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Abstract: Porosity biomedical implants are recognized for their enhanced Osseo integration due to bone tissue 

growth, along with an elastic modulus that is lower for stiff implants, causing stress retention and a lower likelihood 

of implant loosening. The implant's moist ability is critical for optimal tissue-implant integration and is highly 

dependent on the material's surface topography. Recent research has revealed that plastic bending processes can 

improve cell response while also increasing the roughness of the surface and strength. The electrochemical behavior 

of a 316L Surgical stainless steel alloy (316L SS) bone implant in Hank's solution (pH 7.4) at 37 °C with along with 

with varying concentrations of calcium hydrogen phosphate was examined. This drug acts as an inhibitor, protecting 

the surface of the composite from the corrosive physiologic media. The results show that a medication concentration 

of 113 M is quite safe for 316L stainless steel bone implants. To monitor 1 mm Alendronate sodium (ALN) 

medication, a low-cost and easily produced 316L stainless steel alloys altered Orthopedic Calcium Hydrogen 

Phosphate was built. In simulated physiological fluid (pH 7.4), the corrosion-resistant capabilities of a surgical 316 

L Surgical Steel (SS) bone implant coated with a novel Orthopedic Calcium Hydrogen Phosphate coating were 

investigated. The overall Cronbach's Alpha score for the model is 0.505 when using the statistical software SPSS 

version 16. 
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1. INTRODUCTION 

In the medical implant industry, stainless steel is the most widely utilized material, “particularly in the manufacture of or-

thopedic implants and a variety of other biomedical devices such as shattered bones, fixtures, dental posts, and screws” [1]. 

Because of its acceptable biocompatibility, strong corrosion resistance, and inexpensive cost, 316L stainless steel alloy 

(316L SS) has been frequently employed as a medical implant [2]. “Its key benefits include biocompatibility, good mechan-

ical qualities related to bone minerals, corrosion resistance, ease of fabrication, and low cost [5]. Calcium hydrogen phos-

phate (CHP) has been utilized as a bone supplement in combination with other substances [2-4]”. Because of their low cost, 

simplicity, and broad applicability, electrochemical sensors are valuable instruments. “Carbon paste electrode (CPE) is em-

ployed for material determination due to its inert electrochemistry, easily regenerated changed surface, and low cost. Chem-

ically modified electrodes provide a lower detection limit while increasing sensitivity [13-16]”. Silver nanoparticles (AgNPs) 

are inexpensive and extremely conductive, making them ideal for biosensing applications. Chitosan (CS) [1] is a polysac-

charide that is commonly utilized in bio-modification. Because of its unique both chemical and physical qualities, as well 

as its wide surface area, cellulose phthalate has applications [16-19]. Sivaraj and Kwijayalakshmi [6] investigated SS alloys 

with an implant made of a new bioactive hydroxyapatite/F-multiwalled carbon nanotube composite. “Fekri and Assab [15] 

investigated 316L SS alloy as an ibandronate surgical implant. The resistance to corrosion of Ce-doped niobium oxide-

coated 316L SS with orthopedic applications is investigated by Khata and Nallian [7]. The purpose of this research is to in-

vestigate the corrosion reaction of the 316L stainless steel in Hank's solution (pH 7.4) at 37 °C without and with various 

concentrations of CHP bone medication as an inhibitor for safeguarding the composite surface from the surrounding corro-

sive biological surface. Furthermore, for drug testing and corrosion monitoring, a novel, simple, and low-cost ACCMCPE 

sensors based on carbon paste (CP) coated with chitosan (CS), cellulose (CE), and silver nanoparticles (AgNPs) have been 

produced”. Hank's solution:“Hanks' solution [13, 14] is used as the test solution, and it contains (g/l) NaCl: 8.74, NaHCO3: 

0.35, Na2HPO4: 0.06 and NaH2PO4: 0.06 (Analar grade reagents). The orthopedic drug CHP (SigmaAldrich) is employed. 

All solutions were created.  An EC-Lab SP 150 Potentiostat electrochemical workstation was used for all voltammetry 

studies. At a scan rate of 1 mV/s, potentiodynamic polarization tests were carried out. EIS studies are carried out at 

amplitudes of 10 mV and frequencies ranging from 0.1 Hz to 100 kHz. To corroborate the results, each experiment has been 
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carried out and repeated between two and three times at 37°C. SEM model Quanta 250 FEG (Field Emission Gun) and 

attached to EDX unit (Energy Dispersive X-ray Analysis), voltage 30 K.V., magnifying 14up, resolution up to10, 00,00, for 

Gun1n (FEI Institute, The Netherlands) were used to examine the surface morphologies of the materials”. SPSS (Statistical 

Package for the Social Sciences) is a program that is used by academics in a variety of areas for quantita-tive data analysis. 

SPSS provides descriptive and bivariate statistics, numeric effect projections, and group identification predictions for data 

analysis. The software also has data conversion, mapping process, and direct marketing capabilities. The software interface 

displays publicly accessible information in its main view, similar to a spreadsheet. This paper was analyzed using SPSS 

version 16. 

2. ANALYSIS AND DISCUSSION 
 

Measurements with Electrochemical Impedance Spectroscopy (EIS):“The Bode graphs for surgical 316L SS alloy metal 

submerged in Hanks' solution at pH 7.4 and 37 °C for 0, 1, 4, 5, and 7 days with and without varied doses of calcium hydrogen 

phosphate (CHP) medicine (1×10−3 M, 1×10−4 M and 1×10−5 M)”. It was revealed that increasing the immersion time as well 

as the concentration of CHP medicine raises the impedance (Z) values. The compound may be absorbed through those pairs 

of electrons on the surface since this medication has a pair of protons on the oxygen atom. Furthermore, the development of 

an anti-Ca-P barrier by the production of a well-protected film is caused by the Coulombic force acting on these single pairs 

of oxygen or phosphorus atoms. This adsorbed layer thickens as the medication concentration or immersion time increases, 

acting as a corrosion preventative. 

 
TABLE 1. EIS parameters for surgical 316L SS alloy in Hanks' solution were investigated at 37 °C without and with various CHP 

concentrations. 

 
 

As illustrated in Figure 1f, Curves are simulated using a data-adapted two-mode constant model[1, 8-10]. Rs represents the 

solution resistance, whereas R1 and R2 represent the surface and interior layers, respectively. Table 1 contains relevant EIS 

data. Constant-phase element (CPE) capacitors are used as a better capacitance alternative due to surface variability [11, 12]. 

The inhibitory efficiency (IE%) of calcium hydrogen phosphate as a blocking agent is computed by using the following 

solution [46] and is provided in Table 1: 

 

IE% =  
 𝑅𝑇 − 𝑅𝑇

𝑅𝑇
 ---------------- (1) 

 

The total resistance for 316L SS metals without and/or with inhibitors is expressed as RoT and RT. The results show that 

increasing the calcium hydrogen phosphate concentration improves the general resistance and IE% of the investigated 

electrodes. The surface effect of both absorption and the creation of films reduce the effective area, and an inhibitor 

concentration of 113 M raises the inhibition efficiency to 99.0%. 

 

Corrosion Sensor Measurements: “A unique electrochemical Silver nanoparticles/chitosan/cellulose acetate phthalate 

modified carbon paste electrode (ACCMCPE) sensor is utilized to evaluate the corrosion behavior of 316L SS in Hank's 
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solution (103 M) at 37 °C”. As the concentration of medication grows after absorption in 316L SS alloy, it gives a peak value 

at the moment to check the sensor works properly. The medication concentration in Hanks' solution drops with time due to 

the decrease in peak current caused by infusion. Over time, when the medication adsorbs to the alloy surface, the amount 

presents in the hanks decreases, resulting in a fall in peak current. As a result, as an implant, this sensor can be utilized for 

corrosion monitoring of a 316L stainless steel alloy. 

 
TABLE 2. Statistics on Reliability 

 
 

Statistics on Reliability is shown in Table 2. Cronbach's Alpha for the model as a whole is 0.505, and Cronbach's alpha for 

standardized items is 0.505, indicating 50% dependability. Based on the literature review, models with Cronbach's Alpha 

values greater than 50% can be evaluated for analysis. 

 
TABLE 3. Descriptive Statistics 

 

 
Table 3 displays Rs (Ω/cm), R1 (KΩ/cm2), Q1 (μF/cm2), n1, R2 (KΩ/cm2), Q2 (μF/cm2 ), n2, IE%, Descriptive Statistical 

Analysis N, Range, Mean, Standard Deviation values are given. 

 
TABLE 4. Statistics 

 
 

Table 4 Rs (Ω/cm), R1 (KΩ/cm2), Q1 (μF/cm2), n1, R2 (KΩ/cm2), Q2 (μF/cm2 ), n2, IE%, Descriptive Statistical Analysis 

N Valid, N Missing, Mode, Range, Minimum, Maximum, Percentiles values25, 50, 75 are given. 
 

 
FIGURE 1. Frequency for Rs (Ω/cm) frequency 
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Figure 1 depicts the histogram plot for Rs (Ω /cm) frequency. It is clear from the figure that the data are slightly left skewed 

due to more respondents selecting 0-20 for Rs (Ω /cm) frequency. Except for the 0-20 value, all other values are under the 

normal curve, indicating that the model is significantly following normal distribution. 

 

 
FIGURE 2. Frequency for R1 (KΩ/cm2) 

 

Figure 2 shows the histogram plot for R1 (KΩ/cm2) frequency. It is obvious from the image that the data are slightly left 

skewed due to more respondents choosing 0-5. 

 
FIGURE 3. Frequency for Q1 (μF/cm2) 

 

Figure 3 depicts the histogram plot for Q1 (μF /cm2) frequency. It is obvious from the figure that the data where all other 

values are beneath the normal curve, indicating that the model is strongly following a a normal distribution. However, 4-5 

values provide a better reaction.  
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FIGURE 4. Frequency for n1 

 

Figure 4 shows a histogram chart for n1 frequency. From the figure, it is clear that the data have slightly Wright's skewed 

because more respondents chose 0.9-1 for n1 frequency. Except for the 0.9-1 value, every other number falls within the normal 

curve, indicating that the model is significantly adhering to the normal distribution. 
 

 
FIGURE 5. Frequency for R2 (KΩ/cm2) 

 

Figure 5 depicts the histogram plot for R2 (KΩ /cm2) frequency. It is clear from the figure that the data are slightly left biased 

due to more respondents choosing 0-100 for R2 (KΩ /cm2) frequency. Except for the 0-100 value, some values are under the 

curve, indicating that the model is substantially following out of distribution. 

 
FIGURE 6. Frequency for Q2 (μF/cm2 )  

 

Figure 6 depicts the histogram plot for Q1 (μF /cm2) frequency. It is obvious from the figure that the data where all other 

values are beneath the normal curve, indicates that the model is strongly following a normal distribution. However, 0.5-0.6 
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levels produce more responses. 
 

 
FIGURE 7. Frequency for n2 

 

Figure 7 depicts a histogram graph for n2 frequency. It is obvious from the chart that the data are somewhat Wright-

skewed due to more respondents 0.925-0.975.  
 

 
FIGURE 8. Frequency for IE% 

 

Figure 8 depicts the histogram plot for IE% frequency. It is obvious from the figure that the numbers are slightly Wright 

skewed since there is more respondents 80-100 for IE% frequencies except the 0-100 values some values are the normal curve 

showing model is largely following normal distribution. 
 

Table 5. Matrix of Inter-Item Correlations 

 
 

Table 4 is an inter-item relationship matrix that demonstrates the correlation coefficients between several variables. The 

coefficient of correlation between two variables is represented by each cell in the matrix. The coefficient of correlation is a 

statistical significance indicator that is used to measure the amount and direction of a relationship between two variables. It 

has a value between -1 and 1, with -1 representing perfect negative correlation, 0 representing no connection, and 1 

representing perfect positive correlation. The correlation coefficient between Rs and R1, for example, is 0.531, indicating a 

somewhat good relationship between these two variables. Q1 and n2 have a correlation coefficient of -0.762, indicating a 

high negative association between both of these variables. It is critical to understand that correlation is not an indication of 
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causality. Correlation just demonstrates a relationship between two variables; it does not imply that one causes the other. 

Further investigation is required to determine causality. 

 

3. CONCLUSION 

The corrosion resistance of 316L stainless steel SS alloys in Hanks' solution (pH 7.4) at 37 °C in the presence of different 

quantities of the bone drug the mineral calcium hydrogen phosphate shows that the drug acts as an inhibitor and increases 

the corrosion resistance of 316L stainless steel by protecting the alloy's surface from the environment's damaging 

physiological medium. A new, stable, and simple ACCMCPE sensor with remarkable performance was developed on carbon 

paste modified with chitosan (CS), cellulose (CE), and silver nanoparticles (AgNPs) for the detection of calcium hydrogen 

phosphate medicine. The coefficient of correlation between two variables is represented by each cell in the matrix. The 

coefficient of correlation is a statistical significance indicator that is used to measure the amount and direction of a 

relationship between two variables. The overall Cronbach's Alpha value for the model is 0.505. 
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