
Objective: The ideal irrigation solution for osteomyelitis surgery has not yet been clarified. The aim of this study is to evaluate the therapeutic 
effect and the optimum concentration of sodium hypochlorite (NaOCl) solution for the mechanical treatment of acute osteomyelitis.

Methods: Fourty tibias of 20 male Wistar rats were used. The medullas were percutaneously inoculated with Staphylococcus aureus ATCC 
25923 to induce acute osteomyelitis in tibias. One week later, rats were randomly assigned to 3 treatment groups and irrigated with 0.5%, 
1% and 5% NaOCl. Irrigation with saline was used at positive control group and any treatment was not given to negative control group. All 
rats were sacrificed 24 hours after NaOCl irrigation. The degree of bacterial density, necrosis, inflammation and edema were evaluated 
histologically as; none (0), mild (1), moderate (2) and severe (3). Kruskal-Wallis and Dunn tests were used for statistical evaluations.

Results: Acute osteomyelitis developed in all tibias. NaOCl treatment no matter the concentration reduced the bacterial density compared to 
negative control group. The decrease in bacterial density and inflammation was significant at 0.5% NaOCl group compared to positive group 
(respectively; p=0.019, p=0.045), while the pairwise comparisons were statistically insignificant in terms of necrosis and edema. There was 
not any statistically difference between positive and 1%-5% NaOCl groups in terms of bacterial density.

Conclusion: In conclusion, irrigation with 0.5% NaOCl was more therapeutic than saline, 1% NaOCl and 5% NaOCl concentrations for acute 
tibia osteomyelitis at rats while 0.5% NaOCl group was same with saline group in terms of safety to tissue. 
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INTRODUCTION 
Acute osteomyelitis, a disease of bone due to the infection, rare 

but serious condition, is great concern in orthopedic surgeries. 

The most cause of the acute osteomyelitis is the hematogenous 

spread of the causative bacteria into the bone, and less cause 
by surgery as open fracture surgery, or bone surgery including 
joint replacements/osteosynthesis (1). It develops rapidly over 
a period of 7 to 10 days, and in some specific situations (i.e. 
presence of heart failure, immunosuppressant medications) can 
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be life treating (1,2). In the treatment, debridement and irrigation 

with several solutions during the surgery, and antibiotic usage 

are the first line options with the aim to control and remove 

the infection (2). The people infected might need to get their 

antibiotic medications for several weeks and in more serious 

osteomyelitis, surgery to remove the infected tissue and bone 

might be required.

The irrigation with solutions is commonly performed in orthopedic 

surgeries to keep patient from risk of infection. Isotonic saline, 

disinfectants or antibiotic solutions may be used as irrigation 

solution (3-6). In most circumstances saline is preferred for 

the irrigation of surgical site but it does not have any effect on 

microorganisms (4). The usage of antibiotic solutions is very limited 

because of its higher cost and antibiotic resistance but disinfectants 

remain as an option (4). The appropriate solution for irrigation has 

not been clarified thus far (2). Owing to rising antibiotic resistance 

in recent years, the importance of irrigation solutions has increased 

further (1). This, in turn, has revealed the importance of the 

antimicrobial effects of irrigation solutions (2). 

To perform a most proper treatment for acute osteomyelitis, 

animal studies are done by using foreign body (7). Because 

the difficulty of performing infection at rats, the majority 

of osteomyelitis performing models use foreign objects as 

sclerosing material, heat or necrosis (7-9). The common source 

for acute osteomyelitis is known to be Staphylococcus aureus due 

to hematogenous transmission (1,2). Due to the usage of foreign 

objects as sclerosing material, heat or necrosis at osteomyelitis 

models, we think these performed techniques don’t reflect 

exactly the acute osteomyelitis. 

Sodium hypochlorite (NaOCl) is common used disinfectant in 

general purpose and health care services. It has lethal effect on 

viruses, fungi and wide spread of bacteria, and hence it is used 

for tap water disinfection (10). NaOCl is reported to be toxic to 

cell even at very lower concentration (0.01%) in vitro (11). Though 

the in vitro studies, in management of dental infections, 0.5% to 

5% NaOCl solutions are used for irrigation with success (12-14). 

However, NaOCl solutions are not routinely used as an irrigation 

solution for osteomyelitis surgeries. 

In the present study, we aimed to investigate the safety and the 

efficacy of different concentrations (0.5 to 5%) of NaOCl due to a 

renewed acute osteomyelitis model of rat tibia. 

METHODS
The study was conducted upon the permission of local ethics 

committee for animal experiments (HADYEK, 15.12.2016, 

2016/16). Twenty male Wistar albino rats weighing 200-250 g 

were used. All animals involved in experiments have received 

humane care in compliance with the Guide for the Care and 

Use of Laboratory Animals (15). Rats were fed ad libitum; the 

temperature was 22+/-2°C with the 50% humidity. The rats were 

kept at 12/12h dark and light cycles. To prevent unnecessary 

animal sacrificing, both tibias of all animals were used. 

Fluids Used for Irrigation and Creating the Groups

At the surgical processes under anesthesia, 2 rats were died. The 

remaining 18 rats were randomly divided into 5 groups. The 1st 

group was the negative control group (group 1) (n=3 rats, n=6 

tibias) for which no treatment was applied. The 2nd group was 

the positive control group (group 2) (n=3 rats, n=6 tibias) which 

was treated with saline (0.9% NaCl isotonic) as it is routinely used 

in surgery. The other three groups were treatment groups and 

were named as; 0.5% NaOCl (group 3) (n=4 rats, n=8 tibias), 1% 

NaOCl (group 4) (n=4 rats, n=8 tibias) and 5% NaOCl (group 5) 

(n=4 rats, n=8 tibias). A brief summary of groups and applied 

treatments are given at Table 1.

Preparation of Bacterial Suspensions

Standard Methicillin-sensitive Staphylococcus aureus (MSSA) 

ATCC 25923 isolate, stored in freezer at -80°C was brought to 

room temperature and then incubated overnight in 5% sheep’s 

blood agar passaging at 37°C. The next day after purity check 

of bacteria, bacterial suspensions with McFarland 10 turbidity 

(approximately 3x109 cfu/mL) were prepared in saline.

Induction of Osteomyelitis and Irrigation 

All rats had intraperitoneal ketamine (50 mg/kg) (Ketalar; 

Eczacıbaşı, İstanbul, Turkey) and xylazine (10 mg/kg) (Rompun; 

Bayer, Leverkusen, Germany) for anesthesia. Knees were wiped 

with povidone iodine. Supplemental analgesia was provided 

by intraperitoneal injection of buprenorphine (0.3 mg/kg). The 

Table 1. Tibia numbers in groups, treatments applied to rats

Group 
number

Group 
name

Number of 
tibias (n)

Treatment administered

1 Negative 
control 

6 No treatment

2 Positive 
control 

6 Irrigation with 20 mL of 
saline 

3 0.5% NaOCl 8 Irrigation with 20 mL of 
0.5% NaOCl 

4 1% NaOCl 6 Irrigation with 20 mL of 1% 
NaOCl 

5 5% NaOCl 8 Irrigation with 20 mL of 5% 
NaOCl

NaOCl: Sodium hypochlorite
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tuberositas tibia (TT) was palpated. Percutaneous drilling with a 

22-gauge needle tip (without skin incision) from the TT to tibial 

medulla was performed (16). After drilling, a 26-gauge needle 

tip was used to inoculate the medulla percutaneously with 10 µL 

(nearly 3x107 cfu) of the bacterial suspension of Staphylococcus 

aureus. During follow-up, 7.5 mg/kg paracetamol (Parol, Atabay, 

İstanbul, Turkey) was added to drinking water.

After 7 day of inoculation with bacterial suspension to the rat 

tibias, experimentations in all groups were performed under 

ketamine (50 mg/kg)/xylazine (10 mg/kg) anesthesia with 

buprenorphine (0.3 mg/kg) analgesia. After the knee joints were 

wiped with povidone iodine, 1 cm longitudinal incision was done 

to the TT. Using the previous entry point, the tibia medulla was 

manually drilled with 22-gauge needle tip. At the point where 

the needle entered the bone, soft tissues were excised to allow 

fluid flow out of the medulla. Then the tibias in the groups were 

irrigated with the relevant solutions for 30 seconds. After the 

irrigation, 4/0 no absorbable polypropylene sutures (Propilen; 

Doğsan Tıbbi Malzeme San A.Ş, Trabzon, Turkey) were used to 

close the skin. At follow-up, rats received 7.5 mg/kg paracetamol 

ad libitum in drinking water. After irrigation, 1 rat in the 1% 

NaOCl group died (3 rats died in sum).

Radiological Magnetic Resonance Imaging (MRI) Assessment of 
Osteomyelitis Induction

On the 7th day of the study, rats were anesthetized intraperitoneally 

with ketamine (50 mg/kg) and xylazine (10 mg/kg). 

To determine whether osteomyelitis developed in rats with 

tibias inoculated with bacteria or not, contrast (0.1 mmol 

gadobutrol/kg) T1 MRI (Siemens Magnetom Aera 1.5T, Erlangen, 

Germany) was used (17). Contrast material was administered 

intraperitoneally. Thin sagittal sections of the tibia were taken 

(Figure 1). As tibias without contrast would not be included in 

the study, a radiologist, and an orthopedist assessed results 

during imaging. 

Histopathology

On the 8th day of the study (24 hours after irrigation), the 

rats were sacrificed with high doses of ketamine (100 mg/kg) 

and xylazine (100 mg/kg) anesthesia. Both tibias of rats (total 

34) were dissected, including the soft tissues surrounding 

the tibias, and placed into 10% formalin, and submerged in 

paraffin. Sagittal sections in 4 µm thickness were taken with 

a microtome (Thermo Scientific Microm HM 340E). Paired 

consecutive sections from each tibia were stained with HE and 

two were stained with Giemsa. Two different pathologist under 

a light microscope (Olympus CX41) performed histopathological 

assessments in blind. Bone and soft tissues were assessed for 
necrosis, inflammation, edema and bacterial density. For all 
assessments, scoring was none (0), mild (1), moderate (2) and 
severe (3) according to density and spread of the parameter 
examined (18).

In Vitro Investigation of Antibacterial Activity of NaOCL Against 
Standard Pathogenic Bacterias

An in vitro study was conducted to investigate the effectiveness 
of the NaOCl available. The aim of this investigation was to 
evaluate the antibacterial activity of NaOCl against four different 
standard bacteria with minimal inhibitor concentrations 
by alamar blue microdilution broth method. The standard 
obtained from the American type culture collection (ATCC); 
MSSA ATCC 25923, Escherichia coli ATCC 25922, Salmonella 
typhimurium ATCC 14028, Pseudomonas aeruginosa ATCC 27853 
isolates were used. Serial dilution of NaOCl was carried out in 
sterile microplates of 96 wells, ranging from 1/2 to 1/1024 in 
Mueller Hinton Broth (MHB, Merck) medium. Suspensions of 
standard bacteria (turbidity number 107-108 cfu/mL) adjusted 
to McFarland 0.5 turbidity were added 100 mL to wells and 
incubated at 37°C. The last two wells were used as a negative 
(only medium and NaOCl) and positive (only medium and 
bacteria) control. After 20 hours, 20 µL of alamar blue (Sigma-
Aldrich, USA) was added to the microplates and incubated for 
another 4 hours. The change of the alamar blue in the wells to 
pink color according to the color change was interpreted as the 
presence of reproduction or the absence of color change was 
interpreted as stopping the reproduction. In addition, samples 
were taken from the wells were cultivated and reproduction was 

Figure 1. Contrast T1 MRI showing significant contrast enhancement
MRI: Magnetic Resonance Imaging
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checked. The concentration of stock NaOCl used was 5%. The 

concentrations were reduced by half and half.

Statistical Analysis

Statistical analyses were performed using R 3.5.1 Statistical 

Software (r-project), a free software environment for statistical 

computing and graphics. ICC estimates and their 95% confidence 

intervals were calculated using SPSS statistical package version 

17.0 (SPSS Inc, Chicago, IL) based on a mean-rating (k=2), 

consistency and 2-way random-effects model. ICC values less 

than 0.5, between 0.5 and 0.75, between 0.75 and 0.9, and 

greater than 0.90 were indicative of poor, moderate, good, and 

excellent reliability, respectively (19). 

The variables in the study were measured at an ordinal level 

thus the baseline characteristics of the groups were presented 

as median and interquartile range. The Kruskal-Wallis test was 

used as an omnibus test to compare medians of groups (20). 

Dunn multiple comparison test (21) was used after significant 

Kruskal-Wallis test (20). DunnTest function in FAS package of the 

R program was used for multiple comparisons. P values adjusted 

with the False Discovery Rate method were given. 

RESULTS
Comparing the two observers to one another, the intra class 

correlation for edema, inflammation and necrosis were 0.90 

(95% confidence interval (CI): 0.77-0.912), 0.914 (95% CI: 0.754-

0.981) and 0.843 (95% CI: 0.617-0.940), respectively.

It was of interest to test whether there was a significant difference 

among negative control, positive control, 0.5% NaOCl, 1% NaOCl, 

and 5% NaOCl groups in terms of necrosis, inflammation in soft 

tissues and bones, edema in soft tissues, and bacterial density 

in bones. Descriptive statistics of variables for each group and 

the associated p values of the Kruskal-Wallis tests are shown in 

Table 2. Significant differences were found between the groups 

in terms of inflammation in soft tissues, necrosis, inflammation 

and bacterial density in bones with p values of 0.0241, 0.0239, 

0.00022 and <0.001, respectively (Table 2). The adjusted p values 

of post hoc tests are shown in Table 3. 

Percutaneous Staphylococcus Aureus Inoculation to Rat Tibias 
Caused Acute Osteomyelitis 

With the percutaneous bacteria inoculation method, we 

identified the success rate for acute tibial osteomyelitis to be 

100% in rat tibias. Investigated with contrast T1 MRI, 34 tibias 

of 17 rats were identified to have acute osteomyelitis. Contrast 

material involvement was observed in all of the 34 tibia medullas 

and in soft tissues surrounding tibias (Figure 1). After sacrificing; 

necrosis, acute inflammation and edema in surrounding soft 

tissues, bone marrows and soft tissues in all tibias with HE 

staining, and bacterial colonization with Giemsa staining were 

observed in histopathological investigations.

Irrigation with NaOCl Reduced Bacterial Density

While the density of bacteria was assessed histopathologically 

with Giemsa staining, a variety of dimensions and densities of 

bacterial colonization were observed and classified (Figure 2). 

Significant differences were found between groups in terms 

of bacterial density in bones. No significant differences were 

found between negative and positive control groups in pairwise 

comparisons (p=0.388) (Table 3). The 0.5% NaOCl, 1% NaOCl and 

5% NaOCl groups had significantly lower amount of bacterial 

density in bones than that of the negative control group 

(negative control vs. 0.5% NaOCl, p<0.001; negative control vs 

1% NaOCl, p=0.039; negative control vs 5% NaOCl, p<0.001). The 

0.5% NaOCl group had a significantly lower amount of bacterial 

density in bones than that of the positive control group (Table 

3) (positive control vs 0.5% NaOCl, p=0.019). The 1% NaOCl and 

5% NaOCl groups had no significant difference compared to the 

positive control group (Table 3) (positive control vs 1% NaOCl, 

p=0.192; positive control vs 1% NaOCl, p=0.186).

These findings show that NaOCl usage reduced the density 

of bacteria. With 0.5% NaOCl usage, bacterial density was 

significantly reduced compared to the positive control group.

Table 2. Descriptive statistics and Kruskal-Wallis test results

Negative control Positive control 0.5% NaOCl 1% NaOCl 5% NaOCl Test statistic (p)

Bone marrows Bacterial density 3 (0) 2 (0.75) 1 (0.25) 2 (0.75) 1 (0) 25.7 (<0.001*)

Necrosis 2 (0) 1 (0.75) 1 (0.25) 1.5 (1) 2 (0) 12.95 (0.02*)

Inflammation 3 (0) 2.5 (1) 2 (0) 2 (0) 2 (0) 18.66 (0.002*)

Soft tissues Necrosis 1 (0.75) 1 (0.75) 0 (0.25) 0.5 (1) 1 (1.25) 4.49 (0.48)

Edema 2 (0) 2 (0) 2 (1) 2 (0) 2 (0.25) 7.06 (0.21)

Inflammation 3 (0.75) 3 (0) 2 (0.5) 2 (0.75) 2 (0) 12.9 (0.02*)

Data are expressed as median with interquartile range in parentheses, NaOCl: Sodium hypochlorite, *p<0.05
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Irrigation with NaOCl Reduced Inflammation

Inflammation was assessed with HE staining. During assessment 

of inflammation, neutrophil density in bone marrows was 

observed to decrease (Figure 3). No significant difference was 

found in bone marrows between negative and positive control 

groups in terms of inflammation (p=0.383) (Table 3). The 0.5% 

NaOCl, 1% NaOCl and 5% NaOCl groups had significantly lower 

amounts of inflammation in bone marrows than that of the 

Table 3. Multiple comparisons for significant tests (adjusted p values)

Comparison Bacterial density in 
bones

Necrosis in bone 
marrows

Inflammation in bone 
marrows

Inflammation in soft 
tissues

Negative control - positive control 0.388 0.108 0.383 0.575

Negative control - 0.5% NaOCl <0.001 0.086 0.011 0.182

Negative control - 1% NaOCl 0.039 0.334 0.045 0.511

Negative control - 5% NaOCl <0.001 0.891 0.036 0.189

Positive control - 0.5% NaOCl 0.019 0.964 0.094 0.045

Positive control - 1% NaOCl 0.192 0.555 0.285 0.153

Positive control - 5% NaOCl 0.186 0.081 0.325 0.031

0.5% NaOCl - 1% NaOCl 0.326 0.528 0.727 0.650

0.5% NaOCl - 5% NaOCl 0.703 0.076 0.549 0.914

1% NaOCl - 5% NaOCl 0.209 0.252 0.872 0.674

NaOCl: Sodium hypochlorite

Figure 2. Bacterial density (Giemsa staining, 40x100 magnification). Arrows indicate the bacteria; a) 0.5% NaOCl group, score 1, b) positive control 
group, score 3
NaOCl: Sodium hypochlorite

Figure 3. Inflammation and necrosis of soft tissues and bones (H & E 10x100); a) 0.5% NaOCl (irrigation with 0.5% NaOCl), necrosis score 1, 
inflammation score 3, b) positive control (irrigation with saline, necrosis score 1, inflammation score 2, c) negative control (no irrigation) necrosis 
score 1, inflammation score 3
NaOCl: Sodium hypochlorite, H & E: Haematoxylin and eosin
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negative control group (negative control vs 0.5% NaOCl, p=0.011; 
negative control vs 1% NaOCl, p=0.045; negative control vs 5% 
NaOCl, p=0.036) (Table 3). No significant difference was found 
in terms of inflammation in bone marrows between the positive 
control group and 0.5% NaOCl, 1% NaOCl and 5% NaOCl groups 
(positive control vs 0.5% NaOCl, p=0.094; positive control vs 1% 
NaOCl, p=0.285; positive control vs 5% NaOCl, p=0.325) (Table 3).

In assessment of inflammation, neutrophil density in soft tissues 
was observed to decrease. No significant difference was found 
in soft tissues between negative and positive control groups in 
terms of inflammation (p=0.575) (Table 3). Also no significant 
difference was found in soft tissues in terms of inflammation 
between negative and 0.5% NaOCl, 1% NaOCl, and 5% NaOCl 
groups (negative control vs 0.5% NaOCl, p=0.182; negative 
control vs 1% NaOCl, p=0.511; negative control vs. 5% NaOCl, 
p=0.189). The 0.5% NaOCl and 5% NaOCl groups had significantly 
lower amounts of inflammation in soft tissues compared to the 
positive control group (positive control vs 0.5% NaOCl, p=0.045; 
positive control vs 5% NaOCl, p=0.031) (Table 3).

With these findings, it is possible to suggest that irrigation of 
osteomyelitis with NaOCl reduces inflammation in bone marrows 
and soft tissues in osteomyelitis disease.

Soft Tissue Edema and Necrosis Rates were Comparable in Each 
Group

Edema in soft tissues was assessed with the increase in 
intercellular space and neutrophil infiltration. No difference was 
observed between the groups. When groups were assessed in 
terms of soft tissue edema, no statistical difference was observed 
(p=0.21) (Table 2).

In all groups, necrosis was observed in bone marrows and 
lamellar bones along with soft tissues (Figure 3). Although, 
a significant difference was found between the groups with 
respect to necrosis in bone marrows (Table 2) (p=0.02), pairwise 
comparisons could not detect any pairwise significant difference 
at the 0.05 significance level (p>0.05) (Table 3). Thus, it can be 
concluded that the groups did not differ in terms of necrosis 
in bone marrows (p>0.05) (Table 3). There was no difference 
observed between the groups in terms of necrosis in soft 
tissues also (Table 2) (p=0.48). These findings show irrigation 
of osteomyelitis with NaOCl did not increase necrosis in bone 
marrows and soft tissues.

In Vitro Results of Antibacterial Activity of NaOCl Against 
Standard Pathogenic Bacterias

Briefly the in vitro results were given at Figure 4. The 1/64 (0.078% 
NaOCl) dilution of NaOCl was effective against all bacteria other 

than Escherichia coli. The dilution of NaOCl at 1/128 (0.039% 
NaOCl) was effective against Escherichia coli. 

DISCUSSION
Previously, many experimental osteomyelitis models have 
been described and any foreign material is used to perform 
osteomyelitis models in rats (7,22,23). Acute osteomyelitis in 
humans is generally observed with the hematogenous route 
without presence of foreign objects. With the aim of simulating 
the completely acute osteomyelitis scene, we did not use foreign 
objects in the acute osteomyelitis induction model unlike the 
osteomyeltis models which were performed by using foreign 
materials as bone wax, sclerosing agents, K wires etc. (7,22,23). 
The standard MSSA ATCC 25923 isolate was used as it is the most 
common pathogen associated with implants and is successful 
in inducing infections (24,25). The dose used for bacterial 
inoculation was above the minimal required dose (107 CFU) 
recommended by Worlock et al. (26). During preliminary studies, 
before beginning the experiment, the drilling and bacterial 
inoculation procedure were applied with an incision above the 
TT. However, in this preliminary study, the inoculated bacterial 
suspension drained out of the bone medulla through the hole 
which we drilled for needle entry, before we could close the hole 
by bone wax. We predicted the reason for this drainage was the 
pressure of intramedullar hemorrhage formed in the tibias. 
Therefore, we chose the percutaneous method as a research 
technique, and drilled the tibias percutaneously similar to the 
method Rissing et al. (16). used sclerosing agents at rats but we 
did not use sclerosing material as Gaudin et al. (27) method that 
performed at rabbits, with the concerns of not using foreign 
material to mimic the acute osteomyelitis model more exactly. 
Additionally, as there was no skin incision in our percutaneous 

Figure 4. The in vitro results of NaOCl against 4 different bacterial 
pathogens. The used stock NaOCl concentration was 5%. The 
concentrations of in the in vitro investigation were reduced half and 
half
NaOCl: Sodium hypochlorite
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technique, there was no need to use foreign materials like 

bone wax to close the hole formed in the bone. T1 contrast 

MRI taken 1 week after bacterial inoculation revealed contrast 

involvement in all tibias and soft tissues surrounding the tibias 

(Figure 1) (17). Histopathologically, osteomyelitis was observed 

in all tibia sections (Figure 2). Previously described methods 

have reported lower osteomyelitis development rates as 90% 

(7,24). The probable reasons for developing acute osteomyelitis 

at all tibias in the present study may include 1) success of the 

bacterial strain (MSSA ATCC 25923) inoculated into the medulla 

for inducing infections (24), 2) applying bacterial inoculation 

above the required minimum dose (107 CFU) for osteomyelitis 

development (26), and 3) keeping all of the bacterial suspension 

within the tibia medulla thanks to percutaneous inoculation. 

As commonly known, NaOCl has cytotoxic effects. Therefore, 

whether the possible necrosis we could observe at results was 

due to the cytotoxic effect of NaOCl or the drill technique we 

applied was one of our major concerns. It is well known that high 

torque drilling or using motors perform necrosis because of heat 

effect (9). So, attempts were made to standardize the irrigation 

procedure because of the potential necrosis performing of the 

drilling method. Before the irrigation procedure, all tibias were 

kindly and slowly pitted with an 18-gauge needle tip and irrigation 

solutions were administered intramedullary by using a 22-gauge 

needle tip. The present study did not identify a significant 

difference in terms of necrosis of soft tissues (p=0.48) (Table 2) 

and bone marrows (p>0.05) (Table 3) between the groups (Figure 

3). The lack of difference for bone marrows and soft tissues in 

the groups in terms of necrosis abides by the principle of “not 

harming the tissue” required for the ideal irrigation solution 

(2). Besides, at our preliminary study which we compared the 

saline and NaOCl irrigation in terms of necrosis and safety after 

drilling the tibia, there was not any difference between saline 

and 0.5% NaOCl groups (unpublished data). So we think, unlike 

the osteomyelitis methods those use high torque motors to 

perform necrosis (9), current low torque drilling method made 

by manually did not cause additional necrosis.

The importance of acute osteomyelitis due to orthopaedic 

implants is increasing worldwide. The treatment of acute and 

chronic osteomyelitis is different from each other. The irrigation 

of the infected area accelerates the improvement (28). Besides 

if there is an implant at the body, the most important criteria 

was the time after the implantation surgery for the differential 

diagnosis of acute/chronic infection. If the time after the 

implantation was more than one year, the case was accepted 

as chronic infection. But currently the most important criteria 

are the time to start the complaints up to 3 weeks (29). To apply 

surgery and irrigation at the treatment of implant related acute 

infections, the irrigation solution gains more important (28).

Different solutions are commonly used in clinical practice, in 

order to irrigate the orthopedic infections during the surgery (3-

6). Saline and castile soap solution were compared for irrigation 

of open fractures, the saline was found to be more effective 

(30). Azzam et al. (31) found 44% success with the application of 

antibiotic serum irrigation for patients with infected prosthesis. 

George et al. (5) recommended the irrigation with chlorhexidine 

in order to prevent infection in total joint prosthesis. Dakin’s 

solution, contains 0.5% NaOCl, is used in diabetic foot and 

osteomyelitis treatments (6,32,33). Before the widespread use of 

antibiotics, Dakin’s solution is used for the continuous irrigation-

suction treatment method for chronic osteomyelitis (6,34). We 

investigated the NaOCl, because the NaOCl has the advantage of 

effectiveness on all resistance bacteria, viruses, prions and fungi 

compared to other disinfectant (10). In the in vitro part of the 

current study NaOCl is germicidal even at lower concentrations 

(Figure 4). As NaOCl with concentrations from 0.5% to 5% are 

used for treatment purposes in humans (12-14,32,33), we 

researched this concentrations interval for irrigation of acute 

tibial osteomyelitis in the current study.

There are numerous in vitro studies with different irrigation 

solutions in the presence of infection (35-37). Van Meurs et 

al. (36) recommended povidone iodine as the ideal irrigation 

solution in an in vitro study. Usage of chlorhexidine with 

orthopedic implants was shown to reduce biofilm formation in 

vitro (37). Ernest et al. (35) reported that NaOCl reduced biofilm 

and bacterial concentration via in vitro studies. The suggested 

concentrations of NaOCl at in vivo (6,32-33) and in vitro 

(11,35,38,39) studies are different each other. The suggested 

concentrations of NaOCl is lower (0.01 NaOCl) at in vitro (11) 

studies than in vivo and human (0.5-5% NaOCl) (6,12-14,32,33) 

studies. This is most probably because of the lack of defense 

system of living organism, as white blood cell, macrophages, 

immune system, hormones etc, at in vitro conditions.

Irrigation alone is not sufficient for osteomyelitis treatment (40). 

However, it is an important stage in surgery. The criteria (2) for 

the ideal irrigation fluid are as follows: 1) It should reduce the 

number of pathogens mechanically by irrigating the surgical site 

2) it should reduce the number of pathogens by antimicrobial 

effect 3) it should not cause side effects such as damaging the 

tissues. In our study we found: 1) Soft tissue (Table 2) and bone 

marrow (Table 3) necrosis were insignificant between the groups, 

abiding by the lack of harm condition for the ideal irrigation 



148

Aytekin et al. Effect of NaOCl at Acute Osteomyelitis Eur Arch Med Res 2020; 36 (2):141-9

fluid, 2) the reduction in bacterial density with the use of NaOCl 

abides by the condition of reducing the density of bacteria 

mechanically and through antimicrobial effect, and 3) the 

reduction of inflammation in soft tissues and bones with the 

use of NaOCl may be interpreted as NaOCl to be a marker that 

regresses the disease. This study revealed the histological results 

of NaOCl irrigation in acute osteomyelitis of the long bones.

In terms of treatment efficacy, the most important aspect of this 

study was the decrease in bacterial density. When compared with 

the negative control group, all three NaOCl groups were observed 

to have significantly reduced bacterial density (p<0.001, p=0.039 

and p<0.001, respectively) (Table 3). When NaOCl groups were 

compared with the positive control group in terms of bacterial 

density, only the 0.5% NaOCl group had a significant reduction 

in bacterial density (p=0.019). But when the 1% NaOCl and 5% 

NaOCl groups were compared with the positive control group in 

terms of bacterial density, no statistical difference was observed 

(p=0.192, p=0.349 and p=0.186, respectively) (Table 3). Higher 

concentrations of NaOCl can be predicted to be more bactericidal. 

But this situation is in accordance with the literature; it is known 

that lower concentration of alcohol is more bactericidal than 

that of higher concentrations (41,42). A recently study made by 

our study group revealed that H2S, a toxic hormone at higher 

concentrations, can be therapeutic at physiological low doses 

(43). Besides, Wong and Cheung (44) applied 0.5% and 3% 

concentrations of NaOCl for irrigation and searched for bacterial 

density in an ex vitro study made with extracted human teeth. The 

0.5% NaOCl and 3% NaOCl groups were found to be statistically 

insignificant in reducing bacterial density. In our study, statistically 

compared with both the negative and positive control groups, 

the only treatment group that significantly reduced bacterial 

density was the 0.5% NaOCl group (Table 3). This feature of 0.5% 

NaOCl abides by the principle (2) of antimicrobial effect desired 

in the ideal irrigation solution. 

Osteomyelitis does not only affect bone tissues but also the 

surrounding soft tissues (45). Hence, when bones recover from 

the disease, soft tissues start to recover as well. We detected 

inflammation to be reduced in bone marrows (p=0.002) and 

soft tissues (p=0.02) in the first 24 hours after irrigation of 

osteomyelitis with NaOCl (Figure 3) (Table 2). This situation may be 

interpreted as NaOCl irrigation of bone with acute osteomyelitis 

may has therapeutic effects on bones and surrounding soft 

tissues.

Based on the results of the first 24 hours, there was no statistical 

difference identified between the groups in terms of soft tissue 

edema (p=0.21) (Figure 3) (Table 2). The edema formed by NaOCl 

in soft tissues disappears within 24-48 hours in clinic (12). This 

finding may be assessed as irrigation with NaOCl does not cause 

additional edema in soft tissues.

CONCLUSION
In conclusion, 1) experimental acute osteomyelitis developed in 

all tibias by using the percutaneous bacterial inoculation 2) the 

findings indicate that 0.5% NaOCl is beneficial for irrigation of 

acute osteomyelitis and there is a need for further studies on 

the topic.
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