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 This study was to assess and compare antibiotic consumption on 

orthopedic patients by Defined Daily Dose (DDD).  ATC/DDD system 

is a method of counting the amounts of drugs recommended by WHO 

and Ministry of Health which useful for monitoring and comparing 

antibiotic use among departments, within hospital, as well as between 

countries or regions. A literature review was conducted by searching 

articles through PubMed, Scopus, Cochrane Library, and Google Scholar 

database up to November 2020 using several keywords. After thousand 

articles were identified, sixteen articles met the inclusion criteria. The 

value of DDD on orthopedic unit were various from 22.30 to 212.7 

DDD/100 patient-days. The most widely used antibiotic for prophylaxis 

was Cefazolin, with the value of 984.76 DDD/100 operations. Whereas 

cephalosporin were found to be the most antibiotic used for therapeutic, 

with the value of 45,5-52,5 DDD/100 patient-days. The antimicrobial 

stewardship program showed a decrease in the use of antibiotics, but it is 

not the only parameter to assess the wise use of antibiotics. In 

Conclusions, the antibiotic use was found very high on orthopedic 

patients, especially as prophylaxis antibiotic. The quality of antibiotic 

use may be improved through better compliance with guideline and 

implementation of antimicrobial stewardship program. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

Antibiotics are a substance produced by microorganisms (bacteria, fungi, and actinomycetes) which able to 

inhibit or kill the other microorganisms [11]. The use of antibiotics is classified into three, namely 

prophylactic, empirical and definitive. Prophylactic antibiotics can be given before surgery or 

postoperatively when the operation lasts for up to 24 hours. Empirical antibiotics are given in cases of 
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infection with unknown cause. In cases of infection with known bacterial types and resistance patterns, 

definitive antibiotics can be given. Many studies have reported 40-62% inappropriate antibiotics use, 

despite high intensity of antibiotics use causing risk incidence of antibiotic resistance [11], [20]. 

 

Resistance is the ability of bacteria to neutralize and weaken of antibiotics action [20]. Antibiotic resistance 

occurs when the microorganisms that caused the infections change, so the drugs given to treat the infection 

become ineffective. Several resistance mechanisms include: destroying antibiotics with the produced 

enzymes, changing the receptors for the capture point of antibiotics, changing the physico-chemical 

properties of the target antibiotic in bacterial cells, and changing the nature of the bacterial cell wall so that 

the antibiotics can not penetrate them. The increase of antibiotics resistance can occur in two ways, whether 

through selection pressure and/or through spreading from resistant to non-resistant bacteria via plasmids 

between a group of bacteria or from one person to another. Two strategies to prevent the increase in bacteria 

resistant are the prudent use of antibiotics and increasing adherence to the principles of universal 

precautions [22]. 

 

Beside, it is necessary to evaluate the antibiotics use, both qualitatively and quantitatively. Quantitative 

evaluation can be done by using the ATC/DDD (Anatomical Therapeutic Chemical/Defined Daily Dose) 

which only used for drugs that have an ATC code. This method is carried out by calculating DDD per 100 

days of hospitalization (DDD per 100 bed days) to evaluate the type and amount of antibiotics used which 

can be used to monitor and compare drug use among health facilities, regions, and countries and has been 

recommended by WHO since 1981 [42]. 

 

DDD Formula: 

DDD/100  bed days = 
( ∑𝐴𝑛𝑡𝑖𝑏𝑖𝑜𝑡𝑖𝑐 𝑠𝑜𝑙𝑑 𝑖𝑛 𝑎 𝑦𝑒𝑎𝑟 𝑖𝑛 𝑔𝑟𝑎𝑚)

(𝑊𝐻𝑂 𝐷𝐷𝐷  𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑡  𝑖𝑛 𝑔𝑟𝑎𝑚)
 X 

100

(∑𝑏𝑒𝑑 𝑥 𝐵𝑂𝑅 𝑖𝑛 𝑠𝑎𝑚𝑒 𝑦𝑒𝑎𝑟  𝑥 365)
 

 

DDD/100 patients days = 
 ∑𝑃𝑎𝑡𝑖𝑒𝑛𝑡𝑠′𝑎𝑛𝑡𝑖𝑏𝑖𝑜𝑡𝑖𝑐 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 𝑖𝑛 𝑔𝑟𝑎𝑚

𝑊𝐻𝑂  𝐷𝐷𝐷 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑡  𝑖𝑛 𝑔𝑟𝑎𝑚
 X 

100

𝑇𝑜𝑡𝑎𝑙 𝐿𝑂𝑆
 

 

Type of infection that often found in hospitals is surgical site infection (SSI) about 31%-43% [36]. The 

occurrence of SSI in orthopedic surgery was 15.2% [2] which caused by Staphylococcus aureus and 

coagulase-negative staphlococci (such as Staphylococcus epidermidis) which are gram-positive bacteria and 

skin normal flora [14], [32], [31], [5], also gram-negative bacteria such as Escherichia coli, Pseudomonas 

aeruginosa, Acinetobacter baumanii, and Klebsiella pneumoniae [5], [41]. According to the American 

Society of Health-System Pharmacists (ASHP) guidelines [5], the prophylactic antibiotic used in orthopedic 

surgery is cefazolin. The purpose of this study was to examine the use of antibiotics in orthopedic patients 

using the ATC/DDD methodology. 

 

2. Material and methods 

 

2.1 Material 

The research is a literature review where researchers collect articles according to the topic and analyze them 

to draw a conclusion. The databases used are PubMed, Scopus, Cochrane Library, and Google Scholar. 

 

2.2 Methods 

The research has been taken place on July 2020. Seven keywords used for searching the articles listed in 

figure 1) The inclusion criterias were: 1) Published articles last 15 years (2005 – 2020) with original 

research, case reports, experimental or observational research, meta-analysis types 2) The research related 
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to DDD antibiotic analyse method. 3) The subjects in this study are adult orthopedic patients who use 

antibiotics. 4) The results contain the value DDD/100 patient-days or DDD/100 bed-days or DDD/100 

operations antibiotic use in orthopedic patients. Articles other than Indonesian and English, also with 

pediatric participants were excluded.  

 

3. Result and discussion 

Based on a search using predetermined keywords, the results were Pubmed 1.330 articles, Scopus 12.018 

articles, Cochran Library 56 articles, Google Scholar 71.884 articles, with a total of 74.595 articles where 

16 articles met the inclusion criteria, then used for data extraction (figure 1). 

 

 
Figure 1 Searching articles 

 

3.1 DDD Antibiotic in Orthopedic Unit 

Out of the extracted 16 articles, 10 articles explained the DDD value of antibiotic use in orthopedic units 

from several countries such as China, Iran, Serbia, Nepal, Italy, and Indonesia (table 1). Research by [41] at 

Sir Ganga Ram Hospital, New Delhi, India produced the largest data on antibiotic use. The greater the total 

DDD value, the greater the use of antibiotics. However, a large total DDD value not always indicates an 

unwise use of antibiotics but theoretically indicates the possibility of irrational use of antibiotics such as 

misuse, less (underuse) and excessive (overuse). This can have negative consequences, namely increased 

resistance, length of hospital stay, treatment costs, affects in morbidity and mortality [10]. 

 

Research by [45], showed that the DDD value in the orthopedic department was accordance to the National 

Program of Special Renovation Activity on the Clinical Application of Antibiotics issued by NHFPC China 

in 2012, where public hospitals should be controlled below 40 DDD/100 patient-days. However, it is still 

necessary to monitor the antibiotics use so that it does not lead to irrational use. 

 



Andarsari, et.al, 2022                                                                                              Azerbaijan Medical Journal 

 

5322 
 

Study by [27], was trying to measure the use of antibiotics before and after the practice of the antimicrobial 

stewardship program (ASP) from the Chinese Ministry of Health. The results of this study showed that the 

DDD score was relatively high, with the average number of antibiotics used in the orthopedic department 

was 40 + 7 DDD/100 occupied bed-days. However, the value of DDD in this study experienced a 

significant decrease after ASP implementation. 

 

Reseacrh by [46] in the Department of Orthopedics, Shanghai Jiao Tong University Hospital, involved 1000 

spinal orthopedic patients who received a comprehensive intervention due to very common excessive and 

irrational use of antibiotics is in China [37] showed the decreased quantity of antibiotics used in the spinal 

orthopedic department to 22.30 DDD/100 patient-days due to a significant decrease used of third/fourth-

generation cephalosporins and fluoroquinolones. 

 

By comparing study result by [45], [27], [46] which is 27.71; 40+7; 22.30 DDD/100 patient-days, showed 

that only value in the study of Ma et al exceeds the established standard. The high DDD value was probably 

due to the time of administration, duration and accuracy of antibiotics which are still below 90% [43]. 

 

Research by [19] at Shohada Hospital, showed that Cefazolin was the hihgest followed by gentamicin, 

ceftazidime, penicillin G, and ciprofloxacin with value 48.8; 20.26; 6.85; 2.07; and 2.04 DDD/100 bed-days 

respectively with total 90,17 DDD/100 bed-days. Other antibiotics used, penicillin, carbapenems, other 

cephalosporins, macrolides, amikacin, vancomycin values less than 2 DDD/100 bed-days. Cephalosporins 

were the most frequently used antibiotics with a total DDD value of 58.51 DDD/100 bed-days. 

Cephalosporins are broad-spectrum antibiotics that can be used against gram-positive and gram-negative 

infections, including S. aureus and S. epidermidis that commonly infect in the orthopedic surgery [37]. 

Cefazolin used as surgical prophylaxis was also accordance with ASHP guidelines (ASHP, 2017). In 

addition, gentamicin combination with cefazolin was the second most common based on ASHP guidelines 

(ASHP, 2017) as second regimen. 

 

In contrast, research by [39] in Serbia showed the most antibiotics used was cotrimoxazole, followed by 

cephalosporins, with value 134.83 and 21.41 DDD/100 bed-days respectively with total 224.39 DDD/100 

bed-days which decresed after the implementation of the unit-dose (UDD) system to 172.86 DDD/100 bed-

days. Aminoglycoside (amikacin) was in the third place followed by fluoroquinolones (ciprofloxacin), 

third-generation cephalosporins with value 20.45; 15.41; and 12.93 DDD/100 bed-days respectively. Other 

antibiotics such as penicillins, second and fourth generation cephalosporins, carbapenems, lincomycin and 

glycopeptides value less than 7 DDD/100 bed-days. 

 

Research by [44] at Koshi Zonal Hospital, Nepal showed cefixime and ceftriaxone used valued of 27.19 and 

22.40 DDD/100 bed-days, followed by tobramycin, metronidazole, amikacin and cefuroxime with values 

14.21; 2.63; 10.85; and 10.40 DDD/100 bed-days respectively. Other antibiotics used were clindamycin, 

cefpodoximel, ciprofloxacin, linezolid with value less than 4 DDD/100 bed-days. Ceftriaxone was widely 

used due to broad spectrum and high antibacterial potential [13]. The use of third-generation cephalosporins 

as prophylactic antibiotics for orthopedic surgery is not accordance to ASHP guideline. According to the 

Scottish Intercollegiate Guidelines Network [34], third-generation cephalosporins are not recommended as 

prophylactic antibiotics due to increase of Clostridium difficile population. The different pattern antibiotics 

use may be due to differences in patient and hospital characteristics, antibiotic use policies, physician 

preferences or differences in health care systems [26]. 

 

Study by [17] at Abdul Wahab Sjahranie Hospital Samarinda, Indonesia, also showed ceftriaxone was the 
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highest antibiotics used in the treatment of orthopedic surgery followed by cefixime with value 20.21 and 

4.78 DDD/100 patient-days respectively, with total 26.22 DDD/100 patient-days. The other antibiotics used 

were doxycillin, amoxicillin, cefadroxil, gentamicin and ceftazidime with values less than 1 DDD/100 

patient-days. The frequent use of ceftriaxone as a prophylactic antibiotic was not accordance to ASHP 

guidelines which may due to ceftriaxone has a broad antibacterial spectrum and more affordable cost in the 

local market [25]. 

 

Research by [41] at tertiary care center New Delhi, India using each 3 orthopedic and control groups. In the 

control group, the value for antibiotic use in orthopedic unit A, B, and E were 226; 198; and 181 DDD/100 

bed-days respectively. Meanwhile, in the intervention group, the values in orthopedic unit C, D, and F were 

205; 239; and 194 DDD/100 bed-days respectively with average 212.7 DDD/100 bed-days. These results 

indicated that the provision of information to doctors about prescribing antibiotics still did not change the 

prescribing pattern. 

 

Research by [38] involved 5 hospitals in the Emilia-Romagna , Italy, showed antibiotics that often used in 

the orthopedic department during the year of 2004, namely penicillin + β-lactamase inhibitors with the 

highest value followed by fluoroquinolones, glycopeptides, and third-generation cephalosporins value 

28.94; 11.17; 10.14; and 4.62 DDD/100 bed-days respectively. The consistent high consumption of 

penicillin + β-lactamase inhibitors may be due to no changes in the guidelines or no new recommendations 

have been implemented. Moreover, the high use of glycopeptides was suspected prescribed as prophylaxis 

and empirical therapy. 

 

Research by [9]  at seventeen hospitals in the Emilia-Romagna also showed penicillins and β-lactamase 

inhibitors (amoxicillin/clavulanic acid and ampicillin/sulbactam) as the most widely used antibiotics, 

followed by fluoroquinolones (levofloxacin and ciprofloxacin) and third-generation cephalosporin 

(ceftriaxone) with total antibiotics used in the orthopedic department in 2011 was 64.05 DDD/100 bed-

days, which indicated 15%  increase for 8 years (from 2004). The differences types of antibiotics prescribed 

can be caused by the implementation of different guidelines and protocols for prophylactic and therapeutic 

antibiotics, differences use of generic drugs, and the initiative to internally audit of appropriate antibiotics 

use. Cephalosporin was the most widely used antibiotic in the orthopedic unit followed by penicillins 

(either alone or in combination), aminoglycosides and fluoroquinolones. 

 

Table 1. DDD value of antibiotic of inpatients in orthopedic unit in several hospitals from several countries 

No. Research by, Year City, Country DDD value of antibiotic of inpatiens in 

orthopedic unit (DDD/100 patient days) 

1. [46] Shanghai, China 22,30 

2. [38] Emilia-Romagna 
Region, Italy 

54,87 

3. [9] Emilia-Romagna 

Region, Italy 

64,05 

4. [41] New Delhi, India 212,7 

5. [27] Nanjing, China 40+7 

6. [17] Samarinda, Indonesia 26,22 

7. [44] Biratnagd, Nepal 109,33 

8. [39] Nis, Serbia 172,86 

9 [19] Tabriz, Iran 90,17 

10. [45] Fuzhou, China 27,71 
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Figure 2. Value antibiotic on orthopedic unit various from 22,30 - 212,7 DDD/100 patient days 

 

3.2 DDD Antibiotic for Profilaksis 

Based on 4 studies related to prophylactic antibiotics by [29], [1], [7], [35], the results showed that cefazolin 

was the most prophylactic used in orthopedic surgery with total value 984,76 DDD/100 operations (table 2). 

These were accordance to ASHP guideline. 

 

Study by [35] at Airlangga University Hospital (RSUA) Surabaya, Indonesia showed that the average 

cefazolin use in orthopedic surgical procedure 1.28 times the WHO standard dose of 3 grams. Ceftriaxone 

followed in second place with value 18.18 DDD/100 operations. This was accordance to Guidelines for the 

Use of Antimicrobial Prophylaxis and Therapy at RSUA [15]. A high total DDD score in orthopedic 

surgery of 146.61 DDD/100 operations indicated that there was a prolonged use of prophylactic antibiotics 

(>24 hours) or high dose usage for one surgery which may be due to surgery lasting more than 3 hours or 

twice the half-life of antibiotics or if the patient has a blood loss of more than 1500 ml7, where these should 

be a concern due to could be an indication of inappropriate use of antibiotics. 

 

Research by [1] at Pamukkale University Hospital showed the higher use of antibiotics as prophylaxis in 

several surgeries including orthopedic surgery with total value 350.3 DDD/100 operations. Cefazolin was 

the highest followed by clindamycin and ciprofloxacin with the value 336.4; 7.5; and 6.4 DDD/100 

operations respectively. These results were in accordance with the guidelines for the use of antibiotics 

which recommend prophylactic antibiotics for orthopedic surgery, namely cephalosporin generation I 

(cefazolin) or generation II (cefuroxime) and if allergic to β-lactams, clindamycin can be used [30]. In this 

hospital, local guidelines for the use of prophylactic antibiotics have not been applied, so it is necessary to 

develop hospital guidelines for the rational use of antibiotics. 

 

Research by [7] at the Diyarbakir Training and Research Hospital showed that intervention by adopting 

international guidelines improved the quality of prophylactic antibiotics used at the hospital. Cefazolin was 

the higest used for prophylactic antibiotic before and after intervention followed by gentamicin and 

vancomycin with value 93.13; 50.9; and 29.62 DDD/100 operations respectively with total 173.65 

DDD/100 operations. 

 

Research by [35] at Isparta State Hospital, showed that the frequency prophylactic antibiotics used was still 

very high with total 598.9 DDD/100 operations due to the prolonged use of prophylactic antibiotics after 

surgery which could lead an increase in operating costs and infection risk after surgery. Cefazolin was the 
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higest antibiotics used as prophylaxis in orthopedic surgery followed by metronidazole and gentamicin with 

value 426.8; 90.9: and 81.2 DDD/100 operations respectively. The adherence level with the guidelines was 

low, proved by the accuracy of the use of prophylactic antibiotics which reached only 10.6%. 

 

The high use of cefazolin in the study of [1], [35] due to the lack of implementation of local guidelines for 

prophylactic antibiotics or low adherence to the applied guidelines. The value of 426.8 DDD/100 operations 

means that there was an average use of cefazolin 4.27 times the WHO standard DDD dose of 3 grams in 

every orthopedic surgical procedure. This was in accordance with the recommendations of the American 

Academy of Orthopedic Surgeons [3] which recommended cefazolin (generation I cephalosporin) or 

cefuroxime (generation II cephalosporin) or vancomycin. The National Surgical Infection Prevention 

Project also recommend cefazolin or cefuroxime as the antibiotic for orthopedic surgery and vancomycin or 

clindamycin if the patient is allergic to β-lactams. Cefazolin, which is a β-lactam antibiotic, works by 

inhibiting transpeptidase reactions, peptidoglycan cross-linking in cell walls and causing autolysis and cell 

death [18]. In addition, cefazolin has a longer half-life (1.5 hours) and does not penetrate the central 

nervous system (CNS) so that cefazolin is widely used as a prophylactic antibiotic [21]. 

 

Table 2. DDD antibiotic cefazolin for prophylaxis in orthopedic unit 

No. Research, Year City, Country Value DDD antibiotic 

cefazolin for prophylaxis in 

orthopedic unit 

 (DDD/100 operation) 

1. Pratama et al. (2019)35  Surabaya, Indonesia 128,43 

2. Bozkurt et al. (2013)37 South-East Anatolian region, 

Turkey 

93,13 

3. Akalin et al. (2012)33 Denizli, Turkey 336,4 

4. Sozen et al. (2013)34 Isparta State, Turkey 426,8 

 Total DDD  984,76 

 

 
Figure 3. The most used antibiotic for prophylaxis was cefazolin with total DDD 984,76 DDD/100 

operations 

 

3.3 DDD Antibiotic for Therapy 

The total therapeutic antibiotic DDD values from 2 research publications (table 3). Research by [16] 

involving osteoarticular infection patients due to Clostridium difficile in the orthopedic septic ward. This 

study showed the implementation of an antibiotic stewardship program to prevent the use of high-risk 

Clostridium difficile Infections (CDI) antibiotics such as fluoroquinolones, clindamycin and cephalosporins. 

After implementation, there was an increase in the use of narrow spectrum penicillins (benzylpenicillin and 

flucloxacillin), linezolid and rifampin. Narrow spectrum penicillins were the antibiotics with the highest 

value 52 DDD/100 hospital bed-days which accordanced to guidelines that recommend the use of 
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intravenous Penicillin G for CDI [12]. The second most common were generation I and II cephalosporins 

with value 23.5 DDD/100 hospital bed-days, followed by rifampin and glycopeptide/daptomycin with value 

13.9 and 13.8 DDD/100 hospital bed-days respectively. Fluoroquinolones and linezolid values 10.6 and 

10.1 DDD/100 hospital bed-days respectively. Other antibiotics used are amino penicillins/beta-lactamase 

inhibitors, broad spectrum penicillins, carbapenems, clindamycin values less than 8 DDD/100 hospital bed-

days. It made the total use of antibiotics in second quarter of 2016 was 150.2 DDD/100 hospital bed-days. 

Orthopedic septic wards generally required high-dose antibiotic combination therapy, which explains the 

higher antibiotic use outcomes in orthopedic septic wards than general orthopedic departments. 

 

Meanwhile, Research by [33] in Assam, involved 29 orthopedic patients (34%) colonized with MRSA 

(methicillin resistant S. aureus). The total use of systemic antibiotics in orthopedics was 59.9 DDD/100 

bed-days. The use of cephalosporins and aminoglycosides was 22-29 and 8-12 DDD/100 bed-days 

respectively, while fluoroquinolones and glycopeptides used was quite low at 7-8 and 2 DDD/100 bed days 

respectively. Based on the guidelines, the antibiotics commonly used for MRSA in orthopedics are 

vancomycin IV and minocycline IV [33]. However, minocycline, as tetracycline group in this study, has 

only been used a little due to high resistance (96%) to tetracycline. 

 

Table 3. Total DDD for antibiotic therapeutic from 2 publication 

No. Research,Year City, Country Total DDD of antibiotic 

for therapeutic in 

orthopedic unit 

(DDD/100 bed-days) 

DDD antibiotic cephalosporin 

for therapeutic in orthopedic 

unit (DDD/100 bed-days) 

1. [16] Magdeburg, 

Germany 

150,2 23,5 (15,6%) 

2. [33] Assam, India 59,9 22-29 (36,7-48,4%) 

 Total  210,1 45,5-52,5 

 

 
Figure 4 Total DDD for antibiotic theraphy from 2 publication 

 

3.4 DDD antibiotic with ASP (Antimicrobial Stewardship Program) intervention 

Out of the 16 publications, 6 publications included the intervention ASP and UDD system. Five studies 

showed positive results after intervention (table 4). 

 

Research by [27], the ASP which were applied included rational antibiotic use strategies, limiting the type 

of antibiotics, setting targets for prescribing antibiotics for hospitalized patients and using prophylactic 

antibiotics in clean operations [43], resulted a decrease in the use of antibiotics from 82 ± 9 to 40 + 7 DDD/ 
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100 occupied bed-days [27]. Meanwhile, the comprehensive intervention by [46] resulted a decrease in 

antibiotic consumption from 69.23 to 22.30 DDD/100 patient-days. 

 

Study by [39] which applied UDD system, resulted a decrease of antibiotics use from 224.39 to 172.86 

DDD/100 bed-days, a 21.43%, decrease in total drug consumption in the orthopedic department, changes in 

DDD values, including a decrease in cotrimoxazole consumption more than 50% from 134.83 to 60.33 

DDD/100 bed-days also an increase cefazolin consumption from 14.04 to 42.37 DDD/100 bed-days where 

cefazolin was the most widely used cephalosporin group in pre and post-implementation of the system 

which accordance to ASHP guideline. However, the use of cotrimoxazole is still the highest among other 

antibiotics caused by non-compliance with the specified criteria, resulting in irrational use of antibiotics. 

 

Study by [16] which also applied ASP, resulted a less significant decrease in the average antibiotics use 

from 131.3 to 127.3 DDD/100 bed-days which focused on providing medical information to doctors which 

hoped that doctors can follow the guidelines regarding antibiotic therapy and avoid prescribing high risk 

CDI antibiotics. However, in this study, there was a significant decrease in the consumption of 

fluoroquinolone antibiotics, clindamycin and generation I and II cephalosporins with values from 31.2 to 

10.6; 15.2 to 5.1;and 32.8 to 23.5 DDD/100 bed-days respectively. Also there was an increase in 

consumption of narrow spectrum penicillins from 19.6 to 52 DDD/100 bed-days. 

 

Research by [7], using intervention to comply with international guidelines at the Diyarbakir Training and 

Research Hospital, Turkey also resulted a decrease antibiotic consumption from 276.9 to 173.65 DDD/100 

operations due to ceftriaxone, sulbactam/ampicillin (SAM), and clindamycin were no longer used as 

prophylactic antibiotics in orthopedic surgery. The existence of compliance with the guidelines through the 

implementation of effective and optimal interventions, showed the existence of reduction in SSI ratio from 

18.5 to 12%, in contrast with esearch by [41] that using intervention by only giving information to doctors 

about prescribing antibiotics which did not provide a change in the prescribing pattern. 

 

In this review, the frequent and common antibiotics used in the orthopedic department are cephalosporin. 

The first-generation of cephalosporin is widely used as surgical prophylactic antibiotics accordance to 

ASHP and National Surgical Infection Prevention Project guideline. Meanwhile, the use of third-generation 

cephalosporins is different from the recommendation of [34] which does not recommend the use of third-

generation cephalosporins as prophylactic antibiotics due to increase of CDI. Based on the research of [16], 

one of the factors that increase CDI is the use of CDI high risk antibiotics, namely third-generation 

cephalosporins, fluoroquinolones and clindamycin. In the study, there were 26 patients who were confirmed 

to have CDI. While in the research of [27], the proportion of MDRO (multidrug-resistant organism) isolates 

was 273 cases with 75 cases (27.4%) MRSA and 83 cases (30.4%) A. baumannii were the highest among 

other gram-positive and gram-negative bacteria. However, with DDD quantitative evaluation of antibiotics 

use and ASP application, MDRO isolates decreased from 36 to 13%, also MRSA cases decreased from 27.4 

to 20.4%. 

 

Research by [33], 29 orthopedic patients (34%) were colonized with MRSA where 100% of MRSA isolates 

were resistant to erythromycin, trimethoprim, ciprofloxacin, gentamicin and tobramycin; 85% of MRSA 

isolates were resistant to clindamycin, and 96% were resistant to tetracycline, cotrimoxazole, amikacin, 

netilmicin and neomycin. Therefore, this quantitative evaluation of the use of antibiotics is expected to 

provide information about the quantity profile of antibiotic use which can be the basis for improving the 

quality of antibiotic use and can be a reference for developing guidelines in order to prevent the spread of 

resistant bacteria and control bacterial resistance to antibiotics [23]. In the end, the appropriate and rational 
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use of antibiotics can be obtained. The weakness of this literature review is the limited number of articles 

used by researchers due to limited time and language used only in Indonesian and English so that for some 

countries such as Korea, Thailand and China where publications use other languages were excluded from 

this study. 

 

Table 4 DDD antibiotic in orthopedic unit before and after Antimicrobial Stewardship Program 

intervention of 5 publication 

No. Research,Year City, Country DDD antibiotic in 

orthopedic unit before 

intervention 

(DDD/100 bed-days) 

DDD antibiotic in 

orthopedic unit after 

intervention 

(DDD/100 bed-days) 

1. [27] Nanjing, China 82±9 40+7 

2. [46] Shanghai, China 69,23 22,30 

3. [16] Magdeburg, 

Germany 

131,3 127,3 

4. [39] Nis, Serbia 224,39 172,86 

5. [7] South-East 

Anatolian region, 

Turkey 

276,9 173,65 

 

 
Figure 5. The antimicrobial stewardship program showed a decrease in the use of antibiotics 

 

4. Conclusion 

The most widely used antibiotic in orthopedic surgery as prophylactic antibiotics is cefazolin, evidenced by 

four publications, with value 128.43; 336.4; 93.13; and 426.8 DDD/100 operations. The profile of the 

quantity of therapeutic antibiotic use varies depending on the type of infection, including: for cases of CDI, 

the total use of antibiotics was 150.2 DDD/100 hospital bed-days with the most antibiotics used namely 

narrow spectrum penicillins at 52 DDD/100 hospital bed-days where the CDI cases decreased when the 

reduction of fluoroquinolones, third generation of cephalosporines, and clindamycin happened ; and for 

cases of MRSA with colonisation rate about 18%, the total use of systemic antibiotics in orthopedics was 

59.9 DDD/100 bed-days where the third cephalosporin, aminoglycoside, and fluoroquinolone were the most 

consumpted with value  22-29; 8-12; and 7-8 DDD/100 bed-days respectively. Interventions such as ASP 

and UDD can reduce the quantity of antibiotic use which allows rationality of antibiotic use to be achieved. 

The application of ASP also decreased MDRO isolates from 36% to 13%, also decreased MRSA cases from 

27.4% to 20.4%. It is necessary to do research on the quality of the use of antibiotic in orthopedic surgery 

because the quantity data alone can not see the rasionality of the use of antibiotics. It is hoped that more in-

depth research can be carried out on the relationship between quantity and quality of antibiotic use and the 

risk of antibiotic resistance. 
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