory
cytokine levels have limited ability to differentiate between PJI and autoimmune diseases such as gout.'® Moreover,
invasive surgical procedures carry technical challenges and the risk of infection, preventing widespread use in primary
care settings and limiting the effectiveness of early infection screening. Therefore, there is an urgent need for clinicians to
find a simple, non-invasive, and rapid diagnostic method for PJI.

The lymphatic system, as a critical component of the immune system, can detect and respond to peripheral
inflammatory stimuli and infections.!' During infection, lymph nodes (LNs) filter lymphocytes from the draining region
and scan for pathogens, antigens, or inflammatory factors, initiating T-cell and B-cell immune responses, which can
ultimately lead to lymph node enlargement.'? LNs are highly sensitive to infection, with their size rapidly increasing
within 2-3 days of infection and returning to normal within weeks after the infection is fully controlled.'® Therefore,
lymph node enlargement has become a critical indicator in the observation of infections or immune diseases.'*'* Studies
have shown that in patients with malignancies, using the maximum short axis of LNs as a diagnostic criterion can
accurately diagnose lymphatic metastasis.'>'® In our previous study using ultrasound to examine inguinal LNs, we found
that PJI leads to significant lymph node enlargement, which normalizes as the infection is controlled; the maximum long
axis of LNs proved effective in diagnosing PJI.'” However, because inguinal LNs are close to the skin and external
environment, they are susceptible to interference from superficial infections, trauma, and other factors, leading to
potential bias in the results.'® We sought to identify soft tissue structures more closely associated with the pathophysio-
logical changes in the joint and surrounding tissues. The external iliac LNs, located near the external iliac vessels,
constitute a significant lymph node group in the pelvic region. They receive lymphatic drainage from the lower limb LNs,
including the inguinal nodes, as well as from the pelvic region.'® The external iliac LNs not only reflect changes in the
lymphatic drainage area of the inguinal nodes but also monitor infections in the hip joint and deep pelvic tissues. Studies
have found that external iliac LNs are significantly enlarged in patients with PJI after hip replacement surgery, and this
enlargement is an important independent predictor of PJI.2° However, no studies have examined the specific changes in
the long and short axes of the external iliac LNs or their diagnostic thresholds for PJI.

Imaging examinations are routine diagnostic tools for orthopedic surgeons, but their effectiveness in diagnosing PJI
varies. While X-rays provide anatomical information about bones and joints, their diagnostic performance for PJI is
relatively poor.?' Magnetic resonance imaging (MRI) has shown good diagnostic efficacy for PJI; however, its imaging is
often affected by metal artifacts.”” The three-phase bone scan is a simple and widely used radionuclide imaging
technique for diagnosing PJI. However, literature indicates that it exhibits high sensitivity but low specificity for PJI
diagnosis.”> Fluorodeoxyglucose positron emission tomography (FDG-PET) using fluorodeoxyglucose as a tracer is
limited by its cost, contraindications such as tracer allergies, and concerns regarding its diagnostic efficacy.** Currently,
artificial intelligence (Al), particularly convolutional neural networks (CNNs), is being applied to medical imaging
diagnostics. Al tools based on CNNs have demonstrated promising value in analyzing three-phase bone scan images for
PJI detection.”® However, given the contraindications associated with imaging agents and the inherent limitations of the
diagnostic performance of three-phase bone scans, there remains room for improvement in Al-assisted imaging
diagnostic tools. Therefore, this study aims to explore an imaging technique that is fast, has fewer contraindications,
and exhibits high diagnostic performance. Such a technique would not only facilitate clinical practice but also provide
a foundation for developing novel Al-based imaging tools for PJI diagnosis. Dual-energy computed tomography (DECT)
acquires two different sets of imaging data by emitting X-rays at two different energy levels. With advanced software and
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techniques, it effectively reduces prosthesis artifact interference, making it highly valuable in diagnosing PJI.>>-

Compared to conventional computed tomography (CT) and ultrasound, DECT offers superior soft tissue differentiation,
accurately identifying bone tissue, blood vessels, and LNs, leading to more precise data. Our previous research found that
using DECT iodine maps to quantify inflammation in the periprosthetic soft tissue provided good sensitivity and
specificity for differentiating PJI.>” Compared to MRI, DECT offers advantages such as faster imaging, lower cost,
and fewer contraindications.

Therefore, in this prospective controlled study, we investigated a novel approach for diagnosing PJI by detecting the
long and short axes of external iliac LNs using DECT, without incurring additional costs or causing harm to patients. Our
objectives were to: 1) determine whether enlargement of the external iliac LNs on the affected side can differentiate
between PJI and aseptic failure as the cause for revision surgery; and 2) establish diagnostic thresholds for PJI based on
the maximum long and short axes of the external iliac LNs on the affected side.

Materials and Methods

Patient Cohort and Characteristics

In this prospective cohort study, conducted from March 1, 2021, to July 31, 2024, we enrolled 128 patients who required
total hip or total knee revision surgery due to PJI or aseptic failure. All participants signed informed consent before
enrollment, and the study was approved by the Institutional Review Board and registered with the Chinese Clinical Trial
Registry (No. 2021-258; No. ChiCTR2100050785).

Patients with any type of skin ulcer or hematoma, recent trauma or dislocation (within 2 weeks), extra-articular
infections of the lower limbs or sexually transmitted diseases, inflammatory arthritis (such as rheumatoid arthritis and
gout), malignancies (lymphoma, lower limb skin cancer, gynecological tumors, bladder cancer, etc)., lower limb vascular
diseases (such as embolism and inflammation), or those receiving immunotherapy were excluded. We excluded patients
with recent trauma or dislocation (within two weeks) for the following reasons: acute inflammatory responses in local
tissues typically lead to systemic lymphatic drainage dysfunction within 24 hours post-trauma and gradually recover over
7-14 days.”® Studies have shown that aseptic lymph node swelling generally resolves within two weeks.?* ! Therefore,
this exclusion criterion was established to avoid potential non-specific swelling of the external iliac lymph nodes caused
by factors unrelated to PJI, thereby minimizing their impact on the study results. A total of 16 patients were excluded: 3
with rheumatoid arthritis, 2 with gout, 1 with lower limb vascular embolism, 4 with malignancies, 3 with lower limb
ulcers, 2 with a history of trauma within 14 days, and 1 with prostatitis. Ultimately, 112 patients were included in this
study. Participants were divided into an aseptic failure group and a PJI group based on the bacterial culture results from
joint and surrounding tissue samples. The aseptic group included cases undergoing total hip or total knee revision surgery
for non-infectious reasons, such as aseptic loosening, wear, instability, and malalignment. Patients with positive
microbial cultures were classified into the PJI group. Pathogen detection was conducted under strict sterile conditions.
All cultures were performed prior to the initiation of antibiotic treatment to prevent interference. Samples were collected
preoperatively via joint fluid aspiration and intraoperatively from at least three sites, including joint fluid, periprosthetic
soft tissue, and bone tissue. To improve pathogen detection rates, we adopted a protocol based on Cao’s study, where
removed prosthetic components and surrounding soft tissues were processed directly using ultrasound under laminar
airflow in the operating room.*? The processed specimens were then used for pathogen detection. Detection methods
included standard bacterial cultures (from tissue or synovial fluid), specialized cultures (eg, for tuberculosis and fungi),
pathological examination, polymerase chain reaction, gene chip analysis, nucleic acid probe technology, and next-
generation sequencing. Bacterial cultures were typically incubated for 24-48 hours and extended up to 14 days for
intraoperative specimens. A positive result was confirmed only when the same pathogen was identified in multiple
specimens, effectively minimizing the risks of false positives and contamination. Additionally, postoperative specimens
testing positive for bacterial cultures were also classified as PJI cases.

We recorded the following baseline data for the patients: age, gender, and body mass index (BMI). After admission,
venous blood was collected to analyze serum ESR and CRP levels. To prevent dry taps, ultrasound-guided aspiration

Infection and Drug Resistance 2024:17 heeps: 5607

Dove:


https://www.dovepress.com
https://www.dovepress.com

Yang et al Dove

with puncture needles was performed preoperatively to collect joint fluid from patients for polymorphonuclear neutrophil
percentage (PMN%) analysis and culture.

Image Acquisition and Analyses

All patients underwent DECT (Somatom Definition Flash; Siemens Healthineers, Erlangen, Germany) scanning of the
pelvis and inguinal region in a supine position, with arms elevated, thighs internally rotated, and toes touching each other.
CT images were acquired using the following parameters: pitch 0.6; rotation time 0.4 seconds; Collimation 40x0.6 mm;
tube voltage 80 kV, 140 kV. Three radiologists with experience in orthopedic imaging independently analyzed the images
of the external iliac LNs on the affected side without knowledge of the patients’ clinical information, recording lymph
node characteristics such as the short and long axis diameters. (Figures 1 and 2) The maximum long axis and short axis
diameters of the affected external iliac LNs for each patient were analyzed as measured by the three radiologists, and the
average values were calculated. Consistency among the three radiologists was assessed using the intraclass correlation
coefficient (ICC), evaluating their agreement in measuring the maximum long axis and short axis diameters of the
external iliac LNs.

) ;\

q:thrt Exis RS
4 .l:tnél \‘ £ ¥
- . » ;v:‘ E N

Figure | A 56-year-old female with a left Hip prosthesis infection caused by Staphylococcus aureus. The DECT axial view shows the external iliac lymph node on the
affected side (left image). The right image illustrates the measurement of the lymph node’s long and short axes on the axial DECT scan.
Abbreviations: DECT, dual-energy computed tomography.

Figure 2 A 66-year-old male with aseptic loosening of the left Hip prosthesis. The DECT axial view shows the external iliac lymph node on the affected side (left image). The
right image illustrates the measurement of the lymph node’s long and short axes on the axial DECT scan.
Abbreviations: DECT, dual-energy computed tomography.
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Data Analyses

Statistical analyses were conducted using SPSS version 25 software (IBM Corp., Armonk, NY, USA) and GraphPad
Prism 9.0 software (GraphPad Software, San Diego, CA, USA). Continuous variables are presented as mean + standard
deviation, while categorical variables are expressed as counts and percentages. Continuous variables were analyzed using
the Mann—Whitney test, and categorical variables were analyzed using the chi-square test. The ICC was calculated
following the methodology described in Terry K Koo’s study, using a two-way random-effects model to determine the
ICC values and their 95% confidence intervals.”® Receiver operating characteristic curves (ROC) were plotted using
GraphPad Prism 9.0, and the area under the curve (AUC), sensitivity, and specificity were analyzed to assess the
diagnostic value of external iliac lymph node size for PJI. The Youden J statistic was used to determine the optimal
thresholds for the maximum long and short axes diameters of the external iliac LNs in distinguishing between PJI and
aseptic loosening (J = sensitivity + specificity - 1). A p value of <0.05 was considered statistically significant.

Results

Table 1 presents the demographic characteristics of the two patient groups. A total of 112 patients were included, of
whom 38 were diagnosed with PJI based on pathogen culture results (26 had hip infections and 12 had knee infections),
and 74 were revision surgery patients due to aseptic failure. There were no statistically significant differences between
the two groups in baseline characteristics, including age (P value= 0.322), gender (P value= 0.432), height (P value=
0.614), weight (P value= 0.549), and BMI (P value= 0.561). In Table 2, we compared serum ESR, CRP levels, and PMN

Table | Demographic Data for the Study Population

Aseptic (n=74) PJI (n=38) P value

Age 67.256+11.560 | 64.684+12.286 0.322
Weight 63.000+9.558 62.486+10.296 0.549
Height 161.540+8.106 162.237+7.975 0.614
BMI 23.634+2.772 23.474+3.333 0.561
Sex 0.432

Man 38 51% 22 58%

Woman 36 49% 16 42%

Note: Variables are expressed as mean * SD, or numbers (percentage).
Statistically significant (P value < 0.05).

Abbreviations: BMI, body mass index; PJI, periprosthetic joint
infections.

Table 2 Analysis of Inflammatory Marker in Patients with PJl and
Aseptic Revision

Inflammatory Group P value
Marker
Aseptic (n=74) PJI (n=38)
PMN%
Median 61.650 65.650 0.036
P25, P75 (54.175, 68.925) (59.675, 70.150)
ESR (mm/h)
Median 23.000 72.000 <0.001
P25, P75 (13.000, 43.000) (43.500, 90.750)
CRP (mg/L)
Median 5.335 21.350 <0.001
P25, P75 (2.532, 11.075) (11.500, 47.500)

Note: Statistically significant (P value < 0.05).
Abbreviations: CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; PMN%,
polymorphonuclear cell percentage; PJl, periprosthetic joint infections.
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% in synovial fluid between the aseptic failure group and the PJI group. The results showed significant differences in
ESR, CRP, and PMN% between the PJI group and the aseptic failure group. In the PJI group, the median ESR was
72.000 mm/h (range, 43.500-90.750 mm/h), significantly higher than the median ESR of 23.000 mm/h (range,
13.000—43.000 mm/h) in the aseptic group (P value <0.001). Additionally, CRP levels in the PJI group were higher
than those in the aseptic group, with a median of 21.350 mg/L (range: 11.500—47.500 mg/L) compared to a median of
5.335 mg/L (range, 2.532—-11.075 mg/L) in the aseptic group (P value <0.001). The PMN% data similarly showed that
the median in PJI patients was 65.650% (range, 59.675%-70.150%), higher than the median of 61.650% (range,
54.175%-68.925%) in the aseptic group (P value = 0.036).

All images of the external iliac LNs on the affected side were obtained via DECT, and the long and short axis of these
LNs were measured to determine their maximum long and short axis values. The ICC results demonstrated good
consistency among the three radiologists in measuring the maximum long and short axes of external iliac lymph
nodes across both patient groups (PJI and aseptic failure groups): maximum long axis in PJI patients: ICC = 0.937,
95% CI 0.893-0.965; maximum long axis in the aseptic failure group: ICC = 0.91, 95% CI 0.87—0.94; maximum short
axis in PJI patients: ICC = 0.842, 95% CI 0.749-0.908; maximum short axis in the aseptic failure group: ICC = 0.75,
95% CI 0.659-0.824 (Figure 3). We then compared the maximum long and short axes of the external iliac LNs on the
affected side between the two groups and created box plots. As shown in Figure 3, the external iliac LNs on the affected
side were significantly enlarged in the PJI group compared to the aseptic failure group. The median maximum long axis
of the external iliac LNs on the affected side in the PJI group was 25.00 mm (range, 23.00-29.50 mm), significantly
larger than the median maximum long axis of 15.00 mm (range, 11.00-17.00 mm) in the aseptic failure group (P value
<0.001). For the maximum short axis, the PJI group’s median was 10.50 mm (range, 9.00—-14.75 mm), significantly larger
than the aseptic revision group’s median of 6.00 mm (range, 5.00-14.75 mm) (P value <0.001).

To further establish the importance of external iliac LN size in distinguishing PJI from aseptic failure, we used the PJI
group as the positive control and the aseptic failure group as the negative control, plotted ROC curves, and determined
the optimal thresholds for the maximum long or short axis of the external iliac LN in diagnosing PJI. The maximum long
and short axes of the external iliac LNs on the affected side showed strong discrimination between the infection group
and the aseptic failure group, with AUCs of 0.895 (95% CI 0.828-0.963) and 0.858 (95% CI 0.781-0.934), respectively.
Their diagnostic capability was significantly higher than that of serum ESR 0.834 (95% CI 0.755-0.963), CRP 0.765
(95% CI 0.678-0.852), and synovial fluid PMN% 0.621 (95% CI 0.514-0.728) (Figure 4). As shown in Table 3, CRP
levels (optimal threshold = 7.895 mg/L) had an average sensitivity of 84.21% and an average specificity of 67.57%. ESR
levels (optimal threshold = 42.500 mm/h) had an average sensitivity of 81.58% and an average specificity of 72.97%.
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Figure 3 (A) The forest plot shows the intraclass correlation coefficient (ICC) and corresponding 95% confidence intervals for the maximum long axes and short axes
measurements of external iliac lymph nodes in patients with periprosthetic joint infection (PJI) and aseptic revision, as evaluated by three radiologists. The ICC values,
calculated using a two-way random-effects model, assess the consistency among raters. The results indicate high agreement for all measurements, with ICC values exceeding
the threshold generally considered reliable (ICC = 0.75). *: P value < 0.001. PJl-long MAX: Maximum long axes of external iliac lymph nodes in PJI patients. Aseptic-long
MAX: Maximum long axes of external iliac lymph nodes in aseptic failure patients. PJl-short MAX: Maximum short axes of external iliac lymph nodes in PJ| patients. Aseptic-
short MAX: Maximum short axes of external iliac lymph nodes in aseptic failure patients. (B) Comparison of maximum long and short axes of external iliac lymph nodes
between PJI patients and aseptic failure patients.

Abbreviation: PJl, Periprosthetic joint infection.
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Figure 4 Receiver operating characteristic (ROC) curves and area under curve (AUC) for the four tests to diagnose PJI.
Abbreviations: CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; PMN%, polymorphonuclear cell percentage; PJI, Periprosthetic joint infection.

PMN% levels (optimal threshold = 62.350%) had an average sensitivity of 68.42% and an average specificity of 56.72%.
The optimal threshold for the maximum long axis of the external iliac LN in diagnosing PJI was 20.500 mm, with an
average sensitivity of 84.21%, an average specificity of 87.84%, and an accuracy of 86.61%. The optimal threshold for

the maximum short axis was 8.500 mm, with an average sensitivity of 89.47%, an average specificity of 82.43%, and an
accuracy of 84.82%.

Table 3 Performance Parameters of the Four Diagnostic PJI Methods

Parameters AUC Cut-off Sensitivity Specificity PPV NPV Accuracy
(95% CI) level (%) (%) (%) (%) (%)
(95% CI) (95% CI)
PMN?2% 0.621 62.350 68.42 56.72 68.42 56.76 60.71
(0.514-0.728) (52.54-80.92) | (45.41-67.43)
ESR 0.834 42.500 81.58 72.97 81.58 72.97 75.89
(0.755-0.913) (66.58-90.78) | (61.91-81.77)
CRP 0.765 7.895 84.21 67.57 84.21 67.57 73.21
(0.678-0.852) (69.58-92.56) | (56.27-77.14)
(Continued)
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Table 3 (Continued).

Parameters AUC Cut-off Sensitivity Specificity PPV NPV Accuracy
(95% CI) level (%) (%) (%) (%) (%)
(95% CI) (95% CI)
Maximum long axis of lymph nodes 0.895 20.500 84.21 87.84 88.21 87.84 86.61
(0.828-0.963) (69.58-92.56) (78.47-93.47)
Maximum short axis of lymph nodes 0.858 8.500 89.47 82.43 89.47 82.43 84.82
(0.781-0.934) (75.87-95.83) (72.23-89.44)
Maximum long axis of lymph nodes + N/A Maximum long axis 220.5 97.37 74.32 97.37 74.32 82.14
Maximum short axis of lymph nodes Or (92.28-100.00) (64.37-84.28)
Maximum minor axis
285
N/A Maximum long axis 220.5 76.32 95.95 76.32 95.95 89.29
And (62.80-89.83) (91.45-100.00)
Maximum minor axis
285

Abbreviations: CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; PMN%, polymorphonuclear cell percentage; Cl, confidence interval; PJl, periprosthetic joint
infections; PPV, positive predictive value; NPV, negative predictive value.

The combined use of the maximum long and short axes in a serial diagnostic approach demonstrated higher accuracy
than using either axis alone, though sensitivity was slightly reduced. Although the parallel use of the maximum long and
short axes improved sensitivity in diagnosing PJI, its accuracy was somewhat reduced compared to using either axis
alone (Table 3).

Discussion
The diagnosis of PJI has consistently been a significant challenge in the field of orthopedics. Low-virulence pathogens
and microbial immune evasion mechanisms make it challenging to distinguish the clinical manifestations of PJI from
aseptic failure. Despite continuous updates to PJI diagnostic criteria by organizations such as the MSIS and the European
Bone and Joint Infection Society, a gold standard for PJI diagnosis remains elusive, limited by insufficient sensitivity and
specificity of current criteria, as well as technical and cost-related challenges.'*** This study is the first to propose
measuring the size of the external iliac LNs on the affected side using DECT as a diagnostic strategy for PJI. Our study
demonstrates that measuring the maximum long and short axis diameters of the external iliac LNs can serve as effective
indicators for diagnosing PJI, outperforming traditional serological markers such as CRP, ESR, and synovial fluid PMN%
in diagnostic efficacy. This method capitalizes on the central role of LNs in the immune response, offering a non-
invasive, rapid, and reliable diagnostic tool, thus providing new strategies and insights for the clinical diagnosis of PJI.
LNs, as a crucial part of the immune system, often enlarge when the immune system is activated, such as during
infections, autoimmune diseases, or tumor development.'* This pathological enlargement of LNs not only enhances the
body’s resistance to pathogens but also provides significant reference value for clinical diagnosis and treatment. Studies
have shown that LN enlargement can accurately reflect the staging of rectal cancer patients. LN characteristics, such as
maximum long axis diameter and maximum short axis diameter, are considered independent predictors of tumor
spread.'®*® Due to the regional drainage characteristics of LNs, localized LN enlargement can specifically indicate the
disease status of the local drainage area. Our previous research also demonstrated that localized inguinal LN enlargement
can reflect the occurrence of lower limb infections.!” However, due to the localized drainage characteristics of LN,
selecting the appropriate regional LNs can provide a more comprehensive reflection of changes in the drainage area. The
external iliac LNs are arranged along the external iliac artery and primarily receive lymphatic drainage from the inguinal
LNs as well as from the bladder, prostate, uterus, and other lymphatic vessels. Compared to inguinal LNs, they have
a broader drainage area, allowing for better monitoring of diseases in the lower limbs and pelvis. Additionally, their
deeper location helps avoid interference from superficial skin diseases and better reflects the status of deep surrounding
tissues of the hip joint.'? In previous studies, iliac LN enlargement has been identified as an independent clinical variable
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associated with PJI.%°

However, metal particles generated from prosthesis wear after joint replacement surgery can also
induce aseptic inflammation in the surrounding tissues and lymphocyte proliferation, ultimately resulting in LN
enlargement.”” This can reduce the specificity and sensitivity of diagnosing PJI based solely on LN enlargement.
Therefore, we measured the maximum short and long axis of the external iliac LNs on the affected side as
a diagnostic standard for PJI, aiming to reduce errors caused by LN enlargement due to aseptic inflammation from
metal particles in patients with aseptic failure. Considering that both the long and short axis are important characteristics
of LNs, we included both in this study. We found that when the maximum long axes of the external iliac LN reached
20.5 mm, the sensitivity and specificity for diagnosing PJI were 84.21% and 87.84%, respectively; when the maximum
short axis reached 8.5 mm, the sensitivity and specificity for diagnosing PJI were 89.47% and 82.43%, respectively.
Anatomically, external iliac lymph node swelling is thought to be more closely associated with hip joint infections.
However, in our study, all 12 patients with confirmed knee joint PJI showed significant swelling of the external iliac
lymph nodes, despite the absence of inflammatory symptoms such as redness, swelling, heat, or pain in areas beyond the
knee joint. This suggests that external iliac lymph nodes can reflect lower limb infections, including those of the knee
joint. Further research with larger sample sizes is needed to explore whether the degree of external iliac lymph node
swelling differs between hip and knee joint infections.

Monitoring changes in the external iliac LNs offers several advantages over traditional serological and synovial fluid
biomarker methods. The PJI scoring criteria, such as those from MSIS2011, the International Consensus Meeting(ICM)
2013, and ICM2018, all include the measurement of changes in serological ESR and CRP levels."”*® However, ESR and
CRP, as systemic non-specific markers, can be elevated in both infectious and non-infectious inflammatory conditions.
Although their elevation may suggest the possibility of PJI, they cannot be used alone for definitive diagnosis and require
other indicators for a combined diagnosis. Additionally, in chronic PJI or PJI caused by low-virulence pathogens, the
elevation of ESR and CRP is often not significant, potentially leading to missed diagnoses.>” In this study, we also found
that the accuracy of ESR and CRP in diagnosing PJI is limited, which is consistent with previous studies.”® In contrast,
changes in the external iliac LNs more accurately reflect abnormal conditions in the lymphatic drainage areas of the
lower limbs and pelvis, providing regional specificity. Additionally, LNs respond sensitively to infectious diseases,
enlarging rapidly in the short term following infection and returning to normal once the infection is controlled."
Synovial fluid biomarkers such as IL-6 and IL-4 have high sensitivity and specificity for diagnosing PJI. However, in
our previous study, dry tap occurred in some cases, preventing these patients from being fully diagnosed for PJI based on
synovial fluid markers, potentially leading to misdiagnosis.>*° Additionally, joint aspiration carries a risk of introducing
infections. In our study, monitoring changes in the external iliac LNs reduced the need for invasive procedures, avoided
patient discomfort and the risk of complications, and made the diagnostic process safer and more convenient.

Radiographic imaging is the cornerstone of orthopedic diagnosis due to its non-invasive nature and ability to reveal the
anatomical structures of bones and joints. X-rays are often the first-choice imaging modality for orthopedic surgeons.
However, despite their ability to clearly display anatomical features, X-rays lack the specificity and sensitivity needed to
diagnose PJL.?' MRI has shown strong diagnostic capability for PJI in studies. When diagnosing hip joint PJI, MRI
demonstrates sensitivity and specificity above 80% for detecting periosteal reactions and capsular edema. However, MRI
imaging is highly susceptible to metal artifacts. Even with the use of metal artifact reduction sequences (MARS), MRI image
quality often remains unsatisfactory.”? Additionally, MRI requires lengthy scan times, has numerous contraindications, and is
costly. Radionuclide imaging techniques are increasingly being used as adjunctive tests for PJI. Three-phase bone scans are
widely used in clinical practice due to their rapid imaging and ability to reflect local inflammation. However, this can make it
difficult to distinguish between the causes of increased bone metabolism around implants, such as infection versus aseptic
loosening.*! Fluorodeoxyglucose positron emission tomography, which uses fluorodeoxyglucose as a contrast agent, has
shown highly variable results in the literature. Its high cost, along with numerous contraindications such as contrast agent

allergies, has prevented it from being widely accepted as a reliable method for diagnosing PJI.**

CT imaging technology
provides high-resolution, three-dimensional structures and is a key technique for LN imaging.** However, metal artifacts can
interfere with image observation, particularly in the surrounding soft tissue structures. DECT, compared to conventional CT,
can more comprehensively characterize attenuation properties and assist in distinguishing different components.** DECT has

been widely used to measure LN size in assessing the prognosis of patients with advanced cancer.'®**** Additionally, DECT
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can effectively eliminate the interference of prosthetic metal artifacts during imaging, making it easier to observe the soft
tissues around joint prostheses, especially the LNs. More importantly, DECT offers rapid CT imaging with fewer contra-
indications. This non-invasive and cost-effective method is more acceptable to patients and easier to implement in clinical
practice.

This study has several limitations. The exclusion criteria may limit the generalizability of our findings. Patients with
conditions such as skin ulcers, recent trauma, or inflammatory diseases were excluded, which may not fully represent the
broader population undergoing joint revision surgery. In this study, we employed strategies such as multi-site sampling,
repeated cultures, extended culture durations, and combined diagnostic methods to minimize false negatives and contamina-
tion in pathogen detection. However, we acknowledge that relying solely on pathogen culture results as a diagnostic standard
does not completely eliminate the risks of false positives or negatives. Like the MSIS and ICM criteria, current diagnostic
methods remain imperfect.® Therefore, future studies will aim to align our findings with international consensus diagnostic
standards to ensure their reliability and clinical applicability. Inflammatory diseases can also affect LNs, potentially reducing
the accuracy of our method. In future studies, we aim to explore the differential presentation of external iliac LNs in patients
with inflammatory diseases compared to those with PJI. Additionally, this study was conducted at a single center with
a relatively small sample size, requiring larger multicenter studies for further validation. Although DECT has significant
advantages for imaging LNs, operator handling and interpretation could introduce bias. Therefore, in our study, we
standardized measurements among experienced radiologists, validated inter-rater consistency, and obtained average values
to enhance the credibility of our findings. This study focused on LN size, which may overlook other important factors
contributing to the pathophysiology of PJI, such as variations in immune responses among patients or specific pathogens
involved. Focusing solely on the long or short axis of LNs in the context of infection may be confounded by atypical LNs, such
as spindle-shaped nodes.*® Therefore, using a combined approach of long and short axis measurements improved the accuracy
of the method in our study. Studies have shown that imaging markers of lymph nodes during disease onset and progression
include contour deformation, abnormal enhancement, and size changes.*” In our study, we focused on the size of the external
iliac lymph nodes, finding that changes in the long and short axes demonstrated potential for diagnosing PJI. However, we did
not investigate whether other lymph node characteristics are altered in the context of PJI. Considering the challenges posed by
irregular lymph node morphology and interference from surrounding tissues on the accuracy of three-dimensional measure-
ments, as well as the lack of established clinical methods for lymph node volume measurement, our study did not explore
changes in lymph node volume in PJI. Nonetheless, lymph node volume remains a potentially valuable imaging feature worth
further investigation. Previous research has shown that increased uptake of 18F-fluorodeoxyglucose in inguinal lymph nodes
aids in diagnosing fracture-related infections.*® Therefore, incorporating other lymph node imaging characteristics and
combining different imaging techniques may further enhance the accuracy and robustness of lymph node-based diagnostics
for PJI. Additionally, utilizing reliable imaging features and leveraging artificial intelligence to integrate and analyze multi-
modal imaging characteristics represent important directions for future research to optimize diagnostic models. Finally, DECT
is more expensive than conventional single-energy CT, increasing the financial burden on patients. In resource-limited
settings, the availability and expertise required to perform and interpret DECT scans may limit its practical application.
However, our study demonstrates that DECT is highly effective for diagnosing PJI and serves as a reliable, non-invasive, and
rapid diagnostic tool. Compared to the labor-intensive testing of multiple serum and synovial biomarkers, DECT iodine
imaging also offers certain economic advantages, providing patients with an alternative diagnostic option.

Conclusion

This study demonstrates that DECT can detect volume changes in the external iliac LNs on the affected side in PJI patients
during infection. It also allows for the determination of diagnostic thresholds based on the maximum long and short axis
diameters, offering high diagnostic value and an effective new method for early PJI diagnosis. We believe that DECT
measurement of external iliac LN size is a reliable, rapid, and non-invasive diagnostic method. The application of this

technique is expected to improve the PJI diagnostic process, enhance treatment outcomes, and improve patient prognosis.
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