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Abstract: The benefits of using a surgical microscope in periodontal therapy were mainly based on subjective state-
ments made by patients or periodontists. We aimed to provide laboratory evidence for the advantages of using a 
surgical microscope during root scaling on periodontitis teeth. In the present study, the extracted teeth were catego-
rized into four groups: normal teeth (normal control [NC] group), untreated periodontitis teeth (periodontitis control 
[PC] group), root surface scaled without magnification (macro group), and root surface instrumented with a micro-
scope (micro group). To analyze both the mechanical and biological properties of the root surfaces, we performed 
nanoindentation in addition to the traditional methods. We found that by using a surgical microscope, we improved 
the clearance of bacterial deposits and calculi on periodontitis root surfaces. Nanoindentation results revealed 
that the nanotopography pattern, elastic modulus, and nanohardness of the root surface in the micro group were 
closest to those in the NC group. The immunofluorescence assay and cell proliferation analyses revealed improved 
morphology and enhanced adhesion and proliferation of periodontal ligament cells on the root surface in the micro 
group compared with the macro group. After instrumentation, the expression levels of interleukin-6 and interleu-
kin-8 decreased when compared with the PC group. Our results demonstrated that surgical microscope application 
could improve the outcomes of periodontal treatment, implying that a surgical microscope can be a powerful tool 
for periodontists to seek accurate clinical periodontal performance and gain better biocompatibility of the treated 
root surfaces.
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Introduction

Periodontitis is a common inflammatory dis-
ease, which is initiated and sustained by peri-
odontal pathogens and their cell-associated 
and extracellular virulence factors [1, 2]. Con- 
temporary periodontal therapy generally aims 
at the removal of bacterial deposits (calculus 
and endotoxin) and restoration of tooth aes-
thetics and function, which is performed with 
minimal trauma and discomfort using mag- 
nification systems and periodontal microsur-
gery in addition to conventional technology  
[3]. However, the benefits of using a surgical 
microscope in periodontal therapy were main- 
ly based on subjective statements made by 
patients or periodontists.

In the past decade, using magnification sys-
tems and periodontal microsurgery was a part 

of minimally invasive surgery in dentistry. There 
are numerous advantages of using a surgical 
microscope. For example, practitioners can 
magnify and illuminate the tooth to be treat- 
ed, improving the diagnosis and technical  
accuracy. Although a surgical microscope is 
widely used in endodontics [4-7], its applica- 
tion in periodontics is currently under active 
research. Using a microscope in mucogingival 
periodontal surgery was practiced only by few 
practitioners, and the use was mainly limited  
to case report [8-11]. Hegde and Sitbon point- 
ed out that despite the apparent advantages, 
the actual benefits of the microsurgical ap- 
proach over conventional approaches have not 
been estimated in scientific research [3, 12].

Successful periodontal treatment should com-
pletely remove bacterial deposits and calculi 
without exerting any iatrogenic effects [13]. In 
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this regard, to evaluate the advantages of us- 
ing a surgical microscope during periodontal 
therapy, we assessed residual calculi and oth- 
er parameters on the extracted root surfaces 
after scaling under a microscope and without 
magnification. Previous studies mainly used 
traditional methods of the scanning electron 
microscope (SEM) and surface profilometry 
and ranked such characteristics by a subjec- 
tive judgment to determine the characteristics 
of the tooth root surface [13-17]. The methods 
cannot precisely elucidate the detailed charac-
teristics of the root surface but can evaluate 
few biological properties. Thus, the develop-
ment of more sensitive and detailed approach-
es is needed. 

In recent years, the development and applica-
tion of scanning probe microscope has acce- 
lerated the progress of nanotechnology. It be- 
comes an important supplement to SEM by 
making sensitive information on the materials 
available and allowing an understanding of the 
properties of materials at the nanoscale level. 
In the present study, in addition to traditional 
methods, we performed nanoindentation to 
accurately investigate the biomechanical prop-
erties and nanotopography changes on the 
periodontitis root surfaces at the nanoscale.  
To determine their cellular reaction after in- 
strumentation, we also cultured periodontal 
ligament cells (PDLCs) on the root surface.

We aimed to determine whether the applica- 
tion of a surgical microscope could help elimi-
nate the bacterial deposits (calculus and en- 
dotoxin) thoroughly on the root surface in vitro 
and to provide new insights into the accurate 
measurement of the mechanical properties of 
the root surface under physiological and pa- 
thological conditions by nanoindentation tech- 
nique. 

Materials and methods

Sample preparation

The participants of this study were patients 
aged 30-50 years with advanced chronic peri-
odontitis, with molars scheduled for extrac- 
tion, and had no periodontal treatment for at 
least 5 years. The extracted molars were all 
characterized as hopeless [18, 19] and were 
randomly assigned into three groups: untreat-
ed periodontitis teeth (periodontitis control 
[PC] group), root surface scaled without mag- 

nification (macro group), and root surface in- 
strumented with a microscope (micro group). 
The impacted third molars were collected  
from healthy participants and designated as 
the normal control (NC) group. The use of 
human teeth was reviewed and approved by 
the local ethics committee at the School of 
Stomatology, Wuhan University, and written 
consent was obtained from each patient. All 
the selected teeth had no caries and had not 
received treatments before. After extraction, 
the upper two-thirds of the selected experi- 
mental root surface was divided into a rectan-
gular area of interest (AOI).

The teeth in the macro group were scaled  
without magnification, and those in the micro 
group were scaled under the microscope  
(magnification × 10) (Zumax OMS2380; Su- 
zhou, China). Moreover, all teeth in these two 
experimental groups were scaled with a mag-
netostrictive ultrasonic device (Cavitron Bo- 
bcat Pro.; Dentsply, York, PA, USA) and were  
set at a frequency of approximately 25 kHz  
with P-10 subgingival tip. To model the clini- 
cal periodontal surgery, we held the teeth in  
the occlusal plane location of the patient. A 
well-trained operator performed root surface 
debridement of each tooth until the root sur-
faces were visually cleaned. Two investigators 
evaluated the specimens under the same con-
ditions. Specimens were prepared into rectan-
gular slices (3 mm × 2 mm) with a 1-mm thick-
ness within the AOI for the following assays.

Microscopy

Both the cell-free specimens and specimens 
with cementoblasts or PDLCs cultured on the 
surfaces were fixed in a 2.5% glutaraldehyde 
solution at 4°C overnight. The specimens were 
then soaked in PBS, dehydrated in an alcohol 
gradient, gold-sputtered, and observed under 
an SEM (Quanta SEM; Thermo Fisher Scienti- 
fic, Waltham, MA, USA). 

The adhesion and growth of PDLCs on the  
root surface were analyzed using confocal  
laser scanning microscopy (Olympus FluoView 
FV1200; Olympus, Melville, NY, USA). The cells 
were seeded on the sterile specimens (3000 
cells per specimen) and grew for 24 h in ba- 
sal medium. The samples were washed three 
times with PBS, fixed in 4% paraformaldehyde 
for 15 min, and rewashed three times. The  
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cells were permeabilized using 0.1% Triton 
X-100 for 5 min at 37°C and blocked by premi-
um-quality normal goat serum for 30 min at 
37°C. After blocking, the F-actin cytoskeleton 
of cells was stained with rhodamine phalloidin 
for 30 min at 37°C, and the nuclei were stain- 
ed with DAPI for 5 min at room temperature. 
The confocal images were obtained immedi-
ately after the staining. Images of the distribu-
tion of cells on the root surface (Z-stack) were 
obtained.

Nanoindentation testing

The specimens were embedded in epoxy resin 
with the root surface up, exposed and paral-
leled to the bottom face, and then stored in 
PBS at low temperature. We performed the 
nanoindentation tests by using a nanoinden- 
ter (Hysitron TI950; Hysitron Inc., Minneapolis, 
MN, USA) equipped with a diamond Berkovich 
three-sided pyramid probe in load control with 
arising time of 5 s to a maximum load of 1000 
μN and unloading rate of 200 μN/s. Before the 
tests, the specimens were air-dried and res- 
tored at room temperature for 30 min. Indents 
were completed in the longitudinal direction  
on the root surfaces. An array of 36 indents 
was performed at one position (40 μm × 40  
μm area), and three replicate positions were 
made available in the identified AOIs of each 
specimen. Experimental data from all tests 
were analyzed by Hysitron TriboScan software 
(Hysitron Inc.).

Cell culturing

Premolars with healthy PDL tissue were col-
lected from donors aged 12-20 years from the 
School of Stomatology of Wuhan University. 
Briefly, periodontal ligament tissues were se- 
parated from the middle third of the root sur-
face and cut into small pieces. The tissue 
blocks were digested with 2 mg/mL collage-
nase type I (SCR103; Sigma-Aldrich, St. Louis, 
MO, USA) for 110 min at 37°C. To terminate  
the reaction, we used α-MEM (HyClone, Logan, 
UT, USA) containing 10% FBS (Gibco, Grand 
Island, NY, USA). After being centrifuged and 
resuspended, the tissue explants and cell sus-
pension were transferred and plated into a pri-
mary culture dish with the basal medium. The 
tissues were incubated in a humidified atmo-
sphere of 5% CO2 at 37°C until cells grew out 
from the tissue patch and reached 80% con- 
fluence. The tissues were then subcultured. 

The immortalized mouse cementoblast cell  
line (OCCM-30) was cultured in Dulbecco’s 
Modified Eagle’s Medium (Hyclone) containing 
10% FBS (Gibco) in 5% CO2 at 37°C.

Cell proliferation

Tooth samples were immersed in 75% ethanol 
for 1 h and exposed to ultraviolet light for 30 
min for sterilization. PDLCs were plated in 24- 
well plates, in which the sterile tooth sample 
was pre-placed, at a concentration of 1 × 105 
cells/well, and cultured in basal medium. The 
cells grew for 6 h to attach on the root surface 
and were transferred to the 96-well plates. To 
determine cell proliferation each day of the 
4-day culture period, we used Cell Counting 
Kit-8 (CCK-8) (Dojindo, Kumamoto, Japan) to 
record the absorbance at 450-nm wavelength.

Enzyme-linked immunosorbent assay (ELISA) 

Tooth samples were sterilized by steam steril-
ization. PDLCs were seeded onto the samples 
(using the method in the Cell Proliferation sec-
tion) and incubated for 24 h. The concentra-
tions of interleukin-6 (IL-6) and interleukin-8 
(IL-8) in the supernatant were determined by  
an ELISA kit (Boster Biological Technology Ltd., 
Pleasanton, CA, USA) according to the manu-
facturer’s instructions. The plates were read 
using ELISA reader (PowerWave XS2; BioTek, 
Winooski, VT, USA) at 450-nm wavelength.

Statistical analysis 

All data were expressed as means ± stand- 
ard deviation (SD). Differences among groups 
were measured with GraphPad Prism 5 (Gra- 
phPad Software Inc., San Diego, CA, USA) us- 
ing a one-way analysis of the variance and 
Tukey’s multiple comparison tests. The Stu- 
dent’s t-test was used to compare the results 
between the two groups. Statistical difference 
was considered at P < 0.05 and P < 0.01.

Results 

Evaluation of stained deposits 

To observe the residual calculi in different ex- 
perimental groups, we conducted a paired ex- 
perimental design after treatment. The mean 
percentages of the stained calculus in each 
experimental group after instrumentation were 
17.0% (macro group) and 9.9% (micro group) 
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(Figure 1B). A statistically significant differen- 
ce at P < 0.01 was observed between the 
macro and micro groups.

SEM 

Figure 2 shows the root surface of healthy  
and periodontically-compromised teeth before 
and after instrumentation. The healthy root  
surface (Figure 2A) was relatively regular and 
had a dome-shaped cementum structure cov-
ering on it. The residual collagen fiber bundle 
was firmly attached to the cementum. The  
periodontitis root surface had a highly irregu- 
lar pattern with a ballast-like structure (Figure 
2B). After scaling, the root surfaces became 
considerably flatter both in the macro group 
(Figure 2C) and the micro group (Figure 2D). 
This finding indicates the loss of the normal 
structure, which might be the cementum. 
Moreover, the root surface in the macro group 
seemed to be covered with a thicker smear 
layer; specimens in the micro group had a re- 
latively cleaner surface. 

The macro group had a larger 95% CI of re- 
duced modulus and nanohardness (Er: mean 
15.21 GPa, 95% CI: 13.16-17.27 GPa; H: me- 
an 0.3317 GPa, 95% CI: 0.2455-0.4179 GPa), 
than the Macro group (Er: mean 15.21 GPa, 
95% CI: 13.16-17.27 GPa; H: mean 0.2080 
GPa, 95% CI: 0.1933-0.2227 GPa). However, 
no statistically significant differences were ob- 
served between the two groups. Furthermore, 
the distributions of scatters in the micro group 
appeared similar to those in the NC group. 

Cell morphology on the root surface

Figure 5A shows the confocal microscope 
images of PDLCs cultured on the root surface  
in each group. From the images of F-actin, it 
could be observed clearly that PDLCs adhered 
and stretched best on the root surface in the 
NC group, had extended branched projections 
and had most dimensional space structures 
compared with the cells in the other groups.  
By contrast, PDLCs on the root surface in the 
PC group manifested marked morphological 

Figure 1. Residual calculi on the root surface. A. Digital planimetric root 
surface analysis of AOI after staining with methylene blue. B. Mean 
calculus amounts for each group after instrumentation. Macro, roots 
treated without magnification. Micro, roots treated under surgical mi-
croscope. Data were expressed as mean ± SD from at least three inde-
pendent experiments. *P < 0.05 (Student’s t-test). 

Nanoindentation 

Figure 3A shows the representa-
tive indentation array script of a 
40 μm × 40 μm area of each 
group. The corresponding nano-
3D plots revealed the different 
surface morphologies of speci-
mens in different groups. The NC 
group had a relatively regular 
structure and considerably small-
er structural units (Figure 3Bb1) 
than the PC group (Figure 3Bb2). 
Loss of the normal surface struc-
ture, exposure of the inner struc-
ture, and formation of groove de- 
fects were observed in the macro 
group (Figure 3Bb3). However, the 
root surface structure instrument-
ed under the microscope remain- 
ed similar to that in the NC group 
(Figure 3Bb4).

The distributions of modulus and 
nanohardness values in the four 
groups are respectively shown in 
Figure 4A, 4B. Among the four 
groups, the reduced modulus and 
nanohardness of the root surface 
were the highest in the PC group 
(Er: 20.03 GPa; H: 0.4982 GPa) 
and the lowest in the NC group  
(Er: 7.095 GPa; H: 0.1625 GPa). 
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changes. Shrinkage and detachment of PDLCs 
were observed. Meanwhile, moderate cell mor-
phological changes were found in the micro 
group as compared with the flattened and 
shrank cells on the root surface in the macro 
group.

Representative SEM images of cells cultured 
on root surfaces showed that the cemento-
blasts firmly gripped the dome-shaped cemen-
tum structure on the root surface with its cel-
lular protrusions (Figure 5B). It also suggest- 
ed that the regular dome-shaped cementum 
structure was important to cell adhesion. The 
SEM images also showed the morphology of 
PDLCs with cellular protrusions extending to 
adhere to the fibers on the root surface (Figure 
5C).

Cell proliferation

The time-related proliferation of PDLCs was 
evaluated by CCK-8 assay (Figure 6). After cul-

turing for 2 days, the proliferation of PDLCs on 
the root surface in the micro group was sta- 
tistically higher (P < 0.05) than that in the PC 
group and was the highest among all groups. 
This trend continued for 4 days. As the culture 
time was extended to day 3 and day 4, the 
speed of cell proliferation in the macro group 
became slower than that in the NC group, 
although it was almost the same in day 1 and 
day 2. The number of cells in the PC group 
remained to be the lowest during culturing.

IL-6 and IL-8 secretions

The secretions of IL-6 and IL-8, markers of 
inflammation, were quantified by ELISA (Figure 
7). Among the four groups, the results demon-
strated that both the expression levels of IL- 
6 and IL-8 were lowest in the NC group and 
highest in the PC group. After instrumentation, 
the expression levels of IL-6 and IL-8 in macro 
and micro groups decreased remarkably when 

Figure 2. Representative SEM morphology of the root surfaces (original magnification × 500). A. NC group (healthy 
root surface) with a regular dome-shaped cementum structure. B. PC group (untreated periodontitis root surface) 
with a highly irregular pattern with a ballast-like structure. C. Macro group (roots treated without magnification) with 
a thicker smear layer. D. Micro group (roots treated under a surgical microscope) with a clean and flat root surface. 
The scale bar is 100 μm.
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Figure 3. Representative nanoindentation profile at one position of the root surface in each group. A. Indentation array script of a 40 μm × 40 μm area. B. Corre-
sponding nano-3D plot. C. Corresponding contour map of reduced modulus. D. Corresponding contour map of nanohardness.
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compared with those in the PC group. We could 
observe that the expression levels of IL-6 and 
IL-8 in the micro group were a bit lower than 
those in the macro group, although the differ-
ences were not significant. 

Discussion

Surgical microscope has been widely used in 
many fields; however, its popularity and appli-
cation in periodontics still lack enough scien- 
tific studies. In this study, to evaluate the ben-
efits of using a surgical microscope in perio- 
dontal therapy, we accurately investigated the 
biomechanical properties, nanotopography ch- 
anges, and biological properties of the root  
surfaces by performing nanoindentation in 
addition to traditional methods.

The removal of plaque and calculus is an indi-
cator of successful periodontal treatment. The 
amount of residual deposits after scaling was 
evaluated through stained deposits (Figure 1) 
and SEM analysis (Figure 2). With the use of a 
surgical microscope, the calculus coverage 
decreased noticeably after instrumentation (P 
< 0.01). It is suggested that the broadened  
version helped in removing the calculus effec- 
tively. 

Our SEM examinations on the root surface  
patterns confirmed the findings from previous 
studies [13-16]. Our results and the work by 
Kawashima et al. [13] found that a relatively 
normal root surface displayed dome-shaped 

cementum structure. Busslinger found a smear 
layer that covered the root surfaces and goug-
es probably because of the instrument tips 
after conventional scaling [16]. In the present 
study, the smear layer, grooves, defects, and 
linear injuries were also found after instru- 
mentation. They were more pronounced in the 
macro group than in the micro group. Also,  
our SEM morphology illustrated the robust re- 
sidual collagens that are attached to the nor-
mal root surface (Figure 2A). Geiger reported 
that many extracellular matrix proteins could 
be recognized by integrin receptors on the cell 
membrane; such proteins may transduce me- 
chanochemical cues from the environment to 
the cell [20]. Collagen fiber alignment and den-
sity could modulate cell migration [21-23]. Our 
SEM images of cells cultured on root surfaces 
(Figure 5B, 5C) also demonstrated that regular 
dome-shaped cementum structure and fibers 
on the root surface were crucial for cell adhe-
sion. Accordingly, keeping the structure as in- 
tact as possible during periodontal treatment  
is important to the cells in response to the root 
surface and tissue regeneration.

To evaluate the effectiveness of microscope-
enhanced scaling, we also investigated the 
mechanical properties of the root surface. Na- 
noindentation provided new insights on the 
mechanical properties and topography of the 
periodontitis root surface at nanoscale. Re- 
garding mechanical properties, nanoindenta-
tion at one representative injured position (Fi- 
gure 3Aa3) revealed that the reduced modu- 

Figure 4. Overall reduced modulus (Er) and nanohardness profiles of the tooth root surfaces in each group. A. Re-
duced moduli (Er) of the tooth root surfaces in four groups. B. Nanohardnesses of the tooth root surfaces in four 
groups. A statistically significant difference was observed at *P < 0.05 and **P < 0.01 (one-way ANOVA, followed by 
Tukey’s multiple comparison tests).
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lus and nanohardness decreased after the in- 
jury when compared with those in the other 
groups (Figure 3C, 3D). On the basis of a pre- 
vious study, tooth root has multi-layer struc-
tures with a natural interface between cemen-

tum and dentin, and the hardness exhibits a 
gradual transition from the cementum to den- 
tin [24]. Thus, the decreased value of reduced 
modulus and nanohardness on the root sur-
face might imply the loss of cementum and 

Figure 5. Morphology of cells 
cultured on the root surface. A. 
The confocal microscope images 
of periodontal ligamental cells 
cultured on root surface in each 
group for 24 h: the nucleus stain 
is denoted in blue, and F-actin is 
in red. The scale bar is 50 μm. 
B. Representative SEM image of 
cementoblast with cellular protru-
sions is firmly gripping the dome-
shaped cementum structure on 
the root surface. C. Representa-
tive SEM image of PDLCs with 
cellular protrusions is extending 
to adhere to the fibers on the root 
surface.
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exposure to the internal structure. Also, the 
nano-3D plot (Figure 3Bb3) provided an intui-
tive and convenient approach to observe such 
damage on the periodontitis root surface. On 
the other hand, the considerably higher values 
of reduced modulus and nanohardness in the 
PC group indicated that the calculus has dis-
tinct mechanical properties to normal root sur-
face tissues. Moreover, the distribution pat-
terns of the reduced modulus and nanohard-
ness values in the micro group were closer to 
those in the NC group but considerably vari- 
ed from those in the macro group. We should 
note that changes in tooth biomechanics can, 
in turn, alter the entire bone-tooth complex 
including cell’s behavior inside [25]. Super  
elastic properties and hardness are essential 
in medical applications because of the large 
strains and deformation at which the tooth  
is subjected [26]. Accordingly, accurate mea-
surements of the mechanical properties of the 
tooth have great instruction significance for 
oral clinical performance. Our results suggest-
ed that deviations from reduced modulus and 
nanohardness values of normal tooth surface 
might imply residual calculi and the destruc- 
tion of the root surface after scaling. 

The results of nanoindentation provide knowl-
edge about the physical topographical features 
both of the periodontitis and normal root sur-
face at nanoscale. The nano-3D plots display 
differences in nanotopography among the four 
groups. The normal root surface had a relative-
ly regular structure and considerably smaller 

structural units than those in the PC group.  
The untreated periodontitis root surface had  
a shale-like structure with bigger units, plane 
faces, sharper edges and corners (Figure 
3Bb2). Nanotopography alone could remark-
ably influence various kinds of cells [27-31]. In 
the present study, the morphology of PDLCs 
varied on different root surfaces (Figure 6); 
PDLCs adhered and stretched best on the  
root surface in the NC group. However, PDLCs 
were seriously shrunk and detached in the PC 
group. There were moderate cell morphologi- 
cal changes observed in the micro group com-
pared with the flattened and shrank cells on 
the root surface in the macro group. This find-
ing may suggest that more normal surface 
structures were preserved during the treat- 
ment under the microscope compared with 
those instrumented without magnification.

Cell proliferation indicates the residual amount 
of microbial toxin and biocompatibility of the 
root surface. In our study, to evaluate root sur-
face properties, we selected PDLCs because 
these cells contained stem/progenitor cells 
and possessed the high potential for regene- 
ration of the bone, cementum, and PDL upon  
in vivo transplantation [32-34]. Interestingly, 
after 4 days of culture, the proliferation speed 
of PDLCs in the micro group was the fastest 
among the four groups, surpassing even that  
in the NC group. PDLCs play a key role in peri-
odontal tissue regeneration; thus, enhanced 
PDLC proliferation indicated that surgical mi- 
croscopy might contribute to reducing micro- 
bial toxin and improving periodontal tissue 
regeneration.

Reducing inflammation is an important goal of 
periodontal treatment. To confirm the influence 
of different root conditioning methods on re- 
ducing inflammation, we performed ELISA as- 
say to measure the IL-6 and IL-8 expressions  
of PDLCs. Among the four groups, the results 
revealed that both the IL-6 and IL-8 concentra-
tions were the lowest in the NC group and the 
highest in the PC group (Figure 7). After instru-
mentation, the expression levels of IL-6 and 
IL-8 in macro and micro groups decreased 
remarkably when compared with those in the 
PC group. From the results, we found that scal-
ing under the microscope helped reduce the 
IL-6 and IL-8 secretions a bit when compared 
with the group without magnification. In reduc-
ing inflammation, Rethman reported that it is 

Figure 6. The proliferation of PDLCs cultured on the 
root surface of each group for 1-4 days. Data were 
expressed as mean ± SD from at least three inde-
pendent experiments. Compared with the PC group 
at the same time, *P < 0.05 (one-way ANOVA, fol-
lowed by Tukey’s multiple comparison tests).
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difficult to achieve at the deep probing depths 
by using blind methods [35]. Similarly, Lindhe 
et al. found that areas with unresolved in- 
flammation and deep residual probing depths 
caused by incomplete debridement often prog-
ress over time [36]. Therefore, we suggest a 
thorough removal of residual calculus on the 
root surface without injuring the normal struc-
ture via a more precise and magnified vision 
acquired using a surgical microscope.

The surgical microscope can assist the perio-
dontists when performing especially sensitive 
operations by allowing instant feedback of tiny 
details. Nevertheless, the anatomical aspect, 
tooth morphology, deep probing depth, pres-
ence of suppuration, and bleeding on probing 
should reduce the ability of the microscopic 
view and the operator efficacy. At the initial 
scaling-surfacing phase, the persistence of 
dental plaque and calculi on root surfaces 
could be better removed if done with a flap 
exposure under microscope magnification. Th- 
us, it is the periodontists’ professional judg-
ment on the need for this procedure, depend-
ing on the severity and features of the disea- 
se [12]. Because the use of a microscope 
needs extensive training and practice, this  
factor surely may impact the effects of peri-
odontal treatment as well as the results in this 
study. Moreover, this in vitro study does not 
replicate equally the subgingival scaling as  
performed in the patient’s mouth. Thus, the 
randomized clinical trial should be implement-
ed to evaluate the merits of using a surgical 
microscope in periodontics.

Conclusion 

Our study demonstrated that using a surgical 
microscope during periodontal treatment con-
tributed to reducing bacterial deposits and  
calculi in vitro. It improved the preservation of 
the normal root surface structure and the cell 
reaction and had better biomechanical proper-
ties. This study also gave new insights into 
mechanical properties and nanotopography of 
the tooth root surface by the nanoindentation 
technique. Even though our study suggests th- 
at a surgical microscope might be a powerful 
tool for accurate clinical performance in peri-
odontics, more clinical studies should be per-
formed to evaluate the merits of a surgical 
microscope and decide if it should be a stan-
dard of care in periodontics.
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Figure 7. Pro-inflammatory cytokines expressed by PDLCs on different root surfaces. (A) IL-6 and (B) IL-8 expressed 
by PDLCs on different root surfaces were determined by ELISA. Data were expressed as mean ± SD from at least 
three independent experiments. Compared with the NC group, *P < 0.05 and **P < 0.01; compared with the PC 
group, ΔP < 0.01 (one-way ANOVA, followed by Tukey’s multiple comparison tests).
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