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Abstract 

Context: Histological quantification of osteoclasts and osteoblasts can evaluate biological responses to orthodontic tooth movement. Histological analysis of 

bone samples can be technically challenging. 

Aims: To evaluate the differences between hematoxylin and eosin (HE) staining and immunohistochemistry (IHC) in quantifying osteoblast and osteoclast 

cells following the application of static orthodontic force. 

Methods: Orthodontic force was applied using a rubber separator around the maxilla incisor of Cavia porcellus. Tooth samples were taken at 0, 4, 8, 14, 21, and 

28 days after applying orthodontic force. HE and IHC staining quantify osteoblast and osteoclast cells in the alveolar bone. IHC staining, i.e., Tartrate-resistant 

acid phosphatase (TRAP) staining, was used to identify osteoclasts, and osteocalcin (OCN) staining was used to identify osteoblasts. 

Results: Significantly higher numbers of osteoclasts and osteoblasts were observed with IHC compared to HE staining (p<0.05). Significant positive linear 

correlations in the numbers of osteoclasts (r = 0.757) and osteoblasts (r = 0.622) identified were observed between IHC and HE staining. 

Conclusions: The results of this study indicate HE staining may represent an acceptable alternative method of quantifying osteoclasts and osteoblasts in the 

preliminary research of orthodontic tooth movement (OTM).  
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Resumen 

Contexto: La cuantificación histológica de osteoclastos y osteoblastos puede evaluar las respuestas biológicas al movimiento dental ortodóncico. El análisis 

histológico de muestras de hueso puede ser técnicamente desafiante.  

Objetivos: Evaluar las diferencias entre la tinción con hematoxilina y eosina (HE) y la inmunohistoquímica (IHC) en la cuantificación de células de osteoblastos 

y osteoclastos después de la aplicación de fuerza ortodóncica estática. 

Métodos: Se aplicó fuerza de ortodoncia utilizando un separador de goma alrededor del incisivo maxilar de Cavia porcellus. Se tomaron muestras de dientes a 
los 0, 4, 8, 14, 21 y 28 días después de aplicar la fuerza de ortodoncia. La tinción con HE e IHC cuantifica las células de osteoblastos y osteoclastos en el hueso 

alveolar. Se usó tinción IHC, es decir, tinción con fosfatasa ácida resistente a tartrato (TRAP), para identificar osteoclastos, y tinción con osteocalcina (OCN) 

para identificar osteoblastos. 

Resultados: Se observaron números significativamente más altos de osteoclastos y osteoblastos con IHC en comparación con la tinción con HE (valor de 

p<0,05). Se observaron correlaciones lineales positivas significativas en el número de osteoclastos (r = 0,757) y osteoblastos (r = 0,622) identificados entre la 

tinción IHC y HE. 

Conclusiones: Los resultados de este estudio indican que la tinción HE puede representar un método alternativo aceptable para cuantificar osteoclastos y 

osteoblastos en la investigación preliminar del movimiento dental ortodóncico (OTM). 

Palabras Clave: fosfatasa ácida tartrato resistente; hematoxilina; inmunohistoquímica; ortodoncia; osteocalcina. 
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INTRODUCTION 

Based on the pressure-tension theory of the ortho-
dontic tooth movement (OTM), irregular fibers are 
located on the pressure side, causing vascular con-
striction and the cell replication process to slow down 
and initiate bone resorption by osteoclast. In contrast, 
on the tension side, the cell replication process in-
creased and caused bone deposition by osteoblast 
(Ariffin et al., 2011; Jonsdottir et al., 2012).  

Various methods or techniques could assess the 
cellular analysis in orthodontic tooth movement 
(OTM) research. Enzyme-linked immunosorbent as-
say (ELISA) was used to analyze cytokines, neuropep-
tides (IL-1ß, calcitonin gene-related peptide), growth 
factors (TGF-ß, VEGF), enzymes, and hormones 
(Sufarnap et al., 2020; Vandevska-Radunovic and 
Murison, 2010). Different techniques like microarray 
and Real-Time–PCR were analyzed mainly for genes-
related expression profiles connected to OTM; i.e., 
Runt-related transcription factor 2 (RUNX2), Oste-
ocalcin (OCN) (de Araujo et al., 2007; Taddei et al., 
2012). The most common methods to analyze the cel-
lular numbers were histological analysis. Histology 
staining with Hematoxylin-eosin (HE) was the most 
basic method used to differentiate staining of the cy-
toplasm, cell nuclei, and other cell organelles. Hema-
toxylin (blue) was stained for the cell nuclei, and eo-
sin (magenta-red) was stained for a cytoplasmic 
(Ruifrok and Johnston, 2001).  

Immunohistochemistry (IHC) is an advanced his-
tological method that stains a range of markers of cell 
lineages, tissue types, cytokines, and growth factors 
(Ruifrok and Johnston, 2001; Taylor and Levenson, 
2006). The IHC-stained became an adjuvant to HE-
stained primarily to diagnose the pathological condi-
tion (Taylor and Levenson, 2006), while in OTM re-
search, a quantitative assessment of cellulars or cyto-
kines were needed, so it was no doubt that IHC-
stained showed a better feature for those purposes in 
histology research (Taylor and Levenson, 2006).  

However, the HE-stained method was not to be 
ignored either. The ideal result of histological IHC-
stained still had some limitations and difficulties due 
to many processes with risk of failures, i.e., specimen 
fixation, tissue processing, and antigen retrieval at 
some histological laboratories, especially for the bone 
specimen. In addition, the process becomes costly 
(Matos et al., 2010). Nevertheless, HE-stained has 
been used for at least a century. It also has many ad-
vantages; i.e., the stain remained unchanged for years, 
it could be used with various fixatives, and it is still 
essential to recognize various types of morphologic 
tissue’s changes that showed a broad range of cyto-

plasmic, nuclei and extracellular matrix (Fischer et al., 
2017). 

Many new techniques for histological analysis 
have been developed. The essential histology with 
HE-stained orthodontic tooth movement analysis was 
abandoned and rejected, especially for research pur-
poses. This study hypothesized that the histological 
HE-stained could still be used compared to the IHC-
stained. This research aimed to compare and correlate 
between hematoxylin-eosin (HE) stained and im-
munohistochemistry (IHC) stained for the quantity of 
osteoblast and osteoclast cells due to the static ortho-
dontic force in Cavia porcellus. Cavia porcellus, general-
ly known as a guinea pig (Cavia porcellus), is common-
ly used in animal studies for various biological re-
searches (immunology purposes) (Dang et al., 2008).  

MATERIAL AND METHODS 

Animal studies and study design 

The research was in-vivo experimental and fol-
lowed the ARRIVE guideline. The study had approval 
from the Animal Research Ethics Committee (AREC), 
Faculty of Mathematics and Natural Science - Univer-
sitas Sumatera Utara (USU), No.0022/KEPH-FMIPA/ 
2018).  

Cavia porcellus (n = 24), two to four months old, 
weighing 250-400 g, were chosen by random sam-
pling. Animals were housed, and their husbandry 
was followed by the ARRP Guidelines No. 22 (Faw-
cett, 2012) and adapted seven days before the experi-
ment. Each polycarbonate cage contained 2-3 animals 
that had wood saving on the floor and were fed with 
carrots and tap water. Low light and temperature of 
20-25°C were maintained for a minimum of 12 hours. 

A separator insertion surrounded one of the maxil-
lary incisors and served as an orthodontic force. In-
serting a separator did not need any anesthesia be-
cause the Cavia porcellus behavior was cuddled, gen-
tle, and not prone to biting (Fawcett, 2012). At the end 
of each observation time, animals were euthanized 
with 75 mg/kg of ketamine (Germany) and 10 mg/kg 
Xyla (Holland) (Dang et al., 2008). 

Histological analysis 

The alveolar bone of premaxillae of Cavia porcellus 
was fixed in 10% neutral formaldehyde for 24 hours. 
The tissue was decalcified with 10% EDTA. The pro-
cessing proceeded with embedding, sectioning, and 
staining. Sectioning was sliced 5 μm by Leica micro-
tome. Histological analysis was stained with hema-
toxylin-eosin (HE), tartrate-resistant acid phosphatase 
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(TRAP/Biossusa®; bs-634R/Bioss Inc.) was repre-
sented for osteoclast analysis, and osteocalcin (Bios-
susa®; bs-4917R/Bioss Inc.) were represented to oste-
oblast analysis. Osteoclast in HE-stained was grouped 
as OC-HE, and osteoblast was grouped as OB-HE. 
Osteoclasts in TRAP stained were grouped as OC-
TRAP, and osteoblast in osteocalcin was grouped as 
OB-OCN.  

Observation outcome 

Histological of osteoclasts and osteoblasts cell 
amounts were visualized using Olympus CX23 light 
microscope with 400× magnification by two 
observers, an orthodontist, and an anatomical 
pathologist. They were blinded to analyze each 
sample within five fields of view. The osteoclast 
characteristic is a giant multinucleated (3-20 nucleus) 
in a cytoplasmic. It has an oval until flattened shapes 
were shown at various sites along the bony surface, 
especially in the bone lacunae (Fig. 1A,C) (Downey 
and Siegel, 2006). The osteoblast characteristic is 
basophilic cuboidal or polygonal mononucleated cells 
shown in a bone matrix (Fig. 1B,D) (Florencio-Silva et 
al., 2015; Phan et al., 2004). The region of interest 
(ROI) for osteoclast was observed at the Howship’s 
lacunae of the pressure side of the tooth. At the same 
time, the osteoblast was measured at the superficial of 
the alveolar bone, which represented the tension site 
of the teeth. 

Statistical analysis  

Statistical analysis was done with the Statistical 
Package for Social Sciences-IBM Version 26.0. All data 
and variables were not distributed normally (p<0.05; 
Shapiro-Wilk test). The cellular observation compari-
son between orthodontists and anatomical 
pathologists (inter-rater reliability/IRR) was analyzed 
with Cronbach’s alpha level. Comparison between 
HE and IHC for both osteoblast and osteoclast num-
bers at each observation time (i.e., 0,4, 8, 14, 21, and 28 
days) was analyzed with Mann Whitney test. The 
correlation coefficient between HE and IHC was ana-
lyzed with Spearman’s rank correlation coefficient 
test to see the strength and direction of the linear rela-
tionship between HE and IHC measurements at each 
cell (Mukaka, 2012). 

RESULTS  

Osteoclast numbers (Fig. 2A) of OC-TRAP groups 
showed significantly higher than OC-HE groups 
(p<0.05), at all-time observation except day 14 by 
Mann Whitney’s test. Spearman’s rank correlation 
coefficient showed a solid and positive or linear corre-
lation between OC-HE and OC-TRAP numbers of the 

statement (r=0.757; p<0.001). The osteoclast numbers 
gradually increased from day-0, and the highest 
numbers were found at day-8 for both OC-HE and 
OC-TRAP. The osteoclast numbers decreased after-
ward until the last day of observation was found line-
arly for both groups. 

The osteoblast numbers (Fig. 2B) were also found 
to be significantly higher in OB-OCN groups than 
OB-HE groups but only in three subgroups. OB-HE 
and OB-OCN also had a linear correlation with mod-
erate strength (r=0.622; p<0.001). The osteoblast num-
bers were highest in the control group (day-0). Imme-
diate after an orthodontic force was applied (day-4), 
the amount of osteoblast reduced and continued with 
disorderly increased and reduced resulted after (days 
8 and 14) and began gradually increase after day-21. 

Cronbach’s alpha level was interpreted for IRR 
analysis at the OB-HE group for six observations be-
tween 2 observers. The alpha level for OB-HE num-
bers was 0.048 with a p = 0.144 (Friedman test); it was 
concluded that it had low reliability. 

DISCUSSION 

Physiologically, bone was remodeled through the 
action of osteoclast initiating bone resorption (7-10 
days) and bone formation by osteoblast (2-3 months). 
It was explained that the numbers of osteoclast and 
osteoblast existed in the control group (day-0) (Flor-
encio-Silva et al., 2015; Watts, 1999).  

Osteoclast increased gradually since the orthodon-
tic force was inserted, and it had the highest numbers 
on day-8; this result closely had the same effect as 
Holland et al. (2019) and Wahab et al. (2011) studies, 
which had increased the amount of TRAP at day 7 
and continued at the peak amount at weak-5 while in 
this study only at week-1 (day-8). Different mechani-
cals, i.e., coil spring vs. separator, was made the dif-
ferences. This became the limitation of the study; the 
short duration and the static force from the elastic 
separator have limited force decay, which could be 
achieved for a maximum of 7 days, while the NiTi coil 
spring took at least 12 days. But the separator inser-
tion gave a better adaptive response to the animal 
than the NiTi coil spring mechanic (Kirschneck et al., 
2020). 

Osteoclast had various appearances; the numbers 
of osteoclast in OC-TRAP group showed significantly 
higher numbers of cells (p<0.05) at five out of the six-
time point of observation groups. TRAP stained as an 
osteoclast biomarker appeared as a “ruffled border” 
osteoclast’s lineage in the compartment (Howship’s 
lacunae) (Blumer et al., 2012; Downey and Siegel, 
2006; Phan et al., 2004). The osteoclasts were visible 
due to the specific  color  that  appeared  (light  brown  
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Figure 1. A and B: Hematoxylin eosin (HE) staining; C and 
D: Immunohistochemistry staining (TRAP and 

Osteocalcin); A and C; Osteoclast. B and D: Osteoblast.  

Captured under 400× magnification. 

 

A B 

  

Figure 2. Mean values of cell numbers.  

(A) Osteoclast for OC-HE group and OC-TRAP group. (B) Osteoblast for OB-HE group and OB-OCN group. 

Data are represented as mean  standard deviation (n = 4). Results were analyzed with the Mann-Whitney test. An asterisk denotes significant differences 

between groups (p<0.05). OC-HE: Osteoclast-Hematoxylin Eosin; OC-TRAP: Osteoclast-Tartrate Resistant Acid Phosphatase; OB-HE: Osteoblast-Hematoxylin 

Eosin; OB-OCN: Osteoblast-Osteocalcin. 

 

for the cytoplasm and dark brown for the nucleus) 
(Fig. 1C), while in OC-HE group showed that osteo-
clast’s cytoplasm in magenta color and nucleus in 
blue color) (Ruifrok and Johnston, 2001). The magenta 
osteoclast’s cytoplasm color seemed to have blended 
with the color of alveolar bone, which became an 
interference during the observation (Fig. 1A).  

The osteoblast cell numbers in this study were de-
creased after the orthodontic force had been given. It 
could be due to the osteoblast's apoptosis, a process 
related to the hyalinization within the PDL (Meikle, 
2006). Another author described that a-SMA, oste-
ocalcin, and bone sialoprotein (BSP) in IHC analysis 
had increased expression since day two and de-
creased after 2-3 days (Holland et al., 2019). This was 
a coincidence to the study results. 

The osteoblast numbers between the OB-OCN and 
the OB-HE groups were significantly different at 3 out 
of 6-time points of the observation groups. The osteo-
blast quantification in this study was observed at the 
surface of the alveolar bone since the morphology of 
the osteoblast position was parallel lined to the syn-
thesized bone and with the cuboid-shaped- mononu-
cleated cells, so the osteoblast morphology became 
quickly to be observed (Fig. 1B,D) (Phan et al., 2004). 
Osteocalcin as a biomarker was expressed at a late-
stage marker of a mature osteoblast more than a de-
veloped stage and as one of the first non-collagen 
proteins that formed an organic matrix to induce the 
mineralization of the bone (Bennett et al., 2001; Flor-
encio-Silva et al., 2015).  
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Pros and contras found in histological studies due 
to some diversity of approaches from the beginning 
until the interpretation and reporting of the results. A 
standardized protocol to study the alveolar bone for 
OTM should be developed conclusively, paralleled 
and simplified for several types of research, i.e., me-
chanical experiment model (Kirschneck et al., 2020), 
methods of observation (histological/immunological 
assays/RT-PCR/micro-arrays) (de Araujo et al., 2007; 
Holland et al., 2019; Taddei et al., 2012; Vandevska-
Radunovic and Murison, 2010), biomarkers decisions 
(proteins/enzyme/gene/hormone/growth factor) 
(Matos et al., 2010; Watts, 1999), interpretation and 
reporting the analysis (description of a morphological 
cells/quantification or scoring the stained cells/ 
structures at the ROI’s) (Fedchenko and Reifenrath, 
2014). The lack of a standard scoring system for bone 
tissue at each different marker and method made the 
comparison of the results to other studies became 
difficult to be compared (Fedchenko and Reifenrath, 
2014). 

Despite the evident differences between HE and 
IHC stained analysis, the Spearman’s rank correlation 
coefficient between HE stained and IHC stained in 
OTM research had a significant positive or linear cor-
relation; strong correlation for osteoclast observation 
and moderate-strong for osteoblast observation. The 
hypothesis had been answered that HE-stained could 
still be justified as a reliable method to analyze the 
cellular quantification with a careful discreet of the 
morphology and the ROI’s of each cell.  

The IHC-stained were exclusively provided more 
accurate morphological analysis and diagnosis with 
their specific proteins or genes expression; by coun-
terstained the HE prior IHC-stained were given a far 
more precise result (Grosset et al., 2019), i.e., 
TRAP+HE-stained in histological slide changed the 
TRAP-stained color into a red-stained to osteoclast 
(Blumer et al., 2012).  

The IHC methods are costly and require specific 
skills from the operator to make the histological slide. 
Some histological anatomy of the bone tissues failed 
to attach to the slide. A few of the slides had to be 
excluded and reprocessed again for a new one, which 
added to the cost. Furthermore, the operators' experi-
ence and the reliability of the interpreter observation 
were also a limitation of the histological analysis (Ma-
tos et al., 2010). The Cronbach alpha level for inter-
rater reliability (IRR) result was weak, considering the 
difference between expertise, perceptual, and cogni-
tive processes. Microscopic observation is a complex 
process involving human sensory, perception, and 
cognition from the observer (Hamilton et al., 2009). 

CONCLUSION 

The histological IHC-stained analysis showed a 
significant difference to HE-stained quantification, 
but both had a vital significance linear coefficient 
correlation. We can conclude that the HE-stained 
could still be justified and acceptable as one of the 
methods to observe the cells as a preliminary study in 
OTM research. 
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