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Abstract 42 

Fracture-related infection (FRI) is a serious complication following musculoskeletal trauma. 43 

Accurate diagnosis and appropriate treatment depend on retrieving adequate deep tissue 44 

biopsies for bacterial culture. The aim of this cohort study was to compare intra-operative tissue 45 

cultures obtained by the Reamer-Irrigator-Aspirator system (RIA)-system against standard 46 

tissue cultures obtained during the same surgical procedure. All patients had long bone fractures 47 

of the lower limbs and were assigned to the FRI or Control group based on the FRI consensus 48 

definition. The FRI group consisted of 24 patients with confirmed FRI and the Control group 49 

consisted of 21 patients with aseptic nonunion or chronic pain (in the absence of other 50 

suggestive/confirmatory criteria). Standard tissue cultures and cultures harvested by the RIA-51 

system showed similar results. In the FRI group, standard tissue cultures and RIA cultures 52 

revealed relevant pathogens in 67% and 71% of patients, respectively. Furthermore, in four FRI 53 

patients, cultures obtained by the RIA-system revealed additional relevant pathogens that were 54 

not found by standard tissue culturing, which contributed to the optimization of the treatment 55 

plan. In the Control group there were no false positive RIA culture results. As a proof-of-56 

concept, this cohort study showed that the RIA-system could have a role in the diagnosis of 57 

FRI as an adjunct to standard tissue cultures. Because scientific evidence on the added value of 58 

the RIA-system in the management of FRI is currently limited, future research is required 59 

before the routine application of this device in clinical practice. 60 

Level of Evidence: III 61 

Key Words 62 

Fracture-related infection; Reamer–Irrigator–Aspirator (RIA)-system; Fracture; Tissue culture; 63 

Infection; Diagnosis  64 
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Introduction 65 

Despite advancements in the treatment of musculoskeletal trauma, fracture-related infection 66 

(FRI) remains a difficult clinical problem. Treatment is based on principles of surgical 67 

debridement and irrigation, fracture stabilization (if required), soft tissue coverage, and 68 

antimicrobial therapy.1 Careful debridement is the cornerstone of treatment and involves the 69 

excision of necrotic and infected tissue, and acquisition of multiple tissue samples for 70 

diagnosis.2; 3 71 

In case of infection after long bone fractures, reaming of the canal is a critical component as it 72 

removes debris surrounding the removed device and within the intramedullary canal.4; 5 73 

Although important, standard reaming is associated with concerns regarding bone overheating 74 

and propagation of infected material along the distal end of the medullary canal into 75 

surrounding bone and into the circulation.6; 7 Furthermore, retrieving tissue cultures from the 76 

intramedullary canal can be difficult and contamination is a concern due to close contact with 77 

the skin when harvesting the specimen at the intramedullary entry point. 78 

A possible solution for these issues could be the Reamer–Irrigator–Aspirator (RIA; Depuy 79 

Synthes; Johnson & Johnson Co. Inc., NJ, USA) system. The RIA-system provides continuous 80 

irrigation and suction during reaming of long bones.8 This system was initially developed in an 81 

attempt to reduce the incidence of fat embolism that can complicate reaming/nailing of long 82 

bone fractures, especially in polytrauma patients.8 Recently, indications for this system 83 

expanded to harvesting of autologous bone graft and mesenchymal stem cells; intramedullary 84 

nailing of long bones with metastatic lesions; and the treatment of intramedullary infection.9; 10 85 

In the latter two indications, the RIA-system allows for clearing the canal of infectious/tumor 86 

burden, and lowering the risk of dissemination of debris into the soft tissues and systemic 87 

circulation.9 However, in case of infection, these presumptions have never been justified by 88 

preclinical research or large prospective clinical trials.  89 
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Previous studies have not validated if the RIA debris could be used for culturing and thereby 90 

function as an adjunct in the diagnosis of FRI. Thus, the purpose of this study was to compare 91 

intra-operative tissue cultures obtained by the RIA-system against standard tissue cultures. To 92 

achieve this, we performed a retrospective evaluation diagnosing long bone FRI, using the RIA-93 

system and conventional culture.  94 

 95 

Methods 96 

Study outline and Patient characteristics 97 

Between January 2015 and January 2020, 74 patients were treated with the RIA-system for 98 

various reasons at the University Hospitals Leuven, Belgium. Inclusion criteria for this study 99 

were skeletally mature patients treated for suspected long bone FRI, using the RIA-system. 100 

Exclusion criteria were indications for the RIA-system other than FRI (e.g., bone graft 101 

harvesting, pathological fractures). The patients included in this retrospective cohort study 102 

(evidence level III) were separated into two groups (Figure 1), based on the presence or absence 103 

of confirmatory or suggestive signs, as described in the FRI consensus definition.11 The FRI 104 

group consisted of patients who were diagnosed with an FRI based on the presence of 105 

confirmatory criteria (i.e., presence of a fistula, wound breakdown, purulent drainage, 106 

phenotypically indistinguishable pathogens identified by culture from at least two separate deep 107 

tissue/implant specimens).3; 11 The Control group consisted of patients who were considered as 108 

not infected, based on the absence of confirmatory or other suggestive diagnostic criteria except 109 

pain or nonunion. Patient demographics were documented, including age, gender, body mass 110 

index and American Society of Anesthesiologists score. Fracture characteristics of the initial 111 

injury were assessed, including location (i.e., femur and tibia) and Gustilo-Anderson type. 112 

Other parameters assessed were the number of operative procedures before the RIA procedure 113 

and possible complications associated with it.  114 
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 115 

Treatment Protocol 116 

All surgical procedures were primarily carried out by a single surgeon (WJM). All FRI patients 117 

were discussed within a multidisciplinary team. The technique by which the RIA-system itself 118 

was used has already been described by Giannoudis et al in 200912 and in a previous paper 119 

published by our centre.13 120 

Patients with healed fractures, in both the FRI and Control group, were treated with implant 121 

removal (if present), followed by debridement and irrigation using the RIA-system. In our 122 

centre, the use of the RIA-system is standard practice to optimize debridement and treatment 123 

of patients with suspected FRI of long bones. In patients with unhealed fractures and suspicion 124 

of FRI, the treatment consisted of implant exchange (i.e., 1-stage, 2-stage), along with 125 

debridement and irrigation using the RIA-system (Figure 2a). In case of intra-operative 126 

suspicion of infection, in both groups, empiric systemic broad-spectrum antibiotic therapy was 127 

started immediately after cultures were taken.  128 

Cultures were taken according to standardized guidelines.3; 14 For each sample, a separate, 129 

sterile instrument was used. Also, in each case, at least three conventional tissue cultures were 130 

harvested before the use of the RIA-system to avoid contamination. In case of unhealed 131 

fractures, conventional tissue cultures were taken at the fracture site and intramedullary with a 132 

long surgical curette. In case of healed fractures, standard tissue cultures were taken 133 

intramedullary with a long surgical curette. As the smallest diameter reamer head of the RIA 134 

system is 12 mm, standard reaming was often performed before the RIA procedure to avoid 135 

iatrogenic fractures. Any debris collected at the entry point at this time, was sent for 136 

conventional tissue culturing. In case sequesters were revealed by preoperative medical 137 

imaging (e.g. CT scan, nuclear imaging), these were also removed and sent for culture. 138 

Furthermore, three cultures were taken from the material harvested by the RIA-system (bony 139 
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debris inside the filter, Figure 2b). Each sample was obtained directly from the RIA filter and 140 

with a separate, sterile instrument. All tissue cultures were collected in a vial containing Wilkins 141 

Chalgren broth (Figure 2c). Whenever available, the osteosynthesis material (e.g., nails, plates) 142 

was sent for sonication.  143 

 144 

Data collection 145 

The study protocol was conducted following good clinical practice guidelines. The study (study 146 

number S62897) was approved by the Ethics Committee of the University Hospitals Leuven, 147 

Belgium. Patients were identified by searching the operating theater logbooks for all surgeries 148 

for which the RIA-system was used. Indications for the use of the RIA-system other than 149 

suspicion of infection were excluded. All case notes were retrieved from the hospital electronic 150 

patient files and relevant patient data were included in the study database. The subjects’ names 151 

or other identifiers were stored separately from their research data and replaced with a unique 152 

code to create a new identity for the subject.  153 

A thorough retrospective review of medical records was carried out by two independent 154 

reviewers (JO, JP) to reduce data misinterpretation and data entry mistakes. In case of 155 

discrepancies between both reviewers, a third reviewer (WJM) adjudicated. All patient charts 156 

were searched for a complete medical and bacteriological history. The latter was verified by 157 

two other reviewers (MD, WJM). 158 

 159 

Statistical analysis  160 

Statistical analyses were performed using SPSS (IBM SPSS Statistics, Version 26). 161 

Comparisons between categorical variables were performed using Pearson Chi-square test or 162 

Fisher’s Exact test, as appropriate. Normality of continuous data was tested with the Shapiro-163 

Wilk test and homogeneity of variances was tested using the Levene’s test. Continuous 164 
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variables were compared using the Student’s t-test (with either equal variance assumed or not) 165 

or Mann-Whitney U test, as appropriate. P-values (2-sided tests) less than 0.05 were considered 166 

as significant.  167 

 168 

Results 169 

During the study period, the RIA-system was used in 48 patients with a suspicion of FRI (Figure 170 

1). Of these, 24 were diagnosed with an FRI during their treatment course (FRI group). Twenty-171 

one patients were included in the Control group. Of these patients, 17 had an aseptic nonunion 172 

and four suffered chronic pain after their fracture healed. An infectious cause was excluded in 173 

these patients based on negative intraoperative cultures obtained during this study and the 174 

absence of other suggestive and confirmatory diagnostic signs.3; 11 Finally, three patients were 175 

excluded as standard tissue cultures were not obtained. No complications related to the RIA-176 

system were observed in this study cohort. 177 

 178 

Patient characteristics  179 

Patient characteristics are presented in Table 1. No statistically significant differences in patient 180 

characteristics were found between both groups. In the FRI group, an implant was still present 181 

at the time of the RIA procedure in 18 patients (75%) (Table 1). Five patients (21%) already 182 

had healed fractures at the time of the surgical procedure (Table 2). In the Control group, an 183 

implant was still present at the time of the RIA procedure in 17 patients (81%) (Table 1). Six 184 

patients (29%) were treated for aseptic nonunion or chronic pain after a femoral fracture and 185 

15 patients (71%) for aseptic nonunion or chronic pain after a tibia fracture (Table 2).  186 

 187 

Microbiology results and diagnostic performance of standard tissue cultures vs. RIA cultures 188 
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Culture results for both groups are presented in Table 2. In the FRI group, standard tissue 189 

cultures and RIA cultures revealed relevant pathogens in 16 (67%) and 17 (71%) patients, 190 

respectively. Negative results for both tissue cultures and RIA cultures were found in six 191 

patients, all of whom received antibiotics shortly before surgery, but presented with 192 

confirmatory signs of FRI (i.e., fistula, wound breakdown, intraoperative pus drainage), as 193 

presented in Table 3, and of whom the clinical status did not allow delaying the surgical 194 

intervention. Considering this, in 17 FRI patients (71%), RIA culture results were identical to 195 

standard deep tissue cultures. In the remaining seven cases (29%), RIA cultures differed from 196 

standard deep tissue cultures. In four of these cases (i.e., cases 5, 12, 23, 24) the cultures 197 

harvested by the RIA-system yielded additional relevant pathogens (S. epidermidis, C. acnes, 198 

Arthrobacter spp., E. cloacae) that were not isolated by standard tissue cultures. Furthermore, 199 

in two patients (i.e., cases 12 and 24), the same pathogens were also found in sonication fluid 200 

cultures. Finally, in one patient (i.e., case 14), RIA cultures were negative while standard tissue 201 

cultures were positive for S. epidermidis. In the remaining two patients (i.e., cases 13 and 22), 202 

the infections were polymicrobial and the cultures harvested by the RIA-system yielded one 203 

out of two causative pathogens. When both sampling methods are combined, 18 patients (75%) 204 

were correctly diagnosed with FRI.  205 

The most commonly encountered microorganisms (38%, n=9) were coagulase-negative 206 

staphylococci, of which S. epidermidis was isolated most often. S. aureus was found in two FRI 207 

patients (8%). Five infections (21%) were caused by Gram-negative bacteria. Three infections 208 

(12%) were caused by Gram-positive rods or coccobacilli (i.e., C. acnes and Abiotrophia spp.). 209 

In all cases in the Control group, both tissue cultures and cultures retrieved by the RIA-system 210 

were negative. The minimum follow-up period in this group was 12 months, during which no 211 

late signs of infection occurred. Furthermore, in patients with aseptic nonunions, all fractures 212 

healed during the follow-up period.  213 
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 214 

Discussion 215 

While the RIA-system was initially designed for reaming and clearing the femoral canal 216 

contents in preparation for femoral nailing in polytrauma patients, it has since been used in 217 

various other applications in the field of orthopaedic trauma surgery. One of these is the 218 

debridement of long bone FRI.9 Excessive heat damage to the infected long bone is minimized 219 

due to the use of a disposable sharp reaming head and cold irrigation. Mechanical reaming is 220 

combined with adequate irrigation, which is simultaneously aspirated, preventing the reaming 221 

debris – potentially containing micro-organisms – from being driven towards the bloodstream. 222 

The reamed material is collected in the filter of the device (Figure 2a) and is easily accessible 223 

for culture sampling (Figure 2b and c). As mentioned earlier, with standard reaming it can be 224 

difficult to harvest intramedullary cultures without the risk of contamination when using a 225 

surgical curette at the entry-point of the intramedullary canal. This can lead to misinterpretation 226 

of the culture results, especially in chronic/late-onset infections, as these infections are often 227 

caused by skin flora, similar to those that contaminate culture specimens during sampling and 228 

handling.3  229 

This proof-of-concept study aimed to compare intra-operative standard tissue cultures obtained 230 

by the RIA-system against standard tissue cultures obtained during the same procedure. The 231 

results suggest that intra-operative tissue cultures obtained by the RIA-system correlate with 232 

standard tissue cultures and could even contribute to a more accurate diagnosis. In the FRI-233 

group, relevant pathogens could be isolated using standard tissue and RIA cultures in 67% and 234 

71% of patients, respectively. Discordant results between both sampling methods were found 235 

in seven cases (29%). However, in four of these, cultures obtained by the RIA-system revealed 236 

additional relevant pathogens that could not be cultured by standard tissue cultures and 237 

therefore had an added value, as the targeted antimicrobial therapy was adapted accordingly. In 238 
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two cases, the RIA cultures could only identify one out of two relevant pathogens and in one 239 

case RIA cultures were negative, while standard tissue cultures showed the presence of S. 240 

epidermidis. A possible explanation could be that the RIA-system uses an irrigation system that 241 

cleans the intramedullary canal with liters of saline and thereby washes the bacteria out of the 242 

bony material collected by the RIA filter. However, low-virulence bacteria could be detected 243 

with the system in other patients, as shown in Table 2. When both sampling methods are 244 

combined, relevant pathogens were isolated in 18 cases (75%) in the FRI group. No false 245 

positive RIA culture results were encountered in the Control group. Also, during the follow-up 246 

period of 12 months, no signs of infection were recorded for patients in the Control group and 247 

all fractures healed (i.e., in case of nonunion).  248 

Although a limited number of studies investigated the efficacy of the RIA-system for the 249 

treatment of long bone FRI10; 15; 16, our study is, to the best of our knowledge, the first to 250 

compare standard tissue cultures to cultures obtained using the RIA-system for the diagnosis of 251 

FRI. A recent randomized controlled trial compared the RIA-system to standard intramedullary 252 

reaming for the treatment of FRI.16 Although tissue cultures retrieved by the RIA-system were 253 

included as a diagnostic modality in that study, no comparison was made between sampling 254 

methods.  255 

Other modalities to retrieve tissue cultures are bone needle aspiration and closed bone needle 256 

biopsy. Although they can be important in other clinical scenarios, a recent consensus paper 257 

stated that these techniques are not useful in FRI.3 The main reason is that closed bone biopsy 258 

cultures in chronic osteomyelitis have a poor microbiological yield, ranging from 18 to 21%.17-259 

19 An important reason why pathogens can be difficult to culture by means of bone biopsies, is 260 

that they are often only present in small numbers, organized in a biofilm or, as recently 261 

described for S. aureus, hiding in the osteocytic lacunar-canaliculi network of the bone.20; 21 For 262 

these reasons, surgical debridement (e.g., reaming in case of long bone involvement) is required 263 
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for the collection of adequate deep tissue samples in case of FRI.3 In that regard, the advantage 264 

of the RIA-system is that it not only disrupts these networks but also collects the debris in its 265 

filter system. This would be far more difficult using standard reaming in combination with a 266 

surgical curette. Furthermore, not identifying and treating all infectious sites could lead to a 267 

higher recurrence rate.22; 23  268 

Based on these results, the RIA-system seems to be a safe approach to obtain intramedullary 269 

cultures, especially when it is not feasible to obtain a sufficient amount of representative 270 

conventional tissue cultures (i.e., in case of a poor and fragile soft tissue and a deep infection 271 

focus which cannot be reached by standard curettage). Whenever the RIA-system is used in 272 

patients with a suspicion of FRI, we suggest acquiring at least three samples of the collected 273 

bony debris in the filter system as is consistent with recent guidelines for standard tissue 274 

sampling.11 These should be acquired in addition to standard tissue cultures that are obtained at 275 

the fracture site or by curettage of the canal. Each tissue sample should be taken with a separate, 276 

clean and sterile instrument.14 277 

An important consequence of the finding that bacteria are collected in the RIA filter is related 278 

to another indication of the system, namely the harvesting of autologous bone graft.24 This bone 279 

graft is often used to treat bone defects, but it seems contraindicated to use this material during 280 

the same procedure in (suspected) FRI cases as the bacterial presence could inhibit bone 281 

healing, form biofilms and lead to recurrence of infection. A study by Seebach et al even 282 

proved, in a femoral defect model in rats, that a S. aureus osteomyelitis was aggravated by the 283 

presence of mesenchymal stem cells25, which are abundantly present in bone graft.  284 

In our series, five patients (21%) had a polymicrobial infection, which is in line with what is 285 

described in literature.26; 27 Interestingly, overall, the most commonly encountered 286 

microorganisms (38%) were coagulase-negative staphylococci (e.g. S. epidermidis), whereas 287 

S. aureus was only found in 8% of the FRI patients. These results are slightly controversial to 288 
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what is described in the literature, where S. aureus is reported to be the most common causative 289 

pathogen in FRI.15; 28 A recent review by Depypere et al stated that S. aureus is found in 30-290 

42% and coagulase-negative staphylococci (including S. epidermidis) in 20-39% of the FRI 291 

patients.26 Our data originates from a tertiary university center, where patients are admitted 292 

from across the country and some of them already underwent multiple treatments in other 293 

hospitals. This could explain the fact that the percentage of coagulase-negative staphylococci 294 

is higher, as most of these patients have chronic/late-onset infections. Furthermore, of the 24 295 

FRI patients, nine (38%) were admitted to our facility already taking antibiotics at the time of 296 

or shortly before the RIA procedure was performed. This also explains the relatively high 297 

number of negative culture results (6/24; 25%), in both conventional and RIA groups. As these 298 

patients all presented with confirmatory signs (i.e. fistula, purulent drainage) of FRI3; 11, they 299 

were treated as such. This underlines the importance of culture sampling before starting 300 

antibiotic therapy in case of suspected FRI.3  301 

This study has limitations, as it is a retrospective analysis of patient data. The patient population 302 

is relatively small; therefore, the results should be interpreted carefully. Also, as infection 303 

recurrence and follow-up were not considered in the FRI group, we do not know if our findings 304 

have an impact on outcome. Another limitation is the high cost of the RIA-system, potentially 305 

restricting its widespread use in such cases. We recommend its use in FRI patients only in a 306 

standardized manner in the hands of well-trained and experienced surgeons as serious 307 

complications have been desribed.24; 29 Given the retrospective study design and the 308 

heterogeneous study population of patients with healed or unhealed fractures, sonication fluid 309 

culture results were not available for each patient. It was therefore not possible to compare these 310 

three sampling methods regarding diagnostic performance. Finally, no histopathology or 311 

polymerase chain reaction (PCR) tests were performed on patients’ samples during the study 312 

period. Consequently, due to a lack of a gold standard, and because the reference standard 313 
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consists of the consensus criteria, where part of the definition is the outcome of standard tissue 314 

cultures, it was not possible to calculate and compare diagnostic performance measures (i.e., 315 

sensitivity, specificity, area under the receiver-operating curve). The influence of both 316 

histopathology and PCR on the diagnostic outcome in our study population remains, therefore, 317 

unknown. Not only for the culture negative FRI patients, but also for the patients in the Control 318 

group. Indeed, in a study by Palmer et al the authors suggested that a substantial proportion of 319 

nonunions are infected, while standard tissue cultures are negative.30 In these cases, DNA-based 320 

molecular techniques, such as PCR, may have better diagnostic sensitivity over standard tissue 321 

cultures. Histopathology could also have had an additional diagnostic value in this patient 322 

population. That is, although polymorphonuclear neutrophils (PMNs) play an important role in 323 

the early phases of fracture healing31, in chronic/late-onset cases (i.e. infected nonunion) these 324 

acute inflammatory cells are less frequent and the presence of large numbers at the fracture 325 

site– more than five PMNs per high power field – indicates infection.32  326 

 327 

Conclusion 328 

As a proof-of-concept, this cohort study shows that the RIA-system not only has a role in daily 329 

clinical practice for the treatment of FRI, but it can also be useful for the diagnosis of FRI as 330 

an adjunct to standard tissue cultures. Furthermore, as bacteria are present in the bony debris of 331 

the RIA filter in FRI patients, using this material as bone graft during the same procedure should 332 

be discouraged. As scientific evidence on the added value of the RIA-system in the diagnosis 333 

and treatment of FRI is limited, future research is urgently required before routine application 334 

in clinical practice. 335 
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Table 1. Comparative analysis of patient characteristics for infected (FRI group) vs. non-infected 

(Control group) patients  

 FRI group (n=24) Control group (n=21) p-value 

Age, mean (SD) 49 (12.9) 46 (12.1) 0.464 

BMI, mean (SD) 27.8 (4.5) 29.3 (5.8) 0.348 

Gender, n(%) 

    Male 

    Female 

 

20 (83) 

4 (17) 

 

14 (67) 

7 (33) 

0.299 

Fracture site, n(%) 

    Femur 

    Tibia 

 

12 (50) 

12 (50) 

 

6 (29) 

15 (71) 

0.223 

Open fracture, n(%) 

    GA I 

    GA II 

    GA IIIa 

    GA IIIb 

    GA IIIc 

9 (38) 

    1 (11) 

    2 (22) 

    1 (11) 

    5 (56) 

    0 (0) 

11 (52) 

    3 (27) 

    4 (37) 

    2 (18) 

    1 (9) 

    1 (9) 

0.377 

ASA score, n(%) 

    ASA I 

    ASA II 

    ASA III 

 

    2 (8) 

    18 (75) 

    4 (17) 

 

    1 (5) 

    17 (81) 

    3 (14) 

0.858 

Fracture fixation, n(%) 

    None 

    Nail  

    Plate and screw  

    Nail and plate and screw 

    External fixator 

 

6 (25) 

14 (59) 

2 (8) 

0 (0) 

2 (8) 

 

4 (19) 

13 (62) 

1 (5) 

1 (5) 

2 (9) 

0.813 

Number of preceding 

surgical procedures, n(%) 

    0 

    1 

    2 

    3 

    4 

    5 

    6 

    7 

 

 

9 (38) 

3 (12) 

7 (30) 

1 (4) 

3 (12) 

0 (0) 

1 (4) 

0 (0) 

 

 

8 (38) 

2 (9) 

7 (33) 

1 (5) 

0 (0) 

1 (5) 

1 (5) 

1 (5) 

0.650 

 

FRI: fracture-related infection; SD: standard deviation; BMI: body mass index; GA: Gustilo-Anderson; ASA: 425 

American Society of Anaesthesiologists. 426 



21 
 

 427 
Table 2. Microbiological results of standard tissue cultures vs. tissue cultures obtained by the RIA-

system  

 Pt no. Gender Age Initial 

fracture 

Standard tissue cultures RIA cultures 

FRI group 

Healed Fractures 

Femur 

1 

2 

3 

F 

F 

M 

49 

60 

52 

Closed 

Closed 

Closed 

P. mirabilis, K. aerogenes 

P. aeruginosa 
Negative 

P. mirabilis, K. aerogenes 

P. aeruginosa α 
Negative α 

Tibia 
4 M 54 Closed Negative Negative α 

5 M 55 GA IIIB Negative MSSE ɣ 

Unhealed fractures 

 

 

Femur 

 

6 M 27 Closed S. caprae S. caprae 

7 F 50 Closed Negative Negative α  

8 M 43 GA IIIA Abiotrophia spp. Abiotrophia spp. 

9 M 68 Closed Negative Negative α 

10 M 66 Closed C. koseri C. koseri 

11 F 66 Closed MRSE MRSE 

12 M 57 Closed Negative 

MSSE, S. warneri 
C. acnes  

MSSE 13 M 44 Closed 

 14 M 24 Closed MSSE Negative 

Tibia 

15 M 48 Closed E. cloacae E. cloacae 

16 M 56 GA I Negative Negative α 

17 M 43 GA II MRSE MRSE α 

18 M 58 GA IIIB MSSA MSSA 

19 M 18 GA IIIB MRSE MRSE 

20 M 43 Closed Negative Negative α 

21 M 50 GA IIIB MSSA MSSA 

22 M 55 Closed MSSE, S. lugdunensis S. lugdunensis α 

23 M 61 GA II S. pettenkoferi Arthrobacter spp. 

24 M 38 GA IIIB P. aeruginosa E. cloacae 

Control group 

Chronic pain cases 

Femur 1 M 39 GA II Negative Negative 

Tibia 

2 

3 

4 

M 

F 

M 

62 

57 

29 

Closed 

Closed 

GA IIIA 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Nonunion cases 

Femur 

5 

6 

7 

8 

9 

F 

M 

M 

M 

M 

40 

46 

38 

48 

37 

Closed 

Closed 

GA II 

Closed 

Closed 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Tibia 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

M 

M 

M 

F 

M 

F 

F 

F 

M 

F 

M 

M 

57 

52 

30 

58 

62 

45 

72 

39 

58 

32 

34 

44 

GA I 

GA I 

GA IIIC 

Closed 

Closed 

Closed 

Closed 

GA II 

GA I 

GA I 

GA IIIA 

GA IIIB 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 
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Culture results below the dashed lines represent discordant results between standard tissue cultures and RIA cultures. 428 

Pt no.: patient number, GA: Gustilo-Anderson type, MSSE: methicillin-sensitive S. epidermidis, MRSE: methicillin-429 

resistant S. epidermidis, MSSA: methicillin-sensitive S. aureus. α Cultures acquired under antimicrobial therapy, 430 

FRI was diagnosed based on the presence of confirmatory signs of infection (i.e. fistula or purulent drainage). ɣ 431 

Clinical presentation with persisting pain and swelling of the lower leg, more than 25 years after a severe open 432 

fracture. 
 
Patient was referred to our center, MRSA was obtained from cultures taken in the primary care facility.  433 

Sonication fluid cultures were positive for C. acnes.  Sonication fluid cultures were positive for E. cloacae 434 

 435 

 436 
  437 

Table 3. Details on infection signs in the FRI group  

 Pt no. Signs of infection  Positive tissue cultures 

Healed fractures  

Femur 

1 

2 

3 

Intraoperative pus, fever 

Fistula, redness, pain 

Intraoperative pus, persisting pain, swelling  

Yes 

Yes 

No 

Tibia 
4 

5 

Fistula, intraoperative pus, redness 

Persisting pain, persisting swelling 

No 

No 

Unhealed fractures (nonunion)  

    

 

Femur 

 

6 Persisting pain, radiological signs (periostal bone formation, 

positive nuclear imaging) 

Yes 

 

7 Intraoperative pus No 

8 Radiological signs (sequestration), swelling, redness Yes 

9 Intraoperative pus No 

10 Intraoperative pus, fever, redness, pain, swelling Yes 

11 

12 

Persisting pain 

Persisting pain, positive sonication fluid cultures 

Yes 

No 

13 Radiological signs (sequestration) Yes 

 14 Persisting pain, radiological signs (sequestration) Yes 

Tibia 

15 Fistula Yes 

16 Fistula No 

17 Intraoperative pus Yes 

18 Wound dehiscence Yes 

19 Persisting pain  Yes 

20 Intraoperative pus, redness, swelling, pain No 

21 

22 

Intraoperative pus  

Persisting pain  

Yes 

Yes 

23 Radiological signs (positive nuclear imaging)  Yes 

24 Fistula, redness, swelling, pain Yes 
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 438 

Figure 1.  Flow diagram summarizing patient enrollment. RIA: Reamer-Irrigator-Aspirator; FRI: 439 

fracture-related infection. 440 

 441 



24 
 

 442 

 443 

Figure 2. Collection of a tissue sample obtained by the Reamer-Irrigator-Aspirator (RIA) 444 

system. A. The use of the RIA-device in long bone FRI of the tibia. B. The surgeon takes a tissue 445 

sample from the filter of the RIA-system with a surgical curette. C. A tissue sample is deposited 446 

in a glass (culture) vial, prefilled with Wilkins Chalgren broth. Each tissue sample is taken with 447 

a separate, clean and sterile instrument. 448 

 449 


