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AbstrAct
Objectives:  Several procedures have been advocated as regenerative procedures in periodontology, 

but one of the most widely used  techniques up to now is guided tissue regeneration (GTR). Likewise, 
different assessment methods based on clinical, radiographic or histological measurements have been 
proposed for the evaluation of these regenerative procedures. However, none of the methods used for 
human material incorporates quantitative X-ray microanalysis to assess the degree of mineralization of 
the regenerated periodontal hard tissues.  The objective of this report  was to evaluate, using quantita-
tive X-ray microprobe analysis, the newly-formed hard tissue in a  periodontal infrabony defect.

Methods: Electron microprobe analysis was used to study the nature of the newly-formed hard tis-
sue 3 years after treatment with guided tissue regeneration in a patient with localized aggressive peri-
odontitis. 

Results: Our quantitative analyses, using the peak-to-background method, showed calcium/phos-
phorus mass ratio of 1.50±0.38 in the newly-formed hard tissue around the affected tooth root. 

Conclusion:  Quantitative X-ray microprobe analysis is a useful tool that may provide an accurate 
assessment of the degree of mineralization in an extremely small tissue sample. (Eur J Dent 2007;1:40-
44)

Keywords: Guided tissue regeneration; Bone regeneration; Periodontal regeneration; Quantitative 
X-ray microprobe analysis; Mineralization.

Regeneration is defined as a reproduction or 
reconstitution of a lost or injured part in such a 
way that the architecture and function of the lost 
or injured tissue are completely restored.1 Peri-
odontal regeneration by GTR has been defined 
within the concept of “new attachment”.2 The ulti-
mate goal of a new attachment procedure should 
be to restore, on a diseased or traumatized root, 
the lost connective tissue attachment by a new ce-
mentum with inserting collagen fibers and, pref-

erably, the regrowth of new alveolar bone. Thus, 
although bone regrowth is not a prerequisite for 
a new attachment procedure, it is always a desir-
able outcome in order to satisfy the definition of 
regeneration.3,4

Several surgical procedures have been pro-
posed for periodontal regeneration, but one of the 
most widely employed current techniques is guided 
tissue regeneration (GTR), in which a membrane is 
placed between the soft tissue flap and the root 
surface to serve as a barrier which prevents the 
gingival tissues from making contact with the root 
during healing.5-9 The membrane gives preference 
to cells arising from the periodontal ligament to 
form a new connective tissue attachment to the 
denuded root surface.10 Animal studies and clini-
cal trials in humans have documented the benefits 
of GTR procedures in achieving different degrees 
of periodontal regeneration.8,11-14    

Different methods based on clinical, radio-
graphic or histological measurements have been 
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used in the evaluation of the outcomes of peri-
odontal regeneration.3,9,15-18 However, none of the 
methods used for human material incorporates 
quantitative X-ray microanalysis to assess the 
degree of mineralization of the regenerated peri-
odontal hard tissues.19

The application of electron probe X-ray micro-
analysis (EPMA) to hard tissues constitutes one of 
the most productive tools in the study of mineraliza-
tion processes.20-22 Scanning electron microscopy 
(SEM) and the associated microanalytical systems 
have been advocated as an excellent approach 
to obtain information on mineralized tissues, not 
only in relation to morphofunctional features, but 
also in terms of mineral density and quantification 
that are factors closely associated with the miner-
alization index.18-20 This case report presents a lo-
calized aggressive periodontitis patient23 in which 
a localized infrabony defect was treated with GTR. 
A surgical re-entry was performed 3 years after 
surgery due to the need of an additional surgical 
intervention for orthodontic reasons. A small hard 
tissue biopsy was taken from the regenerated site 
and analyzed. A quantitative approach to EPMA to 
determine the concentration of calcium and phos-
phorus, the main elements in biomineralization, 
was used.  Quantitative EPMA procedures and the 
different types of standards used for biological 
specimens have been frequently revised and due 
to methodological problems,24,25 these approaches 

have not been applied to hard tissue regeneration 
in periodontology.

MAterIAl And Methods
A 13-year-old female patient with clinical fea-

tures of localized aggressive periodontitis (no in-
volvement of more than 3 teeth apart from central 
incisors and first molars) was referred for peri-
odontal treatment to the Department of Periodon-
tology, University of Granada (Figures 1 and 2). 
The patient reported no systemic diseases and a 
family history of periodontitis.

Initial treatment plan included motivation and 
oral hygiene instructions together with several 
sessions of scaling and root planning under local 
anesthetic. In addition, oral tetracycline (1 g daily 
for 21 days) was prescribed as an adjunctive sys-
temic medication to mechanical periodontal treat-
ment. At re-evaluation and when the patient dem-
onstrated acceptable proficiency in plaque control 
procedures as determined by an O’Leary plaque 
record score of 8%,26 surgical therapy was initi-
ated at residual periodontal pockets. 

A regenerative procedure by means of GTR 
was applied to teeth 31, 32, 41 and 42. A full mu-
coperiosteal flap was raised on the facial and lin-
gual surfaces of all mandibular incisors to gain 
access for debridement of the granulation tissue 
and the root surfaces (Figure 3). Then, according 
to the principles of GTR described by Gottlow et 
al12 expanded polytetrafluoroethylene membranes 
(PTFE, Gore periodontal material, Gore-Tex , W.L. 
Gore and Assoc, Inc., Flagstaff, AZ, USA) were ad-
justed to cover the defects in the anterior-inferior 
area (teeth 31, 32, 41, 42). The membranes were 
removed 5 weeks after installation. Three years 
after the surgery, the inferior labial frenulum was 
surgically removed for orthodontic and periodon-
tal reasons; during this surgical session a biopsy 
of hard tissue was taken between teeth 31 and 41 
with a high speed 700 L bur under constant irriga-
tion.  Probing pocket depth in the lower incisors 
was determined with the aid of an acrylic stent.27 

Figure 1. Initial clinical appearance before treatment.

Figure 2. Radiographic images of the periapical region before treatment.
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The probe was passed vertically through a hole in 
the stent to locate the base of the defect between 
the teeth. The tissue biopsy was obtained from the 
point of new bone formation indicated by the probe 
and stent (from the alveolar bone in contact with 
the root surfaces of teeth 31 or 41 at the point indi-
cated by the stent).28 

The specimen was cryofixed in liquid N2-cooled 
Freon22 and freeze-dried at -80°C for 48h in a 
Polaron Freeze-drier apparatus. The specimen 
was sputter-coated with carbon in an argon at-
mosphere (P=0.1 torr) and studied in a 505 Phil-
ips SEM scanning electron microscope (voltage = 
15 kV; spot size = 50 nm; tilt angle = 35°; take-off 
angle = 50°). An EDAX PV9900 was used for the 
microanalysis (count rate = 1200 counts per s; live 
time 50 s). Spectra were collected by pin-point 
electron beam at 40000x. The peak-to-background 
(P/B) ratio method29,30 was used to measure the 
concentrations of calcium and phosphorus. Ten 
analyses were done. Microcrystalline salt stan-
dards were used to quantify Ca and P as described 
in previous publications:22,31-36 Ca3O8P2, Ca(OH)2, 
Ca(H2PO4)2

 
• H2O, (CH3-COO)2Ca, CaHPO4 • 2H2O, 

CaCO3, Ca(H2PO4)2, CaHPO4, Ca2P2O7, C6H11O7 • 1/2Ca, 
C12H21O12 • 1/2Ca, PO4HK2, C28H56NO8P, P2O7Sn2 and 
C52H104NO8P. The standards were cryofixed in liquid 
N2, freeze-dried and sputter-coated as described 
above, and analyzed in the microscope immediately 
after preparation to avoid contamination or chemi-
cal modification. The concentration of element x 
in the specimen (Cxsp) was calculated according to 
the formula:

where Cx is the concentration of the element in 
weight percent, P/B is the peak-to-background ra-
tio for the element, the subscripts sp and std refer 
to the specimen and standard respectively, and the 
value of Z2/A is the mean value of the atomic num-
ber squared and divided by the atomic weight of the 
sample.25,32

results
In the course of frenulectomy three years after 

GTR, surgical access to the regenerated hard tis-
sues was possible. The most noteworthy anatomi-
cal observation was the presence of a continuous 
band of hard tissue surrounding the roots of the 
incisors (teeth 31, 32, 41, 42) (Figure 3). Clinical 
parameters had improved significantly as com-
pared with the baseline values. Mean baseline at-
tachment losses were 6-9 mm in lower incisors, 
with the greatest loss in 31, with initial defects 

presenting a depth of 4-5 mm on the mesial and 
distal aspects of the affected teeth, preserving the 
buccal and lingual bone walls. At three years, there 
were attachment losses of 2 mm in 32 and 41 and 
of 4mm in 31; the probing depths in bone defects 
at previously reported sites ranged from 0.5 to 1 
mm, with increased thickness of the buccal plate. 
After frenulectomy and coronal replacement of the 
soft tissue flap, adequate attached gingiva was ob-
tained.

The P/B values obtained from the ten micro-
analyses of the regenerated tissue specimens are 
given in Table 1. All spectra showed significant 
peaks for calcium and phosphorus, with smaller 
peaks for sulfur. Quantitative analyses with the ap-
proach described in material and methods yielded 
weight fraction values in % between 1.98 and 14.03 
for calcium concentrations, and between 1.57 and 
7.68 for phosphorus. Mean weight fraction values 
of ten determinations in % were 6.35 for calcium 
and 4.14 for phosphorus (Table 1). The Ca/P mass 
ratio, calculated from the mean values of Ca/P for 
each analysis, was 1.49+0.38. 

dIscussIon
The methods used to evaluate newly-formed 

hard tissue in periodontal regeneration with GTR 
techniques include clinical examination, radio-
graphic assessment, and histological evaluation.3 
These approaches, particularly histological proce-
dures, are of use in evaluating and measuring the 

quantity of newly-formed hard tissue; however, 
none of them provide information on its composi-
tion or degree of maturation. In this case, we ob-
served the formation of bone-like hard tissue three 
years after GTR during a surgical re-entry. Elec-
tron probe microanalysis can be successfully per-
formed with a small amount of tissue, which can be 
obtained with a relatively noninvasive technique. 
The suitability of our method of tissue preparation 

Figure �. Antero-inferior zone three year after GTR. Note band 
of regenerated bone around the initial defects.

Figure �. Antero-inferior zone during flap surgery for GTR. 
Note bone defects around teeth.
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for EPMA has been verified in other mineralized 
tissues.32,33 Cryofixation followed by freeze-dry-
ing avoids ionic redistribution, and provides tis-
sue samples in which the elemental composition 
is as close as possible to that observed in living 
tissue.25

Quantitative X-ray microanalysis in biologi-
cal samples has been performed by the P/B ratio 
method using standards made with 20-25% gela-
tin or dextran, to which salts containing the ele-
ments of interest have been added.24,33 However, 
this type of standard is unsuitable for the analysis 
of mineralized tissues because the standards dif-
fer markedly from the specimens with respect to 
matrix composition. For this reason, we chose salt 
microcrystals containing Ca or P as our standards 
to estimate Ca and P percent weight in newly-
formed tissue. Crystal salt standards offer several 
advantages: they are quick and easy to prepare, 
their composition is known, and their crystalline 
structure guarantees a constant relationship be-
tween the elements, regardless of the area of 
analysis.32

The P/B ratio method29,30 differs from Hall’s 
continuum normalization method,37 which is gen-
erally used to quantify thin biological specimens. 
The P/B method records the background at the 
same energy as the characteristic peak, instead of 
the background from a selected region of the con-
tinuum (usually 4.2-6.2 kV). The principle of this 
method is that the concentration of an element in 
the area of analysis in the specimen is proportion-
al to the net counts in the characteristic peak of 
that element, divided by the continuum under the 
peak. The proportionality constant, k, is character-
istic for each element, and can be determined by 
analysis of standards in which the concentration is 
known. The value of the P/B method is that it is in-
dependent of absorption and specimen surface ef-
fect, and is, therefore, suitable for rough surfaces 
and variations in beam current intensity.35,36,38 

Data obtained with the methods discussed 
above show the presence of high concentrations 
of calcium and phosphorus in the newly formed 
bone after three years of healing. The Ca/P mass 
ratio of 1.53 found in our quantitative study was 
strongly suggestive of the presence of a hydroxy-
apatite structure in the regenerated hard tissue. 

The Ca/P molar ratio in young bone undergoing 
mineralization is usually less than 1.67, i.e., the 
ideal stoichiometric molar ratio.39

conclusIons
Within the limitations of this report, the novel 

application of quantitative EPMA to periodontology 
may be a useful tool that can provide an accurate 
assessment of the degree of mineralization in an 
extremely small tissue sample. Thus, it could be 
suggested as an additional method to evaluate 
treatment outcomes in future regenerative peri-
odontal research. 
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