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Rationale 

Periprosthetic joint infection (PJI) remains a major challenge in orthopaedic surgery, with 

two-stage exchange arthroplasty being considered as the “gold standard” for treatment in 

North America (1, 2). However, one-stage revision has emerged as a viable alternative (3), 

particularly in culture-positive (CP) cases (4, 5). The role of one-stage revision in culture-

negative (CN) PJI, however, remains unclear due to the limited available literature. This 

systematic review and meta-analysis aimed to evaluate the outcomes of one-stage revision in 

CN PJI cases compared to CP cases, and to explore its potential as an effective treatment 

option. 

A comprehensive search of Web of Science (WoS) and PubMed databases identified 

240 studies for screening. After removing 79 duplicates, 161 studies were screened for 

eligibility. Of these, 111 studies were excluded as irrelevant, and 50 full-text articles were 

assessed. Ultimately, 6 studies met the inclusion criteria and 5 studies were included in the 

final analysis (Table 1). Data was extracted to compare reinfection and aseptic revision rates 

in CN versus CP one-stage revisions. 

Five studies comparing one-stage revision in CN versus CP PJI cases, with follow-up 

periods ranging from 2.1 to 7 years, reported a pooled odds ratio (OR) of 0.733 for 

reinfection (95% CI: 0.324–1.659, P = 0.4559, I²=0%) (Figure 1). A random-effects model 

analyzing aseptic failure rates across three studies yielded an OR of 1.959 (95% CI: 0.391–

9.815, P = 0.4136, I²=0%) (Figure 2). These findings indicate no statistically significant 

differences in reinfection or aseptic failure rates between the two groups, suggesting 

comparable outcomes. 

The available data suggests that one-stage revision in CN PJI cases yields outcomes 

comparable to CP cases, challenging the notion that culture negativity should be a 

contraindication for one-stage revision (6). The available evidence highlights the potential 

benefits of one-stage revision, including reduced morbidity, shorter treatment duration, lower 

healthcare costs, and improved patient convenience compared to the traditional two-stage 

approach (7). However, the limited number of studies and small sample sizes underscore the 

need for further high-quality research to establish definitive guidelines and determine the 

optimal treatment strategy for CN PJI. 

In conclusion, our systematic review and meta-analysis of available studies demonstrated no 

statistically significant differences in reinfection or aseptic failure rates between culture-

negative and culture-positive cases undergoing one-stage revision.  



References 

1. Lazic I, Scheele C, Pohlig F, von Eisenhart-Rothe R, Suren C. Treatment 
options in PJI - is two-stage still gold standard? J Orthop. 2021;23:180-4. 
2. Patel D, Shannon V, Sharma S, Liu J, Skie M. A Meta-Analysis of Success 
Rates of One-Stage Versus Two-Stage Revisions in Knee Prosthetic Joint Infections. 
Cureus. 2024;16(4):e57533. 
3. Vaishya R, Agarwal AK, Rawat SK, Singh H, Vijay V. Is Single-stage Revision 
Safe Following Infected Total Knee Arthroplasty? A Critical Review. Cureus. 
2017;9(8):e1629. 
4. Goud AL, Harlianto NI, Ezzafzafi S, Veltman ES, Bekkers JEJ, van der Wal 
BCH. Reinfection rates after one- and two-stage revision surgery for hip and knee 
arthroplasty: a systematic review and meta-analysis. Arch Orthop Trauma Surg. 
2023;143(2):829-38. 
5. Kunutsor SK, Whitehouse MR, Lenguerrand E, Blom AW, Beswick AD. Re-
Infection Outcomes Following One- And Two-Stage Surgical Revision of Infected 
Knee Prosthesis: A Systematic Review and Meta-Analysis. PLoS One. 
2016;11(3):e0151537. 
6. Hsu JE, Gorbaty JD, Whitney IJ, Matsen FA, 3rd. Single-Stage Revision Is 
Effective for Failed Shoulder Arthroplasty with Positive Cultures for 
Propionibacterium. J Bone Joint Surg Am. 2016;98(24):2047-51. 
7. van den Kieboom J, Tirumala V, Box H, Oganesyan R, Klemt C, Kwon YM. 
One-stage revision is as effective as two-stage revision for chronic culture-negative 
periprosthetic joint infection after total hip and knee arthroplasty. Bone Joint J. 
2021;103-b(3):515-21. 
8. Ji B, Li G, Zhang X, Wang Y, Mu W, Cao L. Midterm Survival of a Varus-
Valgus Constrained Implant following One-Stage Revision for Periprosthetic Joint 
Infection: A Single-Center Study. J Knee Surg. 2023;36(3):284-91. 
9. Razii N, Clutton JM, Kakar R, Morgan-Jones R. Single-stage revision for the 
infected total knee arthroplasty : the Cardiff experience. Bone Jt Open. 
2021;2(5):305-13. 
10. Karczewski D, Seutz Y, Hipfl C, Akgün D, Andronic O, Perka C, et al. Is a 
preoperative pathogen detection a prerequisite before undergoing one-stage 
exchange for prosthetic joint infection of the hip? Arch Orthop Trauma Surg. 
2023;143(6):2823-30. 
11. Zanna L, Sangaletti R, Lausmann C, Gehrke T, Citak M. Successful 
eradication rate following one-stage septic knee and hip exchange in selected pre-
operative culture-negative periprosthetic joint infections. Int Orthop. 2023;47(3):659-
66. 
12. Ji B, Li G, Zhang X, Wang Y, Mu W, Cao L. Effective treatment of single-stage 
revision using intra-articular antibiotic infusion for culture-negative prosthetic joint 
infection. Bone Joint J. 2020;102-b(3):336-44. 
13. Xu Z, Huang C, Lin Y, Chen Y, Fang X, Huang Z, et al. Clinical Outcomes of 
Culture-Negative and Culture-Positive Periprosthetic Joint Infection: Similar Success 
Rate, Different Incidence of Complications. Orthop Surg. 2022;14(7):1420-7. 

  



Figures 

 

Table 1 Characteristics of studies included in the meta-analysis 

Autho
r 

(year) 
Country 

PJI 
Definition 

Criteria 

Patients in 
each group 

Age 
(mean; 
total) 

Sex 
(total) 

BMI 
(mean; 
total) 

Affected 
Joint 

Follow-up 
Time (mean; 

total) 
Failure Definition Comorbidities Other Complications 

Ji et 
al. (8) 
2023 

China 

Musculoske
letal 

Infection 
Society 
Criteria 

105 (CP), 27 
(CN) 

68.6 years 34 m, 98 f 26.3 kg/m² TKA 51.6 months 

Recurrence of 
infection in the same 
knee and mechanical 

failure unrelated to 
PJI or sepsis as 

endpoints. 

HTN (57 total), 
DM (30 total), 

Others (14 total) 

4 aseptic osteolysis cases, 3 flexion 
instability cases, 2 arthrofibrosis 
cases, 2 hematomas, 6 venous 

thrombosis cases, 3 femoral stem tip 
pain (all total population). 

Razii 
et al. 
(9) 

2021 

UK ICM 2013 
68 (CP), 16 

(CN) 
68 years 53 m, 31 f NR TKA 7 years 

Recurrence of 
infection as confirmed 

by clinical findings, 
culture results, and 

reoperation. 

NR NR 

Karcz
ewski 
et al. 
(10) 
2023 

Germany EBJIS 2021 
20 (CP), 10 

(CN) 
70 years 13 m, 17 f NR THA 2.1 years 

Reinfection based on 
Delphi Consensus 
criteria: infection 
signs, surgical 

intervention, or death 
due to PJI. 

NR 
1 quadriceps paralysis, 1 femoral 

nerve palsy, 1 dislocation requiring 
reoperation. 

Zanna 
et al. 
(11) 
2023 

Germany ICM 2018 22 (only CN) 
73.2 ± 9.8 

years 
16 m, 6 f 

29.5 ± 4.9 
kg/m² 

TKA and 
THA 

3.6 ± 2.6 
years 

Recurrence of 
infection or 

mechanical failure 
requiring surgical 

intervention; aseptic 
loosening defined 

separately. 

ASA > 3 reported NR 

Ji et 
al. 

(12) 
2020 

China MSIS 2011 
192 (CP), 51 

(CN) 

59.3 years 
(CN), 63.6 

years 
(CP) 

20 m, 31 f 
(CN); 85 
m, 107 f 

(CP) 

24.5 ± 5.8 
kg/m² 

(CN), 25.3 
± 4.4 
kg/m² 
(CP) 

TKA and 
THA 

53.2 months 
(CN); 59.3 

months (CP) 

Recurrence of 
infection or 

mechanical failure 
requiring surgical 

intervention; aseptic 
loosening defined 

separately. 

HTN, DM 
2 cases of renal impairment (CN), 3 

cases of hip dislocation (CP). 

Xu et 
al. 

(13) 
2022 

China MSIS 
One-Stage: 7 
(CP), 6 (CN) 

63.6 37 m, 40 f 23.8 kg/m² 
TKA and 

THA 
29.2 months 

Recurrence of 
infection or need for 
additional surgical 

intervention for failure 

HTN: 14; DM: 4 
Myelosuppression: 5; Renal damage: 

4; Liver damage: 1 

PJI (Prosthetic Joint Infection), CN (Culture-Negative), CP (Culture-Positive), MSIS (Musculoskeletal Infection Society), ICM (International Consensus Meeting), EBJIS (European Bone and Joint Infection Society), 
THA (Total Hip Arthroplasty), TKA (Total Knee Arthroplasty), ASA (American Society of Anesthesiologists), HTN (Hypertension), DM (Diabetes Mellitus), FU (Follow-Up), NR (Not Reported), and DAIR (Debridement, 



Antibiotics, and Implant Retention) 

Table 2 Included studies and number of included patients 

Author (year) 
One-stage CN 

One-stage CP 

Ji et al. (8) 2023 
25 Success, 2 reinfection, 0 mechanical failure 

95 Success, 7 reinfection, 3 mechanical failure. 

Razii et al. (9) 2021 
16 Success, 0 reinfections, 0 mechanical failures 

53 Success, 8 reinfections (9.5%),7 mechanical failures. 

Karczewski et al. (10) 2023 
9 Success, 0 reinfections, 1 mechanical failure 

17 Success, 1 reinfection, 2 mechanical failures. 

Zanna et al. (11) 2023 
22 total, 2 reinfections, 1 mechanical failure 

NA 

Ji et al. (12) 2020 
46 Success, 5 reinfections 

181 Success, 11 reinfections 

Xu et al. (13) 2022 
4 Success, 2 Reinfections 

 
7 Success, 0 Reinfection 

 

CN (Culture-Negative), CP (Culture-Positive) 

 

 



 

Figure 1. Reinfection 

 

 



Figure 2. Aseptic Failure 

 


