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INTRODUCTION 

Orthodontics involves the use of a range of 
corrective devices, such as braces and plates, to 
encourage the teeth to be aligned properly. However, 
appliances used in orthodontic treatment probably 

produce negative effects on oral hygiene. The site 
where the tooth surface contacting the brackets is 
liable to accumulation of oral bacteria leading to 
biofilm adhesion. Oral biofilm, or “dental plaque”, is 
hard to be eliminated and continuous teeth brushing 
is not always enough to eliminate the plaque from 
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ABSTRACT

Objectives: To assess the capability of different orthodontic arch-wires to retain oral biofilm	
 and to correlate the adhesion to surface roughness of the wires. 

Methods: Four types of orthodontic arch-wires were used for the study, Nickel-titanium (NiTi), 
Copper nickel-titanium (Cu-NiTi) , Beta Titanium (TMA ) & Beta III Titanium (CNA) new arch 
wires and 4 weeks after intraoral usage, were examined for Surface roughness (SR) using an atomic 
force microscope (AFM). Adhesion of Streptococcus mutans (MS), Staphylococcus aureus (SA), 
and Candida albicans (CA) were performed using colony count method. Statistically, the following 
tests were done: analysis of variance, Pearson correlation coefficient test, post hoc Tukey test. 

Results: The four wire types showed significant increases in SR (P< 0.05) after 4 weeks of 
intra-oral usage, TMA wires recorded the highest roughness values while the lowest ones were for 
NiTi wires. Bacterial adhesion was detected on all wires, ANOVA showed significant differences 
between the wires concerning MS, SA and CA adhesion. A significant positive correlation (P=.001) 
was observed between bacterial adhesion and surface roughness after intra-oral exposure. 

Conclusions: SR of the wires increased after intra-oral use and there was a positive correlation 
with the biofilm adhesion.
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the adhesion sites, like the bracket-adhesive-tooth 
surface areas, and the zone between brackets and 
the free gingiva.1 

The Streptococci, as mentioned in many 
researches, has an important role in the promoting 
of the primary stages of biofilm creation in the oral 
cavity. Streptococcus bacteria in conjunction with 
other bacterial types are claimed to be the main 
colonizers of dental biofilm development 2. It was 
found that the role of Streptococcus species inside 
the oral cavity is smaller in comparison to that of 
Staphylococcus one, due to carnivore food regime 
is less fermentable type and their salivary pH degree 
is mostly alkaline.3

Candida albicans (C. Albicans) is the main 
fungus colonies which was isolated during different 
oral infectious diseases, and many studies have 
shown that different oral bacteria can adhere to C. 
Albicans in oral biofilm infections and can alter its 
pathogenicity.4 At the same time, existence of C. 
Albicans can change the behavior of the bacterial 
microbiota.5 Streptococcus mutans, the main 
bacteria responsible for early childhood caries 
(ECC), which can be accumulated with C. albicans 
in a bi-directional interaction complex .6

As known in last few years, the most common 
orthodontic arch-wire used is the Nickel titanium 
(Ni-Ti) alloys. Recently, Copper Nickel-Titanium 
(Cu-Ni-Ti) arch wire, an alloy composed of copper, 
nickel, titanium, and chromium, was introduced to 
improve the different tooth movements in certain 
cases .7 It was reported that a copper metallic surface 
has antimicrobial property and that viruses, bacteria 
and yeasts are soon killed on it.8

Another type of orthodontic arch wires was in-
troduced by Charles Burstone in the 1980’s which 
is The Beta Titanium (TMA). TMA is a stabilized 
titanium alloy in the beta phase formed of titani-
um (79%), molybdenum (11%), zirconium (6%), 
and tin (4%). As a result, its modulus of elasticity 
is lower with more spring back property than that 
of the steel type, also it provides a combination of 

great shape memory, suitable enough stiffness, bet-
ter formability, weldability and high degree of at-
trition. All these characteristics give rise of a TMA 
type of wire which has both characters stiffness 
and elasticity, which offer ideal properties for the 
finishing stage in orthodontic treatment.9 Beta-III 
Titanium Nickel-free alloy arch wires called CNA, 
it is a replacement for TMA arch wires. The wire 
exhibits excellent ductility for insertion of loops and 
bends minimizing important chairside time. Previ-
ous studies 10,11 concluded that CNA wires presented 
the greatest flexibility between stainless steel, niti-
nol and TMA alloys.

Bacterial adhesion is affected by the surface 
properties of biomaterials, especially surface 
roughness. A rough surface provides opportunities 
for bacterial attachment by expanding the surface 
area leading to more adhesion areas and preventing 
the displacement of bacterial colonies. 12, 13

The aim of this study was to evaluate the surface 
roughness and microbial biofilm adhesion of four 
different orthodontic arch-wires: Nitinol (Ni-Ti), 
Copper-Nitinol (Cu-Ni-Ti ), Beta-Titanium (TMA) 
and Beta-III Titanium (CNA) .

MATERIALS AND METHODS

Four types of an orthodontic arch wires (Ni-Ti, 
Cu- Ni-Ti, TMA and CNA) were used in the study 
(Table 1). 

Sample size calculation 

 The calculated sample size of the study was 7 
wires for each group at 5% level of significance and 
80% power of the study, using G Power 3 sample 
size calculator. It was found in previous study 
(Mahasen et al) that mean surface roughness for 
type 1 wire = 1.1 with SD 0.31 and mean surface 
roughness of type 2 wire =1.6 with SD 0.38. The 
sample size was increased to 10 wires for each group 
to compensate for protocol failures with incomplete 
data to increase the study power. 
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Forty orthodontic patients (22 female and 18 
male) were elected from the clinic of Orthodontic 
Department (Faculty of Dentistry, Mansoura Uni-
versity, Egypt). All patients had permanent denti-
tion, age range of 15.13 + 3.25, with moderate to se-
vere crowding with good oral hygiene and healthy 
normal gingiva, and the absence of any systematic 
or dental abnormal condition. They did not have any 
previous medication for a month prior to or during 
the orthodontic.

The patients or their parents signed an informed 
consent which includes information about the treat-
ment approach, this study was accepted by the Eth-
ics Committee of Mansoura University.

After an orthodontic diagnostic records and the 
treatment plan was established for all the participat-
ing patients, the treatment procedure was accom-
plished according to the following protocol to guard 
against the effect of the bracket on the results, the 
selected patients had straight wire, the same brack-
ets of 0.022” slot Roth system and molar tubes* were 
used, they were bonded using orthodontic com-
posite** according to the manufacture instructions. 
A series of orthodontic arch wires were used for 
each patient starting from size 0.012” till reaching 
0.016”x 0.022” according to the treatment progress 
of each case. The elastomeric ties were used during 

all the treatment steps. After this stage of orthodon-
tic treatment, patients were divided randomly into 4 
equal groups according to table (1).

Before engaging the new wire in the brackets 2 
cm were cut form the distal end of each wire as re-
ceived, cleaned by distilled water, dried by air jet 
oil free, packed and identified to be ready for the 
surface roughness analysis by the atomic force mi-
croscope.

After engaging the rectangular 0.017” x 0.025” 
orthodontic wire for the patients in the four different 
groups 4 weeks were calculated for each participant.

For the used arch wire and before its removal 
from the patient’s mouth the area opposite to the 
right and left premolars were marked by a permanent 
marker to ensure that, all the piece of wires which 
were examined concerning the examination of the 
biofilm formation or the surface roughness analysis, 
were subjected to the same oral environment. Then 
the wires were sectioned from the midline by a 
sharp cutter to achieve two halves of the wire for 
the forty patients.

The right half of the arch wire was gripped care-
fully to guard against any iatrogenic biofilm remov-
al, rinsed with an air/water spray to get rid of the 
food debris, then they were air dried, the marked 

TABLE (1) Orthodontic arch wires used in the study.

Group number Number of patients Cross section size Composition

1 10 0.017”x0.025” Copper -Nickel titanium alloy* (Cu-Ni-Ti)

2 10 0.017”x 0.025” Nickel-Titanium alloy** (Ni-Ti)

3 10 0.017”x 0.025” Titanium Nickel-free alloy*** (CAN)

4 10 0.017” x 0.025” Beta Titanium Molybdenum**** alloy (TMA)

* OrthOrganizers, Carlsbad, calif.,USA.
** Grengloo, Ormco, Orange, Calif, USA.
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piece of wire was cut, packed into a sterilizing plas-
tic bag. All the bags were identified with the pa-
tient’s name, the date of insertion and removal and 
the number of the study group. The collected wires 
were sent to the clinical laboratory at the same day 
to analysis of the biofilm formation. The other left 
half of the wire was cleaned, rinsed with physiolog-
ic saline, dried with an oil free air syringe, steril-
ized, the premolar marked parts were sectioned by 
a sharp cutter, backed separately and identified like 
the other right section to be ready for the atomic 
force analysis.

Bacterial Attachment on Orthodontic Wire:

Quantitative analysis of the microbial biofilm 
formation was performed by viable bacterial cell 
counting. (CA) , (SA), (MS), were cultured separately 
in an Eppendorf tube which was containing 1.5 
mL of brain heart infusion (BHI) medium, where 
the piece of wire under examination were soaked 
in. After a period of forty hours of incubation at 37 
degree Celsius under aerobic conditions, each wire 
segment was washed 2 times in sterile phosphate-
buffered saline (PBS) and then, then they were 
transferred to second sterile Eppendorf tube.

For viable cell counting:

Each piece of orthodontic used arch wire was 
sonicated using ultrasonic vibration in 1 mL PBS. 
The PBS was diluted in a serial manner and each 
100 mL was spread on top of a BHI agar plate. Af-
ter 2–3 days (incubation period), bacterial colonies 
were analyzed and counted from each sample, and 
finally the calculation of the relative colony forming 
units was done.

Quantitative Biofilm Measurement:

All the collected samples were washed very 
carefully with PBS to eliminate the non- adherent 

bacteria. Then 0.5% crystal violet solution was used 
to stain the sample for thirty  minutes, and washed 
5 times with distilled water, and all the samples was 
left to dry at room temperature for another 30 min-
utes. After that, 95% ethanol was added to solubilize 
the crystal violet. The absorbance was established 
at 595 nm using an enzyme-linked immunosorbent 
assay (ELISA) reader. The strains were considered 
to be a significant biofilm former when the OD595 
threshold value was over 0.5.

Surface Roughness

All the 2 cm piece of the “as received” arch wire 
which were cut before insertion in the oral cavity, 
and the collected “used” left prepared sterilized 
sections were scanned to have a pre and post sur-
face roughness values for each type of the different 
arch wire used in this study. This was measured by 
atomic force microscopy ((Nanosurf FlexAFM 3, 
Gräubernstrasse 12, 4410 Liestal, Switzerland). The 
AFM was operated in contact mode using noncon-
ductive silicon nitride probe using Nano surf C3000 
(version 3.5.0.31) software with the following spec-
ifications: scan area, 10 x 10 µm2 and number of 
data points: 256 x 256 line; at scan rate 1 HZ.

Three different areas were assessed, measuring 5 
x 5 mm each, one in the center of the piece of wire, 
at other two readings , 2 mm on the right and left di-
rection , all measurements were on the labial surface 
of the wire segments, which were fixed on a glass 
slide before examination and insertion in the AFM. 
Finally, the average value SR (Ra) was evaluated.

Statistical Analysis

All the collected data was analyzed using Sta-
tistical Package for Social Science software com-
puter program version 23 (SPSS, Inc., Chicago, IL, 
USA). Data were presented in mean and standard 

* Ormco, Orange, Calif, USA.
** 3M unitek, Saint paul, MN, USA.
*** Ortho Organizers, Carlsbad, Calif., USA.
**** Ormco, Orange, Calif, USA.
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deviation. One-way Analysis of variance (ANOVA) 
and Tuckey were used for comparing data. Pear-
son’s correlation coefficient was used to correlate 
between surface roughness & Microbial biofilm ad-
hesion test for MS, SA and CA. P value less than 
0.05 was considered statistically significant.

RESULTS

Microbial Biofilm Adhesion

The adherence of MS, SA, CA to the wires is 
shown in Table (2). For SA and MS adhesion, NiTi 
wire showed the lowest mean values (0.174±0.055, 
0.192±0.035, respectively), while CuNiTi showed 
the lowest value for CA (0.110±0.016). The high-
est values for MS, SA, and CA adhesion were re-
corded for TMA wire (0.376±0.14, 0.549±0.17 and 
0.462±0.054, respectively). ANOVA analysis dem-
onstrated a significant difference between the dif-
ferent types of wires for MS, SA, and CA (P<0.05). 
Tukey’s test revealed that TMA wire had signifi-
cantly higher MS and CA adhesion than the other 
three types, while higher SA adhesion than NiTI 
and CuNiTi wires, with no significant difference 
with CNA. There is no significant difference be-
tween CuNiTi and NiTi wires in respect to SA and 
MS ahesion, while they significantly different for 
CA adhesion. CNA wire showed significantly high-
er MS, SA and CA adhesion than NiTi wire, while 
significantly higher CA adhesion only with CuNiTi.

Surface Roughness

Surface roughness values of new and used wires 
are shown in Table 3. All of the archwires studied 
increased in surface roughness after intraoral ex-
posure. For all wires, a significant difference of SR 
was found between new and used wires (P<0.05). 
The highest mean values of SR were recorded 
for the new and used TMA wires (165.4±13.45, 
217.4±12.59 respectively) whereas the lowest values 
were for the new and used NiTi wires (54.15±9.722 
and 88.61±9.957 respectively) followed by new and 
used Cu NiTi wires (63.84±5.452 and 107.3±8.489 
respectively) and new and used CNA (74.24±5.322 
and 147.5±8.886 respectively). ANOVA analysis 
showed significant difference in surface roughness 
between the four types of examined arch wires ei-
ther new or used (P<0.05). The results of the Tukey’s 
test revealed a significant difference between TMA 
wires and the other three types, and there is no signif-
icant difference between NiTi and Cu NiTi, where-
as there is a significant difference between CNA and 
NiTi wires, for as recieved wires. For used wires, 
there is a significant difference between TMA wires 
and the other three types, and there is a significant 
difference between NiTi, Cu NiTi and CNA. Also, 
there is a significant difference between NiTi and 
CuNiTi wires. Three-dimensional images of AFM 
of all types of wires are seen in Figure 1.

The Pearson correlation coefficient test is shown 
in Table 4, indicate a significant positive correlation 
between SR and bacterial adhesion (Figure 2).

TABLE (2) Adhesion of Staphylococcus aureus, Streptococcus mutans and Candida Albicans to the wires.

CuNiTi G1 NiTi G2 CNA G3 TMA G4

Staphylococcus aureus 0.242±0.019 0.192±0.035 0.308±0.122 b 0.376±0.14 ab

Streptococcus mutans 0.220±0.054 0.174±0.055 0.337±0.079b 0.549±0.17abc

Candida albicans 0.110±0.016 0.244±0.087a 0.325±0.038ab 0.462±0.054abc

a: significance vs. G1 (P<0.05), b: significance vs. G2(P<0.05), c: significance vs. G3(P<0.05)
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TABLE (3) Mean and Standard Deviation (SD) of Surface Roughness of new and used wires.

CuNiTi G1 NiTi G2 CNA G3 TMA G4 P value

SRa

New 63.84±5.452 54.15±9.722 74.24±5.322b 165.4±13.45abc P<0.05

Used 107.3±8.489* 88.61±9.957a* 147.5±8.886ab* 217.4±12.59abc* P<0.05

a: significance vs. G1 (P<0.05), b:significancevs.Group 2(P<0.05),c: significancevs. Group 3(P<0.05), *: significance vs 
used (within each group) (P<0.05).

Table 4. Pearson correlations between SR and biofilm adhesion to the wires

Staph Strept Candida

SR r 0.58 0.82 0.76

P <0.001* <0.001* <0.001*

r: Pearson’s correlation coefficient P: Probability

*: significance <0.05

Fig. (1) Three-dimensional atomic force microscope topography images of different new and used wires.
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DISCUSSION

From the clinical point of view, low surface 
roughness value of the arch wire leads to fast and 
easy sliding of the tooth with slight force as the 
force expended in friction remain at minimal level. 
A good wire is required to be smooth during the pe-
riod of its use, but the surface characters of the wire 
may be affected by the chemical composition of 
the oral cavity, making it very rough. Consequent-
ly, a part of the force which is important to move 
the tooth is consumed to overcome the frictional 
force which a major factor for clinical orthodontic  
success.15

In the present study, Atomic force microscopy 
was used to evaluate the topographic surface char-
acteristics of the arch wires. It is a scanning probe 
microscope, a sort of tools that, obtain information 
on the examined surfaces using interatomic inter-
actions, this AFM microscope gains the images by 
specific sensors, be made up of sharp definite points 
which intern interact with the specimen surface 
which is under examination. 16-18

The results showed significant differences among 
all new and used wires, NiTi wire showed the low-
est roughness values followed by CuNiTi and CNA 
wires while the highest values either among new or 
used wires were for TMA. The results agree with 
previous studies of Doshi and Bhad- Patil,19 which 
showed higher records of surface roughness for 
TMA, on the other hand they are against the results 
of others 20 in which NiTi wires recorded the high-
est the roughness values. The production technique 
influences the surface topography of orthodontic 
wires as the roughness measured for several prod-
ucts from the similar batch was homogeneous.21

β-Ti arch wires (TMA), either new or used 
ones, recorded the highest roughness values, and 
this is related to the excessive friction produced by 
this material .22,23 The wire usually displays maxi-
mum frictional force, possibly as a result of wear 
either adhesive or abrasive, which formed with the 
bracket slot because of the great reactivity with the  

Fig. (2) Pearson correlations between biofilm adherence to the 
wires and SR of the wire. (A) Staphylococcus aureus, 
(B) Streptococcus mutans, (C) Candida albicans. r 
indicates the pearson correlation coeffeicient and 
P-values for the variables examined.
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surface of the orthodontic arch wire.24 The NiTi 
wire, in contrast, generates lesser friction than do 
TMA wire; performance of the arch wire is im-
proved by its stiffness and flexibility. 25

CNA arch-wires recorded higher surface rough-
ness than NiTi wires with significant difference, and 
lower than TMA. This finding is in agreement with 
Juvvadi et al,11 as beta-titanium orthodontic arch 
wires showed a certain degree of surface roughness 
in SEM examination. This degree of surface rough-
ness, especially at the site of localized cold welding 
or adherence of the wire and the slot of the bracket, 
lead to increased arch wire-bracket sliding friction 
as noted in case of titanium- based archwires.26 The 
CNA wires composed of extra titanium but less mo-
lybdenum, zirconium, and tin than TMA wires. In-
creased strength and hardness of TMA wires is due 
to increased zirconium, which aids in prevention of 
embrittling omega phase formation during process-
ing at high temperatures.4 Less zirconium might ex-
plain the decreased degree of stiffness of the CNA 
wires.11,24

In the present study, Cu NiTi wire showed 
greater surface roughness than NiTi wires without 
significant difference for as-recieved types and sta-
tistically different for used one, these findings are 
in agreement with Gravina et al. 7 and Fischer‑Bran-
dies et al.27 who showed that Cu NiTi 35°C wires 
had irregular morphological characteristics com-
pared to NiTi wire, these irregularities are drawing 
marks and slots which be visible under any degree 
of magnification. Also, it showed microcavities 
which formed as a result of pull out the particles of 
NiTi, which could produce a higher coefficient of 
attrition. In previous studies, it was shown that Cu-
NiTi arch-wires have more surface roughness and 
Streptococcus adhesion than NiTi archwires.15,28

Surface roughness values were increased signifi-
cantly for all types of wires after 4 weeks of intra 
oral exposure. This finding is related to the abrasive 
impact of tooth brushing, wearing out due to certain 
food, and the impinge between the bracket edges 
and the arch wire, the results of this study were in 
agreement with the findings of previous studies 14,29 

which evaluated intraoral aging of esthetic coated 
arch wires, NiTi, and stainless-steel wire, they af-
firmed that , there is a significant increase in biofilm 
adhesion and the surface roughness as a result of 
intraoral exposure of the arch wire.

The surface changes were attributed to the growth 
of microcrystalline sodium chloride, calcium phos-
phate, potassium chloride and their accumulation on 
the wires. These deposits caused pitting and crevice 
corrosion imperfections along with the decrease of 
the alloy grain size, as explained in retrieved NiTi 
wires in previous studies 30,31, consequently chang-
ing its surface composition and topography. Other 
important factor for surface changes is the effect 
of acidogenic bacteria on the surface corrosion be-
havior of the NiTi wires, thus, changing the surface 
properties of the used arch wires.32

All types of wires showed positive biofilm adhe-
sion after 4 weeks of oral exposure. The highest ad-
hesion values were for TMA wire followed by CNA 
wire while the lowest values were for NiTi and CuN-
iTi wires. The marked increase in surface roughness 
after oral exposure is the explanation for this result. 
It was found that the threshold of SR below which 
it has no influence on bacterial adhesion to the tita-
nium alloy is 0.2µm,33 as shown in table 3, SR val-
ues of all types of wires after their usage intraorally 
were greater than this value. Rough surfaces offer 
chances for bacterial adherence by increasing the 
exposed surface area, producing appropriate bacte-
rial adhesion and weakening bacterial colony dis-
placement. 34 firstly, the bacterial biofilm develops 
within the valleys of irregular surfaces by perma-
nent adherence of planktonic pioneer bacteria, flat-
tening the coarse parts.35 Furthermore, fluctuations 
in SR of more than 0.1 mm effect the contact angle, 
thus altering the surface free energy values, which 
include the second surface characteristic disturbing 
bacterial biofilm adhesion to the different orthodon-
tic materials.12,36,37 These results are assured by the 
correlation results, which demonstrate a significant 
positive correlation between biofilm adhesion and 
SR of the orthodontic arch wire .
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CONCLUSIONS

1.	 Microbial biofilm adhesion was significantly 
greater in TMA and CNA than NiTi Cu-NiTi 
arch-wires.

2.	 The surface roughness of TMA and CNA was 
greater than NiTi and Cu-NiTI arch-wires.

3.	 Surface roughness for all the examined the arch-
wires in this study increased after 4 weeks of 
intraoral exposure.

4.	 There was a positive correlation between sur-
face roughness and the biofilm adhesion on the 
different wires.
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