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ABSTRACT

Background: Chronic osteomyelitis poses a challenge for the patient and the treating surgeon. 
Lautenbach described an adjuvant method entailing the insertion of a double-lumen tube system, for 
local antibiotic delivery and dead space management.
Objective: The aim of the study was to establish the time it takes to achieve the first negative culture 
after the Lautenbach procedure for the treatment of chronic osteomyelitis.
Methods: We undertook a retrospective record review of patients who underwent the Lautenbach 
procedure from 2018 to 2021. The primary outcome was time to the first negative, fluid or tissue, culture 
after the procedure. Secondary outcomes were, time to 3rd negative culture, wound/sinus status, pain 
Visual Analogue Scale (VAS), recurrence rate and prevalence of Methicillin Resistant Staphylococcus 
Aureus (MRSA).
Results: Thirty eight patients were included, 27 (71.1%) males and 11 (28.9%) females. The median age 
was 32 years. The median time to the first negative culture was 6 days while that for the time to the 3rd 
negative culture result was 8 days. The median pain VAS was 3 points and the recurrence rate was 24%. 
There was a 10.5% rate of  MRSA.
Conclusion: The Lautenbach procedure is still an effective option. However, the recurrence rate remains 
relatively high with majority of the patients achieving symptom resolution (pain and draining sinus). 
Treating surgeons should still be vigilant of MRSA and its treatment thereof.
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INTRODUCTION 

Chronic Osteomyelitis (COM) is a challenging 
condition to treat. It leads to destruction and 
necrosis of bone (1). It is marked by progressive 
inflammation that distorts the architecture of 
bone (1). Multiple treatment regimens exists for 
this condition but there is limited level I evidence 
for gold-standard of treatment (2). The principles 
of treatment for COM are well understood, the 
surgical principles include debridement of dead 
bone, dead space, and soft-tissue management (3). 
In the literature there are many studied options for 

dead space management (4) but in our institution 
we employ the Lautenbach method. This entails 
the use of a double-lumen suction-irrigation 
system placed in the bone canal (3). It serves to 
manage the dead space and as a local delivery 
system of antibiotics.

Despite the available methods, the recurrence 
rate remains high at 20 - 30% (5). A success rate of 
85% has been found in some studies (3). Regardless 
of treatment plan and institutional preference, 
patients are often admitted for long periods in 
hospital, subject to potential side effects from 
antibiotics and developing antibiotic resistance. 
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The study aimed to evaluate the average time it 
takes to achieve the first negative culture result 
after the Lautenbach method for the treatment of 
long bone Chronic Osteomyelitis (COM). This was 
described in Lautenbach’s 1975 publication for 
the treatment of long bone COM (6). Weber and 
Lautenbach subsequently described this method 
in their 1985 paper for the treatment of infected 
total hip replacement (7).

MATERIALS AND METHODS

Upon approval by our institution’s human research 
ethics committee (M221075) we undertook a 
retrospective study of patients treated by the 
Lautenbach method for long bone COM for the 
period of the year 2018 to 2021. A minimum 
follow-up time of 12 months was set for the study. 
The study included both first time and repeat 
procedures, children, adults and both upper limb 
and lower limb COM. Patients who defaulted 
follow-up before 12 months post-operatively, 
peri-Prosthetic Joint Infection (PJI) or flat bone 
COM and those with incomplete medical records 
were excluded. Studied parameters included 
patient demographics, involved anatomical site, 
time to the first negative culture, time to the 
3rd negative culture, wound status, the rate of 
Methicillin Resistant Staphylococcus Aureus (MRSA) 
and recurrence rate within 12 months of the 
procedure. Recurrence was defined as need for a 
repeat procedure within the 12-month follow-up 
period. The Lautenbach procedure is used for any 
Cierny and Mader stage (anatomic component) 
of COM depending on the symptomatology and 
the host type. We selected host type A and B with 
unresponsive symptoms to conservative means 
of treatment i.e., draining sinus. The Lautenbach 
system is an adjuvant double-lumen suction-
irrigation system for dead space management 
and local antibiotic delivery after a thorough 
Debridement, Reaming and Irrigation (DRI) plus 
sequestrectomy. Intra-operatively deep specimens 

are collected. The system is left in the bone canal for 
2 days before the first specimen can be collected. 
Our local protocols allow for the use of gentamycin 
and amoxicillin/clavulanic acid empirically. After 
the first specimen, specimens are collected every 
second day until three consecutive culture-
negative specimens are documented. At this 
point the system is removed and culture-sensitive 
antibiotics are initiated. The patient is kept on these 
antibiotics for 6 weeks post-operatively either as 
an outpatient or inpatient based on the preferred 
route of antibiotic administration as per sensitivity. 
The first outpatient review is usually 2 to 3 weeks 
post-surgery for wound evaluation. All procedures 
were performed by the senior author (ZL) or by a 
fellow in the unit under his supervision.

RESULTS

Thirty eight patients met the inclusion criteria, 
11 (28.9%) females and 27 (71.1%) males.  The 
median age (inter-quartile range) was 32 [14, 42] 
years. The recorded median (IQR) time to the first 
negative culture result was 6 [2, 9] days while that 
for the time to the 3rd negative culture result was 8 
[6,13] days. The median (IQR) pain Visual Analogue 
Scale (VAS) was 3 [2,4]. Thirty four (89%) patients 
had healed wounds at the time of follow-up and 
only 4 (11%) presented with a draining sinus. The 
rate of MRSA isolation was 10.5%. Recurrence of 
disease within 12 months of the index procedure 
occurred in 9 (24%) patients and Table 1 compares 
the cohort with recurrence to that of ones without. 
Fifty percent of the cases involved the femur bone, 
followed by tibia with 26.3% (Figure 1). Figure 
2 shows the affected site for each anatomical 
region while Table 2 shows the organisms isolated. 
Seventeen percent of organisms were resistant 
to amoxicillin/clavulanic acid while 24.4% were 
resistant to ampicillin (Figure 3). Table 3 shows the 
profile of the nine patients that presented with 
recurrence.
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Table 1
Patient demographics and outcomes of interest for the non-recurrence and recurrence group

Recurrence (9/38; 24%)
No Yes Total

(N=29) (N=9) (N=38) P-value
Age 0.046

Median (Inter-Quartile Range) 30(13,39) 41 (40,48) 32 (14,42)
Days to 1st -ve 0.692

Median (Inter-Quartile Range) 6(6,9) 4(2,8) 6(2,9)
Days to last -ve 0.821

Median (Inter-Quartile Range) 9(6,13) 7(6,15) 8(6,13)
Pain VAS 0.039

Median (Inter-Quartile Range) 3(2,3) 4(3,4) 3(2,4)
Gender 1.000

Female 8(27.6%) 3(33.3%) 11(28.9%)
Male 21(72.4%) 6(66.7%) 27(71.1%)

Wound status 0.064
Healed 29(100%) 5/9(55.5%) 34/38(89%)
Oozing 0(0%) 4/9(44.4%) 4/38(11%)

Cloxacillin resistance 1.000
NR 11(37.9%) 4(44.4%) 15(39.5%)
Sensitive 15(51.7%) 4(44.4%) 19(50.0%)

MRSA occurrence 1(3.5%) 2(7%) 3(10.5%)

Table 2

Organisms isolated

Organism No.  (%)
Staphylococcus aureus 14   (37)
Staphylococcus aureus & others 4(12)
Gram negatives 8(24)
Polymicrobial (without Staphylococcus aureus) 5(15)
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Table 3
The profile of patients with disease recurrence

Age Gender Site C+M Organism/s Resistance HIV status
P1 41 M Left femur III Kocuriakristinae, SA, 

Klebsiella, PM
Ampicillin, 
Ciprofloxacillin

Negative

P2 55 M Right femur IV Enterobacter A, 
Salmonella, Klebsiella, 
PM

Augmentin, 
Ertepenem, 
Ciprofloxacillin

Negative

P3 37 F Right femur IV SA Ampicillin Negative
P4 45 F Right tibia IV Gram negative bacillus None Positive
P5 40 M Right femur

Right tibia
III PM, MRSA Ampicillin, 

Ciprofloxacillin, 
Rifampicin

Negative

P6 48 M Right tibia IV Pseudomonas 
aeruginosa

Augmentin Positive

P7 15 F Right humerus
Right femur

III SA Ampicillin Negative

P8 18 M Right tibia IV Streptococcus 
dysgalactiae

Augmentin Negative

P9 52 M Right tibia III SM Augmentin, 
Ciprofloxacillin

Positive

M: male, F: Female, SA: Staphylococcus Aureus, PM: Proteus Mirabilis, Enterobacter A: enterobacteraero genes, 
SM: Serratia Marcescens, C+M: Cierny and Made, MRSA: Methicillin Resistant Staphylococcus Aureus

Figure 1
Affected bone
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Figure 2
Resistance profile
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DISCUSSION

Jorge et al. (8) studied a retrospective cohort 
to identify factors that predispose to disease 
recurrence. Old age and an infection with 
Pseudomonas aeruginosa were identified as risk 
factors. Pozo et al. (5) investigated the same question 
and concluded with the identification of different 
factors. His factors included a need for a muscular 
flap and osteomyelitis extending beyond 3 months 
(5). Leung et al. (9) found a recurrence rate of 12% 
in their study. The median hospital stay in a study 
by Grey et al. (10)  was 6 days (IQR 4-7 days) and 
this was looking at the use of continuous irrigation 
system (modified Lautenbach) for anatomical type 
I fracture-related COM. We are unaware of any 
study that addresses our study aim in comparison 
to the available literature looking into duration of 
hospital stay and not the time it takes to achieve 
the first negative culture result. This is an important 
question as it is the first step in the sequence of 
events to which define treatment success for the 
Lautenbach method. Equally important is the time 
it takes to achieve the 3rd consecutive negative 
culture result (treatment success). This has a direct 
effect on the number of days spent in hospital and 
health resource utilization. Our patient cohort has 
a longer hospital stay compared to that of Grey et 
al. (10), purely because our institution still uses the 
original described Lautenbach method which in its 
nature requires a longer hospital stay. Hashmi et al. 
(11), recorded a mean hospital stay of 38 days (26 
– 78) in their study but worth noting is that they 
used two systems in one medullary canal and some 
of their patients also had an additional system 
in the soft-tissues. This prolonged their length of 
stay in hospital compared to our cohort where we 
used only one system per canal for all patients. 
Their recorded mean length of treatment was 27 
days with a non-recurrence rate of 75% using this 
method. There are many options used for dead 
space management, but none has been shown to 
be superior to the other (4). The choice is based on 
patient profile, local protocols, surgeon preference 
and affordability. Our rate of MRSA isolation was 
10.5% while that recorded by Hashmi et al. (11) was 
5.8%. There is a recorded rise in the rate of MRSA 
since the early 2000’s and such a finding in our 
cohort is in keeping with existing literature (12). 
Also of concern is the high rate of gram-negative 
bacteria (24%) that were cultured in our study 
population. Mthethwa and Marais (13) reported 
a 26% rate of gram-negative cultures and made 

a significant link between this, and COM caused 
by fracture-related infection. Such an association 
could not be statistically made in the index study, 
nor could it be linked to the patients’ physiological 
status. Another proposed explanation is that these 
hospital-acquired organisms could have been 
introduced through the suction-irrigation system 
during treatment. However, there is no evidence 
of this as there was no change in organism profile 
from the first specimen compared with the last 
collected specimen. Majority of our patients had 
cultured Staphylococcus Aureus (SA) which was 
37% of the cohort. Staphylococcus aureus is the 
most isolated organism in COM and our study does 
not offer any new finding in this regard (14-16). 
Chronic osteomyelitis is a significantly challenging 
condition to manage and has a high recurrence 
rate (17-21). The recurrence rate in this study was 
24% and although the evaluation of the factors 
associated with this was beyond the objectives 
of this study, future work is aiming to study this in 
a large sample size. Some of the reported factors 
include old age, intra-operative blood transfusion, 
infection due to P. aeruginosa and need for a 
muscular flab (5,8). Some of the identified risk 
factors of interest include age, gender, duration 
of infection, C-Reactive Protein to Estimated 
Sedimentation Ratio (CRP/ESR) index, neutrophil-
lymphocyte ratio, Cierny and Mader grade, site, 
previous surgery, and Body Mass Index (BMI).

CONCLUSION

The median time duration of the treatment of long 
bone chronic osteomyelitis using the Lautenbach 
method is acceptable and this remains an effective 
procedure. The rate of recurrence of COM after 
surgical treatment and within 12 months is still 
high and there is no definitive, widely accepted 
definition of treatment success. Future work should 
incorporate identifying a scientifically reproducible 
criteria for the prediction of recurrence within 12 
months of surgical treatment. 
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