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Abstract. – OBJECTIVE: To compare intraos-
seous concentrations and inhibitory effects on 
the growth of Staphylococcus aureus following 
intravenous administration of 1 or 2 g of the 
prophylactic cefazolin between patients with de-
creased renal function vs. intact renal function un-
dergoing total knee arthroplasty.

PATIENTS AND METHODS: Ten patients (13 
knees) with primary knee osteoarthritis were di-
vided into two groups by creatinine clearance 
(CrCl) level (intact renal function: CrCl ≥75 mg/
mL (four knees); decreased renal function: CrCl 
<75 mg/mL (nine knees)). Subchondral bone sam-
ples (proximal tibia and distal femur) were obtai-
ned during the procedure and were analyzed for 
the intraosseous concentration of cefazolin and 
the inhibitory effects on the growth of S. aureus 
using high-performance liquid chromatography 
and agar disc diffusion bioassays.

RESULTS: Different levels of renal function 
showed no significant associations with mean 
intraosseous concentration and mean inhibitory 
effects at the proximal tibia and distal femur in pa-
tients administered 1 g cefazolin (p>0.05). For pa-
tients administered 2 g cefazolin, mean intraosse-
ous concentration in the decreased renal function 
group was significantly higher at the proximal tibia 
(p=0.049) and also higher (but not reaching statisti-
cal significance) at the distal femur (p=0.073) com-
pared with the intact renal function group. Mean 
inhibitory effects in the decreased renal function 
group were significantly lower than the intact renal 
function group at the proximal tibia (p=0.003) and 
distal femur (p=0.003).  

CONCLUSIONS: Deceased renal function 
played a role in the increased intraosseous con-
centration and decreased inhibitory effects in 
the groups receiving 2 g cefazolin. An excessive 
intraosseous concentration showed a negative 
influence on inhibitory effects on the growth of 
Staphylococcus aureus. 
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Introduction

Prophylactic antimicrobial medication can re-
duce the risk for perioperative and/or postoperative 
infections1-3. However, studies have reported that 
systemic antibiotics may not prevent all postope-
rative infections4-6, and conventional systemic do-
sages may not provide adequate tissue concentra-
tions against some of the most resistant organisms, 
such as coagulase-negative staphylococci7. Current 
literature recommends intravenous (IV) admini-
stration of cefazolin at 1-2 g1 within 1 h before 
making a surgical incision. This antibiotic may 
be repeated every 2-5 h during the procedure and 
should be stopped within 24 h postoperatively8,9. In 
our previous study10, we found that IV cefazolin at 
a dose of 2 g produces greater overall intraosseous 
concentrations than a dose of 1 g. However, little 
is known about the effects of different intraosse-
ous concentrations of cefazolin or the inhibitory 
effects on the growth of Staphylococcus aureus in 
patients with intact renal function compared with 
patients with decreased renal function. 

The current study extends the analyses from 
our previous study10 to determine the effects of 
renal function on intraosseous concentrations and 
inhibitory effects on the growth of S. aureus with 
IV administration of the prophylactic cefazolin in 
total knee arthroplasty (TKA). We hypothesized 
that renal function contributes to the intraosseous 
concentration of cefazolin and the drug’s inhibi-
tory effects on the growth of S. aureus.

Patients and Methods 

Between May 2011 and February 2013, patients 
with primary knee osteoarthritis were enrolled 
in the study. Inclusion criteria were patients with 
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primary knee osteoarthritis. Exclusion criteria we-
re patients with post-traumatic or post-infectious 
knee conditions, allergies to cephalosporins or pe-
nicillin, serum creatinine >1.5 mg/dL, a creatinine 
clearance (CrCl) <55 mL/min, probenecid intake, 
post-steroid treatment, chemotherapy, post-knee 
arthroplasty or high tibial osteotomy, immuno-
compromised hosts, and patients with deleterious 
medical conditions. Ten patients (13 knees) met 
study criteria and were enrolled. 

The prophylactic cefazolin (cefazolin M.H., 
M & H Manufacturing Co., Ltd., Thailand) at 
1 g (seven patients; nine knees) or 2 g (three 
patients; four knees) was administered by IV 
before making incisions for TKA. Patients were 
divided into two groups based on CrCl11 levels: 
intact renal function12, with a CrCl ≥75 mg/mL 
(four knees); and decreased renal function, with 
a CrCl <75 mg/mL (nine knees). Baseline data 
were collected and included intraosseous concen-
trations of cefazolin and the inhibitory effects on 
the growth of S. aureus. 

Patients were prepared for the TKA operation 
using standard sterile techniques. They were ad-
ministered IV cefazolin at a dose of 1 or 2 g prior 
to tourniquet inflation and before the incision had 
been made. After performing the TKA and cutting 
the bone at the distal femur and proximal tibia, 
our experienced knee surgeons (BP, PP, and NT) 
provided bone from segments obtained from each 
patient to a researcher (PK) who extracted only 
subchondral bone samples (2.5 × 2.5 mm) for 
further analyses. The time between IV cefazolin 
injection and sample collection was recorded.

Samples were processed using the antibiotic 
broth elution assay13. The solution from a previous 
process was further analyzed for the concentration 
via high-performance liquid chromatography-pho-
todiode array detection (HPLC-DAD) using a 
Nexera LC-30A (Shimadzu, Kyoto, Japan). The 
intraosseous concentration was determined in µg-
/g, which was derived from a comparison with a 1 
g sample of subchondral bone. A validation study 
was performed for extraction and HPLC-DAD 
using bone samples with known concentrations 
of cefazolin. All samples were analyzed by a 
specialist (WT) who was blind to the dose of IV 
cefazolin administered for each sample. 

The bioactivity of each sample was determined 
using an agar disc diffusion bioassay with S. aureus 
(ATCC® 25923™)13. The antibiotic bioassay was to 
determine the inhibitory effect of intraosseous 
cefazolin, which was compared with the standard 
minimal inhibitory concentration (MIC) of serum 

cefazolin (30 µg/mL). The technique was based 
on the inhibitory activity of discs (Oxoid, UK) 
containing a standard concentration of cefazolin. 
Standard paper discs and samples were placed on 
S. aureus-seeded agar (Mueller Hinton agar; BD 
Diagnostic Systems, Sparks, MD) and incubated 
for 18 h at 37°C. All samples were analyzed by our 
researcher (NM) who was blind to the IV cefazolin 
dose of each sample. The standard MIC of serum 
cefazolin inhibits the growth of S. aureus to least 
18 mm from the center of the sample.

Statistical Analysis
Statistical analyses were conducted using IBM 

SPSS software ver. 22.0 (SPSS Inc., Chicago, IL, 
USA). ANOVA was used to analyze the statisti-
cal significance for the differences in values of 
intraosseous concentrations of cefazolin (µg/g) 
and the inhibitory effects on S. aureus growth 
on agar discs (mm) between the two groups of 
CrCl levels (<75 vs. ≥75 mL/min) or between the 
two groups of cefazolin doses (1 g vs. 2 g). Cor-
relations between intraosseous concentrations of 
cefazolin (µg/g) and the inhibitory effects on S. 
aureus growth on agar discs were analyzed and 
interpreted using Pearson’s correlation coefficient 
(r). Categorical variables were analyzed using 
the Chi-square or Fisher’s exact tests. A p-value 
<0.05 was considered statistically significant. 

Results

The intact renal function group comprised 
three females and one male, with a mean age 
of 67.5 ± 3.1 years (range: 64–71 years). During 
the same study period, we enrolled a group 
of patients with decreased renal function that 
comprised four females and two males with 
a mean age of 70.4 ± 4.4 years (range: 67-79 
years). There were no significant differences in 
mean age and gender distribution between the 
two groups (p=0.26 for age, p=1.00 for gender). 
Mean weights of patients were 67.8 ± 9.0 kg 
for the intact renal function group and 64.8 ± 
4.2 kg for the decreased renal function group 
(p=0.42). Mean heights of patients were 1.61 ± 
0.05 m for the intact renal function group and 
1.53 ± 0.09 m for the decreased renal function 
group (p=0.17). Mean times between cefazolin 
injection and sample collection were 48.0 ± 15.9 
min for the femur and 55.0 ± 17.3 min for the 
tibia in the intact renal function group; and 60.6 
± 26.5 min for the femur and 66.0 ± 28.4 min for 
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the tibia in the decreased renal function group. 
There were no significant differences in mean 
times between the two groups (femur: p=0.49, 
tibia: p=0.57).

Total mean intraosseous concentrations of 
cefazolin were 28.3 ± 12.5 µg/g for the proxi-
mal tibia and 36.4 ± 22.5 µg/g for the distal 
femur. For the groups that received 1 g cefazo-
lin, mean intraosseous concentration and mean 
inhibitory effects were greater in the decreased 
renal function group compared with the intact 
renal function group for both the proximal tibia 
and distal femur, although the values did not 
reach statistical significance (p>0.05) (Table I). 
For the groups that received 2 g cefazolin, me-
an intraosseous concentration was significantly 
higher in the decreased renal function group 
for the proximal tibia (p=0.049) and higher 
(but not statistically significant) for the distal 
femur (p=0.073) compared with the intact renal 
function group (Table II). Mean inhibitory ef-
fects were significantly lower in the decreased 
renal function group compared with the intact 

renal function for the proximal tibia (p=0.003) 
and distal femur (p=0.003) (Table II). When all 
groups were analyzed, only mean intraosseous 
concentration for the distal femur in the 2 g 
cefazolin with decreased renal function group 
was significantly higher compared with the 
other groups (p=0.001) (Table III). In subgroup 
analyses, mean intraosseous concentration and 
mean inhibitory effects in the 1 g cefazolin 
with decreased renal function group were lower 
(not statistically significant) compared with the 
2 g cefazolin with intact renal function group 
for both the proximal tibia and distal femur 
(p>0.05) (Table IV).

Pearson’s correlation analysis between 1 g ce-
fazolin groups showed no significant correlations 
between CrCl level and intraosseous concentra-
tion or inhibitory effects for both the proximal 
tibia and the distal femur (p>0.05). 

For the 2 g cefazolin groups, there was a 
significant correlation between the CrCl level 
and intraosseous concentration for the proximal 
tibia (r=−1, p<0.001), and for the distal femur, al-

Table I. Intraosseous concentrations of cefazolin and mean inhibitory effects in 1 g cefazolin subgroup analysis.

*Patient 4 had no available data on cefazolin concentrations at the proximal tibia and distal femur. Patients 12 and 13 had no 
available data on mean inhibitory effects at the proximal tibia and distal femur. N, number; SD, standard deviation.

Study Groups*  Cefazolin Cefazolin Mean inhibitory Mean inhibitory 
 concentration concentration effect at effect at 
 at proximal  at distal femur proximal tibia distal femur 
 tibia (µg/g)  (µg/g) (mm) (mm)

Cefazolin 1 g  Mean 14.78 19.52 6.00 6.00
  with intact  N 2 2 1 1
  renal function SD 1.47 8.37 – –
Cefazolin 1 g  Mean 26.92 26.60 11.00 13.83
  with decreased  N 6 6 6 6
  renal function SD 13.61 10.09 5.29 6.59
p-value  0.277 0.411 0.422 0.321

N, number; SD, standard deviation. a Significant difference.

Table II. Intraosseous concentrations of cefazolin and mean inhibitory effects in 2 g cefazolin subgroup analysis. 

Study Groups  Cefazolin Cefazolin Mean inhibitory Mean inhibitory 
 concentration concentration effect at effect at 
 at proximal  at distal femur proximal tibia distal femur 
 tibia (µg/g)  (µg/g) (mm) (mm)

Cefazolin 2 g  Mean 32.18 40.26 14.50 15.50
  with intact  N 2 2 2 2
  renal function SD 3.21 15.52 0.71 0.71
Cefazolin 2 g  Mean 42.02 78.66 6.00 6.00
  with decreased  N 2 2 2 2
  renal function SD 0.00 0.00 0.00  0.00
p-value  0.049a 0.073 0.003a 0.003a 
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though this value was not statistically significant 
(r=−0.75, p=0.25). Additionally, there were signi-
ficant correlations between CrCl levels and mean 
inhibitory effects for the proximal tibia (r=0.967, 
p=0.033) and distal femur (r=0.965, p=0.035). 
For the groups administered 2 g cefazolin, there 
was a significant negative correlation between 
mean intraosseous concentration and mean inhi-
bitory effects for the proximal tibia (r=−0.973, 
p=0.027), and for the distal femur, although this 
value was not statistically significant (r=−0.897, 
p=0.103). 

Mean intraosseous concentrations in the 
groups administered 2 g cefazolin were higher 
for the proximal tibia, but not statistically signi-

ficant (p=0.083), and significantly higher for the 
distal femur (p=0.004) compared with the groups 
administered 1 g cefazolin (Table V). 

There were no significant differences in mean 
inhibitory effects between the 1 g cefazolin groups 
and the 2 g cefazolin groups for both the proximal 
tibia and distal femur (p>0.05) (Table V).

Total mean inhibitory effects of cefazolin we-
re 10.3 ± 4.8 mm for the proximal tibia and 12.0 
± 6.1 mm for the distal femur. Mean inhibitory 
effects for both the proximal tibia and distal 
femur were less than 34.6 ± 0.5 mm, which was 
found to be the mean inhibitory effect of the 
standard MIC of serum cefazolin (30 µg/mL) in 
the current study. 

Patient 4 had no available data on cefazolin concentrations at the proximal tibia and distal femur. Patients 12 and 13 had no 
available data on mean inhibitory effects at the proximal tibia and distal femur. N, number; SD, standard deviation. a Significant 
difference.

Table III. Intraosseous concentrations of cefazolin and mean inhibitory effects in the four groups.

Study Groups*  Cefazolin Cefazolin Mean inhibitory Mean inhibitory 
 concentration concentration effect at effect at 
 at proximal  at distal femur proximal tibia distal femur 
 tibia (µg/g)  (µg/g) (mm) (mm)

Cefazolin 1 g  Mean 14.78 19.52 6.00 6.00 
  with intact  N 2 2 1 1
  renal function SD 1.47 8.37 - -
Cefazolin 1 g  Mean 26.92 26.60 11.00 13.83 
  with decreased  N 6 6 6 6 
  renal function SD 13.61 10.09 5.29 6.59
Cefazolin 2 g  Mean 32.18 40.26 14.50 15.50
  with intact  N 2 2 2 2 
  renal function SD 3.21 15.52 0.71 0.71
Cefazolin 2 g  Mean 42.02 78.66 6.00 6.00 
  with decreased  N 2 2 2 2 
  renal function SD 0.00 0.00 0.00 0.00 
p-value  0.163 0.001a 0.283 0.265 

Table IV. Intraosseous concentrations of cefazolin and mean inhibitory effects from subgroups analysis of the 1 g cefazolin with 
decreased renal function group and the 2 g cefazolin with intact renal function group.

*Patient 4 had no available data on cefazolin concentrations at the proximal tibia and distal femur. Patient 13 had no available 
data on mean inhibitory effects at the proximal tibia and distal femur. N, number; SD, standard deviation. 

Study Groups*  Cefazolin Cefazolin Mean inhibitory Mean inhibitory 
 concentration concentration effect at effect at 
 at proximal  at distal femur proximal tibia distal femur 
 tibia (µg/g)  (µg/g) (mm) (mm)

Cefazolin 1 g  Mean 26.92 26.60 11.00 13.83
  with decreased  N 6 6 6 6 
  renal function SD 13.61 10.09 5.29 6.59
Cefazolin 2 g  Mean 32.18 40.26 14.50 15.50
  with intact  N 2 2 2 2
  renal function SD 3.21 15.52 0.71 0.71
p-value  0.625 0.185 0.410 0.746
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Discussion

Literature1 suggests a prophylaxis dose of IV 
cefazolin of between 1 and 2 g for TKA. Howe-
ver, there is a lack of research that has exami-
ned actual intraosseous concentrations and the 
inhibitory effects of cefazolin in patients with 
different levels of renal function. To the best of 
the authors’ knowledge, the current study is one 
of the first reports to suggest the importance of 
the relationship between these factors. 

We found that different levels of renal fun-
ction (intact renal function and decreased renal 
function) showed no significant effects concer-
ning mean intraosseous concentration and mean 
inhibitory effects in the 1 g cefazolin groups for 
both the proximal tibia and distal femur (p>0.05). 
The 2 g decreased renal function group showed 
a significant positive association with mean in-
traosseous concentration for the proximal tibia 
(p=0.049). Decreased renal function also showed 
a significantly lower mean inhibitory effect for 
the proximal tibia (p=0.003) and distal femur 
(p=0.003) compared with the intact renal fun-
ction group. There were no significant differences 
in mean intraosseous concentration and mean 
inhibitory effects between the 1 g cefazolin with 
decreased renal function group compared with 
the 2 g cefazolin with intact renal function group 
for both the proximal tibia and distal femur 
(p>0.05) with subgroup analysis. Differences in 
renal function (intact and decreased) showed no 
significant effects on intraosseous concentration 
and mean inhibitory effects with 1 g of cefazolin 
using Pearson’s correlation analysis. Decreased 
renal function showed a significant positive effect 
on mean intraosseous concentration for the proxi-

mal tibia in the group receiving 2 g cefazolin. 
However, the same group showed a significant 
negative effect on mean inhibitory effects for the 
proximal tibia and distal femur. These results are 
consistent with a previous study which found that 
the mean serum half-life of a cephalosporin an-
tibiotic was 0.64 h in patients with normal renal 
function and was prolonged to 10.7 h in patien-
ts with severely impaired renal function (CrCl: 
0-2.6 mL/min)14. 

It is reported14 that there is a significant linear 
correlation between the elimination rate of the 
drug and CrCl. Lavillaureix et al15 have also re-
ported data that yield dosage management adap-
ted to each case in accordance with the level of 
renal function. 

Findings of the current study suggest that the 
larger intraosseous concentration in patients ad-
ministered 2 g cefazolin and who had decreased 
renal function did not produce more inhibitory 
effects than those patients administered the sa-
me cefazolin dose but who had an intact renal 
function. With Pearson’s correlation analysis, the 
larger intraosseous concentration appeared to ha-
ve a negative influence on the inhibitory effects 
(Table II). These findings are consistent with the 
study by Pilge et al16 who reported that cefazolin 
had an inhibitory effect on human mesenchymal 
stromal cell migration and proliferation in a ti-
me- and dose-dependent manner. The authors16 
suggested that the balance between the targeted 
bactericidal effects and host cellular toxicity is 
critical for skeletal cell survival and function. 
Chen et al17 reported that immunohistochemi-
cal analysis of wound sections suggested that 
wounds treated with bone marrow-derived from 
mesenchymal stem cell-conditioned medium had 

Table V. Intraosseous concentrations of cefazolin and inhibitory effects in the two groups.

Patient 4 had no available data on cefazolin concentrations at the proximal tibia and distal femur. Patients 12 and 13 had no 
available data on mean inhibitory effects at the proximal tibia and distal femur. N, number; SD, standard deviation. a Significant 
difference.

Study Groups*  Cefazolin Cefazolin Mean inhibitory Mean inhibitory 
 concentration concentration effect at effect at 
 at proximal tibia at distal femur proximal tibia distal femur 
 (µg/g)  (µg/g) (mm) (mm)

Cefazolin 1 g  Mean 23.88 24.83 10.29 12.71
   N 8 8 7 7
   SD 12.82 9.67 5.19 6.70
Cefazolin 2 g  Mean 37.10 59.46 10.25 10.75
  N 4 4 4 4
  SD 5.97 23.92 4.92 5.50
p-value  0.083 0.004a 0.991 0.632
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an increased abundance of macrophages. Wang et 
al18 also reported the repeated transplantation of 
platelet-rich plasma combined with bone marrow 
could increase local antibacterial defenses. Host 
cellular toxicity from excessive intraosseous con-
centrations of cefazolin may deteriorate the fun-
ction and number of local human mesenchymal 
stromal cells and macrophages. This deteriora-
tion may explain the findings in the current study, 
where we found that larger intraosseous concen-
trations in patients administered 2 g cefazolin 
and who had decreased renal function showed a 
negative influence on the inhibitory effects. 

It is possible that intraosseous areas contain 
the threshold level for the inhibitory effects of 
cefazolin, and no additional inhibitory effects 
occur following an excessive intraosseous con-
centration of cefazolin10.

Regarding the inhibitory effect of standard 
MIC for serum cefazolin (the concentration that 
would inhibit the growth of S. aureus to at least 
18 mm from the center of the sample), the opti-
mal level was observed in the 2 g cefazolin with 
intact renal function group in the current study 
(Table III). 

We found that administration of 1 g cefazolin 
in patients with decreased renal function was 
adequate and provided, albeit insignificant, dif-
ferent levels in mean intraosseous concentrations 
and inhibitory effects compared with patients 
administered 2 g cefazolin and who had an intact 
renal function.

The study was limited by the small number 
of patients enrolled, and results may vary using 
a larger study population. This study is, however, 
a preliminary report providing initial basic infor-
mation that can be used for further studies on the 
possible use of the prophylactic cefazolin in TKA.

Conclusions

Decreased renal function played a role in the in-
creased intraosseous concentration and decreased 
inhibitory effects in this group of patients admi-
nistered 2 g cefazolin. An excessive intraosseous 
concentration showed a negative influence on the 
inhibitory effects. Administration of 1 g cefazolin 
was adequate for patients with decreased renal 
function. The, albeit insignificant, different levels 
in mean intraosseous concentration and inhibitory 
effects are comparable with the optimal levels in 
patients administered 2 g cefazolin and who had 
an intact renal function. It is suggested that sur-

geons carefully consider the benefits/unfavorable 
effects when considering IV cefazolin at a dose of 
2 g for preoperative prophylaxis in patients with 
decreased renal function.

Aknowledgement

The authors would like to give special thanks 
to Ms. Narissara Mungkornkaew who performed 
the bioactivity analyses in the present study. The 
authors also gratefully acknowledge the financi-
al support provided by Thammasat University 
under the Government budget 2015, Contract 
No. 006/2558 and the partial support provided 
by Central Scientific Instrument Center (CSIC), 
Faculty of Science and Technology, Thammasat 
University.

Conflict of Interest
The Authors declare that they have no conflict of interests.

 References

   1) Holtom PD. Antibiotic prophylaxis: Current rec-
ommendation. J Am Acad Orthop Surg 2006; 14: 
S98-S100.

   2) RiDgeway S, wilSon J, CHaRlet a, KafatoS g, PeaRSon 
a, Coello R. Infection of the surgical site after ar-
throplasty of the hip. J Bone Joint Surg Br 2005; 
87: 844-850.

   3) fletCHeR n, SofianoS D, BeRKeS mB, oBRemSKey wt. 
Prevention of perioperative infection. J Bone Joint 
Surg Am 2007; 89: 1605-1618.

   4) Segawa H, tSuKayama Dt, Kyle Rf, BeCKeR Da, guS-
tilo RB. Infection after total knee arthroplasty. A 
retrospective study of the treatment of eighty-one 
infections. J Bone Joint Surg Am 1999; 81: 1434-
1445.

   5) wilSon mg, Kelley K, tHoRnHill tS. Infection as a 
complication of total knee replacement arthro-
plasty. Risk factors and treatment in sixty-seven 
cases. J Bone Joint Surg Am 1990; 72: 878-883.

   6) winDSoR Re, Bono JV. Infected total knee replace-
ments. J Am Acad Orthop Surg 1994; 2: 44-53.

   7) young Sw, ZHang m, fReeman Jt, VinCe Kg, Coleman 
B. Higher cefazolin concentrations with intraos-
seous regional prophylaxis in TKA. Clin Orthop 
Relat Res 2013; 471: 244-249.

   8) PRoKuSKi l. Prophylactic antibiotics in orthopaedic 
surgery. J Am Acad Orthop Surg 2008; 16: 283-
293.

   9) ameRiCan aCaDemy of oRtHoPaeDiC SuRgeonS (2004) 
infoRmation Statement: Recommendations for the 
use of intravenous antibiotic prophylaxis in prima-
ry total joint arthroplasty. Available at www.aaos.
org. Accessed 24 September 2016.



C. Angthong, P. Krajubngern, W. Tiyapongpattana, et al

5222

 10) angtHong C, KRaJuBngeRn P, tiyaPongPattana w, 
PongCHaRoen B, PinSoRnSaK P, tammaCHote n, Kit-
tiSuPaluCK w. Intraosseous concentration and in-
hibitory effect of different intravenous cefazolin 
doses used in preoperative prophylaxis of total 
knee arthroplasty. J Orthop Traumatol 2015; 16: 
331-334. 

 11) CoCKRoft Dw, gault mH. Prediction of creatinine 
clearance from serum creatinine. Nephron 1976; 
16: 31-41.

 12) national KiDney founDation. Frequently asked 
questions about GFR estimates. 2011. Available 
at www.kidney.org/atoz/content/gfr. Accessed 24 
September 2016. 

 13) CHang y, SHiH Hn, CHen Dw, lee mS, ueng Sw, HSieH 
PH. The concentration of antibiotic in fresh-frozen 
bone graft. J Bone Joint Surg Br 2010; 92: 1471-
1474.

 14) oHKawa m, KuRoDa K. Pharmacokinetics of ceft-
ezole in patients with normal and impaired renal 
function. Chemotherapy 1980; 26: 242-247. 

 15) laVillauReix J, BRogaRD Jm, Pinget m, leDoux f. 
Dosage adjustments of cefazolin according to 
the pharmacokinetics of this new cephalosporin. 
Infection 1975; 3: 105-114.

 16) Pilge H, fRöBel J, lenSing-HöHn S, ZilKenS C, KRauSPe 
R. Cefazolin irreversibly inhibits proliferation and 
migration of human mesenchymal stromal cells. 
Biomed Res Int 2016; 2016: 2042687. 

 17) CHen l, tReDget ee, wu Py, wu y. Paracrine factors 
of mesenchymal stem cells recruit macrophages 
and endothelial lineage cells and enhance wound 
healing. PLoS One 2008; 3: e1886. 

 18) wang JH, ZHao K, liu Hl, ZHao Hm, yang J, Sun 
xK. Infected bone inactivation combined with 
transplantation of autologous platelet-rich plasma 
and bone marrow for treatment of chronic osteo-
myelitis. Eur Rev Med Pharmacol Sci 2015; 19: 
4488-4493.


