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ABSTRACT

Objective: We aimed to investigate effects of different concentrations (0.5-5%) of Sodium Hypochlorite
(NaOCl) solution on healthy tissues, and determine the optimal concentration that does not harm to tissue.
Materials and Methods: 30 tibias of 15 male Wistar albino rats were used. The tibias were randomly divided
into 5 groups (Salin, 0.5%, 19, 2.5%, and 5% NaOCl). Tibias were reamed intramedullary, and irrigated with
20 ml of saline or increasing concentrations of (0.5-5%) NaOCI. The tibias were embedded in paraffin and
the sections were stained with hematoxylin-eosin. All sections were assessed for edema, acute inflammation,
or necrosis according to their density, in bone marrow and soft tissues.

Results: Pairwise comparisons revealed that irrigation of tibia with saline or 0.5% NaOCI solutions was not
statistically significant in terms of necrosis in the bone marrows (p=0.320). However, irrigation of rat tibia
with saline caused less necrosis in the bone marrows compared to high concentrations (1%, 2.5%, and 5%) of
NaOCl (saline and 1% NaOCI, p=0.017; saline and 2.5% NaOCl, p=0.0007; saline and 5% NaOCI, p=0.001).
Conclusion: As an irrigation solution, the effects of 0.5% NaOCI are similar to those of saline in terms of
edema, inflammation, and necrosis. There is a need for evaluation of necrosis for extended periods such as
one week or one month by immunohistochemical methods and flow cytometry.

Keywords: Irrigation, irrigation solution, NaOCl, Saline, rat tibia.

Introduction

During orthopedic surgeries, despite all precautions, infections are likely to be encountered.
Management of infections might require additional hospitalization or the use of systemic antibi-
otics which can impact the recovery of the patient and the expenses of the healthcare systems
[17. Proper conditions of operation area and local preventions like use of antiseptic solutions,
irrigation, and ioban drape could reduce the risk of infections during the surgical procedures
[17. Among these precautions; the irrigation of the surgical field is one of the most important
stages during orthopedic surgeries. For this purpose, solutions containing saline, antibiotics,
chlorhexidine, or povidone-iodine are often preferred [2-5]. An ideal irrigation solution should
be antibacterial and non-toxic to the healthy tissues [6]. Although saline is commonly used as an
irrigation solution in orthopedic surgeries, it has no antimicrobial effect. The usage of antibiotics
in irrigation solutions is not appropriate because of the risk of antibiotic resistance. Furthermore,
chlorhexidine and povidone-iodine solutions have been reported to be cytotoxic in fibroblast
cells [7], povidone-iodine causes irritation in the skin around the wound [8, 9], and chlorhexidine
is not effective against some microorganisms including spores, viruses, and acid-fast bacteria [10].

NaOClI solution is used as a disinfectant in a wide range of applications, as it is an inexpensive
solution that is effective against most of the known bacteria, viruses, spores, and parasites
[1'1-13]. Moreover, most microorganisms cannot develop resistance against NaOCI because
it attacks the proteins in a non-specific manner [I1-13]. Due to its strong germicidal effect,
0.5-5% concentrations of NaOCI are often used as an irrigation solution in dentistry [14-16].
In addition, Dakin's solution, prepared with tap water and 0.5% NaOCI| concentration, has been
shown to be effective in wound healing of the diabetic foot diseases and chronic osteomyelitis
[17, 18]. NaOCl in saline has been reported to be a good alternative to ‘lavage with saline alone’
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against bacterial infections [19, 20]. Taking this
into consideration, we aimed to search for the
potential usage of NaOCI solution as an irriga-
tion solution in orthopedic surgeries to exploit
the necrotic, edematous, and inflammatory
changes in bone marrow and soft tissue. For this
purpose, different concentrations (0.5-5%) of
NaOCI solution were investigated histopatho-
logically in terms of edema, inflammation, and
necrosis in rat tibias.

Materials and Methods

All experiments were carried out according
to the Guide for Care and Use of Laboratory
Animals guidelines from the National Research
Council and recommendations of the IASP [21],
and were approved by the Animal Experiments
Local Ethics Committee Giresun University
(Decision no: 2018-1). Male Wistar albino rats
with an average weight of 200-250 g (10-12
weeks) were used. The animals were obtained
from Saki Yenili Laboratory Animals Farm
(Ankara, Turkey). Rats were housed under
standard temperature of 20+2°C and a humid-
ity of 60-70% on a 12:12-h light/dark cycle with
free access to standard rat chow and tap water.

Groups and Treatments

To investigate the effects of NaOCI on healthy
bone tissues, a total of 30 tibias from |5 male
Wistar albino rats were used in all experimenta-
tion procedures. Both right and left tibias of rats
were used in the study to reduce the number of
sacrificed animals, and the groups were formed
in accordance with the number of tibias used.
The tibias of rats were randomly divided into
5 groups. Group | served as a control in which
saline (0.9% isotonic NaCl) was used as an irriga-
tion solution. To investigate the effects of NaOCI
as an irrigation solution, 4 groups were formed
as follows: 0.5% NaOCI (Group 2), 1% NaOCl
(Group 3), 2.5% NaOCI (Group 4), and 5%
NaOCl (Group 5). All groups except control.

Surgical Procedure and Irrigation

Rats were anaesthetized with intraperito-
neal injection of ketamine hydrochloride (50
mg/kg) and xylazine hydrochloride (5 mg/

* NaOCl s a strong bactericidal. Different concen-
trations of NaOCI solutions were used for irriga-
tion of rat leg in-vivo.

* The bone and soft tissue were evaluated histo-
pathologically.

* 0.5% NaOCI did not harm the bone and soft tis-
sue.

Further studies are required for routinely usage of
NaOCI as an irrigation solution at muscleskeletal
system surgeries.

kg). Supplemental analgesia was provided by
buprenorphine (0.3 mg/kg) intraperitoneally.
Then, the rat legs were wiped with povidone-
iodine solution and covered with a sterile cover.
Approximately |-cm longitudinal incision on the
skin was made on tuberositas tibia. The patel-
lar tendon insertion point was gently reamed
through the intramedullary of the tibia with an
| 8-gauge needle tip. Then the soft tissue at the
location where the needle entered the bone
was excised to allow solutions to flow out of
the medulla. All tibias were irrigated with 20 mL
of saline or increasing concentrations (0.5-5%)
of NaOCl and the irrigation time (30 s) was
measured with a stopwatch. During irrigation
(30 's) a 22-gauge needle tip was used to ensure
solution flow out from the medulla. After the
irrigation process, the skin was sutured. All rats
were sacrificed with high doses of ketamine/
xylazine (100/50 mg/kg) 24 h after the surgery
and the legs were dissected. All surgical proce-
dures were performed by the same surgeon.

Histopathology

After the removal of soft tissue, rat tibias were
fixed in 10% buffer formalin solution at 4C and
placed on agitation equipment at 400 rpm for
24 and 48 h, respectively. 10% formic acid was
(Sigma-Aldrich) used until the decalcification
was complete. Decalcified tissues were pro-
cessed in a tissue processor (Thermo Scientific
Excelsior ES) using ascending concentrations
of ethanol (70%, 80%, 95%, 3x100%), three
changes of xylene, and four changes of paraf-
fin (60C) for 40 min per solution. The samples
were sectioned (Thermo Scientific Microm
HM 340E) at a thickness of 4 um after the
specimens were soaked in ice water overnight.
Tissue sections were mounted on poly-lysine
slides and oven-dried at 45°C for a minimum of
5 h prior to staining. Following deparaffinization,
slides were immersed in Mayer's hematoxylin
for 2 min, differentiated in 0.5% acid alcohol
for 30 sec, and then bluing was performed
in tap water. Slides were stained with eosin
for 30 sec and quickly rinsed in running tap
water. Dehydration was performed in ascending
concentrations of graded ethanol (50-100%)
and cleared by xylene before the slides were
coverslipped.

Two consecutive sections from each tibia were
assessed for edema, acute inflammation, or
necrosis in bone marrows and in the sur-
rounding soft tissues. In the present study, we
performed H&E staining to see the general
structures of the bones and soft tissues, we
observed the inflammation, necrosis, and the
edema. Histopathological assessments were
performed independently by 2 pathologists with

experience in musculoskeletal system pathology
by using a light microscope (Olympus CX41) at
| Ox-40x-magnification.
Assessment of Edema, Inflammation, and
Necrosis

To assess the edema in soft tissues, cells from
striated muscles of legs were investigated, and the
increase in cavities between cells and neutrophil
infiltration were evaluated. Acute inflammation
and the necrosis were investigated in cell series
belonging to soft tissues and bone marrows. All
specimens were evaluated through a score system
as none (0), mild (1), moderate (2), and severe (3)
according to the absence and presence (density) of
edema, inflammation, and necrosis [22].

Statistical Analysis

Statistical analyses were performed using R 3.6
Statistical Software (www.r-project.org) which
is a free software environment for statistical
computing and graphics. Baseline characteristics
of the groups were presented as median and
interquartile range (IQR) since the measured
variables were ordinal. The Kruskal-Wallis test
was used as an omnibus test to compare the
medians of the groups. Dunn Kruskal-Wallis
multiple comparisons where p-values were
adjusted with the Benjamini-Hochberg method
were also provided. The Dunn test function
in the "FSA” package of R statistical program
was used for multiple comparisons. P values
adjusted with the false discovery rate method
were provided. The power analysis was con-
ducted using G*Power 3.I. The appropriate
sample size for the study was calculated by set-
ting the significance level, power, and effect size
as 0.5, 0.80, and 0.8, respectively, for all of the
five groups. The required sample size using the
ANOVA procedure in G*Power was calculated
as 25. However, for a nonparametric test such
as Kruskal-Wallis, the sample size was adjusted
by adding | more tibia to each group so that
the total number of tibias was 30. A P value
of <0.05 was considered statistically significant.

Results

Comparing the two observations, the interclass
correlation for edema, inflammation, and necro-
sis were 0.840 [95% confidence interval: Cl:
0.624-0.912]; 0.830 [95% confidence interval:
Cl: 0.608-0.9217, and 0.840 [95% confidence
interval: Cl: 0.618-0.942], respectively, and the
p value was significant at 0.001 in each. The
average irrigation duration of tibias between the
groups were statistically insignificant (p=0.832).

A significant difference was found between
the groups in terms of edema in soft tissues
(p=0.031) (Table I). The pairwise comparisons
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Figure |. a-c. Hematoxylin-eosin staining of soft tissue inflammation (10x magnification). (a) Saline, (b) 0.5% NaOCI, and (c) 5% NaOCI

Table |. Descriptive statistics and Kruskal Wallis test results

Evaluated Group | Group 2 Group 3 Group 4 Group 5 Test statistics
Parameters (SF) (0.5% NaOCl) (19% NaOCl) (2.5% NaOCl) (5% NaOCl) (p)
Irrigation time (s) 29.5 (3.5) 30 (2.25) 29.5 (3.75) 29 (2.5) 30 (2.5) 0.832
Edema in soft tissues 1.5 (1) 1 (0) 1.5 (1) 2 (0) 2 (0.75) 10.60 (0.031)*
Inflammation in soft tissues 1 (0.75) 1 (0) 1 (0) 1 (0.75) 2 (0) 16.42 (0.002)*
Inflammation in bone marrows 1 (0) 1.5 (1) 1.5 (1) 2 (0.75) 2 (0) 7.23 (0.1241)
Necrosis in soft tissues 0(0) 0 (0) I (0.75) I (0.75) I (0) 11.86 (0.018)*
Necrosis in bone marrows 0(0) 1 (0) 1.5 (1) 2 (0) 2 (0) 22.31 (<0.001)*
Data are expressed as medians with interquartile ranges in parentheses. NaOC: Sodium hypochlorite. *Statistically significant p value (p<0.05)

Table 2. Multiple comparisons for significant tests (adjusted p values)

Necrosis in
Bone Marrows

Necrosis
in Soft Tissues

Inflammation
in Soft Tissues

Edema
Comparisons in Soft Tissues
Saline -0.5% NaOClI 0.839
Saline -1% NaOCI 0.099
Saline -2.5% NaOCI 0.074
Saline -5% NaOCI 0.066
0.5% NaOCI -1% NaOCl 0.172
0.5% NaOCl -2.5% NaOCl 0.117
0.5% NaOCl -5% NaOCl 0.074
1% NaOCl -2.5% NaOClI 0.793
19% NaOCl -5% NaOClI 0.734
2.5% NaOClI -5% NaOClI 0.865

0.457 0.839 0.320
0.723 0.099 0.017
0.135 0.074 0.0007
0.003 0.066 0.001

0.651 0.172 0.197
0.438 0.117 0.015
0.023 0.074 0.031

0.233 0.793 0.287
0.008 0.734 0.438
0.189 0.865 0.670

with respect to edema in soft tissues did not
reveal any significant difference. Thus, it can be
concluded that the irrigation of tibias with saline
or increasing concentrations of NaOC| were
similar in terms of edema. However, it should
be noted that the difference between Saline and
5% NaOCl in terms of edema in soft tissues was
at the borderline (p=0.066) (Table 2).

A significant difference was found between the
groups in terms of inflammation in soft tissues

(p=0.002) (Figure 1, Table 1); however, no
significant difference was detected between the
groups in bone marrows (p=0.1241) (Figure 2,
Table 1).

The pairwise comparisons with respect to inflam-
mation in soft tissues revealed that irrigation with
saline was not significant compared to the irriga-
tion with 0.5%, 1%, and 2.5% NaOCI solutions
(p=0.457, p=0.723, and p=0.135, respectively)
(Table 2). Tibias irrigated with saline had sig-

nificantly lower amounts of inflammation in soft
tissues than the tibias irrigated with 5% NaOCI
solution (p=0.003) (Table 2). Similar results were
obtained with 0.5% and 1% NaOCI solutions
compared to 5% NaOCI solution (p=0.023 and
p=0.008, respectively) (Table 2).

Significant differences were found between
the groups in terms of necrosis in soft tissues
(Figure 3) and bone marrows (Figure 4) with p
values of 0.018 and <0001, respectively (Table
1. Interestingly the pairwise comparisons with
respect to necrosis in bone marrow revealed
that there was no statistically significant differ-
ence between the tibias irrigated with saline
and those irrigated with 0.5% NaOCI solutions
(p=0.320) (Table 2). However, the irrigation
of rat tibias with saline caused significantly
lower amount of necrosis in bone marrows
compared to the irrigation solutions composed
of higher (1%, 2.5%, and 5%) concentrations
of NaOCl (saline vs. 1% NaOCI|, p=0.017;
saline vs. 2.5% NaOCI, p=0.0007; saline vs. 5%
NaOCl, p=0.001) (Table 2).

According to these findings, we determined
that as the concentration of NaOCl in irrigation
solution increases, necrosis in bone marrows
also increases (p=0.320) (Table 2).
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Figure 2. a-c. Hematoxylin-eosin staining of bone marrow inflammation (20x magnification). (a) Saline, (b) 0.5% NaOCI, and (c) 5% NaOCI

..

Figure 3. a-c. Hematoxylin-eosin staining of soft tissue necrosis (10x magnification). (a) Saline, (b) 0.5% NaOCI, and (c) 5% NaOCI

Figure 4. a-c. Hematoxylin-eosin staining of bone marrow necrosis (10x magnification). (a) Saline, (b) 0.5% NaOCI, and (c) 5% NaOCI

Discussion

A variety of preventive methods are applied
to reduce the risk of infection in orthopedic
surgeries [1]. Irrigation of the surgical site is
effectively done in almost all cases. Several
solutions including saline, antibiotic solutions,
chlorhexidine, and povidone-iodine are pre-
ferred for this purpose. However, all these
solutions have certain shortcomings. The ideal

irrigation solution has been considered to
have bactericidal effect and remove pathogens
mechanically without damaging the healthy tis-
sues. NaOCl is often used as a disinfectant for
drinking water and in hospital facilities, and it is
also known to inactivate prions [I3]. In addi-
tion, it is often used as an irrigation solution
in dentistry due to its bactericidal effect with
insignificant damage to healthy tissues. Dakin's

solution, used for wound care in the treatment
of diabetic foot and for irrigation during the
treatment of chronic osteomyelitis, is known to
contain 0.5% NaOCI [16-18]. In several stud-
ies, it has also been shown to have bactericidal
effect at concentrations of 0.5-5% [14-16]. In
the mechanism of action for its bactericidal
effect, it was proposed that the hypochlorite
anion released in NaOCI solution combines
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with the amino groups from the bacteria and
forms chloramine which inhibits the bacterial
enzymes and hence causes the inactivation of
bacteria [13]. NaOClI is known to be toxic for
vital tissues by inducing hemolysis, ulceration,
inhibition of neutrophil migration, endothelial
and fibroblast cell damage, or bone destruction
[22]. Most of these studies, however, have been
conducted using in vitro cell cultures or cadav-
ers which are devoid of the cell (such as leuko-
cytes, lymphocytes, and macrophages) support
involving blood/veins/nerves and inflammation.
The toxic effects of NaOCI may be neutralized
with the inflammatory cytokines that it attracts
toward the wound site. The dose or the con-
centration of the solution used is also important
for toxicity. A recent study has reported that
intra-articular injection of hydrogen sulfide at
lower concentrations decrease the progression
of gonarthrosis whereas higher concentrations
are toxic [23]. Likewise, 70% alcohol is more
bactericidal comparing to 100% alcohol as com-
monly known. Moreover, solutions such as
povidone-iodine cannot be used for patients
with iodine allergy, and hence NaOCl-based
irrigation solutions can be good alternatives in
these cases. In this study, we performed the
experiments at NaOCl concentrations of 0.5-
5% and investigated its plausible toxic effects on
soft tissues, bone marrows, and laminar bones
when used as an irrigation solution.

As NaOCl is commonly used in dentistry for
irrigation, clinical complications occurring in
humans have been previously reported [14].
These complications are generally observed as
edema due to the transport of NaOCl into the
periapical area, which resolves in a few days [ 14,
24]. In the present study, we observed similar
levels of edema in tibias irrigated with saline
and NaOCI solutions, which indicated that,
with regard to edema, the undesirable effect
of NaOCl solution during irrigation is similar to
that of saline.

In several studies, a higher amount of inflam-
mation was observed when the concentration
of NaOCI solution was increased. For example,
Pashley et al. [24] suggested that low concentra-
tions of NaOCl caused less inflammation. Similar
results were obtained for subcutaneous con-
nective tissues of guinea pigs. Following expo-
sure to different concentrations (0.5%, 2.5%,
and 5%) of sodium hypochlorite, an increase
in the inflammation was observed [25]. Taking
these results into consideration, another param-
eter that we assessed in addition to edema was
inflammation. We observed similar levels of
inflammation in bone marrows of tibias irrigated
with saline and increasing concentrations of

NaOCI (Table I). Similar results were obtained
for soft tissues of the 0.5% NaOCl-irrigated
group and control group. However, when the
concentration of NaOCl was increased, higher
inflammation was observed in soft tissues. This
is in accordance with the results obtained in the
previous studies.

The cytotoxic potential of NaOCI is the most
important criterion assessed in our study [26].
During reaming of the bone, the necrosis
generally increases with increase in the speed
of reaming [27]. Additionally, pressure of the
irrigation also acts on the level of necrosis
[28]. To reduce the iatrogenic risk of necrosis,
we manually drilled during the surgery and
performed the irrigation for similar durations
with a syringe in the experiments. Statistically
insignificant irrigation durations were observed
for all groups (p=0.832). In the control group
which was irrigated with saline, we did not
observe necrosis. On the contrary, we found
higher level of necrosis in soft tissues, bone
marrows, and laminar bones for the groups
irrigated with higher concentrations of NaOClI
when compared to those irrigated with 0.5%
NaOCI. Moreover, some studies point out the
cytotoxic effects of NaOCl on cells [29, 30] in
which the exposure times to the NaOCI solu-
tions were in a wide range (10 min to 24 h). In
a review by Willy et al. [31], however, the ideal
exposure time to NaOCl solution for irrigation
was proposed to be | min. In the present study,
the irrigation durations of all the groups were
comparable and all were exposed to NaOC]|
solution for 30 s. Heling et al. [26] reported
that 0.01% NaOCI was cytotoxic for in-vitro
human skin fibroblast cell cultures. On the
contrary, 0.5% to 5% concentrations of NaOCI
used for irrigation during several interventions
were shown to induce necrosis in teeth [15, 16,
24, 32] comparable to the irrigation with saline
which was similar to our results for live bones.
This can be attributed to the similar anatomical
and histological structures of teeth and bones.

The limitations of current study are, not to
evaluate lower concentrations of NaOCI, not to
evaluate at infectious conditions of musculoskel-
etal tissue, not to evaluate the long terms results
of NaOCl irrigation, not to evaluate by different
methods as immunohistochemical methods and
flow cytometry.

In conclusion, despite adequate precautions,
the risk of infection continues to be a prob-
lem in orthopedic surgeries. There are stud-
ies reporting successful results with irrigation
and debridement of infected joint prosthesis
surgery [33, 34]. Treatment with irrigation and

debridement is more preferable than changing
the prosthesis for both doctors and patients
[35]. Itis clear that there is a need for advanced
studies on the ideal fluid properties for use in
irrigation. The bactericidal efficacy of NaOCI
is extremely advantageous, especially to reduce
risk of infection. Our report suggests that
the side effects of 0.5% NaOCI as an irriga-
tion solution is comparable to those of saline
when considering the bactericidal potential of
NaOCI. On basis of the results, we suggest
irrigation by 0.5% NaOCI for both bone and
soft tissue surgeries because of its antibacterial
effect. However, this study revealed the need
to evaluate necrosis with immunohistochemical
methods and flow cytometry for longer periods
(such as one week or one month).
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