
Background
One of the histopathological features of chronic periapical 
lesions that plays an important role in the persistence 
of these lesions is the aggregation of cholesterol crystals 
(1-4). Because these factors are present outside the root 
canal system, endodontic re-treatment is unlikely to 
eliminate these factors, thereby enhancing or sustaining 
the periapical lesion after treatment (5). In addition, bone 
erosion may be found in cholesterol granulomas that have 
expansive growth (6).

Cholesterol crystals can be found in both the lumen and 
the connective tissue wall of the radicular cysts as well 
as dental granuloma. Generally, foreign body giant cells 
and sometimes macrophages containing hemosiderin or 
fat (foam cells) are visible around these crystals (1,6-9). 
The prevalence of cholesterol crystals in periapical lesions 
varies between 18% and 44% of all lesions (10-13). 

Although the mechanism of cholesterol crystal formation 
has not been clarified, studies have shown that these 
crystals are more common in cases where hemosiderin 
pigment is present. Therefore, the main reason for the 
formation of cholesterol crystals may be the disintegration 
of erythrocytes (9).

A close correlation between the occurrence of 
cholesterol and macrophages containing hemosiderin as 
well as free hemosiderin in tissues was found by Trott et 
al, but the results of regression analysis showed that only 
35% of cholesterol may be formed from this association. 
Therefore, they suggested that slow but considerable 
accumulation of cholesterol could occur through 
degeneration and disintegration of lymphocytes, plasma 
cells, and macrophages taking part in the inflammatory 
process, with consequent release of cholesterol from their 
walls (11).
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Abstract
Background: Cholesterol crystals and foamy macrophages can delay the healing of inflammatory periapical 
lesions. The purpose of this study was to evaluate the relationship between age and the presence of focal 
aggregations of cholesterol crystals and foamy macrophages in these lesions. 
Methods: In this descriptive-analytic study, 770 samples of inflammatory periapical lesions including 
335 periapical granulomas, 329 radicular cysts, and 106 residual periapical cysts were evaluated 
histopathologically in order to find at least two focal aggregations of cholesterol crystals and foamy 
macrophages in two age groups of young (20-35 years old) and elderly (over 50 years old) adults. Finally, 
the data were entered into SPSS version 23.0 and analyzed using chi-square and Fisher’s exact tests.
Results: In the present study, 74.3% of the samples lacked at least two focal aggregations of foamy 
macrophages, and 84% of the samples lacked at least two focal aggregations of cholesterol crystals. The 
frequency of focal aggregations of cholesterol crystals was not significantly different between the two age 
groups (P = 0.14). However, the frequency of foamy macrophages was significantly higher in the age group 
of young adults than in elderly adults (P = 0.002).
Conclusions: According to the obtained results, it does not appear that the healing rate of periapical lesions 
in young and elderly adults has necessarily significant difference; and whereas, it is lower in the elderly 
adults than in young adults, probabely relates to factors other than the accumulation of cholesterol crystals 
or foamy macrophages. 
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Based on the process of atheroma formation in 
atherosclerosis, Shear considered circulating plasma lipids 
as well as phospholipids absorbed by lymphatic vessels 
as other sources of cholesterol crystals in periapical cysts 
(14,15).

Slutzky-Goldberg et al investigated the prevalence of 
cholesterol crystals in periapical lesions in the age group 
of adolescents (aged 13 to 21) and the older group over 60 
years old and found that the prevalence of these crystals was 
higher in the older age group than in the juvenile group. 
They concluded that the mechanism of accumulation of 
cholesterol crystals is probably similar to the process of 
developing atherosclerosis in coronary artery disease (16).

Additionally, foamy macrophages or foam cells, when 
present in large numbers or extensive clusters, are suggestive 
of a proliferative process or a localized bone reaction and 
periapical lesions exhibiting an abundance of these cells 
seem to be more aggressive (17,18). Their prevalence in 
these lesions has been found to be about 28% (13,16).

The prevalence of cholesterol crystals has been reported 
to be higher in radicular cysts than in periapical granuloma, 
but the prevalence of foamy macrophages has not been 
different between the two lesions which indicates that the 
presence of these two tissue elements does not necessarily 
correlate with each other (1,7,10,19, 20). 

Considering the negative role of cholesterol crystals and 
foamy macrophages in the healing of periapical lesions 
and the possible effect of aging on the further occurrence 
of these two tissue elements, the aim of this study was to 
determine the frequency of cholesterol crystals and foamy 
macrophages in two age groups of young and elderly 
adults and also the possibility of correlation between these 
two tissue elements.
 
Materials and Methods
In this cross-sectional, descriptive-analytic study, all 
samples registered in the archive of the Department of 
Oral & Maxillofacial Pathology of School of Dentistry at 
Isfahan University of Medical Sciences with the diagnosis 
of radicular cyst, periapical granuloma, and residual 
periapical cyst during the period of 20 years from 1996 to 
2016 were investigated. All periapical lesions were caused 
by a defect in endodontic treatment. Diagnosis of residual 
periapical cyst was made based on clinical, radiographical, 
and histopathological features as well as dental history 
including the history of tooth extraction due to periapical 
lesion. Data of the patients were extracted from the records 
of the samples and then microscopic slides were studied 
histopathologically in two age groups of young (20-35 
years) and elderly (over 50 years) adults. 

All slides prepared from paraffin blocks and stained 
with hematoxylin-eosin were examined using an optical 
microscope (Nikon YS100, Japan) by two oral pathologists 
for the presence of at least two focal aggregations 
of cholesterol crystals and foamy macrophages at a 
magnification of 100X. For each sample, all microscopic 
slides in the archive (at least 3 slides) were examined and 

if needed, serial sections were prepared and stained based 
on tissue volume in paraffin blocks. Finally, the data were 
entered into SPSS version 23.0 and analyzed by chi-square 
and Fisher’s exact tests.

In contrast with other studies, in the present study, in 
order to accurately examine the presence of these two tissue 
elements, the presence of at least two focal aggregations 
of cholesterol crystals and foamy macrophages at a 
magnification of 100X was considered as a definite 
criterion for their presence. The presence of two focal 
aggregations was selected because in Sjogren’s syndrome 
which is an inflammatory and autoimmune process, the 
presence of at least two focal aggregations of lymphocytes 
(50 cells or more) at a microscopic magnification of 100X 
or field of 4 mm2 in lip biopsy has been suggested as a 
criterion for diagnosing Sjogren’s syndrome in order to 
differentiate it from usual sialadenitis (1). 

Results
In the present study, 770 recorded samples with 
histopathologic diagnosis of inflammatory periapical 
lesions including 335 cases (43.5%) of periapical 
granuloma, 329 cases (42.7%) of radicular cysts and 106 
cases (13.8%) of residual periapical cysts were investigated. 

According to the obtained results, of the 770 samples 
studied, 572 cases (74.3%) did not have at least two focal 
aggregations of foamy macrophages, and 198 cases (25.7%) 
had at least two focal aggregations of foamy macrophages 
(Figure 1). Moreover, 647 cases (84%) did not have at least 
two focal aggregations of cholesterol crystals and 123 cases 
(16%) had at least two focal aggregations of cholesterol 
crystals (Figure 2). 

Tables 1 and 2 show the frequency distribution of these 
structures among the three groups. According to the 
obtained results, the highest frequency of focal aggregations 
of cholesterol crystals was found in radicular cyst, followed 
by residual periapical cyst and periapical granuloma, 
respectively, indicating a significant difference between 
the three lesions (P = 0.014). Additionally, the highest 
frequency of focal aggregations of foamy macrophages 
was found in periapical granuloma, followed by radicular 
cyst and residual periapical cyst, respectively, indicating a 
significant difference between the three lesions (P < 0.001). 

Tables 3 and 4 show the frequency distribution of 
focal aggregations of cholesterol crystals and foamy 
macrophages according to the age range. According to 
the obtained results, there was no significant difference in 
the frequency of focal aggregations of cholesterol crystals 
between age groups of 20 to 35 years old and older than 50 
years old (P = 0.14), but the frequency of focal aggregations 
of foamy macrophages was significantly higher in the age 
group of 20-35 years old than that in the age group of over 
50 years old (P = 0.002).

Discussion
Various studies have been performed on the relationship 
between the presence of cholesterol crystals and foamy 
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macrophages with age of the onset of periapical lesions; 
however, the results are inconsistent. For example, Slutzky-
Goldberg et al observed a higher incidence of cholesterol 
crystals in elderly patients than in adolescent patients and 
considered this finding as a disruptive factor in the healing 
of these lesions in the elderly patients (16). 

On the contrary, Plengwitthaya et al found no association 

between the presence of cholesterol crystals and age, 
gender, and location of periapical lesions (21). 

Unfortunately, many studies on cholesterol crystals or 
foamy macrophages do not have a precise criterion for 
examining the presence of these two tissue elements.

Due to the fact that periapical lesions are inflammatory 
processes that occur following pulpitis, the scattered 
presence of cholesterol crystals and foamy macrophages 
in them is a common phenomenon. Therefore, only 
when their presence is considered a special and unusual 
phenomenon that their focal aggregations (at least two 
ones) can be taken into account.

In the present study, to achieve more accurate results, 
the aforementioned criterion was used and the number of 
samples was selected much higher than similar samples so 
that the results are more consistent with the population. 

Indeed, the major reason for the difference in the results 
of different researches is the lack of precise or identical 
criteria for measuring these two tissue elements. In 
addition, the difference in the number of samples has not 
been ineffective in these discrepancies.

Although it is necessary to follow up the patients at 
Figure 1. Focal Aggregation of Foamy Macrophages in Radicular Cyst 
at a magnification of 100X (E: epithelium of radicular cyst, F: foamy 
macrophages).

Figure 2. Focal Aggregation of Cholesterol Crystals in Radicular Cyst at 
a magnification of 100X (E: epithelium of radicular cyst, C: cholesterol 
crystals).

Table 1. Frequency Distribution of Periapical Inflammatory Lesions Based on Presence of At Least Two Focal Aggregation of Cholesterol Clefts

Two Aggregation of 
Cholesterol Clefts

Periapical Granuloma
No. (%)

Radicular Cyst
No. (%)

Residual Periapical Cyst
No. (%)

Total
No. (%)

Yes 39 (11.6) 65 (19.8) 19 (17.9) 123 (16)

No 296 (88.4) 264 (80.2) 87 (82.1) 647 (84)

Total 335 (100) 329 (100) 106 (100) 770 (100)

Table 2. Frequency Distribution of Periapical Inflammatory Lesions Based on Presence of At Least Two Focal Aggregation of Foamy Macrophages

Two Aggregation of Foam 
Cells

Periapical Granuloma
No. (%)

Radicular Cyst
No. (%)

Residual Periapical Cyst
No. (%)

Total
No. (%)

Yes 110 (32.8) 79 (24) 9 (8.5) 198 (25.7)

No 225 (67.2) 250 (76) 97 (91.5) 572 (74.3)

Total 335 (100) 329 (100) 106 (100) 770 (100)

Table 3. Frequency Distribution of at Least Two Focal Aggregation of Cholesterol 
Clefts Based on Age Range

Age
Yes

n (%)
No

n (%)
Total
n (%)

 < 20 8 (6.5) 109 (16.8) 117 (15.2)

20-35 59 (48) 298 (46.1) 357 (46.4)

36-50 46 (37.4) 155 (24) 201 (26.1)

 < 50 10 (8.1) 85 (13.1) 95 (12.3)

Total 123 (100) 647 (100) 770 (100)

Table 4. Frequency Distribution of at Least Two Aggregation of Foamy Macrophages 
Based on Age Range

Age
Yes

n (%)
No

n (%)
Total
n (%)

 < 20 24 (12.1) 93 (16.3) 117 (15.2)

20-35 106 (53.5) 251 (43.9) 357 (46.4)

36-50 55 (27.8) 146 (25.5) 201 (26.1)

 < 50 13 (6.6) 82 (14.3) 95 (12.3)

Total 198 (100) 572 (100) 770 (100)
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different time intervals to compare carefully the extent 
of healing of periapical lesions in the above-mentioned 
two age groups, access to all the patients included in the 
study was not possible for us because we used archival 
samples from the oral pathology department over a 
period of 20 years. In addition, many patients may have 
lost their involved teeth within 20 years and patients over 
50 years may have died for other reasons. Therefore, our 
conclusions from obtained results are based on various 
studies of reputable researchers about the negative role of 
cholesterol crystals and foamy macrophages in the healing 
of periapical lesions. However, we have not made a definite 
conclusion.

According to the results of the present study, because 
cholesterol crystals did not show a significant difference in 
the two age groups, it can be concluded that the healing of 
periapical lesions in the elderly patients is not necessarily 
lower compared to young patients, unless other factors are 
effective in healing which are not fully known.

Moreover, the prevalence of foamy macrophages in the 
young patients was significantly higher compared to the 
elderly patients, which confirms the above-mentioned 
conclusion. However, according to these findings, 
there appeared to be a difference in the occurrence of 
focal aggregations of cholesterol crystals and foamy 
macrophages. The question now is whether there is 
essentially a relationship between the occurrence of 
cholesterol crystals and foamy macrophages. 

In many studies, such as the study conducted by Santos 
et al (18) and also the present study, the contiguity or 
concomitant presence of cholesterol crystals and foamy 
macrophages was not observed in most cases, while in 
some other studies such as the study by Slutzky-Goldberg 
et al (16), the close relationship between cholesterol crystals 
and foamy macrophages has been noted. However, in the 
study conducted by Slutzky-Goldberg et al (16), although 
foamy macrophages of periapical lesions were often found 
adjacent to cholesterol crystals, unlike cholesterol crystals, 
the difference in the incidence of foamy macrophages 
between the elderly and the young patients was not 
significant, which indicates that in many cases, as the 
study by Santos et al (18) and the present study, cholesterol 
crystals have been found alone without contiguity with 
foamy macrophages. In fact, although both cholesterol 
crystals and foamy macrophages are sometimes seen in 
a lesion, they are not necessarily adjacent to each other. 
Therefore, their occurrence may not be related to each other. 
Based on this, it can be concluded that the fat ingested by 
macrophages, which produces foam cells, is probably non-
cholesterol fat or small cholesterol crystals in many cases. In 
confirmation of the above-mentioned conclusion, Santos 
et al according to their findings, concluded that the lack of 
correlation between these two tissue elements may be due 
to the fact that foamy macrophages already phagocytosed 
small lipid accumulations before the formation of larger 
crystals (18). Indeed, as various researchers have pointed 
out, phagocytosis by macrophages and foreign body giant 

cells may not occur in the presence of some large-diameter 
crystals, an event that releases cytokines such as IL-1 and 
damages the healing process after endodontic treatment 
which cause further bone loss and enlargement of the 
lesion. In other words, large cholesterol crystals resist 
internalization by macrophages and spread around to form 
the multinucleated giant cells. It is necessary to investigate 
whether these two types of phagocytic cells have no 
cholesterol digestive enzymes or cholesterol crystals are so 
large that they are not engulfed (3,4,13,18,22-25). 

Moreover, according to various studies (19,21), including 
the present study, the prevalence of cholesterol crystals 
was significantly higher in radicular cysts compared with 
dental granulomas; however, the foamy macrophages were 
either not differentiated between the two lesions (19) or 
their prevalence was significantly higher in periapical 
granulomas compared with radicular cysts as reported in 
the present study. These findings also confirm the above-
mentioned results indicating that there is not necessarily a 
correlation between the prevalence of cholesterol crystals 
and foamy macrophages.

The other hypothesis in this regard, which has 
been suggested by Slutzky-Goldberg et al, is that 
foamy macrophages may have been damaged during 
the preparation of sections, and if serial sections are 
performed, the correlative incidence of cholesterol crystals 
and foamy macrophages may be more recognizable in 
both young and old age groups (16). This argument does 
not seem logical. Due to the fact that the tissue cells have 
been fixed in the fixation solution, there is no reason that 
they are so damaged during the preparation of the sections 
that cannot be detected. 

The relationship between the prevalence of cholesterol 
crystals and foamy macrophages with atherosclerotic 
plaques or atherosclerosis has been suggested by some 
researchers (16,26-28). Slutzky-Goldberg et al believe 
that the difference in the incidence of cholesterol 
crystals in periapical lesions among different age groups 
can be explained by the same risk factors associated 
with atherosclerosis, such as age, gender, and genetics 
(16). Moreover, Shear conclude that the level of blood 
lipids increases as age advances, which can increase 
the probability of occurrence of cholesterol crystals in 
periapical lesions, similar to the process that occurs in 
atherosclerosis (14,15). 

It should be noted that the atheromatous plaques are 
characterized by the accumulation of smooth muscle cells, 
foamy macrophages, T lymphocytes, extracellular matrix 
including collagen, elastic fibers, proteoglycans, and 
intracellular and extracellular lipids, primarily cholesterol 
and cholesterol esters (29); however, it is noteworthy that 
the atherosclerotic plaques with the above-mentioned 
structural characteristics are not formed in the periapical 
region, and formation of these plaques is really an 
intimal reaction of the arterioles and arteries. Therefore, 
comparing their histopathologic characteristics with 
histopathological characteristics of periapical lesions does 
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not seem logical. Additionally, although age is the most 
important cause of occurrence of atherosclerosis, in the 
present study, there was no significant difference in the 
prevalence of cholesterol crystals in the two age ranges of 
young and elderly patients, and the prevalence of foamy 
macrophages was significantly higher in the young age 
group. Therefore, there appeared to be no relationship 
between atherosclerosis and the presence of cholesterol 
crystals and foamy macrophages in periapical lesions. 

According to the results obtained in this study, it 
does not appear that the origin of cholesterol crystals in 
periapical lesions is plasma lipids, because the amount 
of systemic lipids, in contrast with the obtained findings, 
increases with age. These results suggest that the origin 
of cholesterol crystals in the periapical lesions is more 
localized than that of systemic lipids. The obtained results 
may seem contradictory to the finding of a study by 
Alghofaily et al (30). In the study conducted by Alghofaily 
et al, a significant association was found between long-term 
statin intake and healing of periapical lesions after root 
canal treatment (30). Statins decrease the production of 
cholesterol and increase their elimination in patients with 
atherosclerosis; moreover, they have anti-inflammatory 
effects, stimulate the expression of bone anabolic factors 
and inhibit osteoclastogenesis (16,30). Therefore, their 
potential healing effects on the periapical lesions do not 
necessarily mean the similar mechanism of treatment of 
atherosclerosis. 

Conclusions
According to the obtained results, it does not appear that 
the healing rate of periapical lesions in young and elderly 
adults has necessarily significant difference and whereas 
it is lower in the elderly adults than in young adults, 
probably relates to factors other than the accumulation of 
cholesterol crystals or foamy macrophages. However, for 
a definite conclusion, it is recommended that the healing 
stages of these lesions should be followed up in the above-
mentioned two age groups at different time periods.
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