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Background: Occult infections (OI) lack typical inflammatory signs, making them challen-
ging to diagnose. Uncertainty remains regarding OI’s influence on the outcome of autologous 
bone grafting (ABG), and evidence-based recommendations regarding an appropriate course 
of action are missing. Thus, we sought to determine the incidence of an OI in patients 
receiving ABG, evaluate whether it influences the outcome of ABG and whether associated 
risk factors have a further negative influence.
Methods: This study was designed as a large size single-center case-control study investigating 
patients treated between 01/01/2010 and 31/12/2016 with a minimum follow-up of 12 months. 
Patients ≥18 years presenting with a recalcitrant non-union of the lower limb receiving surgical 
bone reconstruction, including bone grafting, were included. A total of 625 patients were recruited, 
and 509 patients included in the current study. All patients received surgical non-union therapy 
based on the “diamond concept” including bone reconstruction using ABG. Additionally, multiple 
tissue samples were harvested and microbiologically analyzed. Tissue samples were microbiologi-
cally evaluated regarding an OI. Bone healing was analyzed using clinical and radiological 
parameters, patient characteristics and comorbidities investigated and ultimately results correlated.
Results: Forty-six out of 509 cases with OI resulted in an incidence of 9.04%. Overall 
consolidation time was increased by 15.08 weeks and radiological outcome slightly impaired 
(79.38% vs 71.42%), differences were at a non-significant extent. Diabetes mellitus had 
a significant negative influence on consolidation time (p=0.0313), while age (p=0.0339), 
smoking status (p=0.0337), diabetes mellitus (p=0.0400) and increased BMI (p=0.0315) 
showed a significant negative influence on the outcome of bone grafting.
Conclusion: Surgeons treating recalcitrant non-unions should be aware that an OI is common. 
If an OI is diagnosed subsequent to ABG the majority of patients does not need immediate 
revision surgery. However, special attention needs to be paid to high-risk patients.
Keywords: infection, bone healing, bone regeneration, non-union, bone infection

Plain Language Summary
Long-bone fractures that do not show timely healing remain challenging to treat. 
Augmentation with bone material harvested from the patient has been shown to be highly 
effective in treating these non-unions. However, local infections are widely believed to be a 
risk factor to the success of this treatment. Occult infections lack classical signs and are 
commonly diagnosed after bone grafting with the use of intraoperative tissue cultures 
unsettling surgeons. At the moment it is unclear if these occult infections affect the outcome 

Correspondence: Patrick Haubruck  
Raymond Purves Bone and Joint Research 
Laboratory, Institute of Bone and Joint 
Research, Kolling Institute, Royal North 
Shore Hospital, University of Sydney, St 
Leonards, NSW, A-2068, Australia  
Tel +61 (0) 437320789  
Email patrick.haubruck@sydney.edu.au

submit your manuscript | www.dovepress.com Journal of Inflammation Research 2021:14 995–1005                                                         995

http://doi.org/10.2147/JIR.S297329 

DovePress © 2021 Tanner 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 and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work 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).

Journal of Inflammation Research                                                         Dovepress
open access to scientific and medical research

Open Access Full Text Article

Jo
ur

na
l o

f I
nf

la
m

m
at

io
n 

R
es

ea
rc

h 
do

w
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0003-0243-8113
http://orcid.org/0000-0001-8006-9742
http://orcid.org/0000-0002-5648-2657
http://orcid.org/0000-0002-6711-7380
http://orcid.org/0000-0002-7045-0387
mailto:patrick.haubruck@sydney.edu.au
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com


of treatment and how common they are. The current study was 
designed as a large single-center case-control study including a 
total of 509 patients. Our data shows that despite thorough 
preoperative screening, occult infections occurred in 9.04%, 
which increased the healing duration slightly (20.4 vs 16.92 
months) and impaired the outcome to a minor extent (71.42% 
vs.79.38%). In addition, diabetes mellitus was identified to pro-
long healing while diabetes mellitus, a higher BMI/age, smoking 
were identified as risk factors that contribute to an inferior 
outcome. In conclusion the current study was able to provide 
robust data showing that while occult infections are frequent the 
majority of patients don't need immediate revision surgery. 
However, surgeons should pay special attention to high-risk 
patients.

Introduction
Failed fracture healing resulting in non-union (NU) 
remains a frequent and challenging clinical problem. 
A recent large-scale cohort study suggested an overall 
risk of 1.9% NUs per fracture, ranging as high as 9% in 
certain high-risk groups.1 Considering the overall fracture- 
incidence (4017 per 100.000 people/year in the US in 
2010),2 affected patients are numerous. NUs, often incur 
substantial defects and impaired biology,3 not only 
severely impacting patients’ quality of life, but also gen-
erating high socioeconomic costs.4–6

Despite advances, treating NUs remains challenging. In 
2007, core factors for successful bone regeneration were 
summarized in the “diamond concept (DC)”;7 an important 
foundation for all NU therapies. Autologous bone grafting 
(ABG) remains the standard for bone-defect-augmentation8 

and is a cornerstone in NU therapy,5,9 fulfilling all core 
factors of the DC. However, quantitative limitations remain, 
and alternatives have inferior biological properties.10 Thus, 
ABG should only be considered once risk factors negatively 
impacting its outcome, such as infections, have been mini-
mized. Infection is detrimental towards both bone healing11 

and bone regeneration4 and thus, if an infection is likely, 
transplantation of ABG should be avoided at all costs.4 

Identifying occult infections (OI) remains challenging due 
to a lack of clinical or systemic signs11–13 making microbio-
logical testing of tissue samples the indispensable gold 
standard.11,12 Unfortunately, microbiological analysis 
requires days4 and typically reveals an OI only after com-
pleted transplantation of ABG, unsettling treating surgeons, 
as uncertainty remains regarding the influence of an OI on the 
outcome of bone grafting.

In this study, we sought to determine the incidence of 
an OI in patients receiving ABG, despite thorough preo-
perative screening. Secondly, we evaluated whether OI 
influences the outcome of bone grafting compared to non- 
infected controls. Thirdly, we looked for associated risk 
factors negatively influencing therapeutic outcome.

Materials and Methods
Study Design
This study was designed as a retrospective case-control 
study based on a large clinical database. The institutional 
ethics committee of the University of Heidelberg approved 
the study and review of both patient data and files before 
commencement of the study (S-262/2017). The need for 
individual patient consent was waived by the ethics com-
mittee as the initial review of the patient data was carried 
out by the treating surgeons involved in the individual 
cases and all data entered into the database and used for 
further analysis was fully anonymized by them. Thus, 
patient data confidentiality was maintained at all times 
and the study was performed in compliance with the 
Declaration of Helsinki and the STROBE guideline.

All patient-related data between 01/01/2010 and 31/12/ 
2016 was reviewed and results of microbial testing were 
analyzed, stratified based on bacterial species and corre-
lated with the clinical outcome.

Inclusion and Exclusion Criteria
All patients ≥18 years presenting with a NU of the lower 
limb and receiving surgical treatment between 01/01/2010 
and 31/12/2016 in our institution with a minimum of both 
clinical and radiological follow-up duration of 12 months 
were included. Patients requiring corticosteroid medication 
or chemotherapy, and patients without intraoperative 
microbial testing were excluded.

Preoperative Screening Program
Patients were examined in our dedicated NU-clinic. Special 
focus lay on detecting any evidence of previous or ongoing 
infection, both via blood samples (eg, CRP & WBC) and 
physical examination (soft tissue, mechanical stability and 
function). Furthermore, X-rays and CT-scans of the affected 
long bones were obtained to evaluate the extension of the NU 
and implanted materials. Previous studies in our department 
showed that contrast-enhanced ultrasound sonography 
(CEUS) could detect OI,12 thus CEUS examination was con-
ducted. Results were evaluated by an interdisciplinary board.
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Surgical Treatment
Depending on the type of NU (atrophic=impaired bone 
biology/hypertrophic=intact bone biology, impaired bio-
mechanical stability) as well as the overall risk for OI, 
a one- or two-step procedure based on the DC14 was 
performed. A one-step procedure (debridement, filling of 
defect with ABG and BMP, revision of osteosynthesis) 
was conducted in NU with a small defect and no history 
of infection or suspicion thereof. The two-step procedure 
is known as “induced membrane-” or Masquelet-therapy.15 

This procedure has been developed for the treatment of 
both infected NUs and NUs with a bone defect >5cm3,16 

and since then has been widely accepted due to its clinical 
efficacy.16–21 Details regarding the peri- and postoperative 
antibiotic treatment have been published elsewhere.4

Microbial Testing
During surgical treatment, multiple tissue samples (≥5) 
were harvested and analyzed according to the standard of 
care of our microbiological department.4,22 All agar plates 
were at least incubated for 5 days, fluids provided in blood 
culture bottles even for 14 days to ensure detection of slow 
growing organisms, eg, cutibacteria or specific yeast. All 
evidence of bacteria was reviewed by an experienced 
microbiologist and stratified based on their origin and 
pathogenicity. Evidence of bacteria was classified as infec-
tion if obligate pathogen bacteria were evident or if more 
than 2 independent samples were positive for the same 
facultative pathogen bacteria.4 In order to assess the prob-
ability of a deep tissue infection compared to a risk of 
sample contamination from bacteria that are evident on the 
skin of a patient we developed a simple scoring system 
termed “certainty score” (number of positive samples (PS), 
absolute number of samples (AS)):

Certainty ¼ PS � ASð Þ �
ffiffiffiffiffiffi
AS
p

Here, a higher number indicates a higher probability of 
deep tissue infection.

Evaluation of Outcome
Subsequent to treatment, clinical and radiological follow- 
up was scheduled after 6 weeks as well as 3, 6 and 12 
months and thereafter annually. During each follow-up 
appointment, two blinded experienced trauma surgeons 
independently evaluated bone fusion based on the latest 
available x-rays and CT-scans. Consolidation was defined 
as cortical bridging of at least three out of four cortices 

visible in x-rays and/or CT-scans. Healing time was 
defined as the duration between the final surgical treat-
ment and the date on which the NU was rated as con-
solidated. In addition, two experienced trauma surgeons 
independently performed clinical evaluation of weight- 
bearing, walking distance free of pain and clinical signs 
of mechanical stability during the regular follow-up 
examinations.

Statistics
Statistical analysis was performed with the open software R, 
version 4.0.2,23 applying the packages “tidyr”,24 “dplyr”,25 

“pROC”,26 and “ggplot2”27 for receiver operator characteris-
tics (ROC) analysis corresponding to our previous studies.28,29 

The Shapiro–Wilk test was used for assessing the normal 
distribution of values. Boschloos’ test was used to assess 
statistically significant differences in 2-level variables such 
as the patients’ sex, smoking, diabetes and the treatment.30 

To assess differences in categorical variables with more than 2 
levels the Fisher’s exact test was utilized (Tables 1 and 2). For 
variations of the variable age, the non-parametric Kruskal– 
Wallis H-test for independent samples was used. To predict 
both the time to as well as the event of a consolidation multiple 
regression modelling was utilized. The model selection was 
performed via 10-fold cross-validation of a stepwise RMSE 
(Root Mean Square Error) comparison and backward selection 
using the packages “MASS”31 and “leaps”.32 The selection 
process was intended to choose an optimized combination 
from 3 to 7 out of 7 variables of interest. The primary measure 
for predictive performance of any logistic regression model 
was the area under the curve (AUC) of the ROC-curve. 
Differences between ROC curves were assessed by the 
DeLong’s test for two correlated ROC curves.33 The level of 
significance (α) was set at 0.05. All p values reported are to be 
interpreted descriptively as they were not adjusted for multiple 
testing. Flowchart and figures were edited and/or created using 
BioRender.com.

Results
Incidence of OI
To evaluate the incidence of OI while minimizing potential 
selection bias, we analyzed all cases treated in our level-1 
trauma center regardless of the follow-up duration. A total 
of 625 patients suffering from NU were surgically treated 
at our institution and anatomically the overwhelming 
majority was located in the lower extremity (509 cases 
(81.4%)). Only 116 cases (18.6%) were located in the 
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upper extremity. All 509 cases received ABG transplanta-
tion as part of NU treatment and 46 cases were tested 
positive for an OI in the procedure in which application 
of ABG was performed. Thus, despite our thorough pre-
operative screening program, an incidence of 9.04% of OI 
after NU treatment of the lower limb remains.

The Influence of an OI on the Outcome 
of ABG Transplantation
After applying our strict inclusion and exclusion criteria, 
a total of 307 cases had to be excluded due to an 
insufficient follow-up duration. Interestingly, 303 
(98.7%) of the excluded cases were patients without an 

Table 1 Patients’ Characteristics of the Entire Collective

Control (N=160) Study (N=42) Total (N=202) p value

Age 0.270
Median (IQR) 49.12 (18.92, 81.90) 46.91 (21.51, 69.82) 48.80 (18.92, 81.90)

Mean (95% CI) 48.70 (46.37, 51.04) 46.03 (42.27, 49.79) 48.15 (46.15, 50.15)

Sex 0.004

Female 65 (40.6%) 7 (16.7%) 72 (35.6%)
Male 95 (59.4%) 35 (83.3%) 130 (64.4%)

BMI 0.073
Median (IQR) 27.00 (17.00, 45.00) 29.00 (17.00, 40.00) 27.00 (17.00, 45.00)

Mean (95% CI) 27.27 (26.43, 28.12) 28.76 (27.11, 30.42) 27.58 (26.84, 28.33)

Smoking 0.669

No 116 (72.5%) 29 (69.0%) 145 (71.8%)

Yes 44 (27.5%) 13 (31.0%) 57 (28.2%)

Diabetes 0.304

No 148 (92.5%) 37 (88.1%) 185 (91.6%)
Yes 12 (7.5%) 5 (11.9%) 17 (8.4%)

ASA 0.280
1 43 (26.9%) 13 (31.0%) 56 (27.7%)

2 89 (55.6%) 26 (61.9%) 115 (56.9%)

3 28 (17.5%) 3 (7.1%) 31 (15.3%)

Treatment 0.031

One-step 80 (50.0%) 29 (69.0%) 109 (54.0%)
Two-step 80 (50.0%) 13 (31.0%) 93 (46.0%)

Localisation Bone 0.193
Femur 72 (45.0%) 15 (35.7%) 87 (43.1%)

Tibia 67 (41.9%) 24 (57.1%) 91 (45.0%)

Foot 21 (13.1%) 3 (7.1%) 24 (11.9%)

CRP 0.050

Median (IQR) 2.40 (2.00, 275.50) 4.35 (2.00, 72.50) 2.55 (2.00, 275.50)
Mean (95% CI) 9.03 (5.00, 13.05) 11.25 (6.14, 16.36) 9.49 (6.14, 12.83)

Leucocytes 0.007
Median (IQR) 6.89 (0.27, 17.99) 7.72 (3.43, 24.13) 7.10 (0.27, 24.13)

Mean (95% CI) 7.08 (6.77, 7.39) 8.31 (7.27, 9.35) 7.34 (7.01, 7.67)

Time to consolidation 0.345

Median (IQR) 1.08 (0.12, 5.17) 1.35 (0.10, 6.89) 1.12 (0.10, 6.89)

Mean (95% CI) 1.41 (1.23, 1.60) 1.70 (1.15, 2.25) 1.47 (1.29, 1.65)

Consolidation 0.299

No 33 (20.6%) 12 (28.6%) 45 (22.3%)
Yes 127 (79.4%) 30 (71.4%) 157 (77.7%)
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OI, and only 4 (1.3%) were cases in which an OI was 
detected (exclusion and allocation process is shown in 
Figure 1). After applying the exclusion criteria, 160 
patients were assigned to the control group (CG, no 
OI), and 42 patients were assigned to the study group 
(SG, OI). Patient demographics are shown in Table 1. 

While groups were comparable regarding age, the num-
ber of smokers, patients suffering from diabetes, ASA 
and anatomical localization, significant differences were 
observed in the gender distribution (p=0.004) as well as 
serum levels of CRP and leukocyte count (p=0.050 and 
p=0.007, respectively).

Table 2 Patients Characteristics of the Study Group (SG)

Outcome No (N=12) Yes (N=30) Total (N=42) p value

Age 0.014
Median (IQR) 55.85 (28.83, 69.82) 44.51 (21.51, 64.47) 46.91 (21.51, 69.82)

Mean (95% CI) 53.03 (45.78, 60.28) 43.23 (39.01, 47.46) 46.03 (42.27, 49.79)

Sex 0.540

Female 1 (8.3%) 6 (20.0%) 7 (16.7%)
Male 11 (91.7%) 24 (80.0%) 35 (83.3%)

BMI 0.143
Median (IQR) 29.50 (24.00, 40.00) 28.50 (17.00, 40.00) 29.00 (17.00, 40.00)

Mean (95% CI) 31.08 (27.78, 34.38) 27.83 (25.91, 29.76) 28.76 (27.11, 30.42)

Smoking 0.104

No 6 (50.0%) 23 (76.7%) 29 (69.0%)

Yes 6 (50.0%) 7 (23.3%) 13 (31.0%)

Diabetes 0.011

No 8 (66.7%) 29 (96.7%) 37 (88.1%)
Yes 4 (33.3%) 1 (3.3%) 5 (11.9%)

ASA 0.075
1 1 (8.3%) 12 (40.0%) 13 (31.0%)

2 9 (75.0%) 17 (56.7%) 26 (61.9%)

3 2 (16.7%) 1 (3.3%) 3 (7.1%)

Localisation Bone 0.870

Femur 5 (41.7%) 10 (33.3%) 15 (35.7%)
Tibia 6 (50.0%) 18 (60.0%) 24 (57.1%)

Foot 1 (8.3%) 2 (6.7%) 3 (7.1%)

Fracture Type 0.294

Closed 7 (58.3%) 16 (53.3%) 23 (54.8%)

Open 1 0 (0.0%) 2 (6.7%) 2 (4.8%)
Open 2 1 (8.3%) 8 (26.7%) 9 (21.4%)

Open 3 4 (33.3%) 4 (13.3%) 8 (19.0%)

Treatment 0.003

One-step 4 (33.3%) 25 (83.3%) 29 (69.0%)

Two-step 8 (66.7%) 5 (16.7%) 13 (31.0%)

CRP 0.036

Median (IQR) 8.25 (2.00, 72.50) 3.40 (2.00, 49.20) 4.35 (2.00, 72.50)
Mean (95% CI) 18.98 (4.79, 33.18) 8.16 (3.49, 12.82) 11.25 (6.14, 16.36)

Leucocytes 0.095
Median (IQR) 8.28 (5.44, 12.61) 7.53 (3.43, 24.13) 7.72 (3.43, 24.13)

Mean (95% CI) 9.04 (7.54, 10.55) 8.02 (6.66, 9.37) 8.31 (7.27, 9.35)
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Average consolidation time was longer in the SG 
compared to the CG (1.70 years vs 1.41 years, respec-
tively) although differences were at a non-significant 
extent (p=0.345). In addition, the final evaluation of 
the outcome revealed an impaired consolidation rate in 
the SG compared to the CG to a non-significant extent 
(127/160 (79.38%) in the CG vs 30/42 (71.42%) in the 
SG, p=0.299). Consolidation times and outcome for 
both groups are visualized in Figure 2A.

Identifying Both Individual and Clusters of 
Risk Factors Predisposing for Treatment 
Failure
Table 2 shows the patient demographics of the SG stratified 
regarding the outcome of therapy (responders to therapy (R) 
and non-responders (NR)). No differences were detected in 
the distribution of sex, BMI, anatomical localization, fracture 
type and leukocyte count. NR showed a higher number of 
smokers (NR: 50.0% vs R: 23.3%, p=0.104), a significantly 
higher number of patients suffering from diabetes (NR: 
33.3% vs R: 3.3%, p=0.011), a higher ASA score (ASA 
score >2 in NR: 91.67% vs R: 60.00%, p=0.075), signifi-
cantly higher average CRP levels (NR: 18.98 mg/l vs R: 
8.16 mg/l, p=0.036) and were significantly older (NR: 
53.06 years old vs R: 43.26 years old, p=0.014). No signifi-
cant differences in pathogen distributions were found 
between NR and R (p=0.067), while the overall majority of 
bacteria in both groups was Staphylococcus epidermidis 
(NR: 61.1% vs R: 75.0%), more Candida parapsilosis, 
Enterococcus faecalis and Staphylococcus aureus were 
found in NR, and more Enterobacterales and other gram- 
positive bacteria found in R. Individual outcomes for each 
individual bacterium and grouped pathogens are shown in 
Figure 3A and B.

Samples with a lower bacteria count needed further 
enrichment to specify the individual pathogen, which is 
known to be associated with sample contamination. In 
order to test our developed “certainty score” we assigned 
all cases needing enrichment into a group (E) and com-
pared the pathogen distribution and the “certainty score” 

Figure 2 (A) shows the healing and outcome of patients suffering from an OI (study) and patients without OI (control). Duration is shown in years, while outcome is shown 
as percentages (here 1 equals 100%). (B) visualizes the predictive performance of different computational models that were compared. While 1 shows the final model 
included into our study, 2 and 3 depict the performance of models including merely one variable.

Figure 1 The patient allocation and inclusion process into individual analyses is 
visualized. 
Abbreviation: OP, operative procedure.
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with samples that needed no enrichment (NE) 
(Supplementary Table 1). This analysis showed that 
93.3% of bacteria in the E group were Staphylococcus 
epidermidis compared to 60% in NE and the “certainty 
score” was significantly higher in the NE (NE: 1.06 vs E: 
0.78, p=0.041). In contrast, the “certainty score” showed 
no differences regarding NR and R (p=0.909).

Regression modelling was set up to analyze the pre-
dictive potential of clinical characteristics regarding (A) 
the time to consolidation and (B) the presence or absence 

of consolidation in the future. The linear regression Model 
A was composed by the patients' ASA, age, and the pre-
sence of diabetes. Here, a significantly negative influence 
on consolidation time was only seen for diabetes mellitus 
(p=0.0313). The favored logistic regression model (B) 
included the variables age, smoking, diabetes and the 
patients’ BMI. While all risk factors had a negative influ-
ence on the outcome of therapy, diabetes mellitus and 
subsequently, smoking had the highest impact 
(Supplementary Table 2)

Figure 3 (A) shows the individual pathogens found during microbiological analysis of intraoperative tissue samples for responder (consolidation) and non-responder (no 
consolidation) of treatment. (B) Pathogens were summarized into coherent groups of bacteria by an experienced microbiologist.
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The DeLong’s test indicated that model 
B outperformed any of the constituting variables in 
a univariate model, such as the patients' age 
(p=0.0236), BMI (p=0.0108), the presence of diabetes 
(p=0.0044), and the smoking status (p<0.0001). The 
ROC curve of the final logistic regression model is 
shown in Figure 2B and indicates an area under the 
curve (AUC) of 90.3%. Based on the Youden’s Index, 
an optimal cutoff was estimated with a sensitivity of 
90.0% and a specificity of 91.7%.

Discussion
In the current study, we sought to determine the incidence 
of OI in context with bone grafting and to further analyze 
its impact on outcome and influencing risk factors.

The Incidence of OI Subsequent to 
Transplantation of ABG
Bone grafting is a commonly used surgical procedure, but 
evidence regarding the rate of infection subsequent to 
ABG remains limited. In addition, most studies analyzed 
new-onset postoperative infections which can be either 
caused by an OI or iatrogenic infections due to microbio-
logical contamination of the grafting or implant material.34 

Existing evidence indicates an overall infection risk of 
3.05%35 and a new-onset postoperative infection rate 
around 12.4%.36 In the current study, samples were har-
vested immediately prior to bone grafting, thereby mini-
mizing the iatrogenic contribution. Thus, our study gives 
first evidence regarding an incidence of 9.04% of an OI 
during NU treatment despite our dedicated preoperative 
screening program. Surgeons should be aware that despite 
a negative history of infection and diagnostics, 
a substantial number of patients suffer from an OI. 
Ultimately, our results emphasize the continuing need for 
microbiological testing of multiple (≥5) samples harvested 
during each surgery. Furthermore, our data indicate that 
when in doubt, surgeons should treat patients as if they 
have an infected NU rather than relying on the results of 
preoperative screening.

Does an OI Have a Detrimental Effect on 
the Outcome of Therapy?
If an infection is present, therapies intend to eradicate the 
infection before achieving bone regeneration and finally 
osseous union.3,5,7,15,16,37 A recent review from 2015 sta-
ted that no robust evidence regarding the outcome of the 

treatment of infected long-bone NU is available,38 thus 
highlighting the need for further large-scale studies of 
high-quality. The current study is the largest single-center 
study to date investigating the influence of OI on the 
outcome of bone reconstruction, and our data showed 
that union was achieved in patients without an OI in 
79.38% and in patients with an OI in 71.4%. Our union 
rate was at the lower end of the previously published 
range, which may be due to our strict definition of osseous 
union, as well as strict inclusion criteria. Reported con-
solidation times of surgically treated NUs range between 4 
and 16 months.39,40 In our study consolidation was 
achieved in patients without an OI after an average of 
1.7 years compared to 1.41 years in patients of the study 
group. Compared to available evidence, consolidation time 
in our study was considerably longer. This may have been 
caused by our definition of osseous consolidation: while 
continuing osseous consolidation seen in X-rays during 
follow-up was evaluated as ongoing healing, NUs were 
only defined as consolidated once 75% of circumference 
was healed. Interestingly, consolidation of occult infected 
NUs took only slightly longer (15.08 weeks) and was only 
slightly impaired (7.98%) when compared to uninfected 
NUs and differences were at a non-significant extent. This 
rather mild influence might be explained by the standar-
dized antibiotic treatment in our institution. Helbig et al 
showed that 90% of bacteria detected in NUs were sus-
ceptible to our antibiotic regime resulting in a high per-
centage of eradication.4

Evidence of an OI unsettles surgeons and patients 
alike. The results from the current study indicate that 
despite the detection of an OI, outcome and consolidation 
time are only slightly impaired. Thus, surgeons should 
inform patients and encourage a meticulous follow-up in 
order to detect non-responders early.

Defining Risk Factors That Influence the 
Outcome of NU Therapy in Patients with 
an OI
Thirdly, we sought to determine whether risk factors 
prolonging or impairing consolidation of NUs could be 
identified. Our results indicated that consolidation time is 
significantly prolonged by diabetes mellitus, while higher 
age, smoking, higher BMI and diabetes mellitus have 
a significantly negative effect on the outcome of therapy. 
Recent studies have shown that age itself does not impair 
healing of NUs when compared to a younger control 
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group,16 however, it is known that elderly patients are 
more susceptible for infectious diseases due to physiolo-
gical changes on a cellular and molecular basis.41 

Therefore, the negative influence of age on the outcome 
of NU therapy might be reserved to NUs with an (occult) 
infection. While the detrimental effects of smoking on 
bone healing are well known, obesity has only recently 
been associated with an impaired immune response and 
thus higher susceptibility to infections.42 Diabetes mellitus 
is established as an important risk factor for bacterial 
infections due to higher oxidative stress in the tissue of 
affected patients.43 The results of the current study are 
supported by the findings of a large-scale population- 
based study that identified higher age and diabetes mellitus 
as risk factors regarding the outcome of bone grafting.35 In 
summary, our data indicate that surgeons should be aware 
of these distinct risk factors that directly influence the 
outcome of NU therapy. Furthermore, measures should 
be taken to mitigate the influence of risk factors such as 
smoking and diabetes mellitus by encouraging smoking 
cessation and reduction of HbA1c prior to NU treatment.

Limitations
This study has several limitations. Despite treating numer-
ous patients at our institution, strict inclusion and exclu-
sion criteria, as well as only a small number of patients 
showing OI, led to a reduced number of patients being 
included in the current study. Both national and interna-
tional patients are treated in our institution. Thus, off-site 
follow-up care is frequently reducing the follow-up in our 
hospital. Nevertheless, the current study is the largest 
single center studies to date investigating occult infection 
in context with the outcome of ABG. Therefore, our 
results give surgeons and clinicians reliable and robust 
information on how to treat such cases effectively. While 
Candida species in the current were analyzed a full fungal 
culture is missing. Fungal osteomyelitis is considered 
a rare disease and patients at risk are mostly severely 
immunocompromised,44 however, readers should be 
aware that the current study cannot address the influence 
and incidence of other fungal species. In addition, myco-
bacterium tuberculosis was not included in the current 
study. Reasons are the low incidence of tuberculosis in 
Germany as well as the low rate of skeletal 
manifestations,45,46 resulting in a likelihood of less than 
one per million for mycobacterial osteomyelitis at the 
beginning of the observation period 2010. Although we 
believe that these limitations do not influence the 

importance and validity of our findings caregivers should 
be aware of these missing pathogens when reading and 
interpreting the results of the study.

Conclusion
Surgeons treating recalcitrant non-unions should be aware 
that the incidence of an occult infection remains at 9.04% 
despite a negative history of infection and thorough diag-
nostics. If an occult infection is diagnosed subsequent to 
ABG transplantation, our data indicate that the majority of 
patients does not need immediate revision surgery. 
However, certain risk factors exist that prolong and impair 
the outcome of therapy. Thus, special attention needs to be 
paid towards these high-risk patients.
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