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Abstract
Purpose  There are several hints that bacterial colonization might be an often overseen cause of non-union. Modern pro-
cedures like PCR have been reported to diagnose bacterial colonization with a high degree of accuracy. While PCR is not 
ubiquitously available, we hypothesize that biopsies from the non-union site are comparable to PCR results reported in the 
literature.
Methods  Retrospective analysis of microbiological results of biopsies from non-unions (femoral or tibial, history of revi-
sion surgery, and/or open fracture) with stable osteosynthesis, no clinical signs of local infection were analysed. CRP and 
leucocyte count were taken on admission. Multiple tissue samples (soft tissue and bone) were from the non-union (1–4 cm 
incision). Samples were cultivated for 2 weeks and tested following EUCAST protocols using VITEK® 2.
Results  11 tibia- and 7 femur non-union (44 ± 23.9 years), 11 open fractures (1 I°, 6 II°, 4 III° Gustillo Anderson), 0–5 
revisions, and 4.1 (± 1.8) tissue samples were taken 8.5 (± 1.7) months after trauma. Cultures were positive in 8/18 (44,4%) 
(3/18 Propionibacterium acnes, 1/18 S. capitis, and 4/18 S. epidermidis). There was neither a correlation between number 
of biopsies taken and positive culture results (Pearson R: − 0.0503, R2 0.0025), nor between positive culture results and 
leucocytes counts (Pearson R: − 0.0245, R2 0.0006) or CRP concentration (Pearson R: 0.2823, R2 0.0797).
Conclusion  The results confirm that the presence of bacteria in cases with no clinical signs of infection is a relevant issue. 
The prevalence of bacteria reported here is comparable that reported from cohorts tested with PCR or sonication. In most 
cases, there was only one positive biopsy, raising the question whether a contamination has been detected. Thus, to better 
understand the problem, it is necessary to gather more knowledge regarding the sensitivities and specificities of the different 
diagnostic procedures.
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Introduction

Fracture non-union occurs, depending on fracture locali-
zation and trauma mechanism, in 5–40% [1] of fractures. 
Even today, the classification of non-unions remains coarse 

grained and is based mainly on morphological patters dis-
tinguishing atrophic, hypertrophic, and oligotrophic types 
of non-union. Based on these observations, the therapeu-
tic strategy aimed to optimize either the biological or the 
mechanical environment rendering treatment long lasting 
and costly [2, 3]. However, a thorough analysis of the cause 
for a non-union is the key to successful treatment. The “Dia-
mond Concept” [4, 5] introduced by Giannoudis et al. pro-
vides a more sophisticated framework to analyze cases of 
disturbed bone healing. However, the presence of bacteria as 
a possible cause of non-union is not included in the diamond 
concept. Lately, the relevance of bacterial contamination of 
the non-union site and the possible impact of bacteria on 
osteoblasts has been proposed as an additional cause of non-
union [3, 6, 7]. Particularly, open fractures and fractures 
that required multiple surgical procedures are considered 
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at risk [8, 9]. While overt infection resulting from highly 
invasive bacterial species is easily diagnosed, clinically, the 
question to which extend clinically unapparent non-unions 
after open fractures might be caused by low-grade patho-
gens remains unanswered to date. Currently, the diagnostic 
golden standard is cultivation of bacteria from biopsies of 
the non-union site [3]. In comparison with other diagnostic 
procedures like histopathological analysis [10] and imaging 
studies [11], only microbiological work up can identify the 
pathogen and its pattern of resistance, which is the basis 
for an effective antibiotic therapy. While low-grade infec-
tion after prothetic joint replacement is a well-known entity 
with established diagnostic and therapeutic strategies, there 
is only sparse evidence even regarding the prevalence of 
bacteria in fracture non-unions.

It is well known that the sensitivity of bacterial swaps 
from the non-union site, though still used as primary diag-
nostic modality in many places, is too low to be used as 
a routine diagnostic procedure. As PCR-based techniques 
are not available comprehensively, and there are still several 
unanswered equations regarding their application in bone 
and non-union infection diagnosis, we hypothesize that in 
cases of fracture non-union after open fractures and/or mul-
tiple revision surgeries without clinical signs of infection 
the prevalence of bacteria as detected by open biopsies from 
the non-union site is at least equivalent to the prevalence 
reported from PCR-based infection diagnosis in the medi-
cal literature.

Materials and methods

We retrospectively analyzed the microbiological results of 
tissue samples collected from femoral and tibial non-union 
sites. The study was approved by the local ethics committee.

Non-union was defined as bony fusion of less than than 
¾ of circumference on CT scan and pain at non-union site 
during weigh bearing at least 6 months after trauma, without 
progression of bony healing for at least 2 months on CT scan 
or plain radiograph. Patients who were admitted to our limb 
reconstruction unit between March 2012 and June 2013 with 
a femoral or tibial non-union and a history of revision sur-
gery and/or open fracture were included. Further inclusion 
criteria were stable osteosynthesis on CT scan and absence 
of clinical signs of infection (local hyperaemia, warmth, 
swelling, and pain on palpation). In addition, C-reactive 
protein and leucocyte count were taken on admission.

Multiple tissue samples (soft tissue and bone) were 
obtained from the non-union site over an open incision of 
1–4 cm depending on the anatomical location under aseptic 
conditions in the operating theatre. Before incision the skin 
was disinfected three times using SkinSept Color (Fa. Hen-
kel, Germany), which contains chlorhexidine and alcohol. 

Patients did not receive antibiotic prophylaxis periopera-
tively. Radiological guidance was used to ensure that sam-
ples were taken from different locations of the non-union. 
Care was taken that the instruments did not get into contact 
with the skin during excision of the biopsies. The same sur-
gical instrument was used for all biopsies.

Samples were cultivated for 2 weeks and tested follow-
ing EUCAST protocols using VITEK® 2 (Fa. bioMérieux, 
France). Open fractures were classified following the Gustilo 
Anderson system. Values in brackets are standard deviations. 
Correlations were calculated as Pearson R.

Results

During the study period, 22 patients with tibial and 20 
patients with femoral non-unions were admitted to our 
trauma centre. Eleven patients with tibia- and seven patients 
with femur-non-union met the inclusion criteria. Mean age 
of those 18 patients was 44 (± 23.9) years. Eleven had a 
history of open fractures (one I°, six II°, and four III° open 
fractures) and zero-to-five revisions. Seven patients had a 
history of one-to-three revision surgeries. From each patient, 
4.1 (± 1.8) tissue samples were taken 8.5 (± 1.7) months 
after trauma. Bacteria were detected in 8 of the 18 non-
unions (44%). In five cases, coagulase negative Staphylo-
cocci (COST) and, in three cases, Propionibacterium acnes 
(P. acnes) were cultivated (Fig. 1). More precisely, in six 
non-unions, bacteria were detected in one of the samples; 
in two non-unions, the same bacterium (genus, species, and 
antibiogram) was detected in two different samples.

There was no correlation between the number of biop-
sies and the number of biopsies with positive culture results 
(Pearsons R: − 0.0503, R2 0.0025).

Twelve patients had no elevation of CRP and leucocyte 
levels. Bacteria were cultivated from five non-unions in 
that group. Three patients had an elevation of the CRP level 
only with bacterial growth in one non-union. Two patients 
showed an elevation in both, CRP and leucocyte levels and 
from both non-unions bacteria were cultivated. One patient 
had an elevation of the leucocyte, but not of the CRP level. 
There was no correlation between the number of positive 
biopsies and the leucocyte counts or the CRP level, respec-
tively (Pearsons R: − 0.0245, R2 0.0006, Pearsons R: 0.2823, 
R2 0.0797).

Discussion

In the presented cohort, pathogens were detected in 8 of 
18 non-unions (44%) despite the absence of clinical signs 
of infection. All identified bacteria are constituents of the 
skin flora. These species are well known as causative agents 
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of low-grade infections in prosthetic joint infection (PJI) 
[12–14]. In general, this observation is in accordance with 
the pathomechanics of open fractures, where the bone gets 
into contact with the skin. A similar mechanism might be 
considered in cases presenting with low-grade infection after 
multiple revision surgeries. Thus, the qualitative observa-
tion, i.e., the type of bacteria identified in the specimen, 
appears comprehensible. However, to become either a valid 
diagnostic or prognostic parameter, the quantitative compo-
nent of the measurement is at least as important.

In PJI, it is assumed that two positive periprosthetic (tis-
sue or fluid) cultures with matching organisms following the 
CDC definition [15] are sufficient to establish the diagnosis; 
otherwise, the risk of false-positive results due to contami-
nation is considered too great. Applying this criterion to 
the reported population results in 2/18 (11%) non-unions 
(Table 1), which might be diagnosed as infected non-union. 
However, PJI is a distinct entity. While there is no CDC 
definition for infected non-unions, in cases of osteomyelitis 
and disc space infections, one positive culture, in combina-
tion with additional diagnostic items, is considered sufficient 
to establish the diagnosis. Thus, while in PJI, the diagno-
sis can be made based on tissue biopsies alone, in entities 
like osteomyelitis or disc space infection, the biopsy is only 
considered valid when additional parameters are positive as 
well. From a practical point of view, this appears reasonable, 
given the fact that in PJI, the tissue volumes available for 

culture are larger than in osteomyelitis, disc space infection, 
or non-union.

The observation that biopsies alone are not sufficient for 
the diagnosis of infected non-union is supported by the fact 
that there is no positive correlation between the number 
of biopsies and the resulting number of biopsies positive 
for bacteria. In general, evidence on the diagnosis of sub-
clinically infected non-union is sparse. The microbiological 
data on 23 patients with tibia non-unions presented by Gille 
et al. [16] are comparable with our observations. In their 
cohort, 35% of the subjects had open fractures and 78% had 
1–8 surgical revisions. With routine culturing methods, no 
bacteria were found, while 16 S ribosomal RNA pathogens 
were detected in two patients (1 × Methylobacterium spe-
cies, 1 × Staphylococcus species) (8.7%) using a polymerase 
chain reaction (PCR) assay. In their setting, perioperative 
antibiotic prophylaxis was administered before biopsies were 
obtained, which might have decreased sensitivity and given 
advantage to detection with the PCR method [17].

Palmer et al. analyzed tissue samples of 34 patients with 
non-unions using standard culture analysis, Ibis’s second 
generation molecular diagnostics (Ibis Biosystems), and 
bacterial 16S rRNA-based fluorescence in situ hybridization 
(FISH) [18, 19]. In eight subjects, positive intraoperative 
culture results were found (25.5%). Ibis and FISH confirmed 
the presence of bacteria in all eight samples. Both methods 
identified bacteria in a total of 30 of 34 encounters (88.2%).

Fig. 1   Bacteria detected in the study cohort. In 8/18 (44%) cases, bacteria were identified. COST are the leading species found (5 cases, i.e., 
28%), while P. acnes was only identified in one case
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Szczesny et  al. analyzed deep tissue samples of 43 
patients with delayed fracture healing and unstable union 
of femur and tibia after closed fractures [20]. Bacteria were 
found in 35% of the cases by conventional culturing meth-
ods. 16S rRNA PCR examination was also positive in all of 
those cases and detected bacterial rRNA in three more cases 
(42% of patients), which is very close to our results. As in 
our work, COST were the predominantly isolated organisms.

Dapunt et al. analyzed tissue samples, swabs, and sonica-
tion fluid of removed metal implants gained from 49 patients 
with atrophic non-union [21]. Swabs were cultured, and tis-
sue samples were cultured and analyzed by histopathology. 
Sonication fluid was cultured as well and was analyzed by 
16S rRNA PCR. Samples of 45 patients undergoing routine 
implant removal served as control. In the study group, cul-
tures of tissue samples revealed positive results in 10.2% 
of cases. The most sensitive method was sonication fluid 
culture with 57.1% positive results. Again, COST were the 
predominantly cultivated pathogens. Interestingly, cultures 
of sonication fluid in the control group were positive in 40% 
of cases, which raises the question of the contaminations’ 
clinical relevance. The authors assume that the variance of 
bacterial virulence and the variance of the immune response 
might be responsible for the divergent results.

So far, the available evidence strongly suggests that low-
grade infection is a relevant issue in fracture non-union 
(Table 2). The results reported here unequivocally sup-
port this notion. However, there remains a highly unsolved 

problem regarding the quantitative aspect of the diagnosis. 
The quantitative aspect of the diagnosis naturally collides 
with the question of sensitivity of the different diagnostic 
techniques. While PCR-based methods appear to be over 
sensitive, our results suggest that biopsies alone are insuf-
ficient to establish the diagnosis of infected non-union, as it 
remains unclear whether a single positive biopsy needs to be 
considered as a contamination, especially in patients with a 
large number of biopsies and also regarding the findings of 
Dapunt et al., i.e., a high number of PCR positive cultures 
in the control group. Thus, given the current sensitivities of 
culture and biopsy technique, biopsy alone is not sufficient 
to establish the diagnosis of an infected non-union.

Prior to the definition of a diagnostic standard compara-
ble to PJI, more evidence needs to be gathered regarding the 
sensitivities of emerging techniques like sonication.

The major short coming of this study is the retrospec-
tive design and the limited size of the cohort. Besides, as in 
other studies, here too, the technical and strategical choice 
of biopsy sites has not been defined a priori resulting in an 
additional source of bias.

Although a high rate of positive cultures has been 
obtained in this cohort, this finding has to be interpreted 
carefully. Despite the wide spread availability of biopsy-
based diagnostics, and the apparent superiority of biopsies 
over classical swap-based analyses, the role of contamina-
tion remains unclear. This is partly due to unknown sen-
sitivity and specificity of the different analysis techniques 

Table 1   Epidemiology of the cohort

Leucocytes are given in 103/ml, CRP in mg/l

Patient no. Non-union site No. of revi-
sion surgeries

Gustilo grade No. of 
Biopsies

Pathogen No. of posi-
tive biopsies

Leucocytes (/nl) CRP (mg/l)

1 Tibia 0 II 5 0 – 4.8 7.5
2 Tibia > 5 III 4 S. epidermidis 1 5.3 3.4
3 Tibia 1 0 4 S. epidermidis 1 7.6 < 3
4 Tibia 3 0 5 0 – 9.1 < 3
5 Tibia 0 III 2 0 – 8.1 3.4
6 Tibia 2 II 2 0 – 4.7 < 3
7 Tibia 2 0 6 0 – 7.5 <3
8 Tibia 2 0 7 0 – 12.4 3.1
9 Tibia 2 II 2 P. acnes 2 8.8 < 3
10 Tibia 1 0 7 S. epidermidis 1 10.1 24.9
11 Tibia 2 II 5 S. epidermidis 1 7.3 3.3
12 Femur 2 0 2 P. acnes 1 11.2 22.6
13 Femur 2 III 4 0 – 9.3 < 3
14 Femur 1 II 2 0 – 7.0 3.8
15 Femur 2 III 6 S. capitis 2 4.9 12.5
16 Femur 1 0 3 0 – 6.9 < 3
17 Femur 1 I 2 P. acnes 1 6.5 < 3
18 Femur 3 II 6 0 – 5.4 11.0
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and partly due to a method inherent danger of over sensitiv-
ity, e.g., PCR. Thus, further research should focus to gain a 
deeper understanding of the diagnostic tools with respect to 
their sensitivity and specificity before further attempts are 
made to define a diagnostic standard for infected non-unions 
in clinically unapparent cases.
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Table 2   Literature overview of publications relating to infected non-union of long bones

While the detection of bacteria, i.e., the qualitative diagnosis, is remarkable, because bacteria are found in a relevant number of specimen, the 
qualitative diagnosis, i.e., the bacterial load, remains problematic, as there is a wide range of bacterial load detected depending on the diagnostic 
modality that was used

References Entity n Cohort features Specimen type Methods Results

Palmer et al. [19] Non-union 34 Suspected infection Tissue samples Culture, Ibis 2nd 
generation molecu-
lar diagnostics, 16S 
rRNA-based FISH

Culture: 25,5% positive; 
Ibis and 16S rRNA-
based FISH: 88% 
positive

Gille et al. [16] Non-union 23 8 patients with open frac-
tures 18 patients with 
multiple operations

Tissue samples Culture, 16S rRNA PCR Culture: no detections; 
PCR: 8.7% positive

Szczesn et al. [20] Delayed fracture 
healing/unstable 
union

43 Closed femur- and tibia 
fractures

Tissue samples Culture, 16S rRNA PCR Culture: 35% positive; 
16S rRNA PCR: 42% 
positive

Dapunt et al. [21] Atrophic non-union 49 Various locations Tissue sam-
ples, metal 
implants

Culture, Sonication, 16S 
rRNA PCR, histo-
pathological analysis

Culture: 10.2% positive; 
sonication 57.1% 
positive; 16S rRNA 
PCR: 11.9% positive; 
histopathology: 9.3% 
positive
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