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Tendon injuries have emerged as a prevalent clinical
issue, often linked to overuse or degenerative
changes associated with aging. While the rotator cuff,
forearm extensors, and Achilles tendon are generally
recognized as areas prone to such injuries, the tibialis
posterior tendon and patellar tendon are also highly
susceptible.!

For full-thickness tears of the Achilles tendon,
which is the most common injury site of the
lower extremity, recent studies have reported
comparable results of conservative treatment
with accelerated rehabilitation in the early term
with surgical treatment, while a debate on the
subject continues.>® By effectively minimizing
complications, open surgical repair of Achilles
tendon tears can yield positive functional results
and low recurrence rates.!! Nonetheless, wound
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ABSTRACT

Objectives: This study aimed to examine the effect of irrigation
fluids containing povidone-iodine (PVP-I), rifampicin (RF), and
chlorhexidine gluconate (CHG) used during surgery on healing
on a rat Achilles tendon model.

Materials and methods: Twenty-eight male Sprague-Dawley
rats (range, 300 to 400 g) were used in the experiment carried
out between November 2022 and December 2022. The rats
were divided into PVP-I, RF, CHG, and control groups, with
seven rats in each group. Following the tenotomy and repair
of the right Achilles tendon, the surgical site was irrigated
using PVP-I, RF, CHG, or normal saline (the control group) for
2 min. All rats were sacrificed on the 21* postoperative day.
The samples were evaluated histomorphometrically using the
scoring system modified by Svensson, Soslowsky, and Cook and
histopathologically using the Bonar and Movin classifications.
Results: The RF group gave better results in all three scoring
systems compared to the control, PVP-I, and CHG groups
(p=0.008, p=0.002, and p=0.006, respectively). Cellularity,
rounding, and tenocyte morphology showed a significant
difference in favor of the RF group (p=0.004). While the
distribution of ground substance glycosaminoglycans showed
a significant difference in favor of the RF group, there was no
significant difference among the other groups (p=0.22).

Conclusion: Irrigation solutions containing PVP-I, RF, or CHG
show no negative effect on Achilles tendon healing. Moreover,
the findings suggest that RF irrigation can accelerate the healing
process.

Keywords: Achilles, chlorhexidine, irrigation, povidone-iodine, rat,
rifampicin, tendon healing.

necrosis poses a significant challenge to the
rehabilitation process as it can hinder or alter the
expected results and healing process. Moreover,
the emergence of deep infections is a severe
complication that often requires further surgical
interventions and typically results in adverse
outcomes.”!
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Effect of irrigation solutions on tendon healing

Tendons, similar to several other tissue types,
are poorly vascularized, hypocellular, and heal
slowly. In addition, healing often leads to the
formation of fibrous tissue and scar tissue that
lack flexibility and biomechanical properties.®® The
tendon healing process is complex, comprising three
interlinked stages: inflammation, proliferation, and
remodeling.” While the inflammatory phase is
crucial for the healing process, elevated levels
of proinflammatory cytokines can have adverse
effects on tendon healing and potentially induce
further damage." It has been documented that
maladaptive inflammation can also exert adverse
effects on the regenerative phase. In orthopedic
surgery, antiseptics and antibiotics are commonly
used as supplementary constituents in irrigation
solutions, and extensive research has been
conducted examining their effects on soft tissue
toxicity. Another area of interest lies in assessing
the efficacy of irrigation solutions in reducing
bacterial load. However, there is no study in the
literature investigating the effects of these solutions,
particularly on tendon healing. The positive or
negative effects of such irrigation solutions on the
healing process of contaminated or aseptically
repaired tendons are unknown.'?"! Hence, the
purpose of this study was to investigate the effects
of irrigation solutions containing povidone-iodine
(PVP-I), rifampicin (RF), and chlorhexidine gluconate
(CHG), which may affect the early inflammation
phase, on tendon healing with histopathological
examinations.

MATERIALS AND METHODS

The experimental study was conducted with 28 male
Sprague-Dawley rats (range, 300 to 400 g) aged
between three and four months between November
2022 and December 2022. Animals were subject to
exclusion if they experienced any of the following
conditions: death, infection at the incision site, or
sample contamination. The current study included
four groups: the control group (Group 1; normal
saline irrigation), the PVP-I irrigation group
(Group 2), the RF irrigation group (Group 3), and
the CHG irrigation group (Group 4), each consisting
of seven rats. Each group was housed separately in
individual cages.

Surgical procedure

All surgical procedures were conducted under
inhaler anesthesia, utilizing a starting dose of 4%
isoflurane (Isoflurane USP; Adeka Ilag, Istanbul,
Tiirkiye) for induction and maintenance at a
dose of 2%. Preoperative antibiotic prophylaxis
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was administered with 8 mg/kg gentamicin
(Genthaver; Osel Ilag, Istanbul, Tiirkiye), while
pain control was ensured with 5 mg/kg carprofen
(Rimadyl; Zoetis Inc., Parsippany, NJ, USA) for
48 h postoperatively. There were no movement
restrictions imposed postoperatively, and the
surgical procedures lasted approximately 20 min.
All surgeries were performed on the right side of the
rats, and no tourniquet was used.

This study employed a widely recognized rat
tendon injury model.™ After shaving the skin, the
Achilles tendon in the right lower extremity was
accessed using a posterior approach. The surrounding
tissues were carefully stripped, and an incision was
made with a scalpel approximately 5 mm proximal
to the distal attachment site of the tendon. The
tendon was then repaired via the modified Kessler
method, using polypropylene 3/0 atraumatic sutures
(Nevolene; Betatech Medical, Istanbul, Tiirkiye).

Following the repair, Group 1 received a
2-min irrigation with a 0.9% saline solution.
Group 2 underwent a 2-min irrigation using a 1%
PVP-I solution, Group 3 a 2-min irrigation using a
0.05% RF solution, and Group 4 a 2-min irrigation
using a 0.05% CHG solution (Figure 1). Prior to skin
closure, no additional washing procedures were
performed.

The subcutaneous tissue and skin were closed
using 2-0 propylene sutures (Nevolene; Betatech
Medical, Istanbul, Tiirkiye) with an intermittent
suture technique that conformed to the anatomical
structure. On the 21% day, the rats were euthanized
by cervical dislocation under inhaler anesthesia,
and their right Achilles tendons were separated
for histopathological examination in 20 mL of
10% formaldehyde solution to be delivered to the
pathology clinic.

Histopathological evaluation

Histopathological examinations were conducted
by an impartial specialist pathologist who was
unaware of the group assignments. Following 24
h of fixation in 10% formaldehyde and paraffin
embedding, 4-pm sections were obtained from each
sample and stained with hematoxylin-eosin. The
sections were then sealed using a fully automated
sealing device. Microscopic evaluations were
performed using a Olympus CX41 microscope
(Olympus, Tokyo, Japan) Figure 2. In addition to
the scoring system modified by Svensson et al.
Soslowsky et al,'® and Cook et al,”! the samples
were also evaluated using the Bonar and Movin
classification systems.!
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FIGURE 1. Irrigation with 0.05% rifampicin solution following
the repair of the Achilles tendon.

The modified scoring system developed by
Svensson, Soslowsky, and Cook is notable for its
comprehensive inclusion of cartilage formation as
a key parameter alongside traditionally accepted
factors, such as fiber structure, cellularity, and
vascularity, among other existing classifications.

The Bonar scoring system provides a
comprehensive evaluation of four specific
parameters. First, the morphology and proliferation
of tenocytes were evaluated by examining their
structural integrity and cellular activity. Second,
the presence or absence of ground substance is
examined. In addition, the properties of collagen
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bundles were analyzed, and the vascularity of
the tissue was evaluated. On the other hand, the
Movin scoring system includes a comprehensive
analysis of eight parameters. First, fiber structure
was thoroughly assessed, considering organization,
alignment, and integrity. Second, fiber arrangement
was examined to identify patterns and orientation.
Cell rounding, regional cellularity variations,
vascularity level, collagen staining, hyalinization
presence, and glycosaminoglycan content were all
evaluated. Each parameter was assessed using the
Bonar and Movin scoring systems, with scores
ranging from 0 to 3 representing optimal conditions.
Higher scores on the Movin and Bonar scoring
systems indicate insufficient healing, while lower
scores indicate satisfactory improvement in the
tissue properties examined.

Statistical analysis

Statistical analyses were performed wusing
the IBM SPSS version 25.0 software (IBM Corp.,
Armonk, NY, USA). The assumption of normality of
the variables was examined using both analytical
methods, including the Kolmogorov-Smirnov and
Shapiro-Wilk tests, and visual techniques, such
as histograms and probability plots. Descriptive
statistics, particularly measures of central tendency
(mean and median) and variability (standard
deviation), were calculated and reported for the
normally distributed variables. In cases where
the data did not comply with normal distribution,
nonparametric tests were wused in group

FIGURE 2. Sample stainings with hematoxylin & eosin (x100). (a) Group 1 (control). (b) Group 2 (PVP-I treatment). (c) Group 3
(RF treatment). (d) Group 4 (CHG treatment).




Effect of irrigation solutions on tendon healing

comparisons. Specifically, the Mann-Whitney U test
was utilized for two-group comparisons, while the
Kruskal-Wallis test was employed for comparisons
involving more than two groups. These tests
were chosen due to their ability to analyze data
conveniently without relying on the assumption
of normality. A significance level of p<0.05 was
employed to determine statistical significance.

RESULTS

There were no fatalities among the animals in
the study, and macroscopic and histopathological
evaluations of the samples did not reveal any signs
of infection. In the histopathological analysis,
utilizing the modified Svensson, Soslowsky, and
Cook classification system, no significant negative
alterations were noted in the groups irrigated
with PVP-I and CHG solutions compared to the
control group. However, the RF irrigation group
exhibited favorable results in terms of cellularity
(p=0.004) and total score (p=0.008, Table I).

According to the Bonar scoring system, a
significant difference in favor of the RF irrigation
group was observed regarding tenocytes (p=0.004),
ground substance (p=0.022), and the total score
(p=0.002) during the histopathological examination.
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However, no significant differences were observed in
the PVP-I and CHG groups compared to the control
group (Table II).

According to the Movin scoring system, a
significant positive difference was observed in the
RF irrigation group regarding rounding (p=0.004),
glycosaminoglycan distribution (p=0.022), and total
score (p=0.006). Conversely, no significant changes
were observed in the PVP-I and CHG groups compared
to the control group (Table III).

DISCUSSION
Irrigation solutions can be classified as normal
saline, antiseptics, and those containing

antibiotics."” Recent meta-analyses have reported
that the administration of normal saline is not
superior in preventing surgical site infections
compared to no irrigation.*?! Moreover, the
effectiveness of pressurized and pulsatile saline
application is well known.?? Commonly used
antiseptics in wound irrigation include iodophors,
CHG, hydrogen peroxide (HPO), and soap, with
some studies exploring combinations of these
agents in a one-to-one ratio.'”?! Given the rise in
antibiotic resistance and the potential cytotoxicity
of antiseptic materials used in irrigation solutions,

TABLE |
Statistical analysis among groups according to the modified Soslowsky, Svensson and Cook classification
Control Povidone-iodine Rifampicin Chlorhexidine
Mean+SD Median MeantSD Median MeantSD Median MeantSD Median p*

Fiber structure 1.86+0.38 2 1.86+0.38 2 1.29+0.49 1 1.57+0.54 2 0.086
Cellularity 2.00+0.00 2 1.71+0.49 2 1.14+0.38 1 1.86+0.38 2 0.004
Vascularity 2.71£0.49 3 2.71x0.49 3 2.43+0.54 2 2.86+0.38 3 0.392
Cartilage formation 2.43+0.54 1 1.29+0.49 1 0.71£0.49 1 1.43+0.54 1 0.072
Total 8.00+1.20 8 7.57+1.27 8 5.57+0.98 6 7.71+0.95 8 0.008

SD: Standard deviation; * Kruskal-Wallis test (Mann-Whitney U test) (p<0.05). Significant p values are written in bold.

TABLE Il

Statistical analysis among groups according to the Bonar scoring system

Control Povidone-iodine Rifampicin Chlorhexidine
MeantSD Median MeantSD Median MeantSD Median Mean+SD Median p*
Tenocyte 2.00+0.00 2 1.71£0.49 2 1.14+0.38 1 1.86+0.38 2 0.004
Ground substance 1.42+0.53 1 1.71+0.49 2 0.71+0.49 1 1.43+0.53 1 0.022
Collagen 1.86+0.38 2 1.86+0.38 2 1.29+0.49 1 1.57+0.53 2 0.086
Vascularity 2.71+£0.49 3 2.71+£0.49 3 2.43+0.53 2 2.86+0.38 3 0.392
Total 8.00+0.58 8 8.00+1.41 8 5.57+0.98 6 7.71£0.49 8 0.002

SD: Standard deviation; * Kruskal-Wallis test (Mann-Whitney U test) (p<0.05). Significant p values are written in bold.
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TABLE Il
Statistical analysis among groups according to the Movin scoring system

Control Povidone-iodine Rifampicin Chlorhexidine

Mean+tSD Median Mean+SD Median MeantSD Median MeantSD Median p*
Fiber structure 1.43£0.53 1 1.57+0.53 2 1.28+0.49 1 1.14+0.38 1 0.392
Fiber arrangement 1.43+0.53 1 1.86+0.38 2 1.57+0.53 2 1.71x0.49 2 0.392
Rounding 2.00+0.00 2 1.71£0.49 2 1.14+0.38 1 1.86+0.38 2 0.004
Regional cellularity variation  1.57+0.53 2 1.57+£0.53 2 1.14+£0.38 1 1.57+£0.53 2 0.291
Increased vascularity 2.71+0.49 3 2.71£0.49 3 2.42+0.53 2 2.86+0.38 3 0.392
Decreased collagen stain 1.00£0.00 1 1.43+0.53 1 1.00+0.00 1 1.43+0.53 1 0.061
Hyalinization 1.00+0.00 1 1.00+0.00 1 1.00£0.00 1 1.00+0.00 1 1.000
GAG content 1.43+0.53 1 1.71£0.49 2 0.71+0.49 1 1.434£0.53 1 0.022
Total 12.57£1.13 13 13.57+2.07 13 10.28+1.25 10 13.00+1.15 13 0.006
SD: Standard deviation; * Kruskal-Wallis test (Mann-Whitney U test) (p<0.05). Significant p values are written in bold.

it is crucial to exercise caution when selecting a
solution. By making an appropriate choice, the
potential complications, particularly infections,
can be reduced.™ Despite differences in surgical
approaches among practitioners, there is a
consensus on the implementation of standardized
protocols covering a range of preoperative,
intraoperative, and postoperative measures. These
measures include antibiotic prophylaxis, surgical
site depilation, and sterilization of barriers and
instruments. However, the available evidence to
support the use of surgical irrigation is limited, and
there exist divergent preferences among surgeons.
As a result, a consensus on this matter has not been
reached.?*! In the current study, we investigated
the effects of an antibiotic-containing irrigation
solution (RF), which is commonly preferred in the
clinic, on tendon healing, as well as antiseptic
solutions (PVP-I and CHG), for which the evidence
on the effects on tissue healing is limited.

Given their acute nature, the majority of the
factors related to Achilles tendon injuries cannot
be regulated at the time of surgery.? Therefore,
irrigation becomes an essential component during
surgery as it aids in the removal of dead tissue
residues, reduces bacterial load, and eliminates
foreign bodies. When properly applied, irrigation
contributes to healing, as in ulcerated tissues and
dirty wounds in standard surgical procedures.?
However, although the surgery took 20 min on
average in our animal experiment study, it has
been reported that end-to-end open surgery time
in clinical practice varies between 45 and 100 min
in patients with Achilles tendon injury.?? An
animal study investigating the effects of irrigation

and dehydration with saline on Achilles tendon
healing emphasized that prolonged exposure of
the surgical site to air led to increased fibrosis
and adversely affected tendon gliding and overall
healing quality.>"!

In a joint study conducted by the orthopedics
and microbiology departments,® the bactericidal
and cytotoxic effects of antiseptics containing
PVP-I, CHG, HPO, polyhexanide, and octenidine
dihydrochloride on Staphylococcus aureus (S. aureus)
and Staphylococcus epidermidis, which are frequently
encountered in orthopedic surgery, and on human
cells were investigated. The findings revealed that
PVP-I, CHG, and octenidine dihydrochloride showed
bactericidal effects in dilutions and preserved cell
viability, while PVP-I yielded the most optimal
results. In another study investigating the in vitro
effects of PVP-I and HPO in various dilutions on
chondrocytes and tenocytes,® it was determined that
0.3% PVP-I had the lowest toxicity and the tenocyte
morphology and total histopathological scores of
PVP-I and CHG-treated groups were consistent with
the findings from in vitro studies. On the other hand,
the current study, which included a group treated
with an antibiotic (RF) solution, found no adverse
effects on tendon healing. All these findings suggest
the safe applicability of these solutions in orthopedic
contexts.

Kaya et al.P” examined the decontaminating
effects of RF, gentamicin, fusidic acid, and
saline-containing irrigation solutions on bone
allografts contaminated with S. aureus and reported
that the RF-containing solution exhibited the highest
level of effectiveness. Apart from their beneficial
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impact on decontamination, there are concerns
regarding the potential effects of antibiotics on
wound and bone healing in orthopedic surgeries.
In wvitro studies have demonstrated that RF,
in combination with certain antibiotics, such as
ciprofloxacin, minocycline, and penicillin, has a
negative effect on osteoblasts.” In addition, in
a clinical study, it was reported that topical RF
allowed spontaneous bone healing in contaminated
and decontaminated wounds without any negative
effects.”

In a study investigating the effects of RF and
PVP-I in patients with hand injuries requiring
surgery, the superiority of RF in wound healing
was demonstrated.®® In another study on skin
defect healing in rats, it was reported that the
recovery rates did not differ at the end of the study
(10 days), but RF had positive effects on collagen
accumulation and shrinkage of the skin defect
in the initial stage (third and seventh days).?
A review of the literature indicates that various
proinflammatory agents, such as interleukin-1 beta
and tumor necrosis factor-alpha (TNF-o), have been
shown to impede the formation of type 1 collagen,
leading fibroblasts to increase the synthesis of
catabolic and inflammatory enzymes.'**! Notably,
a study suggests that inhibiting TNF-a contributes
to enhanced tendon strength following repair.
Additionally, De La Durantaye et al.?”! conducted
research suggesting a positive correlation between
a reduced macrophage population and increased
strength during tendon healing. The hypothesis
posits that early inflammation mitigation may
positively influence tendon recovery, while an
excessive presence of proinflammatory cytokines
could potentially impede the healing process.!?
A study by Kim et al.?® observed that RF exerts a
suppressive effect on the secretion of inflammatory
mediators, including cytokines, prostaglandin D2,
and TNF-o, within human cell cultures. Moreover,
their study elucidated that RF acts as an inhibitor
of cyclooxygenase-2, which plays an integral role
in inflammatory responses within human cellular
systems.

In the current study, we found that PVP-I, RF,
and CHG solutions did not have negative effects on
tendon healing. However, upon histopathological
examination, the RF group exhibited statistically
significant positive effects on tendon healing.
These findings align with the results reported in
previous studies and could potentially be linked
to the anti-inflammatory characteristics inherent in
RF. Histopathologically, cellularity was better in the

191

RF group than in the control group in all three
classifications, suggesting that recovery was faster.
Additionally, all three scoring systems indicated
a significant positive relationship between the RF
group and parameters related to tenocyte structure,
cell morphology, and total scores. This suggests that
the current study supports the use of all three scoring
systems for the assessment of tendon healing on the
21+ day.

The current study had strengths and
weaknesses. While existing literature has
explored the effects of irrigation solutions on
bacterial load and factors influencing tendon
healing,™ our study stands out as the first
experimental investigation to assess the impact of
irrigation solutions on tendon healing, providing
valuable histopathological data. On the other
hand, it should be noted that the study focused
on a previously unexamined aspect and involved
a limited number of experimental animals
due to ethical considerations. Consequently,
the absence of biomechanical correlation is a
noteworthy limitation. Furthermore, the study
did not assess type 1 and type 3 collagen levels
using immunohistochemistry or polymerase chain
reaction. The relatively short duration of surgery
in our experimental animal model indicates a
need for additional clinical studies. Nevertheless,
this study can serve as a valuable reference for
multidisciplinary evaluations involving a larger
sample of animals or clinical investigations.

In conclusion, the irrigation solutions containing
PVP-I, RF, or CHG demonstrated no adverse effects
on Achilles tendon healing. These locally applied
solutions can be safely employed during tendon
surgery, as indicated by our findings. Furthermore,
the results suggest that RF irrigation has the potential
to expedite the healing process.
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