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Abstract 

Introduction: Chlorhexidine gluconate (CHX) is widely used as a preoperative surgical skin-preparation 
solution and intra-wound irrigation agent, with excellent efficacy against wide variety of bacteria. The cytotoxic 
effect of CHX on local proliferating cells following orthopaedic procedures is largely undescribed. Our aim was 
to investigate the in vitro effects of CHX on primary fibroblasts, myoblasts, and osteoblasts.  
Methods: Cells were exposed to CHX dilutions (0%, 0.002%, 0.02%, 0.2%, and 2%) for either a 1, 2, or 
3-minute duration. Cell survival was measured using a cytotoxicity assay (Cell Counting Kit-8). Cell migration 
was measured using a scratch assay: a “scratch” was made in a cell monolayer following CHX exposure, and 
time to closure of the scratch was measured.  
Results: All cells exposed to CHX dilutions of ≥ 0.02% for any exposure duration had cell survival rates of less 
than 6% relative to untreated controls (p < 0.001). Cells exposed to CHX dilution of 0.002% all had significantly 
lower survival rates relative to control (p < 0.01) with the exception of 1-minute exposure to fibroblasts, which 
showed 96.4% cell survival (p = 0.78). Scratch defect closure was seen in < 24 hours in all control conditions. 
However, cells exposed to CHX dilutions ≥ 0.02% had scratch defects that remained open indefinitely.  
Conclusions: The clinically used concentration of CHX (2%) permanently halts cell migration and significantly 
reduces survival of in vitro fibroblasts, myoblasts, and osteoblasts. Further in vivo studies are required to 
examine and optimize CHX safety and efficacy when applied near open incisions or intra-wound application. 
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Introduction 
Surgical site infections (SSIs) pose major 

challenges for orthopaedic surgeons. SSIs have led to 
prolonged hospital stays, increased readmission rates, 
and adds significant burden to the cost of healthcare. 
Patients who have experienced SSIs have 
substantially greater physical limitations and 
reduction in their health-related quality of life6-10. In 
response to these concerns, multiple antiseptic agents 
have been used to prevent perioperative bacterial 
contamination of the wound1-3. 

Chlorhexidine gluconate (CHX) is a widely used 
antiseptic agent and is present in a variety of 
preparations to prevent infection, including 
preoperative skin cleansing, surgical site preparation, 
intraoperative irrigation, CHX impregnated 

postoperative dressings, and hand antisepsis4. 
Strategies that have recently gained interest involves 
topically painting wound edges with 2% 
chlorhexidine gluconate during primary or revision 
shoulder replacement surgery, CHX application to the 
wound prior to postoperative dressing application, 
and intraoperative dilute CHX wound irrigation to 
minimize infection rates. Used as a surface 
disinfectant for its excellent efficacy against a wide 
variety of bacteria, CHX is applied to the skin and 
allowed to dry for 3 minutes as per standard protocol. 
When used as directed, the minimal bactericidal 
concentration of CHX was found to be 0.078%5. 
ChloraPrep [(Becton, Dickinson and Company, 
Franklin Lakes, NJ) 2% CHX and 70% isopropyl 
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alcohol] has demonstrated higher effectiveness when 
used as a preoperative surgical site preparation 
compared to products that did not contain CHX 6. The 
practice of intra-wound CHX irrigation has been 
increasing, particularly in arthroplasty procedures, 
with its clinical use mirroring that of dilute betadine 
lavage following total joint arthroplasty5. Popular 
agents such as Irrisept (0.05% Chlorhexidine 
gluconate in sterile water, Irrimax Corporation, 
Innovation Technologies, Inc., Lawrenceville, GA), 
which is FDA-approved as an intra-wound irrigation 
delivery system7, are currently being used as a lavage 
following component implantation and prior to 
wound closure. 

However, there is a paucity of orthopaedic 
literature regarding the safety of CHX as an 
intra-wound irrigation agent and peri-incisional 
topical antiseptic. Prior studies have demonstrated 
cytotoxicity to native proliferating cells that are 
demonstrable in both clinical and cell-based 
studies4,8-11, while other studies support its clinical 
safety7,12. Prior studies have shown CHX solutions to 
be cytotoxic to human fibroblasts, osteoblasts, and 
lymphocytes in a time and dose dependent 
manner4,8,13,14, which may possibly delay wound 
healing or lead to increased rates of wound 
dehiscence15-20. Multiple in vitro studies with CHX has 
demonstrated its cytotoxicity to fibroblast cells18,20,21. 
While fibroblasts are a critical cell type in wound 
healing, myoblasts, and osteoblasts are crucial for 
skeletal muscle repair and bone healing, 
respectively22-24.  

The purpose of this study was to investigate the 
effect of CHX on not only primary fibroblasts, but also 
myoblast and osteoblast cell viability and migration 
using in vitro cell culture techniques. Our primary 
hypothesis is that the clinically used concentration of 
CHX diminishes 1) cellular viability and 2) cell 
migration of fibroblasts, myoblasts, and osteoblasts, 
as measured by the percent survival of cells via the 
Cell Counting Kit-8 cell survival assay and the 
validated scratch test25, respectively. 

Materials and Methods 
 This is a controlled in vitro laboratory study 

which was performed using three primary human cell 
types: fibroblasts, myoblasts, and osteoblasts. The 
effect of different CHX concentrations at either 1, 2, or 
3-minute exposure durations on cell migration, 
measured via the scratch test, and cell survival, 
measured using Cell Counting Kit-8 (Dojindo 
Molecular Technologies, Inc. Rockville, MD), was 
systematically tested. The short exposure durations 
were selected to reflect the range of durations of CHX 
exposure that are clinically utilized for its antiseptic 

application. All experiments were performed in 
triplicate. 

Cell Culture 
Primary human fibroblasts (Lonza, Walkersville, 

MD, CC-2511) were cultured in Fibroblast Basal 
Medium (Lonza CC-3131) supplemented with human 
fibroblast growth factor-basic, insulin, gentamicin/ 
amphotericin-B, and 10% fetal bovine serum (Lonza 
CC-4134). Primary human myoblasts (DV Biologics, 
Yorba Linda, CA, AM002-F) were cultured in Muscle 
Cellutions Medium (DV Biologics M-GRO-001-500) 
supplemented with basal media supplement (DV 
Biologics M-GRO-0010-S) and 20 ng/ml of human 
fibroblast growth factor-basic (R&D systems, 
Minneapolis, MN, 233-FB-025). Primary human 
osteoblasts (Lonza CCC-2538) were cultured in 
Osteoblast Basal Medium (Lonza CC-3208) 
supplemented with 10% fetal bovine serum, ascorbic 
acid, and gentamicin/amphotericin-B (Lonza 
CC-4193).  

 Cells were initially seeded in standard sterile 
75-cm2 tissue culture flasks (Corning Life Sciences, 
Tewksbury, Massachusetts) at a density of 10,000 
cells/cm2 and grown to 80% confluency at 37˚C and 
5% CO2. Cells were passaged in tissue culture flasks 
until passage 3, at which time the cells were seeded 
into 24-well plates (Corning Life Sciences, Corning, 
NY) at a density of 10,000 cells/cm2 and cultured until 
80-90% confluent. CHX solutions were made by 
diluting 4% chlorhexidine gluconate (Xttrium 
Laboratories, Mount Prospect, IL) in sterile phosphate 
buffered saline (PBS, Gibco, Waltham, MA). 

Cell Survival Assay 
 At 80% confluency, cells were washed with PBS, 

then exposed to either 0% (control), 0.002%, 0.02%, 
0.2%, or 2% CHX for 1, 2, or 3 minutes, followed by 3X 
wash in PBS and reapplication of cell growth media. 
The concentrations of CHX were selected by using the 
concentration found in the most common surface 
preparation agent (ChloraPrep 2% Chorhexidine 
gluconate), and serially lowering the concentration 
3-fold on a logarithmic scale. Cells were returned to 
the tissue culture incubator at 37˚C and incubated for 
48 hours. After incubation, cells were washed again 
with PBS, and 10% Cell Counting Kit-8 (CCK) 
solution in cellular growth medium was applied to 
the cells. The CCK solution contains a highly soluble 
tetrazolium salt, which receives two electrons from 
viable cells, to generate an orange formazan dye, 
allowing colorimetric detection of cellular activity26. 
The cells were then incubated in the tissue culture 
incubator for 2 hours with the CCK solution, after 
which absorbance of cellular supernatants were 
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measured at 450 nm according to the manufacturer’s 
protocol. Absorbances of the experimental conditions 
were compared relative to control absorbance to 
calculate percent cell survival26.  

Scratch Test 
 At 80% confluency, the cell monolayer was 

manually scraped in a straight line in the center of the 
well to create a “scratch” with a p200 pipette tip. The 
debris was removed by washing the cells with 1 ml of 
sterile PBS. After the scratch defect was made, cells 
were exposed to either 0% (control), 0.002%, 0.02%, 
0.2%, or 2% CHX for 1, 2, or 3 minutes, followed by 3X 
wash in PBS and reapplication of cell growth media. 

 To obtain the same field during image 
acquisition, reference points were made by marking 
the outer bottom of the dish with a fine permanent 
marker. The wells were placed under a phase-contrast 
microscope, leaving the reference mark just outside of 
the camera view. Images were captured of the cells 
before and immediately after the scratch defect was 
made, after which the cells were immediately 
returned to the tissue culture incubator at 37˚C to 
avoid environmental changes. Subsequent images of 
the scratch defects were obtained at frequent intervals 
during the first 72 hours, then every 24 hours until 
day 14. Time until scratch defect closure, defined as 
the moment when the cells at the leading edge of the 
defect made contact with cells from the opposite side, 
were recorded for each experimental condition25. 

Statistical Analysis 
 The data was reported as mean ± standard 

deviation. All cell survival results were compared 
relative to their respective controls using one-way 
analysis of variance (ANOVA). Statistical significance 
was set at p < 0.05. All statistics were performed using 
GraphPad Prism Version 7 (GraphPad Software, La 
Jolla, CA). 

Source Funding 
There was no external source of funding for this 

project. 

Results 
Cell Survival Assay 

 The results of the cell survival assay are 
demonstrated in Figure 1. Fibroblasts (Fig 1A), 
myoblasts (Fig 1B), and osteoblasts (Fig 1C), exposed 
to CHX concentrations greater than or equal to 0.02% 
for any duration demonstrated significant reduction 
of cell survival to less than 6% relative to control (p < 
0.001). For exposure to 0.002% CHX, cell survival of 
myoblasts and osteoblasts was significantly reduced 
to all exposure times. However, cell survival rate of 
fibroblasts was significantly reduced following 2 and 
3 minutes exposure (p < 0.01) but not to 1 minute 
exposure (p = 0.78) of 0.002% CHX. Individual cell 
survival percentages and p values are listed in Table 
1. 
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Figure 1. A-C: Percent survival of cells 48 hours after exposure to different concentrations of chlorhexidine gluconate for 1, 2, and 3-minute durations. A) Fibroblast B) 
Myoblast C) Osteoblast 

 

Scratch test 
 The results of the scratch test are demonstrated 

in Figure 2. After 48 hours of incubation, fibroblasts, 
myoblasts, and osteoblasts demonstrate closure of the 
scratch defect under control conditions (exposure to 
PBS for 3 minutes). In 48 hours, all three cell types 
could not close their scratch defects after exposure to 
the clinically used concentration of 2% CHX for 3 
minutes. 

 Table 2 summarizes the observations in scratch 
defect closure at the 24-hour time point for fibroblasts, 
myoblasts, and osteoblasts after exposure to all CHX 

concentrations and exposure times. Any exposure to 
0.02% CHX or greater resulted in open scratch defects 
(no scratch defect closure) in all cell types. Fibroblasts 
were able to close their scratch defect after exposure to 
0.002% CHX for 1 and 2-minute exposure, but not for 
the 3-minute exposure. Myoblasts were unable to 
close the scratch defect after exposure to any CHX 
concentration for any duration. Osteoblasts were able 
to close their scratch defects after exposure to 0.002% 
CHX for 1-minute, but not for the 2-minute and 
3-minute exposures. 
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Figure 2. A-C. Scratch test results. At Time 0, scratch defects were initiated in monolayer cell cultures and exposed to either control conditions or the clinically used 
concentration of 2% CHX for 3 minutes. 48 hours later, photos were taken of the scratch defects to observe defect closure. White arrows demonstrate the width of scratch 
defect. Closure of the scratch defect is seen at 48 hours following exposure to control conditions for all cell types. Open scratch defects are seen at 48 hours following exposure 
to 2% CHX for 3 minutes. A) Fibroblasts, B) Myoblasts, C) Osteoblasts 
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Table 1: Percent survival of cells 48 hours after exposure to 
different concentrations of chlorhexidine gluconate for 1, 2, and 
3-minute durations. A) Fibroblast B) Myoblast C) Osteoblast. 

Duration of 
CHX exposure 

CHX 
Concentration 

Percent cell survival ± 
standard deviation 

p-value, experimental 
condition vs. control 

A - Fibroblast 
1 minute Control 100 ± 15.3  

0.002% 96.4 ± 14.3 0.78 
0.02% 3.6 ± 0.2 p < 0.001 
0.2% 3.4 ± 0.1 p < 0.001 
2% 3.7 ± 0.2 p < 0.001 

2 minutes Control 100 ± 6.3  
0.002% 76.3 ± 0.3 0.003 
0.02% 3.2 ± 0.1 p < 0.001 
0.2% 3.2 ± 0.2 p < 0.001 
2% 3.2 ± 0.2 p < 0.001 

3 minutes Control 100 ± 6.0  
0.002% 27.9 ± 10.3 p < 0.001 
0.02% 1.8 ± 0.01 p < 0.001 
0.2% 1.9 ± 0.1 p < 0.001 
2% 1.8 ± 0.1 p < 0.001 

B - Myoblast 
1 minute Control 100 ± 7.8  

0.002% 71.8 ± 4.5 0.006 
0.02% 1.4 ± 0.03 p < 0.001 
0.2% 1.7± 0.1 p < 0.001 
2% 1.5 ± 0.1 p < 0.001 

2 minutes Control 100 ± 9.5  
0.002% 61.3 ± 6.7 0.004 
0.02% 1.7 ± 0.1 p < 0.001 
0.2% 1.8 ± 0.1 p < 0.001 
2% 1.4 ± 0.6 p < 0.001 

3 minutes Control 100 ± 4.1  
0.002% 37.2 ± 4.3 p < 0.001 
0.02% 2.1 ± 0.1 p < 0.001 
0.2% 2.3 ± 0.1 p < 0.001 
2% 2.4 ± 0.1 p < 0.001 

C - Osteoblast 
1 minute Control 100 ± 7.2  

0.002% 82.4 ± 1.4 0.01 
0.02% 4.1 ± 0.03 p < 0.001 
0.2% 3.5 ± 0.3 p < 0.001 
2% 3.8 ± 0.1 p < 0.001 

2 minutes Control 100 ± 8.6  
0.002% 25.5 ± 2.9 p < 0.001 
0.02% 4.5 ± 0.1 p < 0.001 
0.2% 3.5 ± 0.1 p < 0.001 
2% 3.2 ± 0.1 p < 0.001 

3 minutes Control 100 ± 7.2  
0.002% 24.5 ± 4.0 p < 0.001 
0.02% 5.6 ± 0.1 p < 0.001 
0.2% 5.6 ± 0.4 p < 0.001 
2% 5.8 ± 0.1 p < 0.001 

 

Table 2: Scratch test defect closure in fibroblasts, myoblasts, and 
osteoblasts 24 hours following CHX exposure for 1, 2, or 3 
minute durations. “+” indicates closure. “-“ indicates no closure. 

 Fibroblast Myoblast Osteoblast 
 1 min 2 min 3 min 1 min 2 min 3 min 1 min 2 min 3 min 
Control + + + + + + + + + 
0.002% CHX + + - - - - + - - 
0.02% CHX - - - - - - - - - 
0.2% CHX - - - - - - - - - 
2% CHX - - - - - - - - - 

 

Discussion 
The purpose of this study was to determine the 

effect of various concentrations of CHX on both 

cellular viability and cell migration of fibroblast, 
myoblast, and osteoblast cells in vitro. Cell migration, 
measured via the scratch assay in this study, is an 
essential process involved in tissue development, 
repair, and regeneration. We found that CHX has a 
significant cytotoxic effect on cell survival in vitro. 
These results are comparable to previous 
investigations that have evaluated the effect of CHX 
on fibroblast cells in vitro8,27-31. Alleyn et al. 
demonstrated that 0.12% CHX exposure for 3 minutes 
was significantly cytotoxic to ligament fibroblasts 
relative to control (p < 0.001)28. Wilken et al. 
demonstrated that 0.2% CHX exposure to human 
gingival fibroblasts resulted in immediate cell fixation 
onto tissue cell culture surfaces relative to control31. In 
this study we extended our investigation to include 
the myoblasts and osteoblasts in addition to 
fibroblasts. These three cell types play a significant 
role in wound healing, muscle repair, fracture 
healing, bony fusion, and osteointegration of 
uncemented arthroplasty implants. The clinically 
used 2% concentration of CHX significantly reduced 
cell survival of all cell types, as well as permanently 
halted cell migration for all cell types, regardless of 
the exposure duration. The results of this data 
reinforce the need for further in vivo studies 
examining the safety and efficacy of CHX in the 
clinical environment. Furthermore, future in vivo 
studies are required with biocompatible agents that 
can be used clinically. 

Prior research has demonstrated the toxicity of 
CHX to human cells. Louis et al. 32 reported that 
exposure to 0.2% CHX disrupted the cell membrane of 
poly-morphonuclear leukocytes and caused fixation 
of their cytoplasmic contents. Goldschmidt et al. 30 
reported that exposing fibroblasts to 0.004% CHX for 
3-hours inhibited amino acid incorporation and even 
exposure for 10-minutes was able to prevent protein 
synthesis 4-hours later. In a study by Cline et al. 29, 
CHX was shown to affect fibroblast proliferation and 
impair cell adhesion. Chen et al21. exposed human 
gingival fibroblasts to 2% CHX and used the CCK 
assay to determine cell survival. In their study, cell 
viability was significantly reduced when exposed to 
2% CHX for 3 minutes or longer. Similar to findings in 
this study, Chen et al demonstrated that cell viability 
was reduced in a time-dependent manner, with cells 
exposed to CHX for 10 minutes having cell survival 
rates significantly lower than the same cells exposed 
to CHX for only 3 minutes21. Flemingson et al.33 
exposed cultured human fibroblasts to different 
dilutions of commercially available CHX anti-plaque 
mouthwash products (1%, 2%, 5%, 10%, 20%, and 
100%) for 1, 5, and 15 minutes. After exposure, the 
cells were rinsed twice with Minimum Eagle’s 
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Medium supplemented with 10% fetal bovine serum 
and cell survival was measured after 24-hours. They 
found that as CHX concentration increased there was 
a significant (p<0.001) difference in fibroblast 
proliferation – even at their lowest tested 
concentration (1%), exposure to CHX resulted in in 
vitro fibroblast survival of 51.7% compared to no 
exposure33. The dose-dependent cytotoxicity of CHX 
on fibroblasts, myoblasts, and osteoblasts is not a 
unique property of CHX; prior in vitro studies have 
demonstrated that dilute povidone-iodine and topical 
vancomycin powder, also used for prevention of 
surgical site infections, have similarly specific 
dose-dependent and time-dependent cytotoxicity 
profiles on fibroblasts, myoblasts, and osteoblasts, as 
measured via the scratch test and Cell Counting Kit-8 
cell survival assay34,35. 

The bactericidal effect of CHX was not 
investigated in this study, but has been addressed in 
many previous studies5,15,20. Van Meurs et al. 
investigated the optimal dilution of various antiseptic 
solutions that resulted in minimal cytotoxicity against 
human fibroblasts and mesenchymal stromal cells 
while retaining a bacterial load reduction of > 99.9%5. 
At 2-minute exposure durations, CHX was found to 
have no bactericidal effect at 0.2 g/L, and maximal 
bactericidal effect at 10 g/L, equivalent to 0.02% CHX 
and 1% CHX, respectively. The minimal bactericidal 
concentration (MBC) of CHX following 2-minute 
exposures was found to be 0.078%. Furthermore, they 
found CHX to have a cytotoxic effect on fibroblasts 
and mesenchymal cells at concentrations greater than 
0.002%, leading to their conclusion that CHX was 
fully cytotoxic at concentrations well below the MBC. 
The study also concluded that, in an in vitro 
environment, the non-cytotoxic concentrations were 
less than the MBC for several other commonly used 
antiseptics, including polyhexanide, octenidine 
dihydrochloride, and povidone-iodine5. Our study 
corroborates the cytotoxicity profile identified in this 
study, and also demonstrates similar cytotoxicity of 
CHX to osteoblasts and myoblasts cultured in vitro.  

In vivo clinical studies demonstrate mixed data 
regarding the safety and efficacy of CHX. When 1% 
CHX was accidentally used for irrigation during knee 
arthroscopy, the result was cartilage necrosis, 
non-specific inflammation and synovial fibrosis, 
persistent pain, swelling, and loss of knee range of 
motion9. Frisch et al. evaluated the effect of 
chlorhexidine irrigation on infection rates in 411 total 
joint arthroplasty patients. They were unable to 
discern a difference in infection rates or wound 
healing concerns between chlorhexidine irrigation 
and using dilute betadine for total hip arthroplasty 
and 0.9% saline for total knee arthroplasty7.  

One of the limitations of this study is that an in 
vitro cell culture does not truly represent a surgical 
wound in vivo. Surgical wounds are usually 
vascularized, comprised of multiple cell types, utilize 
local and systemic inflammatory responses following 
tissue injury, and are under various mechanical forces 
that all affect wound healing. These conditions are not 
present in a monolayer culture and therefore 
necessitate in vivo studies to further investigate the 
effect of CHX. In vivo human progenitor cells are 
capable of regenerating, whereas in comparison, 
primary human cells grown in a monolayer tissue 
culture medium are limited in their regeneration 
capability. Studies have shown that in vivo human 
tissue generally has a higher tolerance for antiseptic 
solutions compared to in vitro tissue culture. It is 
currently unclear whether the cell death that occurs to 
the exposed cells of the wound bed will interfere with 
in vivo wound healing. However, controlled in vitro 
studies allows for better quantitative analysis on cell 
types without interference with in vivo factors. Despite 
these limitations, we have shown that even dilute 
CHX, at concentrations 100x below the clinically used 
concentration of 2% CHX, exert a significant cytotoxic 
effect on fibroblasts, myoblasts, and osteoblasts in cell 
cultures. The cytotoxicity of CHX on various cell types 
warrants further in vivo clinical studies that examine 
clinical results of direct CHX application adjacent to 
or inside open incisional wounds. 

Conclusion 
This study has shown that clinically used 

concentrations of CHX (2.0%) exerted a cytotoxic 
effect on osteoblasts, fibroblasts, and myoblasts in 
vitro. Decreased cell survival and the halting of cell 
migration were even seen at concentrations as low as 
0.002% across all cell types, demonstrating the 
profound cytotoxic ability of CHX at concentrations 
far below that which is used clinically. While CHX is 
an effective topical antiseptic agent when used as 
directed prior to surgery, further clinical in vivo 
studies are required to characterize the effect on 
wound and tissue healing when CHX is used near 
open incisions, on postoperative dressings, or direct 
intra-wound application. With new agents such as 
CHX wound irrigations systems, CHX impregnated 
dressings, and the practice of peri-incisional CHX 
application becoming more common in clinical 
practice, it is important to evaluate the clinical effects 
of CHX application and determine the safest 
indications for use.  
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