
















- 14  - 

Cowellmedi INNO implant was composed 15.56 at%(atomic percent) of Carbon (C), 38.15 at% of Oxygen (O), 

2.70 at% of Phosphate (P), 3.46 at% of Calcium (Ca), and 41.51 at% of Titanium (Ti) according to energy disperse X-ray

(EDAX) as shown in Table 3. Through X-ray photoelectron spectroscope (XPS), 11.00% of C1s, 4.55% of Ca2p, 1.53%

N1s, 2.90% of Na1s, 62.71% of O1s, 10.64% of P2p, and 12.93% of Ti2p were con�rmed at the implant apex while 14.99% 

of C1s, 2.21% of Ca2p, 0.94% of N1s, 2.56% of Na1s, 62.10% of O1s, 5.43% of P2p, and 19.69% of Ti2p in atomic

percentage were displayed at the implant neck (Table 4,5). The implant presented 0.61 mg/L of PO
4

3- from ion chromatography 

(IC) and 0.09 mg/L of Ca, 0.01 mg/L of Sodium (Na), and 0.17 mg/L of P from inductively-coupled plasma-atom(ICP)

as described in Table 6 and 7.  

Straumann Roxolid showed 20.35% of C, 9.00% of Nitrogen (N), 12.30% of O, 9.00% of Na, 15.64% of 

Aluminum (Al), 0.23% of Silicon (Si), 3.10% of P, 5.77% of Chloride (Cl), 0.59% of Ca and 24.03% of Ti in atomic percentage 

on EDAX. Its apex had 28.76% of C1s, 0.98% of Ca2p, 5.82% of Cl2p, 7.19% of Na1s, 41.95% of O1s, 13.73%of Ti2p,

and 1.57% of Zr3d in atomic percentage, and the neck indicated 27.58% of C1s, 20.31% of Cl2p, 26.85% of Na1s, 17.22% 

of O1s, 6.88% of Ti2p, and 1.16% of Zr3d in atomic percentage. IC presented 5.549 mg/L of Cl-, 0.021 mg/L of NO
2
-,

0.007 mgL of SO
4
2-, and 0.027 mg/L of NO

3
-. According to ICP, the implant demonstrated of 0.07 mg/L of Ca, 3.45 mg/L 

of Na, and 0.01mg/L of Potassium (K).

Neodent CM DRIVE indicated 5.82 at% of C, 24.97 at% of N, 4.11 at% of O, 13.12 at% of Na, 8.30 at% of Cl,

and 43.69 at% of Ti on EDAX while 26.52 at% of C1s, 22.08 at% of Cl2p, 25.41 at% of Na1s, 17.64 at% of O1s, 7.09 at% 

of Ti2p, and 1.25 at% of Zn2p3 at implant apex and 24.53 at% of C1s, 28.19 at% of Cl2p, 32.29 at% of Na2s, 11.27 at%

of O1s, 3.34 at% of Ti2p, and 0.38 at% of Zn2p3 at implant neck were found on XPS. 8.48 mg/L of Cl-, 0.005 mg/L of

SO
4
2-, and 0.008 mg/L of NO

3
- were shown on IC while 0.01 mg/L of Ca, 5.12 mg/L of Na, and 0.01 mg/L of Si were

found on ICP. 

ADIN Touareg-S Spiral had 9.74 at% of C, 18.64 at% of N, 29.33 at% of O, 0.58 at% of Mg, 0.98 at% of Na,

10.16 at% of As, 0.34 at% of S and 30.22 at% of Ti on EDAX, 29.62 at% of C1s, 1.01 at% of F1s, 52.59 at% of O1s, 4.07 

at% of Si2p, 12.16 at% of Ti2p, and 0.57 at% of Zn2p3 at its apex on XPS, and 31.84 at% of C1s, 59.87 at% of O1s, 4.32

at% of Si2p, and 9.97 at% of Ti2p at its neck on XPS. IC showed 0.025 mg/L of Cl-, 0.038 mg/L of NO
2
-, 0.028 mg/L of

SO
4
2-, and 0.049 mg/L of NO

3
-, and ICP demonstrated 0.03 mg/L of Ca, 0.01 mg/L of Na, 0.01 mg/L of K, 0.09 mg/L

of Nickel(Ni), 0.07 mg/L of Zinc(Zn), and 0.26 mg/L of Si. 

Alpha Bio Tec SPI exhibited 8.51 at% of C, 30.19 at% of N, 18.88 at% of O, 11.39 at% of Al, 0.56 at% of Si,

and 30.47 at% of Ti on EDAX. At its apex, 34.10 at% of C1s, 2.92 at% of N1s, 49.83 at% of O1s, and 13.14 at% of Ti2p

were revealed while 40.62 at% of C1s, 2.37 at% of N1s, 45.02 at% of O1s, and 11.98 at% of Ti2p were at its neck. The

implant showed 0.015mg/L of Cl-, 0.016 mg/L of NO
2
-, 0.084 mg/L SO

4
2-, and 0.022 mg/L of NO

3
- on IC while 0.04

mg/L of Ca, 0.46 mg/L of Zn, and 0.01 mg/L of Si on ICP.

MIS Lance manifested 25.61 at% of N, 26.30 at% of O, 15.93 at% of Al, and 32.16 at% of Ti on EDAX. 27.65

at% of C1s, 1.32 at% of N1s, 54.82 at% of O1s, and 16.20 at% of Ti2p were con�rmed at its apex on XPS while it showed 

36.94 at% of C1s, 0.93 at% of N1s, 48.09 at% of O1s, and 14.04 at% of Ti2p at the neck. IC presented 0.005 mg/L of NO
3
- 

while ICP showed 0.02 mg/L of Ca. 

S.I.N Unitite manifested 5.60 at% of C, 26.90 at% of N, 25.74 at% of O, 0.93 at% of of P, 0.27 at% of Cl, 1.18

at% of Ca, and 40.91 at% of Ti on EDAX. XPS showed 18.65 at% of C1s, 12.46 at% of Ca2p, 53.81 at% of O1s, 8.98 at% 

of P2p, 0.86 at% of S2p, and 5.24 at% of Ti2p at its apex while 17.65 at% of C1s, 14.22 at% of Ca2p, 53.99 at% of O1s,

11.33 at% of P2p, and 2.81 at% of Ti2p at its neck. IC revealed 0.002 mg/L of Cl-, 0.024 mg/L of NO
2
-, 0.014 mg/L of

SO
4
2-, 0.032 mg/L of NO

3
- and 1.028 mg/L of PO

4
3-. ICP demonstrated 0.38 mg/L of P and 0.01 mg/L of Si. 

Ankylos C/X Implant presented 31.77 at% of C, 8.14 at% of of N, 12.73 at% of O, 1.18 at% of Na, 0.72 at% of

Arsenic (As), 0.17 at% of Sulfur (S), 0.58 at% of Technetium (Tc), 0.72 at% of Ca, and 43.98 at% of Ti on EDAX. XPS

showed 27.20 at% of C1s, 2.09 at% of N1s, 53.01 at% of O1s, and 17.71 at% of Ti2p at the apex while 27.20 at% of C1s,

2.09 at% of N1s, 53.01 at% of O1s, and 17.71 at% of Ti2p at the neck. IC exhibited 0.007 mg/L of NO
3

-, and ICP demonstrated 

0.01 mg/L of Ca.

Xive S Plus had 6.81 at% of C, 31.56 at% of N, 13.61 at% of O, and 48,02 at% of Ti on EDAX, 25.08 at% of C1s, 

1.97 at% of N1s, 54.13 at% of O1s, and 18.82 at% of Ti2p at its apex on XPS, and 25.08 at% of C1s, 1.97 at% of N1s,

54.13 at% of O1s, and 18.82 at% of Ti2p at its neck on XPS. In addition, 0.004 mg/L of NO
3

- was found on IC while 0.03

mg/L of Si was shown on ICP. 

AstraTech Implant system EV-OsseoSpeed demonstrated 3.89 at% of C, 18.79 at% of N, 43.31 at% of O, 0.36 at% 

of Si, and 33.78 at% of Ti on EDAX. XPS con�rmed 29.94 at% of C1s, 51.46 at% of O1s, and 18.60 at% of Ti2p at apex

and 29.94 at% of C1s, 51.46 at% of O1s, and 18.60 at% of Ti2p at neck. IC presented 0.018 mg/L of NO
2
-- and 0.026 mg/L 

of NO
3

- . ICP displayed 0.01 mg/L of Si. 

BioHorizons Tamper Evident showed 12.45 at% of C, 40.67 at% of N, 7.41 at% of Al, 1.07 at% of Si, and

43.26 at% of Ti on EDAX. XPS revealed 23.50 at% of C1s, 2.55 at% of N1s, 56.68 at% of O1s, 2.08 at% of P2p, 2.07 at% 

of Si2p, and 13.12 at% of Ti2p at the apex and 23.65 at% of C1s, 2.77 at% of N1s, 54.96 at% of O1s, 3.40 at% of P2p,

3.58 at% of Si2p, and 11.64 at% of Ti2p at the neck. IC demonstrated 0.005 mg/L of NO
3

- and 0.026 mg/L of PO
4

3- while

ICP manifested 0.01 mg/L of Ca and 0.03 mg/L of Si.

Zimmer Biomet OsseoTite presented 11.20 at% of C, 16.76 at% of N, 17.45 at% of O, 1.50 at% of Na, 2.50 at% 

of Ca, and 52.09 at% of Ti on EDAX. XPS manifested 28.97 at% of C1s, 2.46 at% of N1s, 52.98 at% of O1s, and 15.60 at% 

of Ti2p at the apex while 31.64 at% of C1s, 1.82 at% of N1s, 50.03 at% of O1s, and 16.51 at% of Ti2p were at the neck.

0.031 mg/L of NO
2

- and 0.041 mg/L of NO
3

- were found on IC, and 0.02 mg/L of Ca was revealed on ICP.

Nobelbiocare NobelActive displayed 3.24 at% of C, 11.79 at% of N, 46.27 at% of O, 0.45 at% of Magnesium (Mg), 

6.67 at% of P, 0.19 at% of Ca, and 31.38 at% of Ti on EDAX. XPS exhibited 25.08 at% of C1s, 2.24 at% of N1s, 53.14 at% 

of O1s, 7.36 at% of P2p, and 12.18 at% of Ti2p at apex while  25.31 at% of C1s, 1.30 at% of N1s, 53.43 at% of O1s,

5.94 at% of P2p, and 14.03 at% of Ti2p were revealed at the neck. IC showed 0.446 mg/L of SO
4
2-, 0.001 mg/L of NO

3
-,

and 0.393 mg/L of PO
4

3-. 0.14 mg/L of P was presented on ICP.

Nobelbiocare NobelReplace exhibited 1.58 at% of C, 9.15 at% of N, 42.57 at% of O, 6.07 at% of P, and 40.63 at% 

of Ti on EDAX. XPS demonstrated 20.20 at% of C1s, 2.05 at% of N1s, 56.42 at% of O1s, 8.29 at% of P2p, and 13.04 at% 

of Ti2p at the apex while 21.93 at% of C1s, 2.20 at% of N1s, 55.15 at% of O1s, 9.12 at% of P2p, and 11.62 at% of Ti2p

were presented at the neck. IC showed 0.007 mg/L of Cl-, 0.456 mg/L of SO
4

2-, 0.009 mg/L of NO
3

-, and 0.392 mg/L of

PO
4

3-. ICP revealed 0.14 mg/L of P and 0.01 mg/L of Si. 

Bicon Short manifested 31.31 at% of C, 35.42 at% of O, 0.42 at% of Mg, 1.78 at% of Al, 7.61 at% of P, 7.61 at%

of Ca, and 12.42 at% of Ti on EDAX. XPS showed 23.67 at% of C2s, 12.85 at% of Ca2p, 1.01 at% of N1s, 4.76 at% of

Na1s, 47.42 at% of O1s, and 10.28 at% of P2p at the apex while 25.18 at% of C1s, 13.26 at% of Ca2p, 1.88 at% of Na1s,

47.83 at% of O1s, and 11.85 at% of P2p were presented at the neck. 0.007 mg/L of Cl-, 0.069 mg/L of NO
2
-, 0.031 mg/L

of SO
4

2-, 0.078 mg/L of NO
3

- were displayed on IC. ICP detected 5.26 mg/L of Ca, 0.04 mg/L of Na, 0.01 mg/L of Ni,

0.04 mg/L of Mg, 0.17 mg/L of Al, 1.53 mg/L of P, and 0.12 mg/L of Si.

Hydrophilicity
Among the �fteen different implant systems, only Cowellmedi INNO implant showed immediate hydrophilicity 

when the implant was in contact with DI water (Table 8).

Discussion 
Dental implant is widely accepted as a reliable treatment for fully and partially edentulous patients due to its

excellent biomechanical properties. A key to implant success largely depends on osseointegration between implant and

surrounding bone. Herein, various methods to facilitate its osseointegration have been investigated throughout the world.

Since pure Titanium, the core material of implant, is bioinert, numerous attempts to modify its surface have been made. 

Implant surface modi�cation can be performed through subtractive and additive methods. Subtractive treatments 

include sandblasting, acid-etching, dual acid-etching, sandblasting with large grit and acid etching (SLA), and laser peening 

while the examples of additive method are anodization, �uoride surface treatment, nanostructured surface, spraying plasma, 

coating sol-gel, sputter deposition, electrophoretic deposition, biomimetic precipitation, and coating of bioactive drugs or

osteogenic agents [6]. The aforementioned methods are intended to modify surface properties such as hydrophilicity

surface topography, composition [8,13,21]. Thus, these three surface properties of �fteen commercially available implant

systems were veri�ed through scanning electron microscopy (SEM), energy disperse X-ray (EDAX), X-ray photoelectron 

spectroscopy (XPS), ion chromatography (IC), inductively-coupled plasma-atom (ICP), and hydrophilicity test. 

The presence of certain elements, such as Fluorine(F), Arsenic (As), Aluminum (Al), Sulfur (S), Silicon (Si),

Technetium (Tc), Nickel (Ni), Potassium (K), and Zinc (Zn), may be considered as impurities, possessing potential risk

for implant success. For example, Fluorine can be detected when abstergent is not completely removed. Arsenic is a

carcinogenic element, so it is better not to be remained. Sulfur can be detected when cutting �uid or etchant is insuf�ciently 

washed. Aluminum comes from Aluminum oxide which is commonly used as a blasting material to create roughness on

implant surface. These impurities are remained due to insuf�cient washing process. 

On the other hand, the application of Magnesium (Mg), Sodium chloride (NaCl), and Calcium (Ca) are speculated 

to be advantageous for osteogenic process. A study by Sul et al. reported that implants with magnesium derive higher

removal torque values (RTV) [22]. In addition, when implant is maintained in isotonic solution of 0.9% Sodium Chloride, 

osseointegration can be accelerated, and area of bone-to-implant interface can be increased [19]. Furthermore, the effect

of calcium-coated implant surface on osseointegration is well-established by several studies; thus, a number of implant

system have adopted calcium coating, such as calcium phosphate crystal, on purpose of stimulating osseointegration [7,9,11]. 

Among the implants investigated in the present study, seven implant systems, including Cowellmedi INNO, Straumann

Roxolid, S.I.N Unitite, Anklyos C/X Implant, Zimmer Biomet OsseoTite, Nobelcare NobelActive, and Bicon Short,

demonstrated calcium coating. 

It is noteworthy that Cowellmedi INNO implant was the only implant system that exhibited instantaneous

wetting when contacted with deionized water. Also, its surface was the only one without nano-roughness as presented via

SEM image in Table 2. Some studies speculated that the hydrophobic property of implants may be due to air entrapped

inside the micropores, and the entrapped air can be involved in approximately three quarters of the total surface area contacting 

with �uid: thus, a small portion of implant surface may exhibit the initial wetting with blood when the implant is placed

clinically [17,18].  

Within the limitation of this study, it is assumed that hydrophilicity can be achieved through chemical composition

of the implant surface rather than surface roughness. In addition, further studies are necessary to verify the application

of hydrophilic implant as a potential carrier of osteoinductive materials such as bone morphogenetic protein 2 (BMP-2). 
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