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A B S T R A C T 

Introduction: Magnetic resonance imaging has emerged as a valuable 
adjunctive tool for evaluating persistent symptoms following total knee 
arthroplasty, particularly in differentiating synovitis from occult periprosthetic 
infection. Advances in metal artifact reduction techniques have expanded MRI’s 
diagnostic utility, enabling improved visualization of periprosthetic soft tissues 
and inflammatory changes that are often inadequately assessed by 
conventional diagnostic methods. 
Material and methods: This systematic review comprehensively searched 
major databases without time limits to evaluate the effectiveness of MRI in 
detecting synovitis and occult infection after total knee arthroplasty. 
Results: Magnetic resonance imaging provides a comprehensive assessment of 
symptomatic patients after total knee arthroplasty by capturing both prevalent 
inflammatory changes and diagnostically specific features. While synovitis is 
common and often reflects aseptic pathology, findings such as bone marrow 
edema, periprosthetic fluid collections, and sinus tracts enhance diagnostic 
discrimination, supporting MRI as a valuable adjunct for identifying or 
excluding occult periprosthetic joint infection. 
Conclusion: The relatively high negative predictive value of MRI has significant 
clinical implications, particularly in excluding infection in symptomatic 
patients. A negative MRI study, characterized by the absence of marrow edema, 
significant fluid collections, or aggressive soft tissue abnormalities, provides 
reassurance that infection is unlikely. 

  

 

 

Introduction 
Total knee arthroplasty (TKA) is recognized as one 

of the most effective surgical procedures for 

alleviating pain and restoring function in patients 

with advanced degenerative knee disease, 

particularly osteoarthritis and inflammatory 

arthropathies, resulting in substantial improvements 

in quality of life and long-term mobility (1). 

The global incidence of TKA has increased 

markedly over recent decades due to population 

aging, rising obesity rates, expanding surgical 

indications, and heightened patient expectations for 

durable joint function and pain relief (2). 

 

 

As the number of primary TKA procedures 

continues to rise, there has been a parallel increase 

in the population of patients requiring long-term 

postoperative monitoring, underscoring the 

importance of accurate diagnostic strategies for 

detecting complications that may compromise 

implant survival (3). 

Despite overall excellent clinical outcomes, a subset 

of patients experiences persistent pain, swelling, 

stiffness, or functional limitation following TKA, 

posing a significant diagnostic challenge for 

orthopedic surgeons and musculoskeletal specialists 

(4).  
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Among the potential causes of postoperative 

symptoms, synovitis and periprosthetic joint 

infection represent particularly important entities, as 

delayed or missed diagnosis may result in 

progressive joint damage, implant failure, and the 

need for complex revision surgery (5). 

Synovitis following TKA may arise from multiple 

mechanisms, including mechanical irritation, 

polyethylene wear debris, metal hypersensitivity, 

low-grade inflammatory responses, or instability, 

and often presents with nonspecific clinical 

manifestations (6). Occult or low-grade 

periprosthetic joint infection is especially 

challenging to diagnose, as patients may lack 

systemic signs of infection and present with subtle 

symptoms that overlap with aseptic inflammatory 

conditions (7). 

Early and accurate differentiation between aseptic 

synovitis and occult infection is critical, as 

management strategies differ substantially and 

inappropriate treatment may lead to catastrophic 

clinical consequences (8). Conventional diagnostic 

approaches for suspected complications after TKA 

include clinical examination, laboratory testing, 

joint aspiration, and plain radiography; however, 

these methods may have limited sensitivity in 

detecting early inflammatory or infectious changes 

(9). 

Plain radiographs are primarily useful for assessing 

component position, fixation, and gross mechanical 

failure, but they provide limited information 

regarding soft-tissue pathology, synovial 

inflammation, and early infectious processes (10). 

Advanced imaging modalities have therefore gained 

increasing attention for their potential to improve 

diagnostic accuracy in symptomatic patients 

following TKA, with magnetic resonance imaging 

(MRI) emerging as a particularly promising tool 

(11). 

Historically, the use of MRI in patients with knee 

prostheses was limited by metal-related artifacts that 

degraded image quality and obscured periprosthetic 

structures, reducing its clinical utility (12). 

Recent advances in MRI technology, including 

metal artifact reduction sequences, optimized pulse 

techniques, and improved hardware, have 

significantly enhanced visualization of 

periprosthetic soft tissues, synovium, bone marrow, 

and fluid collections (13). These developments have 

expanded the potential role of MRI in evaluating 

synovitis, detecting bone marrow edema, identifying 

sinus tracts or abscesses, and distinguishing between 

aseptic inflammation and infectious processes after 

TKA (14). 

Nevertheless, the interpretation of MRI findings in 

the postoperative knee remains complex, as normal 

postoperative changes, implant-related artifacts, and 

overlapping imaging features may limit specificity 

and lead to diagnostic uncertainty (15). Given the 

growing body of literature examining the application 

of MRI in the assessment of synovitis and occult 

infection following total knee arthroplasty, a 

comprehensive synthesis of available evidence is 

necessary to clarify its diagnostic value, limitations, 

and clinical implications, which is the objective of 

the present systematic review. 

 

Material and methods 

This study was conducted as a systematic review of 

the literature to evaluate the role of magnetic 

resonance imaging in the assessment of synovitis 

and occult infection following total knee 

arthroplasty. A comprehensive electronic search was 

performed across multiple databases, including 

PubMed/MEDLINE, Embase, Scopus, Web of 

Science, and the Cochrane Library, without any 

restriction on publication date or study year. The 

search strategy combined controlled vocabulary and 

free-text terms related to the population, imaging 

modality, and outcomes of interest. The primary 

search keywords included “total knee arthroplasty,” 

“total knee replacement,” “magnetic resonance 

imaging,” “MRI,” “synovitis,” “periprosthetic joint 

infection,” “occult infection,” “low-grade 

infection,” “painful knee arthroplasty,” and 

“postoperative complications,” which were 

combined using Boolean operators (AND/OR) to 

maximize sensitivity. Database-specific adaptations 

of the search syntax were applied where appropriate. 

Reference lists of relevant articles were also 

manually screened to identify additional eligible 

studies. The search strategy was designed to be 

broad and inclusive in order to capture all available 

evidence addressing MRI findings related to 

inflammatory and infectious complications after 

total knee arthroplasty. 

 

Results 

The distribution of MRI-detected abnormalities in 

symptomatic patients following total knee 

arthroplasty highlights synovitis as the most 

prevalent pathological finding, underscoring its 

central role in persistent postoperative symptoms. 

The frequent coexistence of bone marrow edema 

and periprosthetic fluid collections suggest an active 

inflammatory milieu that may reflect either 

mechanical irritation or early infectious processes. 

In contrast, less commonly observed findings such 

as sinus tract formation and osteolysis, although 

infrequent, demonstrated greater diagnostic 

specificity for periprosthetic joint infection, 

emphasizing their clinical importance. Collectively, 

these results support the value of MRI as a 

comprehensive imaging modality capable of 

capturing both common inflammatory changes and 

high-risk pathological features that are often 

under-recognized by conventional diagnostic 

approaches (figure 1). 
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Figure 1. Distribution of MRI-detected pathological findings in symptomatic patients after total knee 

arthroplasty 

 

The correlation between MRI-detected 

abnormalities and final clinical diagnoses 

demonstrates the discriminative value of MRI in the 

evaluation of symptomatic patients after total knee 

arthroplasty. Synovitis was predominantly 

associated with cases ultimately classified as aseptic 

inflammatory conditions, reflecting nonspecific 

postoperative or wear-related responses. In contrast, 

bone marrow edema and periprosthetic fluid 

collections were observed more frequently in 

patients with confirmed occult periprosthetic joint 

infection, suggesting their role as intermediate but 

sensitive markers of infectious pathology. Although 

sinus tract formation was relatively uncommon, its 

strong concentration among infected cases 

highlights its high diagnostic specificity and clinical 

relevance. Collectively, these findings indicate that 

MRI not only identifies common postoperative 

inflammatory changes but also provides critical 

pattern-based information that aids in differentiating 

infectious from noninfectious etiologies, thereby 

supporting more accurate diagnostic stratification 

and informed clinical decision-making (figure 2). 

 

 
Figure 2. Relationship between key MRI-detected abnormalities and the final clinical diagnosis in symptomatic 

patients after total knee arthroplasty 
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Figure 3 illustrates the diagnostic performance of 

magnetic resonance imaging in identifying occult 

periprosthetic joint infection following total knee 

arthroplasty. MRI demonstrated high sensitivity, 

indicating a strong ability to detect infectious cases 

even in the absence of overt clinical signs, which is 

particularly valuable in diagnostically challenging 

scenarios. The specificity, while slightly lower than 

sensitivity, remained acceptable and suggests a 

moderate risk of false-positive findings, likely 

attributable to postoperative inflammatory changes 

that may mimic infection. The relatively high 

negative predictive value underscores the utility of 

MRI as a reliable tool for excluding infection when 

imaging findings are negative, thereby reducing 

unnecessary invasive procedures. Collectively, 

these results support the role of MRI as an effective 

adjunctive modality in the diagnostic algorithm for 

suspected periprosthetic joint infection, especially 

when conventional clinical, laboratory, and 

radiographic assessments yield inconclusive results. 

 

 
Figure 3. Diagnostic performance of MRI for detecting occult periprosthetic joint infection after total knee 

arthroplasty 

 

Discussion 

The present findings collectively demonstrate that 

magnetic resonance imaging provides a nuanced and 

integrative assessment of symptomatic patients 

following total knee arthroplasty by capturing a 

spectrum of postoperative abnormalities ranging 

from common inflammatory changes to 

diagnostically decisive features. Synovitis emerged 

as the most frequently observed abnormality, 

reflecting its central role in postoperative 

symptomatology, whereas less prevalent findings 

such as sinus tract formation and osteolysis carried 

greater diagnostic weight for occult infection. 

Importantly, the ability of MRI to combine high 

sensitivity with strong negative predictive value 

underscores its clinical utility as a problem-solving 

modality when conventional diagnostic approaches 

yield inconclusive results. 

The predominance of synovitis among 

MRI-detected abnormalities can be attributed to the 

complex biological response of periarticular soft 

tissues following prosthetic implantation. Surgical 

trauma, altered joint biomechanics, polyethylene 

wear debris, and low-grade inflammatory responses 

collectively contribute to synovial hypertrophy and 

effusion, even in the absence of infection. These 

processes are particularly common in the early and 

intermediate postoperative periods but may persist 

long term in patients with mechanical malalignment 

or implant wear. MRI is uniquely suited to detect 

synovial thickening and enhancement, explaining 

why synovitis appears as the most prevalent finding 

in symptomatic individuals. However, its high 

prevalence also limits its specificity, reinforcing the 

need to interpret synovitis within a broader imaging 

and clinical context rather than as an isolated 

diagnostic marker (16). 

The frequent coexistence of bone marrow edema 

and periprosthetic fluid collections reflect an active 

inflammatory microenvironment at the bone-

implant interface. Bone marrow edema likely 

represents increased intraosseous pressure, 

hyperemia, and inflammatory cell infiltration, which 

may arise from mechanical stress, micromotion, or 

early infectious processes. Similarly, periprosthetic 

fluid accumulation can be driven by synovial 

overproduction, inflammatory exudation, or 

bacterial biofilm activity. MRI’s sensitivity to 

changes in bone marrow signal and fluid distribution 

allows early detection of these processes before 

structural damage becomes radiographically 

apparent. This explains why these findings were 
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commonly observed and why they often acted as 

intermediate markers that bridge the diagnostic gap 

between nonspecific inflammation and established 

infection (17). 

The strong association between bone marrow 

edema, periprosthetic fluid collections, and 

confirmed occult periprosthetic joint infection 

highlights the pathophysiological progression of 

infection around joint arthroplasties. Bacterial 

colonization initiates an inflammatory cascade that 

extends beyond the synovium into the adjacent 

cancellous bone, leading to marrow signal 

alterations and fluid tracking along prosthetic 

interfaces. Unlike plain radiographs or laboratory 

markers, MRI captures these spatial and tissue-level 

changes, providing earlier and more sensitive 

indicators of infection. This explains why these MRI 

features were more frequently observed in infected 

cases and supports their role as sensitive, though not 

entirely specific, markers of periprosthetic infection 

(18). 

Although sinus tract formation and osteolysis were 

observed less frequently, their strong concentration 

among infected cases underscores their high 

diagnostic specificity. Sinus tracts represent chronic 

communication pathways between deep infection 

and the skin surface, typically forming only after 

prolonged infectious activity. Osteolysis, similarly, 

reflects sustained inflammatory bone resorption 

driven by infection or aggressive immune responses. 

The rarity of these findings in aseptic conditions 

explains their limited prevalence but high diagnostic 

value. MRI’s multiplanar capability and superior 

soft-tissue contrast facilitate the identification of 

subtle sinus tracts and early osteolytic changes that 

may be overlooked by conventional imaging, 

accounting for their strong association with 

confirmed infection (19). 

The observed correlation between MRI patterns and 

final clinical diagnoses emphasizes the importance 

of pattern recognition rather than reliance on single 

imaging features. Synovitis alone was 

predominantly linked to aseptic inflammatory 

conditions, reflecting its nonspecific nature, whereas 

combinations of marrow edema, fluid collections, 

and soft-tissue abnormalities were more suggestive 

of infection. This pattern-based diagnostic approach 

aligns with contemporary understanding that 

periprosthetic joint infection exists along a 

biological continuum rather than as a binary state. 

MRI enables visualization of this continuum by 

simultaneously assessing bone, synovium, and 

periprosthetic soft tissues, thereby improving 

diagnostic discrimination when integrated with 

clinical and laboratory data (20). 

The high sensitivity demonstrated by MRI in 

detecting occult infection reflects its ability to 

identify early inflammatory and structural changes 

before overt clinical manifestations arise. This is 

particularly relevant in patients with indolent 

infections, low-virulence organisms, or equivocal 

laboratory findings, where traditional diagnostic 

criteria may lack sensitivity. MRI’s capacity to 

detect subtle marrow signal changes, soft-tissue 

edema, and fluid patterns explains its effectiveness 

in identifying infectious cases that might otherwise 

remain undiagnosed. This sensitivity positions MRI 

as a valuable adjunctive modality rather than a 

replacement for existing diagnostic tools (21). 

The slightly lower specificity observed for MRI can 

be explained by the overlap between postoperative 

inflammatory changes and early infectious findings. 

Surgical manipulation, mechanical wear, and 

foreign-body reactions can all produce imaging 

features that resemble infection, leading to 

false-positive interpretations if MRI findings are 

assessed in isolation. However, this limitation 

reflects the biological complexity of the 

postoperative knee rather than a technical 

shortcoming of MRI itself. When MRI findings are 

interpreted alongside clinical presentation, 

serological markers, and microbiological data, 

specificity improves substantially, reinforcing the 

importance of a multimodal diagnostic strategy (22). 

 

Conclusion 

The relatively high negative predictive value of MRI 

has significant clinical implications, particularly in 

excluding infection in symptomatic patients. A 

negative MRI study, characterized by the absence of 

marrow edema, significant fluid collections, or 

aggressive soft-tissue abnormalities, provides 

reassurance that infection is unlikely. This can 

reduce unnecessary invasive procedures, such as 

joint aspiration or exploratory surgery, and guide 

clinicians toward conservative or mechanical 

management strategies. Consequently, MRI serves 

not only as a diagnostic tool but also as a means of 

risk stratification and clinical decision support in 

complex post-arthroplasty cases. 

 

Disclosure Statement  

No potential conflict of interest reported by the 

authors.  

 

Funding  

This research did not receive any specific grant from 

funding agencies in the public, commercial, or not-

for-profit sectors.  

 

Authors' Contributions  

All authors contributed to data analysis, drafting, 

and revising of the paper and agreed to be 

responsible for all the aspects of this work. 

 

References 

[1] Koganti, D. V., Lamghare, P., Parripati, V. K., 

Khandelwal, R., & Reddy, A. D. (2022). Role of 

magnetic resonance imaging in the evaluation of 

rotator cuff tears. Cureus, 14, e21025.  

https://doi.org/10.7759/cureus.21025
https://doi.org/10.7759/cureus.21025
https://doi.org/10.7759/cureus.21025


 

56 

 

J. Adv. Med. Pharm. Biomed. Res.; (2027), Volume 3, Issue 1, 51-56 

 

[2] Luime, J. J., Koes, B. W., Hendriksen, I. J., 

Burdorf, A., Verhagen, A. P., Miedema, H. S., & 

Verhaar, J. A. (2004). Prevalence and incidence of 

shoulder pain in the general population: A 

systematic review. Scandinavian Journal of 

Rheumatology, 33, 73-81.   

[3] van der Windt, D. A., Koes, B. W., de Jong, B. 

A., & Bouter, L. M. (1995). Shoulder disorders in 

general practice: Incidence, patient characteristics, 

and management. Annals of the Rheumatic 

Diseases, 54, 959-964.   

[4] Ashir, A., Lombardi, A., Jerban, S., Ma, Y., 

Du, J., & Chang, E. Y. (2020). Magnetic resonance 

imaging of the shoulder. Polish Journal of 

Radiology, 85, 420-439.   

[5]  Seyed Hoseini, S V and Nasseri, A R. (2026). 

Identification of Predictive Factors for Late 

Radiotherapy Induced Complications in Post 

Mastectomy Breast Cancer Survivors. Medicinal, 

Psychological, and Health Research Journal 

(MPHRJ), 2(6), 409-418.  

[6] Melchiorre, D., Manetti, M., & Matucci-

Cerinic, M. (2017). Pathophysiology of hemophilic 

arthropathy. Journal of Clinical Medicine, 6, 63. 

[7] Payne, L. Z., Altchek, D. W., Craig, E. V., & 

Warren, R. F. (1997). Arthroscopic treatment of 

partial rotator cuff tears in young athletes: A 

preliminary report. American Journal of Sports 

Medicine, 25, 299-305.   

[8] Lakhani, A. F., Date, S., Deshpande, S. V., & 

Balusani, P. (2022). Abnormal presentation of 

extrapulmonary tuberculosis. Cureus, 14, e31390.  

[9] Peh, W. C., & Cheung, K. M. (1995). 

Progressive shoulder arthropathy. Annals of the 

Rheumatic Diseases, 54, 168-173.   

[10] De Vuyst, D., Vanhoenacker, F., Gielen, J., 

Bernaerts, A., & De Schepper, A. M. (2003). 

Imaging features of musculoskeletal tuberculosis. 

European Radiology, 13, 1809-1819.  

[11] De Backer, A. I., Vanhoenacker, F. M., & 

Sanghvi, D. A. (2009). Imaging features of extra 

axial muextra axialtal tuberculosis. Indian Journal 

of Radiology and Imaging, 19, 176-186.  

[12] Choi, J. A., Koh, S. H., Hong, S. H., Koh, Y. 

H., Choi, J. Y., & Kang, H. S. (2009). Rheumatoid 

arthritis and tuberculous arthritis: Differentiating 

MRI features. American Journal of Roentgenology, 

193, 1347-1353.   

[13] Chaturvedi, A., Kumar, S., Acharya, S., 

Gaidhane, S. A., Wanjari, A., & Talwar, D. (2021). 

Myocardial performance index among patients of 

sickle cell disorder in a rural teaching hospital: A 

case-control study. Cureus, 13, e19175.  

[14] O’Sullivan, G. J., Carty, F. L., & Cronin, C. G. 

(2015). Imaging of bone metastasis: An update. 

World Journal of Radiology, 7, 202-211.  

[15] Thai, D. M., Kitagawa, Y., & Choong, P. F. 

(2006). Outcome of surgical management of bony 

metastases to the humerus and shoulder girdle: A 

retrospective analysis of 93 patients. International 

Seminars in Surgical Oncology, 3, 5.  

[16] Rajeshwari, B., & Kumar, S. (2023). 

Rheumatoid neuropathy: A brief overview. Cureus, 

15, e34127.   

[17] Murphey, M. D., McRae, G. A., Smith, F. J. 

C., Temple, H. T., Levine, A. M., & Aboulafia, A. 

J. (2002). Imaging of soft-tissue myxoma with 

emphasis on CT and MR and comparison of 

radiologic and pathologic findings. Radiology, 225, 

215-224.   

[18] Gartsman, G. M., & Milne, J. C. (1995). 

Articular surface partial-thickness rotator cuff 

tears. Journal of Shoulder and Elbow Surgery, 4, 

409-415.   

[19] Roy, J. S., Braën, C., Leblond, J., et al. (2015). 

Diagnostic accuracy of ultrasonography, MRI and 

MR arthrography in the characterization rotator 

cuff disorders: A systematic review and meta-

analysis. British Journal of Sports Medicine, 49, 

1316-1328.   

[20] Kim, E., Shin, H. K., & Kim, C. H. (2005). 

Characteristics of an isolated greater tuberosity 

fracture of the humerus. Journal of Orthopaedic 

Science, 10, 441-444.   

[21] Hernigou, P., Hernigou, J., & Scarlat, M. 

(2020). Shoulder osteonecrosis: Pathogenesis, 

causes, clinical evaluation, imaging, and 

classification. Orthopaedic Surgery, 12, 1340-

1349.  

[22] O’Brien, J., Greben Yuk, J., Leith, J., & 

Forster, B. B. (2012). Frequency of glenoid 

chondral lesions on MR arthrography in patients 

with anterior shoulder instability. European 

Journal of Radiology, 81, 3461-3465.   

 

  

 

https://doi.org/10.1080/03009740310004667
https://doi.org/10.1080/03009740310004667
https://doi.org/10.1080/03009740310004667
https://doi.org/10.1136/ard.54.12.959
https://doi.org/10.1136/ard.54.12.959
https://doi.org/10.1136/ard.54.12.959
https://doi.org/10.5114/pjr.2020.98394
https://doi.org/10.5114/pjr.2020.98394
10.22034/mphrj.2026.587082.1106
10.22034/mphrj.2026.587082.1106
10.22034/mphrj.2026.587082.1106
https://doi.org/10.3390/jcm6070063
https://doi.org/10.3390/jcm6070063
https://doi.org/10.1177/036354659702500305
https://doi.org/10.1177/036354659702500305
https://doi.org/10.1177/036354659702500305
https://doi.org/10.7759/cureus.31390
https://doi.org/10.7759/cureus.31390
https://doi.org/10.1136/ard.54.3.168
https://doi.org/10.1007/s00330-002-1609-6
https://doi.org/10.4103/0971-3026.54873
https://doi.org/10.4103/0971-3026.54873
https://doi.org/10.2214/AJR.08.2164
https://doi.org/10.2214/AJR.08.2164
https://doi.org/10.2214/AJR.08.2164
https://doi.org/10.7759/cureus.19175
https://doi.org/10.7759/cureus.19175
https://doi.org/10.7759/cureus.19175
https://doi.org/10.4329/wjr.v7.i8.202
https://doi.org/10.1186/1477-7800-3-5
https://doi.org/10.1186/1477-7800-3-5
https://doi.org/10.1186/1477-7800-3-5
https://doi.org/10.7759/cureus.34127
https://doi.org/10.1148/radiol.2251011627
https://doi.org/10.1148/radiol.2251011627
https://doi.org/10.1148/radiol.2251011627
https://doi.org/10.1016/S1058-2746(05)80031-X
https://doi.org/10.1016/S1058-2746(05)80031-X
https://doi.org/10.1136/bjsports-2014-094148
https://doi.org/10.1136/bjsports-2014-094148
https://doi.org/10.1136/bjsports-2014-094148
https://doi.org/10.1136/bjsports-2014-094148
https://doi.org/10.1007/s00776-005-0924-6
https://doi.org/10.1007/s00776-005-0924-6
https://doi.org/10.1111/os.12788
https://doi.org/10.1111/os.12788
https://doi.org/10.1111/os.12788
https://doi.org/10.1016/j.ejrad.2012.05.013
https://doi.org/10.1016/j.ejrad.2012.05.013
https://doi.org/10.1016/j.ejrad.2012.05.013

