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ABSTRACT

Objectives. The purpose of the present study was to evaluate by scanning electron microscope (SEM) and energy
dispersive spectrophotometry (EDS), the degree of bone mineralization of the tissues on the surface of failure dental
implants with immediate or late loading.

Materials and method. In the study, 8 dental explants from 8 clinically healthy, non-smoking patients were taken.
All implants were inserted by the same dental surgeon, 4 of them were immediate loaded and 4 were late pros-
thetically loaded by the same dentist. The ablation of the implants was performed as atraumatically as possible and
they were collected in sterile containers and sent to the BIOMAT Research Center, where they were subjected to
SEM and EDS analyses. The ratios between the chemical elements calcium and nitrogen (Ca/N), phosphorus and
nitrogen (P/N), respectively calcium and phosphorus (Ca/P) were calculated for each of the 8 samples and were
statistically analyzed.

Results. If we compare the degree of coverage of the implants with bone tissue in different phases of minerali-
zation, we find that the bone structures occupy a larger surface area of the implants in the cases with immediate
loading compared to the cases with late loading. Thus, out of 4 immediately loaded implants, 2 were completely
covered, one showed very little exposed areas, and the fourth showed alternating covered and uncovered areas.
Regarding the late loaded implants, three showed alternation between covered and uncovered areas and only one
was completely covered with bone.

Conclusions. The degree of coverage of the explants with bone tissue was better represented for the immediate
loading cases. The degree of mineralization of the bone tissue covering the explants was higher for cases with im-
mediate loading. To confirm the obtained results, it is necessary to expand the study on larger batches of samples.
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INTRODUCTION

The bone tissue is in a continuous evolution and
structural change, dictated by the mechanical stress-
es to which it is subjected and reflected by the com-
positional variations that denote the health status of
the bone [1]. Scanning electron microscope (SEM)
examination of explants is an investigation that can

be performed repeatedly, at several points, allows
the morphological study of the mineralized bone tis-
sue without damaging the sample [2] and generates
ample results that allow the investigation of the
bone-implant interface. In addition, the energy dis-
persive spectrophotometry (EDS) analysis allows
studying the chemical composition of the tissues
present on the surface of the implants, makes it pos-
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sible to assess the degree of bone mineralization by
calculating the ratios between some chemical ele-
ments and allows the detection of elements that
could have migrated into the bone from the inserted
implant. Recent studies have used the ratio between
calcium and phosphorus (Ca/P), calcium and nitro-
gen (Ca/N), phosphorus and nitrogen (P/N) to evalu-
ate the degree of bone mineralization [2-4], but until
now the degree of mineralization at the bone-im-
plant interface has only been analyzed in a few
studies [5-7]. The purpose of the present study was
to evaluate comparatively, by means of current SEM
and EDS techniques, the degree of bone mineraliza-
tion of the tissues on the surface of dental explants
with immediate or late loading, based on the quan-
tification of the mass percentages of some chemical
elements in the bone composition.

MATERIAL AND METHOD

The study was carried out according to a proto-
col approved by the Ethics Committee of the Faculty
of Dental Medicine of the Titu Maiorescu University
in Bucharest (no. 5/12.01.2017), respecting the Hel-
sinki declaration and human rights, without harm-
ing the patients or the environment. In the study, 8
dental explants were taken from 8 clinically healthy
and non-smoking patients, without bruxism. All
cylindrical Straumann implants, with SLActive©
surface, were inserted by the same surgeon in the
postextraction healed bone, 4 of them were immedi-
ately loaded and 4 were late prosthetically loaded
by the same dentist. Loading was achieved with
screw-attached fixed prosthetic restorations, and
cases with anterior edentulous benefited from bone
augmentation with autologous bone and provision-
al prosthesis. The immediate loading was carried
out 2 days after the insertion of the implants, and
the late one after more than 2 months. After the in-
sertion of the implants, the patients were advised to
perform a rigorous oral hygiene, they were instruct-
ed on the brushing technique to apply, in associa-
tion with the water flosser and interdental brushes.
They were also informed about the need to schedule
every 6 months for the application of professional
sanitizing in the dental office (scaling, professional
brushing, perio flow). However, the 8 patients were
not consistent with the recommendations, so that
after variable periods of time, the occurrence of bio-
logical failure of the implants was found (low sec-
ondary stability compared to the primary stability,
the presence of local sensitivity and changes in the
periimplant gingiva). After the failure of the im-
plant-prosthetic treatment was found, the ablation
of the implants was performed as atraumatically as
possible, by manual unscrewingand and they were
collected in sterile containers and sent to the BIO-
MAT Research Center within the Politehnica Univer-
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sity of Bucharest, where they were subjected to SEM
analyses with a Phenom microscope ProX equipped
with energy dispersive spectrophotometer. For
those samples, histological analysis was not per-
formed because it could not have brought informa-
tion related to the mass percentages in which the
chemical elements that we followed in the study
were found and the ratios between them. The sam-
ples did not require special preparation for the ex-
amination, they were handled with sterile tweezers
in order not to be contaminated by touch and in
turn not to contaminate the person who performed
the SEM and EDS analyses. SEM examination was
performed from coronal to apical level of each ex-
plant at different magnifications, depending on the
areas of interest. Representative images were taken
for each explant. EDS analysis was performed for
each sample at one single point, in mass and atomic
percentages. The ratios between the chemical ele-
ments calcium and nitrogen (Ca/N), phosphorus and
nitrogen (P/N), respectively calcium and phospho-
rus (Ca/P) were calculated for each of the 8 samples.
The ratio values between the three chemical ele-
ments were statistically analyzed with Excel (Office
365) © Microsoft.

RESULTS

Based on the percentages of reports obtained be-
tween the three chemical elements of interest, the
analyzed areas can be classified into four catego-
ries: 1. Category 1, represented by bone with very
low mineralization, characterized by very low mass
percentages of Ca, N and P, but also very low Ca/N
and P/N ratios. 2. Category 2, represented by bone
with reduced mineralization, characterized by very
low mass percentages of Ca, N and P, but also low
Ca/N and P/N ratios. 3. Category 3, represented by
bone with average mineralization, characterized by
average mass percentages of Ca, N and P, but also by
ratios with average values between Ca/N and P/N. 4.
Category 4, represented by bone with increased
mineralization, characterized by increased mass
percentages of Ca, N and P, but also by ratios with
high values between Ca/N and P/N. Table 1 shows
the 4 categories of weight percentages for each of
the tracked chemical elements, respectively Ca, P
and N at the level of the analyzed samples. The Ca/N,
P/N and Ca/P ratios of each sample are summarized
in Table 2. The retrieved images show that the min-
eralized tissues are not uniformly distributed at the
implant interface. Sample 1 (Figure 1a) is represent-
ed by an implant that was immediately loaded, from
a 50-year-old female patient with partial maxillary
edentulous. The Straumann implant inserted into a
bone of 7.5 mm thickness (obtained after augmenta-
tion with autologous bone) and D2 density accord-
ing to Misch, had a diameter of 3.3 mm and a length
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of 12 mm. At the time of insertion, the implant had a
primary stability of 41 ISQ (implant stability quo-
tient), which had increased two days after implanta-
tion to 43 ISQ, at the time of immediate provisional
loading. The patient did not return to regular check-
ups, nor she performed a proper hygiene, so that 14
months after loading, she presented with local pain
sensitivity and a secondary stability of 32 ISQ, which
necessitated the ablation of the implant. The re-
moved implant was sent for SEM and EDS analysis.
On the entire examined surface, the intimate adhe-
sion of the mineralized tissue to the implant is
found, which demonstrates the presence of the ossi-
fication process under the influence of functional
pressures. Regarding the chemical composition of
the tissues established by EDS analysis, we find the
presence of N in very low weight percentages, Ca in
low weight percentages and P in moderate weight
percentages in this sample. At the same time, the
Ca/N ratio is increased, the P/N is moderate, while
the Ca/P is very low, which signifies the presence of
a bone in the process of maturation. Sample 2 (Fig-
ure 1b) is an implant that was late loaded and failed
after 18 months. The sample comes from a 60-year-
old male patient with maxillary partial edentulous.
The Straumann implant was inserted into a bone of
8.5 thickness and D3 density according to Misch and
had a diameter of 4.1 mm and a length of 14 mm. At
the time of insertion, the implant had a primary sta-
bility of 38 ISQ, which two months after implanta-
tion, at the time of late immediate loading, had in-
creased to 49 ISQ. The patient did not return to
regular check-ups and did not performed proper
hygiene, so that 18 months after loading he present-
ed with local pain sensitivity and a secondary stabil-
ity of 33 ISQ, which required the ablation of the im-
plant. In this case, we find the alternation between
implant areas intimately covered with bone tissue
and exposed areas. N is present in high weight con-
centration, Ca is moderate, and P is low. The Ca/N
ratio is moderate, the P/N ratio is very low, and the
Ca/P ratio is low, suggesting the presence of medul-
lary bone undergoing mineralization. Sample 3 (Fig-
ure 1c) is an implant that was late loaded and failed
after 16 months. The sample comes from a 56-year-

TABLE 1. The weight percentages of Ca, P and N at the
level of the studied samples

Types of bone Ca P N
Category 1 Very low Very low Very low
(medullary bone) | (0.21-0.52) | (0.44-0.76) | (1.46-5.49)
Category 2 Low Low Low
(mineralizing bone) | (0.53-0.84) | (0.77-1.07) | (5.5-9.5)
Category 3 Moderate Moderate Moderate
(mature bone) (0.85-1.16) | (1.08-1.39) | (9.6-13.6)
Category 4 High High High
(cortical bone) (1.17-1.47) | (1.4-1.71) (13.7-17.8)
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TABLE 2. Ca/N, P/N and Ca/P ratios for the 8 studied samples

No. Sample Ca/N ratio P/N ratio Ca/P ratio
Sample 1 0.25 0.28 0.66
Sample 2 0.16 0.05 1.31
Sample 3 0.17 0.17 1

Sample 4 0.12 0.054 2.25
Sample 5 0.22 0.13 1.73
Sample 6 0.03 0.1 0.38
Sample 7 0.24 0.17 1.39
Sample 8 0.19 0.38 0.51

TABLE 3. Correlation between the 3 reports (Ca/N, Ca/P
and P/N)

Correlation between the reports
Type of Loading | Ca/N->Ca/P | Ca/N->P/N Ca/P->P/N
Immediate 0.118547228 | 0.764014618 |-0.51091793
Late 0.376038324 |0.237120445 |-0.81098054

old male patient, with mandibular partial edentu-
lous. The Straumann implant inserted into a bone
region of 7.3 thickness and D3 density according to
Misch had a diameter of 3.3 mm and a length of 10
mm. At the time of insertion, the implant had a pri-
mary stability of 41 ISQ, which two days after im-
plantation, at the time of immediate provisional
loading, had increased to 42 ISQ. The patient did not
return to regular check-ups nor did he performed
proper hygiene, so that 16 months after loading he
presented with local pain sensitivity and a second-
ary stability of 33 ISQ, which necessitated the abla-
tion of the implant. As with sample 2, the bone tis-
sue does not uniformly cover the surface of the
implant. The weight percentages of Ca and P are
very low, and those of N are moderate. Calculating
the Ca/N ratio for sample 3, it falls into category 3,
the P/N and Ca/P ratios fall into category 2, suggest-
ing overall the presence of bone undergoing miner-
alization. Sample 4 (Figure 1d) is an implant that
was immediately loaded from a 58-year-old female
patient with partial mandibular edentulous. The
Straumann implant inserted in a bone with a thick-
ness of 7.3 mm (obtained after augmentation with
autologous bone) and D3 density according to Misch
had a diameter of 3.3 mm and a length of 10 mm.
At the time of insertion, the implant had a prima-
ry stability of 39 ISQ, which two days after implanta-
tion, at the time of immediate provisional loading,
had increased to 42 ISQ. The patient did not return
to regular check-ups, nor she performed proper hy-
giene, so that 9 months after loading, she presented
in dental office with local pain sensitivity and a sec-
ondary stability of 31 ISQ, which necessitated the
ablation of the implant. On the surface of the im-
plant, there are areas covered by adherent bone tis-
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sue, alternating with relatively small areas where
the metal is exposed. In the case of this sample, N is
found in moderate weight percents, Ca is found in
high weight percents, and P is found in very low
weight percents. The Ca/N ratio is low, the P/N ratio
is very low, and the Ca/P ratio is increased, suggest-
ing the presence of cortical bone. Sample 5 (Figure
le) is an implant that was late loaded and failed af-
ter 13 months. The sample comes from a 52-year-old
patient with mandibular partial edentulous. The
Straumann implant inserted into a bone of 7.3 thick-
ness and D3 density according to Misch had a diam-
eter of 3.3 mm and a length of 14 mm. At the time of
insertion, the implant had a primary stability of 42
ISQ, which two days after implantation, at the time
of immediate provisional loading, had increased to
43 1SQ. The patient did not return to regular check-
ups, nor he performed proper hygiene, so that 13
months after loading, he presented with local pain
sensitivity and a secondary stability of 33 ISQ, which
necessitated the ablation of the implant. This im-
plant has areas covered by adherent bone tissue on
the surface, alternating with areas where the metal
is exposed. In the case of this sample, N and P are
found in very low weight percentages and Ca is in
low weight percentages. The Ca/N ratio is increased,
P/Nislow, and Ca/P is moderate, suggesting the pres-
ence of category 2 bone. Sample 6 (Figure 1f) is an
implant that was immediately loaded from a
58-year-old female patient with partial mandibular
edentulous. The Straumann implant inserted into
an 8.5 mm thick bone region (obtained after aug-
mentation with autologous bone) and D1 density ac-
cording to Misch had a diameter of 4.1 mm and a
length of 12 mm. At the time of insertion, the im-
plant had a primary stability of 42 ISQ, which two
days after implantation, at the time of immediate
provisional loading, had increased to 43 ISQ. The pa-
tient did not observe proper hygiene, so that 6
months after loading, she presented with local pain
sensitivity and a secondary stability of 32 ISQ, which
necessitated the ablation of the implant. On the sur-
face of the implant, the presence of a dense bone
tissue is visible, which completely covers the sur-
face of the implant. Regarding the weight percentag-
es of Ca, P and N quantified by EDS, we find that Ca
is found in low quantity, P is in very low weight per-
centages and N is in increased weight percentages.
Analysing the ratios between the chemical elements
mentioned above we note that all 3 are very low,
suggesting the local presence of medullary bone.
Sample 7 (Figure 1g) is an implant that was immedi-
ately loaded from a 51-year-old female patient with
magxillary partial edentulous. The Straumann im-
plant inserted in a bone region with a thickness of
7.7 mm (obtained after augmentation with autolo-
gous bone) and D1 density according to Misch had a
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diameter of 3.3 mm and a length of 12 mm. At the
time of insertion, the implant had a primary stabili-
ty of 43 ISQ, which two days after implantation, at
the time of immediate provisional loading, had in-
creased to 44 ISQ. The patient did not perform prop-
er hygiene, so that 18 months after loading she pre-
sented with local pain sensitivity and a secondary
stability of 32 ISQ, which required ablation of the
implant. Examining the surface of the implant, we
note the presence of well-represented bone tissue,
with very few areas where the uncovered implant is
visible. Regarding the weight percentages of Ca, P
and N quantified by EDS, we find: Ca is found in
moderate percentages, P is in low percentages, N is
in very low percentages. Analyzing the ratios be-
tween the chemical elements mentioned above, we
note the presence in sample 7 of mature bone, given
that the Ca/N ratio is moderate, the P/N ratio is high,
and the Ca/P ratio is very low. Sample 8 (Figure 1h)
is an implant that was late loaded from a 53-year-
old female patient with maxillary partial edentu-
lous. The Straumann implant inserted in a bone re-
gion with a thickness of 7.7 mm (obtained after
augmentation with autologous bone) and D1 density
according to Misch had a diameter of 3.3 mm and a
length of 12 mm. At the time of insertion, the im-
plant had a primary stability of 42 ISQ, which two
months after implantation, at the time of immediate
provisional loading, had increased to 48 ISQ. The pa-
tient did not perform proper hygiene, so that 18
months after loading, she presented with local pain
sensitivity and a secondary stability of 35 ISQ. Ex-
amining the implant, we note the presence of
well-represented bone tissue, which uniformly cov-
ers the surface. Regarding the weight percentages of
Ca, P and N quantified by EDS, we find that all 3 ele-
ments are found in very low percentages. Analysing
the ratios between the chemical elements men-
tioned above, we note the presence at the level of
sample 8 of bone undergoing mineralization, con-
sidering that the Ca/N ratio is increased, the P/N ra-
tio is low and the Ca/P ratio is moderate. The values
of Ca/N, P/N and Ca/P ratios were entered into Excel
(Office 365) © Microsoft, with which statistical anal-
ysis of the data was also performed. Table 3 shows
the correlation between the three reports, calculat-
ed with the CORREL function in Excel. The correla-
tion coefficients that can be considered significant
after applying the CORREL function are only those
between Ca/N - P/N for immediate loading (0.764)
and respectively Ca/P - P/N for late loading (-0.81).
Also with the Excel software, we performed the de-
scriptive statistical analysis of the data, respective-
ly: mean (chart 1), variance (data scatter) (chart 2),
sum (chart 3) and mean square deviation (standard
deviation) (chart 4).
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DISCUSSIONS

In 2008, at the ITI Consensus Conference, the dif-
ferent loading protocols were defined: a- conven-
tional or delayed loading: loading of implants more
than two months after their placement; b- early
loading: loading carried out between 1 week and 2
months after implant insertion; and c- immediate
loading: loading carried out in the first week after
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implant placement. The failure of the implant-pros-
thetic treatment implies the presence of painful sen-
sitivity, change in color of the gingiva and low sec-
ondary stability compared to primary stability.
Currently, there are very few studies on animal [2,8-
10] or human models [4,5] in which an attempt was
made to obtain information on the chemical compo-
sition of peri-implant tissues through ultrastructure

a b
Element | Element |Element Atomic | Weight Element |Element |Element Atomic | Weight
Number | Symbol |Name Conc. |Conc. Number |Symbol |Name Conc. Conc.
7 N Nitrogen 5.30 3.00 7 N Nitrogen 22.45 15.58
15 P Phosphorus |0.91 1.14 20 Ca Calcium 0.56 1.10
20 Ca Calcium 0.46 0.75 15 P Phosphorus |0.55 0.84

c d
Element | Element |Element Atomic | Weight Element |Element |Element Atomic | Weight
Number | Symbol |Name Conc. |Conc. Number |Symbol |Name Conc. Conc.
7 N Nitrogen 17.50 |[12.55 7 N Nitrogen 18.80 11.96
15 P Phosphorus |0.34 0.44 20 Ca Calcium 0.79 1.44
20 Ca Calcium 0.10 0.21 15 P Phosphorus |0.45 0.64
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e f
Element | Element |Element Atomic | Weight Element |Element |Element Atomic | Weight
Number | Symbol |Name Conc. |Conc. Number |[Symbol |[Name Conc. Conc.
7 N Nitrogen 7.86 3.48 7 N Nitrogen 20.96 17.75
20 Ca Calcium 0.60 0.76 15 P Phosphorus |0.91 1.71
15 P Phosphorus |0.45 0.44 20 Ca Calcium 0.27 0.65

g h
Element | Element |Element Atomic | Weight Element |Element |Element Atomic | Weight
Number | Symbol |Name Conc. |Conc. Number |Symbol |Name Conc. Conc.
7 N Nitrogen 7.90 4.60 7 N Nitrogen 4.17 1.46
20 Ca Calcium 0.66 1.11 15 p Phosphorus |0.71 0.55
15 P Phosphorus |0.62 0.80 20 Ca Calcium 0.28 0.28

FIGURE 1. SEM images and EDS analyses of samples areas
a-sample 1, b - sample 2, c —sample 3, d —sample 4, e —sample 5, f —sample 6, g — sample 7, h —sample 8
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CHART 1. Graphic representation of the average of the Ca/N, Ca/P and P/N reports for the two types of loading
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techniques. Unlike optical microscopy, SEM associ-
ated with EDS analysis in the present study, as in an-
other similar one performed on mini-implants [5],
the detection of the presence and quantification in
weight and atomic percentages of some chemical el-
ements such as Ca, P and N, to identify the different
types of bone structures present at the implant in-
terface. Ca and P are part of the inorganic compo-
nent of bone, while N is part of the organic compo-
nents of the bone structure. Depending on the
percentages in which the respective chemical ele-
ments were found and the ratios between them, 4
types of bone were detected in the present study,
with different degrees of mineralization: medullary
bone, bone undergoing mineralization, mature
bone and cortical bone. The presence of medullary
bone on the surface of dental implants has also been
identified in other studies performed on animal
models [7,9,11]. Bone undergoing mineralization is
characterized by the presence of osteocytes and os-
teons, which indicate an intense remodeling activity
[12,13]. After certain periods of time, if the implant
is integrated, the mineralizing bone will turn into
mature bone, which evolves over years into cortical
bone [5]. Instead, the medullary bone area will re-
main relatively stable as a reservoir of young bone
cells, on which bone apposition will continue. Like
other recent similar studies [1,5,7], our study shows
that the bone-implant interface is an area character-
ized by dynamism and heterogeneity, which can be
poorly mineralized, partially mineralized, or miner-
alized. The presence of poorly mineralized bone at
the bone-implant interface was also detected in ex-
plants extracted at longer periods of time after in-
sertion [2], but this area is narrower the longer the
implant has been in operation. Gandolfi et al [2] per-
formed a study on 9 explants that were loaded for
periods of time greater than 10 years and detected
the presence of homogeneous, richly mineralized
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