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Abstract: 3D printing is often regarded as a groundbreaking technology that is set to transform the 

manufacturing landscape. Its applications span across various fields, including aerospace, defense, 

art, and design, but it is gaining particular traction in the realm of surgery. The technology is espe-

cially relevant in dentistry, where advancements in 3D imaging and modeling technologies, such 

as cone beam computed tomography and intraoral scanning, are making a significant impact. Cou-

pled with the established use of CAD CAM technologies in the dental field, 3D printing is poised 

to play an increasingly vital role. Some of its applications include creating drill guides for dental 

implants, producing physical models for prosthodontics, orthodontics, and surgical procedures, 

manufacturing dental, craniomaxillofacial, and orthopedic implants, as well as fabricating copings 

and frameworks for dental restorations. This paper explores the various types of 3D printing tech-

nologies available and their diverse applications in dentistry and maxillofacial surgery. 
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The profession has embraced digital manufacturing technologies, transforming 

much of the laboratory work that was once done by artisans into digital processes. Now, 

only the final touches of restorations are applied by hand. CAD CAM technology has 

become a standard in dental laboratories and is increasingly being integrated into dental 

surgeries. In the past, scanning and the creation of digitally manufactured restorations 

depended on centralized facilities, but many laboratories now possess their own scanners 

and milling units. In dental practices, intraoral and CBCT scanners are becoming 

increasingly prevalent. 

As a result, dentists and dental technicians are becoming familiar with handling large 

amounts of digital data. 3D printing serves as another output option for dental CAD 

software, allowing for the creation of complex components and objects from various 

materials. It is particularly beneficial for unique, custom structures with intricate designs, 

especially when 3D scan data is readily available. 

In the field of dentistry, 3D printing has a wide range of applications and holds 

significant potential for enabling innovative treatments and manufacturing methods for 

dental restorations. While national regulatory bodies have yet to establish guidelines for 

the use of 3D printing in surgery or dentistry, there will eventually be a need for regulators 

to address this technology and set appropriate standards. 

Despite 3D printing technologies being accessible for over a decade, it is 

advancements in scanner technology, computer-aided design software, and increased 

computational power that have made the practical use of this technology feasible. 

Additionally, growing commercial and public interest has heightened awareness and 

improved access to necessary resources. 

With the advent of milling technology, a wide array of new materials became 

accessible for creating restorations; likewise, new generations of dental restorative 

materials for 3D printing are continuously being developed and introduced. Considering 
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the various applications of 3D printing in dentistry, along with the profession's extensive 

experience with scanning and milling technology, it can be argued that dentists and dental 

technologists possess more experience with these 3D manufacturing technologies than 

any other field. While CAD software remains primarily in the hands of those who are 

well-trained and tech-savvy, this will not deter newer generations of operators, as the 

software is constantly evolving to become more intuitive and user-friendly. Significant 

future advancements that could enhance our use of this technology, beyond the clear 

advantages of lower costs, faster production times, and more efficient, less invasive 

treatments for patients, include the ability to 3D print with ceramic materials featuring 

digital coloration and staining, minimizing the post-processing required for metal 

components, and incorporating machining/milling of 3D printed metal parts into the 

overall metal printing process. 

The gradual integration of digital technologies in dentistry has gained significant 

traction, leading the authors to believe that we have moved well beyond the early 

adoption phase. We now have a real opportunity for the widespread use of 3D printing 

technology in orthodontics, dental laboratories, and surgical practices. There is immense 

potential for further advancements; while much attention is given to individual pieces of 

equipment, the crucial factor lies in how well these tools integrate with planning and 

design software. This integration is essential for creating a seamless, efficient workflow, 

which will ultimately influence the acceptance and implementation of these 

transformative technologies. With the advent of this new technology comes a wealth of 

opportunities. The challenge we face is to view 3D printing not merely as a new tool for 

traditional practices, but as a means to foster creativity, develop innovative materials, and 

establish more predictable, less invasive, and cost-effective procedures for our patients. 

We must also be cautious not to fall into the trap of assuming that digital solutions are 

inherently superior. Research is essential to establish standards and ensure that the 

rapidly emerging equipment in our laboratories and surgeries performs at least as 

effectively as existing conventional 'analog' methods. 
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Abstract: A removable partial denture is an economical and reversible treatment option 

thus it is considered as one of the most successful treatment options for partially edentu-

lous patients .The aim of this study was To evaluate the Knowledge and Attitude of un-

dergraduating students and interns in providing proper design of Removable Partial den-

ture (RPD) to Patients in dental schools of Benghazi \ Libya, to improve the undergraduate 

curriculum that can be beneficial for the newly graduating student and the practicing den-

tist. Materials and methods : A cross-sectional study design was conducted among dental 

students and interns at the Faculties of Dentistry of both the University of Benghazi and 

LIMU. Results : One hundred and thirty registered dentists completed the questionnaire, 

It was revealed that half (50%) of participants reported never providing RPD service. The 

majority (63.8%), indicated that they communicate with the laboratory by both marking on 

the primary cast and laboratory form. less than half (40.8%) of respondents reported that 

they survey all the time. Almost half (48.5%) reported that their dental technician follows 

their design instructions .A significant portion of participants (61.5%) believe that design-

ing an RPD is the responsibility of the dentist, The majority of respondents review their 

basic knowledge before starting an RPD design following the ADA guidelines. Conclusion 

: Within the limitation of this study we can conclude that; our dental students in both uni-

versities (Benghazi and LIMU) have less chance to practice RPD at dental schools On other 

hand, showed acceptable level of knowledge about designing of RPD. Further practice is 

recommended. 
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1. Introduction 

Awareness of the dental health was markedly increased, therefore the incidence of edentulism also declined but the 

number of edentulous individuals remains high due to the population increase[1]. Prosthetic reconstruction of 

completely or partially edentulous arches is needed as edentulism is considered as disability according to World 

Health Organization (WHO). A progressive decrease in complete denture wearers and increase of partial denture 

wearers were noticed due to preservation of the remaining natural teeth which was enforced by recent trained in 

dentistry. The treatment modalities of partial edentulism include various solutions like removable partial denture, 

fixed partial prosthesis, and implant assisted prosthesis[2]. A removable partial denture is an economical and 

reversible treatment option thus it is considered as one of the most successful treatment options for partially 

edentulous patients[3]. A proper RPD construction requires clinical and laboratory steps that include proper 

diagnosis and treatment planning, primary impression, survey of the primary cast, initial designing of the prosthesis 

on the cast, prosthetic mouth preparation, secondary impression, and secondary cast reorientation on the dental 

surveyor to check the amount of performed teeth modification. There are several components of an RPD each 

component has a function. Thus, dentists should have clear knowledge regarding design of the various components of 

the RPD structure. The final design is drawn up and submitted to the laboratory technician to follow the design 

instructions[4]. Successful communication between dentist and dental technicians is required to fabricate a proper 

prosthesis, but proper designing of RPD is the responsibility of dentist and is not the job of the technician[5]. An 

interactive relationship between dentists and dental technicians is required for achieving a successful outcome as 

there is an increase in the patient’s knowledge and needs. Clear effective communication of design features between 

dental practitioners and dental technicians is a main factor for the production of high quality fixed and removable 

prostheses[6,7].  

Low patient satisfaction with major biological and mechanical complications may result from poorly designed RPDs 

due to neglecting the biomechanical principle which result from insufficient design information to the technician. 

Mechanical principles like support, retention and stability should be taken into consideration. Plaque accumulation 

and oral tissue damage should be minimized by the hygienic principles of the design[8-10]. An inadequate 

consideration to important clinical and biological factors can cause tissue damage. The final impression should be 
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made of a dimensionally stable elastomeric material by using a modified metal stock tray or a rigid special tray[11,12]. 

The responsibilities of the dental practitioners toward the dental laboratory technician and stated definite 

recommendations for dental educators to deal with the consequences in future[13]. 

2. Aim of the study: 

To evaluate the knowledge and attitude of undergraduating students and interns in providing proper design of re-

movable partial denture (RPD) to patients in dental schools of Benghazi \ Libya, to improve the undergraduate cur-

riculum that can be beneficial for the newly graduating student and the practicing dentist. The null hypothesis was 

that there was no differnces between the knowledge and attitude of undergraduating students and interns in provid-

ing proper design of removable partial denture (RPD) to patients in dental schools of Benghazi \ Libya. 

3. Material and method: 

A cross-sectional study design was conducted among dental students and interns at the Faculties of Dentistry of both 

the University of Benghazi and LIMU. A convenience sampling method was employed. Ethical approval (no. 0220) 

was obtained from the Ethics Committee at the Faculty of Dentistry, University of Benghazi. An online-based ques-

tionnaire was used to collect data.  The questionnaire included sixteen questions to assess knowledge and attitude 

about participants' understanding of constructing RPDs, and communication with dental laboratories. Data was col-

lected over a period of 3 months (July -September 2024). Data was analyzed using SPSS (Ver.24), frequencies, and per-

centages were calculated for all categorical variables. 

4. Results: 

One hundred and thirty registered dentists completed the questionnaire. Table 1 presents RPD practices among partic-

ipants. It was revealed that half (50%) of participants reported never providing RPD service, while 15.4% reported 1-2 

cases per month. About a quarter (24.6%) of respondents base their decision for the treatment option of RPD on the 

number of natural teeth present, followed by 23.8% based on cost and patient desire. The majority (63.8%), indicated 

that they communicate with the laboratory by both marking on the primary cast and laboratory form. A smaller per-

centage, 8.5%, stated that they do not communicate with the laboratory during the RPD design process. Regarding the 

survey of the cast, less than half (40.8%) of respondents reported that they survey all the time, and more than one-third 

(35.4%) of respondents stated that they do sometimes, and 20.8% of respondents reported that they never survey the 

cast. Almost half (48.5%) reported that their dental technician follows their design instructions most of the time, fol-

lowed by one quarter (25.4% ) whose technician always follows their instructions. On the other hand, a small percentage 

9.2%) reported that their technician never followed their design instructions. 

Table (1): Respond to questions on RPD practices among participants. 

Question Respond N (%) 
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Q1. How often do you provide service of RPD to partially edentulous 

patient 

Never 65 (50%) 

1-2 cases per 

month. 

20 (15.4%) 

More than 3 

cases per month 

19 (14.6%) 

1-2 cases in 6 

months 

16  (12.3%) 

1-2 cases per 

year. 

10   (7.7%) 

Q2. On which basis do you decide on the treatment option of RPD fixed not possi-

ble 

24   (18.5% 

number of natu-

ral teeth present 

32   (24.6%) 

patient demand 20  (15.4%) 

excessive alveo-

lar bone loss 

20 (15.4%) 

cross stabiliza-

tion 

3 (2.3%) 

cost and patient 

desire 

31 (23.8%) 

Q3. While designing an RPD how do you communicate with the La-

boratory 

Verbally 13 (10%) 

Mark on the pri-

mary cast 

10 (7.7%) 

On laboratory 

form 

1310%) 

both b and c 83 (63.8%) 

None 11 (8.5%) 

Q4. How often do you do survey Never 27 (20.8%) 

No need 4 (3.1%) 

Sometimes 46 (35.4%) 
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All the time 53 (40.8%) 

Q5. Does your dental technician follow your design instruction Never 12 (9.2%) 

Sometimes 22 (16.9%) 

Most of the time 63 (48.5%) 

Always 33 (25.4%) 

 

Table (2) presents the participant attitudes regarding RPD design. A significant portion of participants (61.5%) believe 

that designing an RPD is the responsibility of the dentist, while 38.5% believe it’s the responsibility of the dental tech-

nicians. The majority of respondents (57.7%) believe that surveying is the job of both a dental technician and a dentist. 

Table(2): Responses to participant attitudes regarding RPD design. 

Question Respond N (%) 

Q6. In your opinion who should be responsible 

for designing an RPD 

Dental laboratory technician 50 (38.5%) 

Dentist 80 (61.5%) 

Q7. Is surveying the job of dental technician or a 

dentist 

Dentist 23 (17.7%) 

Dental Technician 31 (23.8%) 

Both 75 (57.7%) 

Not required 1 (0.8%) 

 

Table (3) presents the participant's knowledge regarding RPD design.  It was found that less than one-third (30%) of 

participants were fully aware of how to transfer the need for tooth modification to the patient's mouth. The majority 

of respondents review their basic knowledge before starting an RPD design either most of the time (38.5%) or always 

(35.4%). 32.3% follow the ADA guidelines, which are considered a standard in the field, while one quarter (25.4%) rely 

on their notes and experiences in designing RPDs. 39.2% take rigidity into account when choosing a major connector, 

reporting that it is always a priority. 47.7% of respondents believe that indirect retainers are necessary in Kennedy's 

class I, II, and IV cases most of the time, while 21.5%, believe that indirect retainers are sometimes necessary.  

Regarding the choices to modify the natural tooth structure, enameloplasty was the most preferred option, followed 

by changing the path of insertion and crowns, 40.8%, 20.8%, and 18.5% respectively. Only a small percentage of re-

spondents 3.1% indicated that they would choose restoration as their preferred method for modifying the natural 

tooth structure. Gingivally approaching retainers were the most preferred choice among respondents, with 45.4%, 

followed by precession attachments, and occlusally approaching retainers,  24.6% and 19.2%, respectively. 
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Table (3): Responds to the understanding of RPD design and techniques.        

Question Respond N (%) 

Q8. Are you aware of how to transfer the 

need of tooth modification to be transferred 

in the patient's mouth 

Not aware 13 (10%) 

Little bit 50 (38.5%) 

Aware 39 (30%) 

Fully aware 28 21.5%) 

Q9. When you start designing an RPD do 

you review your basic knowledge of design-

ing 

Never 3 (2.3%) 

Sometimes 31(23.8%) 

Most of the times 50 (38.5%) 

Always 46 (35.4%) 

Q10. Which reference do you follow in de-

signing an RPD 

BDJ 3 (2.3%) 

Mc Cracken's 16 (12.3%) 

Stewart's. 15 (11.5%) 

ADA guidelines 42 (32.3%) 

Other notes 33 (25.4%) 

No need 21 (16.2%) 

Q11 . Are you aware of the function of den-

tal implants in providing retention and sup-

port in RPD 

Not aware 8 (6.2%) 

Little bit 33 (25.4%) 

Aware 58 (44.6%) 

Fully aware 31 (23.8%) 

Q12 What do you think when selecting a 

major connector for RPD rigidity is an im-

portant factor 

Never 6 (4.6%) 

Sometimes 29 (22.3%) 

Most of the time 44 (33.8%) 

Always 51 (39.2%) 

Never 5 (3.8%) 
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Q13. Do you agree when we design a clasp 

it should always be supported by a rest 

Sometimes 44 (33.8%) 

Most of the time 37 (28.5%) 

Always 44 (33.8%) 

Q14. Do we need to put indirect retainers in 

Kennedy's class I, II & IV cases 

Sometimes 28 (21.5%) 

Most of the times 62 (47.7%) 

Always 40 (30.8%) 

Sometimes 28 (21.5%) 

Q15. If you need to modify the natural tooth 

structure to create or reduce an undercut, 

what option will you prefer 

Enameloplasty 53 (40.8%) 

Restoration 4 (3.1%) 

Crown 24 (18.5%) 

No need 8 (6.2%) 

Altering the RPD design 14 (10.8%) 

Change the path of insertion 27 (20.8%) 

Q16. What type of retainer do you prefer in 

the maxillary esthetic zone for an RPD 

Wrought Wire 14 (10.8%) 

Occlusally approaching 25 (19.2%) 

Gingivally approaching 59 (45.4%) 

Precession attachments 32 (24.6%) 

Wrought Wire 14 (10.8%) 

5. Discussion: 

A correct long-term prosthetic solution can be achieved with the patient's diagnosis of the remaining tissues. If an RPD 

is the chosen solution, analysis of support, followed by stability and only then, decide upon the necessary retentive 

elements are the systematic sequence. All other parts should be considered later[14]. The dentist may depend on the 

dental technician to design the partial denture due to weak undergraduate training in writing laboratory instructions 

which leads to inadequate communication between the dentist and technician[15]. Lynch and Allenref mentioned im-

portant guidelines for designing removable partial dentures. A faulty design of the prosthesis may result due to a lack 

of information on mechanical and biological principles for RPD design therefore, dental practitioners are responsible 
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legally and ethically that will not cause harm to oral structures[16,17]. The color coding may be used to mark the differ-

ent components of RPD and similar terminology should be used by the dentist and the dental technician to get good 

communication. An online communication between dental clinics and dental laboratories may be provided by Com-

puterized RPD systems[18]. It is not an acceptable practice to leave important parameters in removable prosthodontics 

like occlusal scheme, carving of posterior palatal seal, and information on finishing and contouring of the dental pros-

thesis to the decision of the dental technician due to insufficient education[16,17,19]. The interaction between dentists 

and dental technicians has been termed a ‘‘love-hate relationship’’ and the laboratory work authorization has been 

called the most frequently used and abused form of communication between them[20]. This study revealed the majority 

communicate with the laboratory by both marking on the primary cast and laboratory form. A smaller percentage do 

not communicate with the laboratory during the RPD design process. Less than half of respondents reported that they 

survey all the time, more than one-third of respondents stated that they do sometimes, and 20.8% of respondents re-

ported that they never survey the cast. Almost half of the participants reported that their dental technician follows their 

design instructions most of the time, followed by one quarter whose technician always follows their instructions. On 

the other hand, a small percentage reported that their technician never followed their design instructions. In this study, 

a significant portion of participants believe that designing an RPD is the responsibility of the dentist, and the majority 

of respondents believe that surveying is the job of both a dental technician and a dentist. Preservation of existing oral 

structures is the primary purpose of treatment by removable partial denture and natural abutment teeth are selected to 

provide the necessary support, bracing, and retention for the removable prosthesis sometimes are unable to perform 

their task without some modification, therefore, altering the tooth's enamel surface or fabricating and placing a crown 

may be needed[21]. It was found that less than one-third of participants were fully aware of how to transfer the need 

for tooth modification to the patient's mouth and enameloplasty was the most preferred option and a small percentage 

of respondents would choose restoration as their preferred method for modifying the natural tooth structure. The Major 

connector of the cast partial denture should be rigid to resist flexing and torquing forces, it provides cross arch stability 

and resists displacement by functional stresses. An unequal distribution of forces may be caused by a flexible major 

connector which in turn may cause damage to the supporting structures[22]. The use of indirect retainers depends on 

any given case. It is important to apply an indirect retainer in Kennedy Class I, II and IV situations with long-span 

edentulous areas in the form of rests (occlusal, cingulum, incisal), Continuous bar or Cingulum bar[23]. In this survey 

39.2% take rigidity into account when choosing a major connector, reporting that it is always a priority. 47.7% of 
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respondents believe that indirect retainers are necessary in Kennedy's class I, II, and IV cases most of the time, while 

21.5%, believe that indirect retainers are sometimes necessary. A survey was made in in commercial laboratories in 

Athens, Greece to record removable partial denture (RPD) retentive elements and abutment teeth in partially edentu-

lous patients, Roach clasps were found to be used in the majority of cases whereas RPI clasps and attachments were 

rarely used[24]. Similarly, in our survey gingivally approaching retainers were the most preferred choice among re-

spondents followed by precession attachments, and occlusally approaching retainers respectively.  

6. Conclusion: 

Within the limitation of this study we can conclude that; our undergraduated students have less chance to practice RPD 

thats why they miss some of the basic of treatment option for partial edontilism. On other hand, they belived in the 

communication with dental technitions . They aggred that the survey and designing of RPD is mainly the responsibility 

of the dentist. Most of them consideder ADA as a refrence. They belived in the importance of implant to support RPD , 

and the importance of major connector and gingivally approach retained in esthetic zone. Dental students in both uni-

versities (Benghazi and LIMU) showed acceptable level of knowledge about designing of RPD. Further practice is rec-

ommended.  
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Abstract: Targeted drug delivery is one of the most important branches of pharmaceuti-

cal sciences, which is important for researchers in increasing the effectiveness of drugs and 

reducing drug toxicity by means of drug delivery carriers. 

The formulation of drug delivery systems can increase the safety of the drug by reducing 

systemic side effects, preventing the release of the drug in the stomach and damaging it, 

and preventing the distribution of the drug in healthy tissues. It also prevents the decom-

position of the drug and covers the bitter taste of the drug and reduces costs. The purpose 

of this research is to use the drug sulfasalazine to the colon in a drug delivery system based 

on azo hydrogels, which we cover with gellan polysaccharide, and to show its effect on the 

body's digestive system and the treatment of inflammatory bowel disease. 

To do this, we first poured distilled water into the sample beaker and mixed it with a mag-

netic stirrer. Heating was done for one hour to completely dissolve gelan. Then, the ground 

drug was added during the dissolution of gelan. Stirring continued for three hours and 

after that we drained the samples in a plastic container and put them in the refrigerator. 

30 ml of deionized water was added to 10 ml of each of the samples, then they were titrated 

separately using 10 M sodium hydroxide solution and 1 10 M hydrochloric acid. The dial-

ysis bag was cut into several pieces, and then the bottom of the bag was closed with a piece 

of clean, suitable cotton soaked in PBS buffer, and 20 ml of samples were added to each 

bag. For each sample, 25 cc of isotonic PBS buffer with pH=0.7 was added to a 50 cc Falcon 

tube, and the dialysis bag and its contents were immersed in the Falcon tube. Then, optical 

absorption or ultraviolet light was read using a spectrophotometer in both environments 

inside the dialysis bag and outside the bag during different hours. Cytotoxicity test is done 

by several methods: NRU, CFU, MTT, XTT, in this research we used MTT test to check the 

toxicity of substances on cell life. We used the FTIR analysis test to identify unknown sub-

stances, determine the concentration and quality of the sample. This research, while con-

firming the slow release, showed that the maximum release of the drug is within 48 hours 

in the environment similar to physiological and isotonic conditions. The successful 

Citation: Mahshid Sadeghi. The 

use of golan gum in the targeted re-

lease of sulfasalazine to the large in-

testine based on pH sensitivity  . 

Biomat. J., 3 (1), 14 – 32 (2024).  

https://doi.org/10.5281/znodo.582

9408 

Received:  19 December  2024 

Accepted:  24 December 2024 

Published:  25 December  2024 

 

Copyright: © 2023 by the authors. 

Submitted for possible open 

access publication under the 

terms and conditions of the 

Creative Commons Attribution 

(CC BY) license 

(https://creativecommons.org/lic

enses/by/4.0/). 

http://www.biomatj.com/
https://portal.issn.org/resource/ISSN/2812-5045


Biomat. J., 3 (1), 14 – 32 (2024) 15 of 19 
 

development of nanoparticles for the oral method can change the treatment pattern of 

many diseases and have an important effect on the treatment results in the future. 

Keywords: golan gum, sulfasalazine, large intestine 

 

1. Introduction 

Inflammatory bowel disease is a common disease in the digestive system that causes inflammation and ulceration in 

the inner wall of the large intestine and small intestine. This disease can be painful and sometimes debilitating and in 

some cases it can be life threatening. Inflammation can be limited to the intestinal wall or spread throughout the 

intestine, and finally it can cause another acute disease in different areas of the digestive system and anus. 

Sulfasalazine is one of the main drugs . The most effective ones are for the treatment of inflammatory bowel disease. It 

is an anti-inflammatory drug that has two parts of 5-aminosaliyl, one acid and sulfapyr-iodine, which are connected 

by an AZO bond, and it is taken orally. This drug is broken down in the acidic pH of the stomach and its 

pharmacological effect is lost. Drug release is a method in which by using the medical method and combining it with 

the engineering point of view, drugs or therapeutic molecules in general can be delivered more effectively to the 

desired target i.e. the treated area. Drug delivery to the colon is a new strategy that has received much attention. The 

selective release of drugs to the colon can not only control the required dose, but also reduce the systemic side effects 

caused by high doses. Peptide, protein, oligonucleotide drugs and vaccines can be good candidates for this route. 

Releasing the drug from the colon route and through the absorption of the cells of this route is another way of 

delivering drugs that are absorbed in small amounts from the previous parts of the digestive tract. However, there are 

some obstacles to choose this route for drug release. Different pH, long transit time from the mouth to the large 

intestine can be some of these obstacles that can be overcome by using pH-sensitive coatings. Polysaccharide di and 

azopolymeric coatings such as hypectin, galactomethane based systems and also azo hydrogels that can be destroyed 

by bacteria can be used to release the drug from the colon. Gellan Plysacar Iodine gum is biocompatible and non-

cytotoxic, which is resistant to the acidic pH of the stomach, but is destroyed in the intestinal environment and causes 

the drug to be released at the target site. In this research, in order to deliver the drug sulfasalazine to the colon, we 

coated it with gellan iodide polysaccharide in a drug delivery system based on azo hydrogels. 

 

Fig 1: Showing the amount of drug concentration in blood with traditional drug delivery (dashed line) and controlled 

reed drug delivery (dashed line) 
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Controlled drug release is a targeted control system that, by means of a biological stimulus, guarantees the release of a 

certain amount of drug at a certain time to achieve the desired therapeutic effect [2] despite the tremendous progress in 

this field in recent decades, the systems Drug delivery is not a new concept. The people of ancient China and Egypt, 

even before the word drug delivery, used this concept in the form of polymers and waxes with active medicinal agents. 

Since the industrial revolution in 1970, various technologies have been developed in the field of drug delivery [4 and 

3]. 

The formulation of drug delivery systems can increase the safety of the drug by reducing systemic side effects, 

preventing the release of the drug in the stomach and damaging it, and preventing the distribution of the drug in healthy 

tissues. It also prevents the separation of a drug and also covers the bitter taste of the drug and reduces costs. All kinds 

of drugs, regardless of their molecular weight and solubility in water, can be loaded into biodegradable microparticles 

using different production techniques. In general, a targeted drug delivery system includes a drug, a carrier and a 

targeted ligand. 

1) Target: In this system, it is the tissue, organ or cell that needs treatment. 

2) Drug carrier: drug release is possible only from the drug site. Carriers, molecules or any system 

There are others who are responsible for the successful transfer or transport of the drug to the target tissue. 

Carriers are specially designed to hold the drug in their structure. This is possible by encapsulating the drug, or 

enclosing it. 

Targeting mechanisms of the drug 

 1: Physical targeting 

Physical targeting by various external forces such as: magnetic field [9], ultrasound [10], light [11], heat [12] and 

electric field [13] in order to accumulate or disperse the medicinal agent in the desired location. can be It seems that 

among these cases, the use of magnetic field, light and ultrasonic waves has found wider use, and among these, 

magnetic field has found wide commercial applications due to its cheapness and ease of use [16 14]. Drug delivery by 

ultrasound waves is another new method of drug delivery that combines ultrasound technology with microbubbles 
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containing medicinal compounds and facilitates cellular absorption by using an external ultrasound field. It is 

depicted schematically in the form of drug release to cancer tissue by sending ultrasound waves[17] 

 

Fig 2: Sending ultrasound waves to microbubbles and drug release in cancer tissue 

Controlled drug delivery systems have caused tremendous expansion and progress in the field of pharmaceuticals. In 

the pharmaceutical industry, one of the most vital needs is finding and making suitable drug carriers for drug 

delivery. As a result, the side effects of drugs are reduced due to the use of a small amount of drugs and effectiveness 

in certain areas. The drug delivery system without a target causes the distribution of the drug in the body and the 

effect of the drug on all areas of the body. This dispersion and distribution causes toxic effects on other areas as well 

as loss of important medicinal compounds. In medical engineering, the design of drug carriers for better diagnosis 

and treatment is very important in order to improve the management of diseases [23 22]. The presence of biological 

materials 1 is needed to design a stable and environmentally friendly drug carrier system, which can be natural 

polymers, metal compounds, synthetic and modified polymers. Compatibility with the environment and 

biodegradability of these materials have a significant effect on reducing toxic effects. A suitable drug carrier system 

has an effect on the absorption, distribution and rate of drug metabolism [24, 25]; This has been achieved by 

controlled drug delivery systems. Figure 3 shows the synthesis methods of different drug delivery systems. 
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Fig 3: The different methods of synthesis of drug delivery systems. 

Drug release system based on polymer 

In the drug release system, polymers (natural and synthetic) are used to improve the efficiency of this system. The 

most important factor for choosing a polymer is its biodegradability. Because when it enters the body, after the drug 

release process is completed, It is easily removed from the body. Also, the radical polymerization method is used for 

the synthesis of these macromolecules. Bioadhesion is defined as the adhesion between the polymer and the biological 

structure. The existence of polymers is essential to create this state of adhesion [27]. In recent years, a number of 
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bioadhesive polymers have been considered very important in the drug release system: poly(acrylic acid), 

carboxymethyl acid. Cellulose and hydroxypropyl methyl cellulose. Among these polymers, polyacrylic acid 1 

(especially in the cross-linked state) is a very good option, due to its nature. Hydrophilicity, negative charge and high 

flexibility are selected. 

 

 gellan gum : 

 

 

Fig 4: Gellan gum preparation. 
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This gum is an anionic polymer made of beta-diglucose, beta-diglucuronic acid and alpha-l-rhamnose units in a ratio 

of 1:1:2. 

  

 

Fig 5: Chemical structure of gellan. 

2. Material and method: 

The gelatin sample was poured into a beaker and distilled water was added to it (Table 2). Then the beaker was cov-

ered and mixed by a magnetic stirrer. It was heated to a temperature of 90 degrees Celsius for one hour until dissolu-

tion. It is worth mentioning that 90 degrees Celsius is the temperature required to dissolve gelan gum. After one hour, 

the ground drug was added to it while dissolving gelan. Then for 3 hoursIt was stirred by a magnetic stirrer. The pre-

pared samples were emptied into plastic containers and kept in the refrigerator. 
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30 ml of deionized water was added to 10 ml of each of the samples, then they were titrated separately using 0.1 M 

hydrochloric acid solution and 0.1 M sodium hydroxide. It is in milliliters of acid or base consumed until the target 

pH is reached. A pH meter was used to measure the final pH of the samples 

 

The pouch was cut into 17 cm pieces. Then the bottom of the bag with a piece of thread fits perfectly Cleaned and 

quenched with PBS buffer. 20 ml of samples were added to each dialysis bag.  

 

 

For each sample, 25 cc of isotonic PBS buffer with pH = 7 was added to a 50 cc Falcon tube, and the dialysis bag with 

its contents was immersed in the Falcon tube. 
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Then absorb O.D. Absorbance (or UV light at a wavelength of 359 nm (359 nm λ) was read using a spectrophotometer 

in both environments inside the dialysis bag and outside the bag during 1, 2, 4, 8, 24 and 48 hours. 

Cytotoxicity test 

Cell experiments were performed at the Institute  Pasteur center in the north of the country (AML) and in the cell 

culture laboratory. Fibroblast cells were obtained from the cell bank of the Institut Pasteur of Iran and were cultured 

in DMEM culture medium containing 10% FBS and 1% antibiotics penicillin and streptomycin (relative to 1 to 1) were 

cultured. Then the cells that have grown were separated from the culture medium with trypsin and centrifuged at 

1500 rpm for 10 minutes at 4 degrees Celsius. Then 200 microliters of the cell suspension in the number of 5000 Cells 

were cultured in BIOFIL 96-well microplates for 24 hours (Figure 3 10) (Figure 3 11) (Figure 3 12). Next, each sample 

was mixed with the culture medium in the order of Table (3 4) and in each The well was added. 

The microplates were placed in an incubator for 24, 48, and 72 hours at 37°C, 95% humidity, and 5% 2CO concentra-

tion (Figure 13). After 24, 48, and 72 hours, the effect Each sample on the mentioned cell line was checked by MTT col-

orimetric test method. The cytotoxicity test is performed according to the ISO10993-5 standard and with three meth-

ods: NRU test, CFU test, MTT test, and XTT test. The most common method in evaluating cytotoxicity is the cell sur-

vival assay using the MTT or (3-4,5-dimethylthiazol-2-yl-2,5-diphenyltetrazolium bromide) method. 

3. Results and Discussion: 

Diagram (4-7) compares the four Fourier transform infrared spectroscopic spectra of the four produced hydrogels in 

reverse Y-axis. In the area surrounded by the red circle, it can be seen that the spectra are in complete agreement and 

only in the amount The transmission spectrum clearly shows a change in the range of 1-Cm 2000 500. This difference in 

the transmission spectrum is visible in all parts of the spectrum, but it is more clear in this range. 
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Diagram number (4-10) shows the drug release in standard conditions and in the presence of the 

semi-permeable barrier of the dialysis bag with a cut-off of 14 kilodaltons over time in a linear fashion. The 

amount of GG is far away from the product P4, which has the lowest amount of GG, and this indicates that 

GG is effective in releasing the drug more slowly. Also, in the first 4 hours of the study, all four products 

showed almost the same behavior, but in the eighth hour and later The difference between different prod-

ucts has become significant. 
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Diagram (4-10): Linear diagram of sulfasalazine drug release in four products P1, P2, P3 and P4 separately 

for each product 

 

Cytotoxicity 

In order to check the level of cytotoxicity of the product and the components used to make the product, 

normal human fibroblast cells were treated using the prepared products and sulfasalazine and gellan gum. 

After a period of 24, 48 and 72 hours from the proximity of cells with separate medicinal compounds and 

products; It was investigated using the MTT Assay method. The results of the light absorption obtained by 

the ELISA device along with the analysis of the results are given in tables (3-4), (4-4) and (4-5). 

 

Conc. 

(μg/ml) 

OD1 OD2 OD3 
Viabil-

ity 1 

Viabil-

ity 2 

Viabil-

ity 3 
Average SD SEM 

Cell 

Inhibi-

tion 

Ttest 

P1 0.377 0.362 0.347 84.80 80.16 75.00 79.99 4.90 2.83 20.01 0.019419 

P2 0.389 0.363 0.375 88.00 80.42 82.29 83.57 3.95 2.28 16.43 0.018705 

P3 0.378 0.392 0.381 85.07 88.10 83.85 85.67 2.18 1.26 20.45 0.007659 

P4 0.394 0.383 0.387 89.33 85.71 85.42 86.82 2.18 1.26 13.18 0.009002 

G1 0.407 0.412 0.436 92.80 93.39 98.18 94.79 2.95 1.70 5.21 0.092232 

G3 0.429 0.443 0.435 98.67 101.59 97.92 99.39 1.94 1.12 0.61 0.640628 

SS 0.401 0.345 0.364 91.20 75.66 79.43 82.10 8.11 4.68 17.90 0.062036 

            

Control 0.434 0.437 0.443 100.00 100.00 100.00 100.00 0.00 0.00 0.00 
 

Blank 
 

0.059    
     

 

 Absorption, average survival rate and inhibition of different samples and relevant statistical indi-

cators within 24 hours of placement of human fibroblast cells in the vicinity of different samples  
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Conc. 

(μg/ml) 

OD1 OD2 OD3 
Viabil-

ity 1 

Viabil-

ity 2 

Viabil-

ity 3 

Aver-

age 
SD SEM 

Cell 

Inhi-

bition 

Ttest 

P1 0.462 0.479 0.481 76.52 79.99 78.89 78.47 1.77 1.02 21.53 0.002246 

P2 0.517 0.464 0.483 86.77 77.18 79.25 81.07 5.05 2.91 18.93 0.022865 

P3 0.489 0.502 0.509 81.55 84.29 84.03 83.29 1.51 0.87 16.71 0.002710 

P4 0.528 0.492 0.514 88.82 82.42 84.94 85.39 3.22 1.86 14.61 0.015857 

G1 0.564 0.544 0.587 95.53 92.14 98.35 95.34 3.11 1.79 4.66 0.121634 

G3 0.601 0.571 0.597 102.42 97.19 100.18 99.93 2.62 1.51 0.07 0.968959 

SS 0.454 0.475 0.483 75.03 79.24 79.25 77.84 2.43 1.41 22.16 0.003997 

            

Con-

trol 0.588 0.586 0.596 
100.00 100.00 100.00 

100.00 0.00 0.00 0.00 
 

Blank  0.051    
     

 

Absorption, average survival rate and inhibition of different samples and relevant statistical indicators dur-

ing 48 hours of placement of human fibroblast cells in the vicinity of different samples 

 

Conc. 

(μg/ml) 

OD1 OD2 OD3 
Viabil-

ity 1 

Viabil-

ity 2 

Viabil-

ity 3 
Average SD SEM 

Cell 

Inhibi-

tion 

Ttest 

P1 0.507 0.483 0.462 82.58 78.65 70.93 77.39 5.92 3.42 22.61 0.022115 

P2 0.519 0.496 0.526 84.75 81.02 82.01 82.59 1.93 1.12 17.41 0.004093 

P3 0.511 0.531 0.514 83.30 87.41 79.93 83.55 3.74 2.16 20.45 0.016836 

P4 0.547 0.522 0.505 89.84 85.77 78.37 84.66 5.81 3.36 15.34 0.044650 

G1 0.572 0.589 0.545 94.37 97.99 85.29 92.55 6.54 3.78 7.45 0.187439 

G3 0.594 0.622 0.613 98.37 104.01 97.06 99.81 3.70 2.13 0.19 0.938277 

SS 0.497 0.485 0.452 80.76 79.01 69.20 76.33 6.23 3.60 23.67 0.022317 

            

Control 0.603 0.6 0.63 100.00 100.00 100.00 100.00 0.00 0.00 0.00 
 

Blank 
 

0.052    
     

  

Absorption, average survival rate and inhibition of different samples and relevant statistical indicators dur-

ing 72 hours of placement of human fibroblast cells in the vicinity of different samples 
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4. Conclusion: 

Many new drugs are only used by injection. Alternative methods of injection, to Especially the oral method, compared 

to the injection method, is very desirable because it is more convenient and seeks the patient's satisfaction. Although 

the oral method has many challenges due to the presence of barriers in the digestive system, polymeric nanoparticles 

can be used to overcome the pH and enzyme barriers, but the barriers of intestinal permeability It remains an important 

challenge. So far, many methods have been used to overcome the intestinal epithelial barrier to effectively deliver bio-

logical drugs and nanomedicines. The tests performed in an artificial environment to check the release of salt from 

hydrocolloids seem reliable, acceptable and repeatable and can be compared with different structures of gels and other 

materials in the future. Adhesive mucilaginous materials prolong the stay time in the intestine by using the mucous 

layer of the intestines and increase the concentration of drugs near the surface of the epithelial cells. In addition, there 

are many penetration-enhancing mucosal adhesions that open tight junctions between epithelial cells so that drugs and 

pharmaceutical agents can pass through this barrier. Other methods on targeting routes Natural transcytosis is focused 

on including the M cell, the vitamin B12 pathway, and the FcRn pathway. Recent studies have shown that targeting 

transcytosis pathways can effectively deliver drugs and nanomedicines orally, but more research is needed before these 

technologies can be used clinically. Oral drug delivery system is being developed for many different applications, such 

as oral drug delivery of chemotherapeutic agents for cancer treatment, local drug delivery to the intestine for the treat-

ment of inflammatory bowel disease, and mucosal oral vaccination. Many proteins, especially insulin for the treatment 
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of diabetes, have been loaded into nanoparticles for oral use. The successful development of nanoparticles for the oral 

method can change the treatment pattern of many diseases and have an important effect on the treatment results in the 

future. This research, while confirming the slow release, showed that the maximum drug release within 48 hours is 

similar to physiological conditions and isotonic conditions.  
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1. Introduction 

Increased life expectancy has led to a rapid aging of the population and, consequently, a higher incidence of bone 

diseases, such as osteoporosis, as well as bone fractures [1,2]. However, the search for an ideal biomaterial still persists 

as one of the greatest challenges in the medical field, such as its application for bone tissue regeneration and implants 

[3]. There are many clinical reasons for the development of new materials to replace human bone, such as in the re-

construction of defects, including the need for orthopedic implants that are resistant to corrosion and mechanically 

more suited to their biological environment [4,5]. 

Bone is a mature connective tissue that provides functionality for our bodies, protection of vital organs, and a sta-

ble base for muscle and joint function. Bone also plays an important physiological role in supporting hematopoietic 

and mineral homeostasis activities in our bodies, being the main protective barrier for vital organs [6]. Current surgi-

cal procedures for bone repair include transplantation of tissue grafts of natural origin or biomaterials developed from 

various methods, such as powder metallurgy and rapid solidification [7]. 

The most common reconstructive graft is autograft, which involves harvesting the patient's tissue from a donor 

site and transplanting it to the damaged or deficient recipient site [8]. There are some limitations to these techniques, 

as autografts have limited availability and can result in trauma and invasive (surgical) procedures in patients [9]. 

These graft limitations have led to the development and use of biomaterials as substitutes for the bone tissue regener-

ation process [10]. 

The purpose of the biomaterial is to play a fundamental role in bone tissue regeneration by temporarily acting as a 

support structure that allows the gradual distribution of stress in affected areas, thus providing a pathway for cell 

growth until the bone tissue is fully recovered [11]. In order to achieve this purpose, the structure must maintain its 

shape and adequate mechanical characteristics throughout the regeneration process, until the injured region is com-

pletely recovered [12,13]. 

As a metallic biomaterial, amorphous alloys were first synthesized in 1960 by Pol Duwez using the rapid cooling 

technique (on the order of 105 - 106 K s-1) in a binary metal alloy system Au80Si20, and attracted the attention of re-

searchers around the world due to their special properties [14,15]. Amorphous alloys have a long-range disordered 

atomic structure and exhibit unique magnetic properties, high mechanical strength, low elastic modulus, good corro-

sion resistance, and satisfactory biocompatibility for biomedical applications [16]. 

Due to the importance of amorphous alloys, several technologies have been developed to obtain them over time, 

among which are the chilling of molten metal into ribbon forms (melt-spinning) [17], arc furnace casting (cooled metal 

mold) [18], centrifugal casting [19], gas atomization (hot or cold extrusion) [20], spray forming [21], chemical reduc-

tion [22], electrodeposition [23] and high energy milling (HEM) [24]. Among the methods mentioned, HEM stands out 

for being a powder processing technique that allows the production of homogeneous materials from the mixture of 

elementary powders [25]. Thus, the objective of the present work was the synthesis of amorphous alloys with the 

compositions Co69Nb23B8, Fe78Si9B13, Co68Cu23B9 and Fe64Nb28B8 by high energy milling (HEM) for applications 

of synthetic biomaterials in bone tissue regeneration. However, the use of the amorphous alloys Co69Nb23B8, 

Fe78Si9B13, Co68Cu23B9 and Fe64Nb28B8, synthesized by high energy milling (HEM), is being used for biomedical 
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field. Then, their physical-chemical, magnetic, thermal, mechanical and biological properties were evaluated, in addi-

tion to their viability for application in the biomedical field. 

2. Material and method: 

Elemental metal powders (99.9% purity, from Êxodo Científica − LTDA/Brazil) of Co, Fe, Nb, Cu, Si and B with 

nominal compositions of amorphous alloys Co69Nb23B8, Fe78Si9B13, Co68Cu23B9 and Fe64Nb28B8 (in at. %) were 

mechanically ground in a planetary ball mill (Fritsch Pulverisette 5). The powder mixture load was maintained at 20 g 

for all tests, as well as the ball-to-powder ratio by weight of 20:1. The test speed adopted was 300 rpm and a grinding 

time of 15 h. Finally, ethyl alcohol (C2H6O) (2 mL) was used as a process control agent (PCA) in the grinding medium 

to regulate the morphology of the homogenized powder and an argon atmosphere. The microstructural evaluation of 

the samples obtained from the mechanical alloy was performed by X-ray diffraction (XRD; BRUKER diffractometer, 

model D2 Phaser) using CuKα radiation (λ = 1.54056 Å) produced at 45 kV and 40 mA. The diffraction angle (2θ) var-

ied between 10º and 80º with a step of 0.012º and a time of 5 s. A TESCAN scanning electron microscope, model 

VEGA 3, operating in the voltage range of 5 or 10 kV, was used for the microstructural characterization. The samples 

were placed on a metal support (stage) and previously coated with a thin layer of gold (Au). Then, images were ob-

tained at different points of the samples and at magnification in the order of 100 kx. From the analysis of the images, it 

was possible to observe the surface morphological modifications in the amorphous alloys Co69Nb23B8, Fe78Si9B13, 

Co68Cu23B9 and Fe64Nb28B8. The thermal studies of the amorphous powders of Co69Nb23B8, Fe78Si9B13, 

Co68Cu23B9 and Fe64Nb28B8 were collected after grinding, using differential thermal analysis (DTA) and thermo-

gravimetric analysis (TGA) equipment from SHIMADZU DTG-60H. All thermal studies were conducted under an 

argon atmosphere with a heating rate of 10°C/min. The textural analysis was performed using a Quantachrome 

NOVA 2200E BET surface area and pore size analyzer, Autosorb IQ model, to obtain adsorption/desorption isotherms 

of the amorphous alloys Co69Nb23B8, Fe78Si9B13, Co68Cu23B9 and Fe64Nb28B8. The uniaxial compressive mechani-

cal tests were conducted in a WDW-100 testing machine at a deformation rate of 4 10-4 s-1 at room temperature. The 

powder sizes of the alloys Co69Nb23B8, Fe78Si9B13, Co68Cu23B9 and Fe64Nb28B8 were pressed into cylindrical disc 

shapes and are 2 mm in diameter and 4 mm in height. Compression tests were performed at least in triplicate for the 

amorphous powders Co69Nb23B8, Fe78Si9B13, Co68Cu23B9 and Fe64Nb28B8. The magnetic properties were studied 

by a vibrating sample magnetometer (VSM) at room temperature of 25 °C and a magnetic field in the range of ± 40 

kOe. The cell viability assay by MTT for the amorphous alloys Co69Nb23B8, Fe78Si9B13, Co68Cu23B9 and 

Fe64Nb28B8, performed using the MTT assay with MC3T3 osteoblastic cells, showed a cytotoxic profile that, at the 

safe concentration, the cell viability was higher than 70%, promising potential for applicability as metallic biomaterial 

for biomedicine. 

3. Results and Discussion: 

Figure 1 shows the diffractograms of the alloys Co69Nb23B8 (a), Co68Cu23B9 (b), Fe64Nb28B8 (c) and Fe78Si9B13 (d) pro-

cessed by mechanical grinding (HEM). In the diffractograms, in the 2θ range of 40º – 50º, a typical diffuse halo is ob-

served, with no indication of an obvious diffraction peak corresponding to the crystalline phases, as shown in the central 

part inside the red dashed circle, characteristic of an amorphous structure.  
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Figure 1. X-ray diffraction patterns of the amorphous alloys Co69Nb23B8 (a), Co68Cu23B9 (b), Fe64Nb28B8 (c) and Fe78Si9B13 

(d). 

 

Figure 2 illustrates the vibrational spectra of the amorphous alloys Co69Nb23B8 (a), Co68Cu23B9 (b), Fe64Nb28B8 (c) and 

Fe78Si9B13 (d) obtained by HEM in the infrared region of 4000 - 500 cm-1. 
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Figure 2. FTIR spectra of the amorphous alloys Co69Nb23B8 (a), Co68Cu23B9 (b), Fe64Nb28B8 (c) and Fe78Si9B13 (d). 

 

The FTIR spectra of the amorphous alloy Co69Nb23B8 (a) showed a band at ~2335.6 cm−1, which is attributed to the 

stretching vibration modes of the C=O group of atmospheric CO2 [26]. The FTIR absorption spectrum in the vicinity of 

~2094 cm−1 slightly decreases in intensity, which is most likely due to the formation of some dicarbonyl Co2+(CO)2 species 
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absorbing at lower frequencies [27]. The band observed at 626 cm−1 is attributed to the stretching frequency of Co-O, 

where Co is Co2+ and is tetrahedrally coordinated due to the presence of the spinel of Co3O4 [28]. 

Analyzing the FTIR spectrum of the amorphous alloy Fe78Si9B13 (b) it can be observed that the absorption band 

observed at 2338 cm-1 corresponds to the presence of (R)O-H groups (R = Si and B or Ba), for example, the silanol group 

SiOH [29]. A broad band was observed in the region of 2104 cm-1 corresponding to the characteristic stretching mode of 

the Si-O group [30]. 

The band that appears around 1992 cm-1 corresponds to the O-Fe-O stretching mode of Fe2O3 [31]. The band at 638 

cm-1 represents the stretching vibration of the Fe-O bond in Fe3O4 [32]. The occurrence of a band at 592 cm-1 is attributed 

to the stretching vibrational mode of the Si-O-Fe group [33]. The bands at 3825 cm-1 and 3650 cm-1 in the FTIR spectrum 

of the Co68Cu23B9 (c) alloy are attributed to the axial stretching mode of the O-H group, due to the H2O molecules having 

an incompletely developed hydrogen bond [34]. 

The presence of a band at 2250 cm-1 indicates the involvement of unstable oxidation processes of Cu(I) to Cu (II) 

ions, which can be attributed to vibrations caused by atmospheric CO2 [35]. The band around 2100 cm-1 is due to the 

stretching vibrations of the B-O bonds of BO3-, which involves the bonding of different oxygen groups [36]. 

The FTIR band at 1532 cm-1 can be attributed to a metal-metal charge transfer exclusive to the oxo-bridged Co-O-

Cu bond in the octahedral coordination [104]. The absorption spectra in the 1250 cm-1 range are attributed to the stretch-

ing of non-bridged oxygen atoms of the Co-OH type [37] Regarding the FTIR band around 2650 cm-1 of the amorphous 

alloy Fe64Nb28B8 (d) is directly related to the presence of niobium. The nature of this band cannot be clearly established, 

but it may be related to the formation of P-OH⋯O-Nb bridges instead of P-OH⋯O-P [38]. 

This vibration becomes narrower as the niobium oxide content increases. The evolution of this band indicates that 

in addition to a decrease in the amount of OH, niobium oxide changes the nature of the OH bond and, therefore, the 

associated vibration frequency [39]. The band observed at ~2250 cm-1 in the Fe64Nb28B8 alloy (d) is caused by the stretch-

ing vibration modes of the B-H group [49]. 

The band around 2000 cm-1 is attributed to the asymmetric stretching vibrations of the O-Fe-O group [41]. The 

FTIR spectrum showed the presence of a strong band at ~1960 cm-1, being attributed to the stretching vibration mode of 

Nb=O [42,43]. Furthermore, the strong absorption band at 650 cm-1 reported in the FTIR spectrum of the amorphous 

alloy is attributed to the stretching vibrations of Fe-O and Fe2O3 bonds [44]. 

All absorptions and assignments related to the amorphous alloys Co69Nb23B8 (a), Co68Cu23B9 (b), Fe64Nb28B8 (c) and 

Fe78Si9B13 (d) are described in Table 1. 

 

Table 1. Wavenumber and absorption bands for the amorphous alloys Co69Nb23B8 (a), Co68Cu23B9 (b), Fe64Nb28B8 (c) and 

Fe78Si9B13 (d). 
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Figure 3 illustrates the micrographs of the amorphous alloys a) Co69Nb23B8, b) Co68Cu23B9, c) Fe78Si9B13 and d) Fe64Nb28B8 

obtained by SEM. The micrographs of each amorphous alloy give an idea of the morphological structure of the amor-

phous powders and were grouped with a scale of 50 µm and a magnification of 100kx. 

 
 

Figure 3. Micrographs obtained by SEM of amorphous alloys a) Co69Nb23B8, b) Co68Cu23B9, c) Fe78Si9B13 and d) Fe64Nb28B8. 

 

In the micrograph of Figure 3 a) Co69Nb23B8, an agglomeration of particles with irregular and very flattened mor-

phology is observed, which occurs due to the plastic deformation and ductility of the powders that undergo hardening 

and bonding by crushing, resulting in final particles with irregular morphology and non-uniform size [45]. In this case, 

the particle size increased with irregular shape and produced a mixture with a wide particle size distribution of 50 μm 

[46].  

The amorphous powder particles in b) Co68Cu23B9 were milled for 15 h to reach a size of 50 μm, which shows an 

irregular particle morphology, typical of small flakes that transform into fine particles due to the plastic deformation of 

the Co68Cu23B9 alloy powder during high-energy milling [47]. 

The representative SEM micrograph of the amorphous alloy c) Fe78Si9B13 shows that the powders are hardened by 

intense plastic deformation during grinding, becoming brittle in nature. In this case, irregular agglomeration and cold 

welding occur over fracturing mechanisms. Thus, the particle size is reduced and a mixture of hemispherical particles 

with a narrow size distribution of 50 μm is developed [48]. In this way, a more homogenized and very uniform mixture 

was obtained. As shown in the micrograph of the powder of the amorphous alloy d) Fe64Nb28B8, it is clear that it presents 

an irregular agglomeration morphology with a uniform and homogeneous distribution, due to the numerous fractures 

and reduction of particles with a size of 50 μm due to the cold-welding process, presenting very few pores on its surface 

[49]. The balance between fracture and cold welding of powder particles is assisted by the high contact pressure between 

the spheres and powders, as well as between the spheres and vials, leading to the creation of new surfaces that come 

into contact with each other under significant plastic deformation. 

This results in the flattening of the powder particles and the emergence of a varied and irregular morphology [50]. 

Continuous milling led to a combination of continuous fracturing and cold-welding processes, resulting in aggregates 

of smaller particles with irregular shapes and particle sizes of 50 μm during the 15 h of milling. Thus, it can be stated 

that this caused the fracture to occur more abruptly. 

Figure 4 illustrates the thermal events observed from the superimposed TGA/DTA curves for the amorphous 

alloys Co69Nb23B8 (a), Co68Cu23B9 (b), Fe64Nb28B8 (c) and Fe78Si9B13 (d), which allows the determination of the decomposi-

tion temperatures (ºC), transformation of amorphous phases and mass losses. 
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Figure 4. Superimposed TGA/DTA curves of the amorphous alloys Co69Nb23B8 (a), 

Co68Cu23B9 (b), Fe64Nb28B8 (c) and Fe78Si9B13 (d). 

 

In the TGA curve in Figure 4 a) referring to the Co69Nb23B8 alloy, the TGA curve has 

endothermic behavior up to a temperature of ~421°C, representing a mass loss of ~3.65%. 

The exothermic peak in the DTA curve, located around 406°C, is possibly associated with 

some crystallization or phase transformation process, or even followed by high-tempera-

ture oxidation with some mass gains [51,52]. Compared with other similar amorphous 

alloys, B in the alloy composition effectively increases the crystallization temperature and 

its thermal stability. 

 According to Figure 4 a), the glass transition temperature is Tg=372.12°C and the 

first crystallization temperature is around Tx=406°C for the amorphous alloy Co69Nb23B8 

(a), which corresponds to the supercooled liquid region corresponding to the endothermic 

peak used, which is considered a good indicator of thermal stability, since the higher value 

of ΔT causes a delay in the nucleus, that is, ΔT=Tx−Tg=33.88°C with amorphous alloys/bulk 

metal glasses (BMG) [53,54]. At higher temperatures, Co ions such as Nb are oxidized by 

the environment and therefore the mass can be slightly increased to 114.9% (see Figure 4 

a)). It is assumed that the grain size may have increased since the ionic radius of Co (0.65Å) 

is larger than that of Nb (≈0.62Å) (Lee, 1999). 

The measurements of the superimposed TGA/DTA curves of the Fe78Si9B13 alloy in 

Figure 4 b) show the DTA curve exhibiting a single exothermic peak for crystallization of 

the supercooled liquid at 500.13°C (Tx). In amorphous alloys or even in amorphous mate-

rials, there is a glass transition behavior prior to crystallization. In Figure 4 b) for the 

Fe78Si9B13 alloy, an endothermic peak corresponding to the glass transition of 468.59°C (Tg) 

and the supercooled liquid region can be observed, which is considered a good indicator 

of thermal stability, since a higher value of ΔT causes a delay in nucleation, that is, ΔT = 

Tx−Tg = 31.54°C, for amorphous alloys/bulk metallic glasses (BMG - Bulk Metallic Glasses) 

[55,56]. At higher temperatures, both the Fe and Si ions of the TGA are oxidized by the 

environment, so that the mass easily increases to 129.73% as shown in Figure 4 b). The 

increase in grain size is due to high-temperature oxidation, which led to a greater increase 

in the ionic radius of Fe (0.78 Å) than that of Si (≈0.26 Å) [57]. 
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In the amorphous alloy Co68Cu23B9 in Figure 4c), it is observed that at Tx=853.20°C 

there is a small formation of a small exothermic peak for the crystallization of the super-

cooled liquid, followed by a low glass transition temperature of Tg=832.93°C (almost im-

perceptible in the graph in Figure 4c)). This reveals a residual increase in the amorphous 

phase at 850°C, due to the decrease in crystallization in this last exothermic peak [58]. 

 The value of ΔT causes a delay in the growth of the grain nucleus, that is, ΔT = Tx−Tg 

= 20.27°C shows a good indicator of thermal stability, with this type of stoichiometry of 

the amorphous alloy Co68Cu23B9 [59]. It is also noted that there is a reactive step at the 

thermal decomposition temperature that is relatively high, between 902.85°C and 1000°C, 

which shows good thermal stability properties indicating that the mass becomes constant 

in this temperature range. Co ions like Cu ions are oxidized by the environment and, 

therefore, there is a drastic increase in mass to 122.64% in the TGA curve of Co68Cu23B9 as 

illustrated in Figure 4 c). 

 Figure 4d) illustrates the thermal events observed from the superimposed 

TGA/DTA curves for the Fe64Nb28B8 alloy, where two exothermic peaks can be observed. 

The first peak is caused by the crystallization of the bcc-Fe(Nb) phase, and the second 

peak is due to the crystallization of Fe2B and Fe3B phases that act as an inhomogeneous 

nucleation site diluted with the amorphous phase that is related to the structural relaxa-

tion that occurs just before the glass transition, resulting in a generally low characteristic 

temperature before the phases form [60,61]. 

 The first and second crystallization temperatures Tx1 and Tx2, which are determined 

by the onset of the DTA peaks, are Tx1 = 283.63ºC and Tx2 = 384.80ºC, which, followed by 

their glass transition temperatures, are Tg1 = 240.05ºC and Tg2 = 346.19ºC, respectively. In 

addition, the values of ΔT1 = Tx1−Tg1 = 43.58°C and ΔT2 = Tx2−Tg2 = 38.61°C cause a delay in 

the grain nucleus, that is, creating thermal stability for amorphous alloys/bulk metal 

glasses (BMG - Bulk Metal Glasses) [62]. 

 According to Figure 4d), the TGA curve has a first small high step in the first tem-

perature range from 776 to 792ºC and in the second step, a temperature range between 

824 and 847ºC, presenting in both a relatively high thermal decomposition. Figure 5 shows 

the results of the textural characterization of the amorphous alloys Co69Nb23B8 (a), 

Fe78Si9B13 (b), Co68Cu23B9 (c) and Fe64Nb28B8 (d) obtained by HEM by N2 adsorption/desorp-

tion isotherms. 
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Figure 5. N2 adsorption/desorption isotherms for amorphous alloys Co69Nb23B8 (a), 

Fe78Si9B13 (b), Co68Cu23B9 (c) and Fe64Nb28B8 (d). 

 

Thus, the amorphous alloys Co69Nb23B8 (a), Fe78Si9B13 (b), Co68Cu23B9 (c) and 

Fe64Nb28B8 (d) presented surface structures with an adsorption isotherm curve profile, 

which according to IUPAC - International Union of Pure and Applied Chemistry, fall into 

type V [63], suggesting a mesoporous characteristic of the materials (pore size in the range 

of 10–250 Å) and an ordered arrangement of pores giving it a well-ordered structure 

[64,64]. At the same time, analyzing the hysteresis shapes corresponding to the different 

pore geometries, it can be observed that these amorphous alloys are represented by type 

3 (H3) hysteresis loops (formation of wedge-shaped pores, parallel cones or plate-shaped 

pores) [65]. The presence of the hysteresis loop indicates that mesopores also accompany 

the micropores. This phenomenon has been established for activated carbons prepared 

under low nitrogen flow rates (500ºC) [66]. 

Thus, it can be concluded that these moderate carbonization conditions are a contri-

bution to the mesopores. The pores present in these amorphous alloys are important for 

orthopedic biomedical applications. Based on Figure 5, typical isotherms for mesoporous 

solids are observed, and are characterized by a very sharp hysteresis loop between the 

adsorption and desorption branches for amorphous alloys. 

 In addition, a very significant hysteresis can appear in the adsorption and desorp-

tion branches, as they also do not return to the origin. It is observed that the absence of 

limitation of the adsorbed amount of N2 is saturated at high values of P/Po, indicating a 

strong tendency for a mesoporous material [66,67]. It is observed in the isotherms of amor-

phous alloys that the inflection point in the hysteresis occurs around P/Po = 0.4-1, which is 

typically a characteristic of the existence of strong mesoporosity and an adsorption and 

desorption cycle. Mesoporous phases with medium and large pores were observed in the 

same range of P/Po = 0.8-1 [68] in Figure 5. 

The relative pressure (P/Po) in the separated region in the adsorption and desorption 

curves was greater than 0.8 in the amorphous alloys in which larger pore diameters were 

observed. The hysteresis was caused by the high capillary condensation that occurred in 

the mesopores [69]. The desorption hysteresis curve H3 contains a slope associated with 
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a force in the hysteresis loop, due to the so-called tensile strength effect (this phenomenon 

perhaps occurs for N2 at 77 K in the relative pressure range of 0.4 to 0.45). In conclusion, 

the isotherms of the amorphous alloys are similar to each other and present the same type 

IV isotherm and H3 curve of the hysteresis loop. The isotherms presented a hysteresis 

loop of type H3. This hysteresis typology is characteristic and normally associated with 

non-rigid aggregates of plate-shaped particles, originating slit pores. It is characterized by 

presenting different evaporation and condensation paths between the adsorption and de-

sorption processes undergone by the adsorbent materials. 

In summary, the isotherms for the amorphous alloys Co69Nb23B8 (a), Fe78Si9B13 (b), 

Co68Cu23B9 (c) and Fe64Nb28B8 (d are similar to each other and presented the same type IV 

isotherm profile and H3 hysteresis loop. The measured specific surface areas of the amor-

phous alloys Co69Nb23B8 (a), Fe78Si9B13 (b), Co68Cu23B9 (c) and Fe64Nb28B8 (d) are 3.215, 4.237, 

3.121 and 4.201 m2 g-1 respectively. These values are in good agreement with the results 

reported [70], when they developed new amorphous alloy catalysts of Ni–P (R–Ni–P), Ni–

Co–B, and Ni–B (P)/SiO2 type for Fischer-Tropsch process in catalytic hydrogenation re-

actions of various organic compounds. On the other hand, the average pore diameter val-

ues for the amorphous alloys Co69Nb23B8 (a), Fe78Si9B13 (b), Co68Cu23B9 (c) and Fe64Nb28B8 

(d) were 3.16, 4.19, 3.14 and 4.18 nm, respectively, which are relatively close values com-

pared to published works [711,72], when studying the morphological characteristics of 

other amorphous alloy compositions. 

 The mesoporous nature of these amorphous alloys obtained by HEM is confirmed 

by the particle volume and diameter values, which range from 2 to 50 nm according to the 

IUPAC classification that characterizes mesoporous materials [73,74]. 

 Pore volume and particle size are fundamental parameters for studying the struc-

ture and porosity of these amorphous alloys, since they are related to their total area, 

which can serve as a reaction substrate in biomaterials. Figure 6 illustrates the behavior 

of magnetization (M) as a function of the applied coercive field (H) through hysteresis 

loops for the amorphous alloys Co69Nb23B8 (a), Fe78Si9B13 (b), Co68Cu23B9 (c) and Fe64Nb28B8 

(d), which were obtained by HEM. 

 
Figure 6. M x H hysteresis curves for amorphous alloys Co69Nb23B8 (a), Fe78Si9B13 (b), 

Co68Cu23B9 (c) e Fe64Nb28B8 (d).  
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The M x H hysteresis loops of Co69Nb23B8 (a), Fe78Si9B13 (b), Co68Cu23B9 (c) e Fe64Nb28B8 

(d) show the estimated saturation magnetizations of Ms = 15.023 emu/g , Ms = 18.932 

emu/g, Ms = 15.021 emu/g and Ms = 18.832 emu/g, remanent magnetizations of Mr = 

0.01603 emu/g, Mr = 0.01820 emu/g, Mr = 0.01525 emu/g and Mr = 0.01819 emu/g, and the 

estimated coercive fields of Hc = 70.86 kOe, Hc = 77.82 kOe, Hc = 70.14 kOe and Hc = 77.81 

kOe. In the upper part of Figure 6, it was observed that the amorphous alloys have hyste-

resis curves of ferrimagnetic behavior, which are characteristic of soft magnetic materials, 

which magnetize and demagnetize at low field values, due to their small values of rema-

nent magnetization and coercivity, but different from zero, thus revealing the complete 

formation of the narrow magnetic hysteresis cycle after grinding the powder for 15 h. The 

remanence/saturation ratio (Mr/Ms) varied in the range of 0.000081 to 0.001066. However, 

the Mr/Ms ratio defines the degree of quadrature of the hysteresis loop of a magnetic ma-

terial, providing information about how well the material retains its magnetization when 

an external magnetic field is applied and removed. It is an insightful criterion to assess 

the domain state, distinguishing between single domains (Mr/Ms > 0.5) and multidomains 

(Mr/Ms ≪ 0.1) [75]. A value of Mr/Ms ≪ 0.1 indicates that the powder particles are mul-

tidomains where the magnetization modification may be due to the domain wall motion 

at relatively low fields. This means that amorphous alloys produced through MAE pre-

sent multidomains compared to other metallic alloy systems that are based on Bloch do-

main wall models and uniaxial anisotropic ferromagnetic particles that are randomly ori-

ented with domains very close to (~ 0.5) [76,77]. Generally, in mechanically milled amor-

phous alloys, the remanence/saturation ratio (Mr/Ms) value is usually very low, between 

0.001 and 0.1 [78,79]. However, on the other hand, extrinsic characteristics such as grain 

and/or particle size directly influence magnetic multidomains and can contribute to in-

creased magnetization, since the larger the particle and/or grain size, the lower the energy 

level, favoring greater magnetization [80]. Figure 7 illustrates the typical compressive 

stress-strain curves for the amorphous alloys Co69Nb23B8 (a), Fe78Si9B13 (b), Co68Cu23B9 (c) e 

Fe64Nb28B8 (d).  
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Figure 7. Stress-strain curves of mechanical tests of compressive strength of amor-

phous alloys Co69Nb23B8 (a), Fe78Si9B13 (b), Co68Cu23B9 (c) e Fe64Nb28B8 (d).  

 

The amorphous alloy Co69Nb23B8 (a) as ground by mechanical grinding (HEM) exhib-

its a moderate elastic modulus of 6.80 MPa and a high yield strength of 82.37 MPa. The 

elastic modulus of the Fe78Si9B13 alloy (b) was 4.23 MPa and the yield strength was slightly 

higher at 72.44 MPa than that of the Co69Nb23B8 alloy (a). The Co68Cu23B9 alloy (d) has a 

very low elastic modulus of 2.42 MPa and yield strength of 41.40 MPa compared to other 

alloys. It is found that the amorphous alloy Fe64Nb28B8 (c) exhibits a moderate elastic mod-

ulus. The amorphous alloys studied here, Co69Nb23B8 (a), Fe78Si9B13 (b), Co68Cu23B9 (c) e 

Fe64Nb28B8 (d) did not show any fracture as can be observed after the elastic deformation 

stage of the curve measured at the strain rate of 1 10−4 s−1 at room temperature [80]. In the 
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right corner inside the red circle, an increase in force is observed that corresponds to the 

linear elastic deformation zone of the material (slope of the linear elastic zone) during the 

initial compression phase of each alloy [81]. It should be noted that high elastic moduli 

correspond to materials with more pronounced elasticity. Although a test was performed 

for each amorphous alloy, only the best value for each composition was reported, since 

the lack of tension and friction homogeneity between the sample surface and the machine 

plates, due to imperfect plane parallelism in small samples, did not drastically alter the 

stress-strain response during the test. The compressive strength value of Co69Nb23B8 (a) is 

twice that of the Co68Cu23B9 alloy (d), but it is observed. Note that the Co69Nb23B8 alloy (a) 

has a lower deformation than the Fe78Si9B13 alloy (b). In fact, these values indicate that the 

Co69Nb23B8 alloy (a) is more resistant to mechanical stress and has a lower deformation 

capacity compared to Fe78Si9B13 (b), but in general it can be said that all amorphous alloys 

have good properties and are innovative materials and are being considered for biomed-

ical applications due to their peculiar atomic structure in terms of amorphous phase and 

chemical composition. 

 In addition, amorphous alloys based on Co and Fe have excellent mechanical prop-

erties and corrosion resistance, which are directly related to cytocompatibility and bio-

compatibility for biomedical applications. Therefore, they can be directly applied in future 

studies, such as in vitro cellular studies, antimicrobial properties and in vivo studies in 

animals, such as in the area of human orthopedics and bone regeneration [82]. 

Although the compressive strength test was performed under the same conditions, 

only the best value of each alloy is provided here and, depending on the application, we 

can say that both amorphous alloys have better properties and can be applied in metallic 

biomaterial [83]. It is also observed that the amorphous alloy Fe64Nb28B8 (d) has a greater 

deformation, reaching twice, when compared to Co68Cu23B9 (c) [84]. This indicates that the 

sample Fe64Nb2B8 (d) has a compressive strength that is twice that of the other alloy 

Co68Cu23B9 (c). In practical terms, the sample Fe64Nb28B8 (d) resists more stress and also 

has a greater deformation capacity when compared to Co68Cu23B9 (c), but, depending on 

the application, they are said to have analogous properties [85]. Experimental results show 

that amorphous alloys based on Co and Fe obtained from the conventional milling process 

(HEM) present high elastic deformation and do not fracture [86]. These results indicate 

that the B and Si contents improve the resistance to deformation, therefore, the compres-

sion of these alloys is higher [87]. 

 Figure 8 Illustrated the data obtained in the MTT cell viability test for samples F1-

Co69Nb23B8, F2-Fe78Si9B13, G1-Co68Cu23B9 and G2-Fe64Nb28B8. 
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Figure 8. Illustration of the percentage of cell viability obtained for each sample ana-

lyzed (F1-Co69Nb23B8, F2-Fe78Si9B13, G1-Co68Cu23B9 e G2-Fe64Nb28B8), with the dotted line 
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representing the limiting value of 70% which, according to ISO 10993-5, is the minimum 

acceptable value for the biomaterial to be non-cytotoxic. 

 

It can be seen that the samples presented cell viability above 70% as specified in the 

BS EN ISO 10993-5:2009 standard, although their variability is high and the minimum 

value is slightly below that specified, with emphasis on the samples decoded as F1-

Co69Nb23B8 and G2-Fe64Nb28B8, which were those with the highest cell viability, respec-

tively. 

However, all of them showed signs of having promising potential for applicability as 

metallic biomaterial for bone tissue regeneration and temporary implants for orthopedics. 

Based on the statistical analysis of the results obtained by the ANOVA test applied to the 

cell viability data of samples F1-Co69Nb23B8, F2-Fe78Si9B13, G1-Co68Cu23B9 and G2-

Fe64Nb28B8, we can infer that the calculated F statistic was approximately 0.100, while the 

associated p-value was approximately 0.956. This indicates that the F statistic is very low 

compared to the critical value of the F distribution for a significance level of 0.05, and the 

p-value is greater than the chosen significance level. Therefore, there is insufficient statis-

tical evidence to reject the null hypothesis that the cell viability means of the groups F1-

Co69Nb23B8, F2-Fe78Si9B13, G1-Co68Cu23B9 and G2-Fe64Nb28B8 are equal. 

When we look at the distribution of variation in the data, we see that most of the 

variability is within groups (SSE = 17528.5), while the variability between groups is rela-

tively low (SSG = 1317.375). This is consistent with the low F-statistic observed. The be-

tween-group degrees of freedom (df_between) are 3, indicating that we are comparing the 

means of three different groups, while the within-group degrees of freedom (df_within) 

are 4, indicating that the amount of data within each group is being considered. 

The between-group (MSB) and within-group (MSW) mean squares assess the varia-

bility between and within groups, respectively. With MSB around 439.125 and MSW 

around 4382.125, the F-ratio close to 0.1 indicates that the variability between groups is 

lower than that within groups. Thus, there is no significant difference between the means 

of groups F1-Co69Nb23B8, F2-Fe78Si9B13, G1-Co68Cu23B9 and G2-Fe64Nb28B8. It is concluded 

that the different titanium alloys did not have a significant impact on cell viability accord-

ing to the data and methodology used. 

As expected, and widely disseminated in the literature, the cytocompatibility of 

metal alloys, such results demonstrate, is in agreement with studies by Thanka Rajan et 

al. (2019) in which the viability of SaOS-2 cells was validated, which was greater than 

100% for all dilutions, even at the 100% concentration of extracts coated with TFMG. The 

control (uncoated Ti6Al4V) showed lower viability than the specimen coated with TFMG 

[88]. 

In contrast, when compared with a study in which, despite the sample not being con-

sidered cytotoxic, only 78% cell viability was observed, and even after 48h of cell culture 

[89]. A new decrease in the proliferation rate (73%) is recorded after 72h. This suggests 

that the cells appeared to be very sensitive on the surface of Zr37Co34Cu20Ti9 MG and re-

quire more time to record a constant increase in the number of viable cells [90]. 

In this regard, that corrosive species within the human physiological environment 

activate the thermodynamic corrosion tendencies of metallic materials [91,92]. Depending 

on the toxic nature of the released cations, several biological factors can be activated, 

which introduce inflammatory cascades and cell apoptosis. In this context, the new amor-

phous titanium-based alloy Ti44Zr10Pd10Cu6+xCo23-xTa7 (x = 0, 4, 8) showed biocompatibility 

characteristics with osteoblast-like cells (SaOS-2) that demonstrated excellent results for 

potential development of biomedical applications [93]. 

For comparison and example, evaluated the amorphous alloy based on Mg-Zn-Ca 

synthesized by mechanical grinding and used the MTT assay with MC3T3 osteoblastic 

cells and showed that the amorphous powder extract Mg60Zn35Ca5 presented low cytotox-

icity in relation to the MC3T3 cells tested, demonstrating great application as a promising 

biomaterial in orthopedic implants [94]. 
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On the other hand, found in the release of metal ions such as Zn2+ and Mg2+ the in-

duction of angiogenesis and cell proliferation, in addition to attenuated pro-inflammatory 

responses, which suggests a significant viability for such in the extracts studied with the 

release of ions that are conducive to the induction and viability of cell growth [95-100]. 

Although the results mentioned above in this thesis demonstrate that cell viability 

was around 70%, as specified in the BS EN ISO 10993-5:2009 standard, presenting it as a 

promising metallic biomaterial with potential for bone tissue regeneration and temporary 

orthopedic implants. This result can be corroborated by the studies when they character-

ized crystallized and relaxed amorphous Mg-Zn-Ca alloy tapes for application in bone 

regeneration, as well as in the biomedical orthopedics area [101-103]. 

The Materials and Methods should be described with sufficient details to allow oth-

ers to replicate and build on the published results. Please note that the publication of your 

manuscript implicates that you must make all materials, data, computer code, and proto-

cols associated with the publication available to readers. Please disclose at the submission 

stage any restrictions on the availability of materials or information. New methods and 

protocols should be described in detail while well-established methods can be briefly de-

scribed and appropriately cited. 
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Abstract: The digital revolution in dentistry is the future, not just a passing fad. With these devel-

opments, patients can anticipate receiving dental care that is more accurate, effective, and custom-

ized. As technology develops further, there are countless ways to improve your smile. Your next 

dental appointment may surprise you with how much more digital it has become. 
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The dentistry sector is undergoing a huge transition, especially to the digital 

revolution. Advanced technology are not only boosting the precision and efficiency of 

dental procedures but also transforming the patient experience. What does the digital era 

hold for your smile in the future? 

1. Intraoral Scanners Revolution 

We can now obtain 3D information for the implementation of a prosthetic Computer 

Assisted Design (CAD) project by performing an intraoral scan of one or more prosthetic 

preparations using powerful intraoral scanners. Using the modelling software, we can 

create our restoration, which will subsequently be milled in a highly aesthetic material 

(ceramic, lithium disilicate, zirconia) and applied to the patient. The same is true for 

implants; our patients have never liked the need to take traditional physical impressions 

using impression trays. Concurrently, bone-related data obtained by low-dose radiation 

Cone Beam Computed Tomography (CBCT) can be superimposed on data pertaining to 

teeth and gingiva obtained from an intraoral scan. Thus, using software to direct the 

procedure, it is possible to plan the ideal implant placement. A surgical template, which 

can be physically constructed using a variety of techniques and materials, receives 

planning data. By using this guide, the surgeon will be able to place the implants precisely 

without having to lift a flap. 

2. Digital Revolution and 3D Printing 

The days of making dental impressions using unpleasant molds are long gone. Your 

teeth can now be imaged with accuracy, speed, and comfort thanks to digital scanners. 

Dental labs that use 3D printing technology to create crowns, bridges, and other dental 

prosthesis can instantaneously access this data. A quicker turnaround time and a flawless 

fit are the outcomes, guaranteeing that your smile feels and looks natural. One of the most 

innovative advancements in digital dentistry is 3D printing. It makes it possible to pro-

duce dental prosthesis including crowns, bridges, and dentures quickly and accurately 

like never before. Because custom-fit devices can be created quickly and effectively, this 

technology decreases the amount of time patients spend in the chair and the number of 

visits needed. 

3. AI-Powered Diagnostics and Treatment Planning 

Artificial Intelligence (AI) is playing an increasingly crucial role in dentistry. AI-pow-

ered systems can analyze dental photos with astonishing precision, enabling dentists dis-

cover diseases like cavities, gum disease, and even oral tumors at an early stage. 

Citation: Rasha M. Abdelraouf.  

Digital Dentistry: The Start of the 

Revolution . Biomat. J., 3 (1),54 – 55 

(2024).  

https://doi.org/10.5281/znodo.582940

8 

Received:  19 December 2024 

Accepted:  20 December 2024 

Published:  25 December 2024 

 

Copyright: © 2022 by the authors. 

Submitted for possible open access 

publication under the terms and 

conditions of the Creative Commons 

Attribution (CC BY) license 

(https://creativecommons.org/license

s/by/4.0/). 

http://www.biomatj.com/
https://portal.issn.org/resource/ISSN/2812-5045


Biomat. J., 3 (1),54 – 55 (2024) 2 of 2 
 

Furthermore, by forecasting results and recommending the best course of action, AI helps 

with treatment planning. In dentistry, artificial intelligence (AI) is starting to revolutionize 

the game. Dental photos may be analyzed with remarkable accuracy by AI-powered di-

agnostic systems, which can spot problems that the human eye might overlook. Better 

results can also be achieved by using AI to help create personalized treatment plans based 

on each patient's particular oral health pro-file. 

4. Tele-dentistry 

As tele-dentistry has grown in popularity, patients can now consult with their den-

tists from a distance. Whether it's for a follow-up appointment, a consultation for a second 

opinion, or just advice on a dental concern, tele-dentistry offers convenience without com-

promising the quality of care, which is especially helpful for patients who live in remote 

areas or have mobility issues. 

5. Digital Smile Design 

A state-of-the-art method called Digital Smile Design (DSD) plans and visualizes 

your dental procedures using digital technology before they start. You can see a virtual 

representation of your new smile with DSD, which helps you decide on your course of 

treatment. This individualized approach guarantees that the outcome will precisely match 

your expectations. 

6. Smart Dental Devices 

In the field of oral care, wearable technology and smart dental gadgets are becoming 

more widespread. These advancements are enabling patients to take charge of their oral 

hygiene like never before, from smart toothbrushes that track your brushing habits and 

provide feedback to devices that check the health of your teeth and gums. 

7. Bioprinting and Regenerative Dentistry 

Going forward, regenerative dentistry and bioprinting have the potential to com-

pletely transform the way we provide dental care. While regenerative techniques may 

eventually allow for the regrowth of damaged or lost teeth, bioprinting may make it pos-

sible to create living tissues for dental repairs. 

 


