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Periodontal Healing Following Guided
Tissue Regeneration With Citric Acid
and Fibronectin Application

Raul G. Caffesse, * Carlos E. Nasjleti, * Gissela B. Anderson, * Dennis E. Lopatin,”
Billy A. Smith,” and Edith C. Morrison*

THIS STUDY WAS UNDERTAKEN TO DETERMINE the effects of guided tissue regeneration
(GTR) with and without citric acid conditioning and autologous fibronectin application.
The study subjects were four female beagle dogs with spontaneous periodontitis. The
dogs were given thorough root debridement and 4 weeks later, mucoperiosteal flaps were
raised on both sides of the mandible involving the 2nd, 3rd, and 4th premolar and 1st
molar teeth. After debridement, notches were placed on the roots at the level of supporting
bone. Citric acid (pH 1) was topically applied for 3 minutes on the exposed root surfaces
of one side (experimental). The roots were irrigated with normal saline solution. Both
the root surfaces and the inner surface of the flap were then bathed in autologous fibro-
nectin in saline. Following this, Gore-Tex periodontal material was adapted to the roots
of each tooth and sutured. The contralateral side, serving as control, was treated by
surgery and application of Gore-Tex periodontal material only. All membranes were
removed 1 month after surgery, and the dogs sacrificed at 3 months. Both mesio-distal
and bucco-lingual microscopic histological sections were evaluated by descriptive his-
tology, and linear measurements and surface area determination of the furcal tissues were
made. Periodontal healing following the use of GTR procedure resulted in an increase
in connective tissue and alveolar bone regeneration. Adjunctive citric acid plus autologous
fibronectin produced slightly better results, but these differences were not statistically
significant for this sample. J Periodontol 1991;62:21-29.
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The ultimate goal of periodontal therapy includes not only
the arrest of progressive periodontal disease but also the
predictable regeneration of the periodontium at the site of
previous peridontal breakdown; i.e., the formation of new
cementum, new periodontal ligament, and new alveolar
bone.!® The evidence available to date indicates that the
most frequent mode of wound healing following surgical
therapy is the development of a long junctional epithelium
and connective tissue adhesion,*° which may give a good
clinical result'®!3 but fails to satisfy the goal of regenera-
tion. In order for regeneration to occur, periodontal liga-
ment fibers must be embedded in cementum that has formed
on a previously diseased or denuded root surface.!-

In a previous report,!® improvement in new connective
tissue attachment to root surfaces of beagle dogs affected
with natural periodontitis occurred when the teeth were sur-
gically treated using a modified Widman flap approach; the
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roots were demineralized with citric acid and fibronectin
was applied on the inner flap surface and on the roots.
Apparently, fibronectin, when used with citric acid, en-
hanced the regeneration of connective tissue attachment,
possibly by increasing interactions between exposed root
surface collagen and fibroblasts within the gingival con-
nective tissue.'® More recently, in beagle dogs, Gore-Tex*
periodontal material was effective in blocking gingival ep-
ithelial downgrowth and connective tissue proliferation,
promoting new attachment according to the principle of
guided tissue regeneration.'”18 In humans,*-?! results showed
that the formation of a connnective tissue attachment was
considerably favored by the placement of Gore-Tex mem-
branes which prevented the gingival epithelium and the gin-
gival connective tissue from interfering with healing. Clinical
measurements demonstrated decreased probing depth and
gains in attachment levels for treated furcations and vertical
defects. Biopsies of treated sites revealed new cementum
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with inserting connective tissue fibers and varying amounts
of bone.

The purpose of this histologic and histometric study was
to evaluate in beagle dogs the healing following the use of
combined techniques of epithelial and gingival flap exclu-
sion via Gore-Tex periodontal material coupled with citric
acid root demineralization plus autologous fibronectin ap-
plication which may afford significant advantage over either
technique alone.

MATERIALS AND METHODS

Four purebred female beagle dogs 6 to 8 years old with
naturally occurring periodontal disease were used in this
study and maintained on a hard diet, except for the 2 weeks
following surgery when a soft diet was used. The dogs were
subjected to a thorough intraoral examination which in-
cluded periodontal probing and intraoral radiographs. The
teeth were scaled and subsequently polished. Plaque control
was maintained by topical application of a 0.12% solution
of chlorhexidine gluconate, 3 times weekly. Surgical
wounding of the animals started 4 weeks after scaling and
root planing.

Surgical Procedures

Prior to surgery, each dog was sedated with I.V. Ketamine
HCl, 25 mg/ml, followed by sodium phenobarbital anes-
thesia, 35 mg/kg. The area to receive surgery was locally
anesthetized with 2% Xylocaine containing epinephrine
(1:50,000) to reduce hemorrhage and ensure profound anes-
thesia. Two mandibular quadrants in each dog were treated.
Each quadrant included the 2nd, 3rd, and 4th premolars
and the 1st molar teeth. Reverse bevel mucoperiosteal flaps
were raised. Following the elevation of soft tissue flaps,
the exposed root surfaces were carefully planed. Reference
notches, at the alveolar bone level, were positioned on the
buccal aspect of the roots and extended interproximally and
into the furcation areas. Following the placement of the
notches, the sites were thoroughly flushed with sterile saline
and blotted dry with a sterile gauze sponge. The roots of
the teeth in one of these mandibular quadrants were de-
mineralized for 3 minutes with a saturated solution of citric
acid, pH 1. The site was thoroughly flushed with sterile
saline solution. Autologous fibronectin in saline,
500 pgm/ml, was applied to the surgical site. Both the root
surfaces and the inner surface of the flap were bathed with
the solution for 5 minutes while the excess was absorbed
with sterile gauze. The quadrant was kept saliva free for a
minimum of 30 minutes after its placement. No post-treat-
ment irrigation of the surgical site receiving fibronectin was
carried out. At this time, all teeth involved received the
Gore-Tex periodontal material. The premolars and first mo-
lar of the contralateral quadrant were treated with guided
tissue regeneration (GTR) procedure only. The periodontal
material was placed so that 2 to 3 mm of crestal bone was
covered and extended to the cementoenamel junction (CEJ).
Once the material was in place, it was sutured using a

suspensory suture around each tooth with a 4-0 Gore-Tex
suture. Afterward, interproximal sutures were placed through
the flaps assuring that they covered the periodontal material
completely. Once suturing was completed, moderate pres-
sure was applied over the sites for 4 to 5 minutes with a
sterile gauze moistened with sterile saline, so as to mini-
mize clot thickness and tissue gaping. Therefore, a split
mouth design was obtained: test = citric acid plus fibro-
nectin plus Gore-Tex material, and control = Gore-Tex
material only.

Post-Surgical Procedures

During the 2 weeks following surgery all dogs were fed a
soft diet, and during the first week, toothbrushing was sus-
pended in order to prevent unnecessary disruption of the
Gore-Tex material and healing flaps.

Seven days after surgery, the dogs were anesthetized with
7.5% sodium thyamilal to allow for a rubber cup prophy-
laxis. In the following weeks, the surgical sites were main-
tained by brushing with a 0.12% chlorhexidine solution
every other day. Four weeks after surgery, the Gore-Tex
periodontal material was removed. Under general anes-
thesia, a split thickness flap procedure was performed and
the tissues sutured back after material removal. Three months
after surgery, the dogs were anesthetized as was done for
surgery and final radiographs and photographs were taken.
Following this, each dog was given additional anesthesia
and sacrificed by exsanguination. The heads of the animals
were perfused with 10% neutral buffered formalin and then
refrigerated for 1 to 2 days. The jaws were dissected free,
labeled and placed in formalin solution for further fixation.

Laboratory Procedures

In order to enhance the speed of demineralization, the jaws
were further sectioned into one tooth blocks. Demineral-
ization was accomplished with 10% tri-fluroacetic acid (TFA),
the end point of which was determined radiographically.
Following demineralization, the tissue specimens were
washed, dehydrated, infiltrated, and embedded in paraffin
and then sectioned at 6 pm intervals. Twelve to 20 non-
serial microscopic sections were made of each treated tooth,
cut in the bucco-lingual direction, 30 wm apart. Half of
these sections were stained either with hematoxylin and
eosin, Mallory’s trichrome, or silver impregnation. Addi-
tionally, another group of 12 to 20 mesio-distal tissue sec-
tions were secured for surface area measurements of the
furcations. These microscopic sections were examined un-
der a binocular microscope and descriptive histologic and
histometric evaluations were performed.

Histologic Evaluation

The descriptive histologic evaluation determined the pres-
ence or absence of root resorption and/or dentoalveolar an-
kylosis, the location of cementum formation, the direction
of the periodontal fibers, and the degree of epithelial mi-
gration, as well as the degree of inflammation in the tissues.
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Figure 1A. Photomicrograph of representative bucco-lingual section showing
periodontal healing following GTR procedure and citric acid ~+ fibro-
nectin application. (H&E stain, original magnification x 25).

Histometric Evaluation

Linear Measurements. Under the microscope and using the
Filar’s micrometer eye piece, tissue sections were measured
by orienting the micrometer grid paraliel to the shortest line
which connected the apical extent of the root notch to the
bone or cementum measured.?! The following measure-
ments were performed: 1) from the root surface notch to
the alveolar bone crest; 2) from the root surface notch to
the apical extent of the junctional epithelium; 3) from the
apical extent of the root notch to the coronal extent of the
“newly deposited cementum,”” and 4) from the free gin-
gival margin to the apical extent of the junctional epithelium.

Surface Area Determinations. In approximately 10 mesio-
distal sections cut 30 pwm apart per tooth, including exper-
imental and control teeth, surface areca determinations (in
mm?) relative to the furcations were made evaluating: 1)
the whole interradicular space occupied by epithelium, con-
nective tissue, cementum and bone; 2) the area filled with

Figure 1B. Higher magnification of notch area seen in Figure 1A showing
new deposited cementum, regenerated alveolar bone, and new connective
tissue attachment. (H&E stain, original magnification x 100).

connective tissue plus cementum; 3) the arca occupied by
bone; and 4) the arca occupied by epithelium. Images were
digitized using the Zeiss image processing system attached
to a microcomputer, as described previously.*

Statistical Evaluation

Mean values for the experimental and control quadrants,
both linear and surface area measurements were statistically
analyzed using paired ¢-tests (N=4).

RESULTS

Histologic Observations

The result of treatments after 3 months of healing is shown
in Figures 1A through 1D. Experimental and control tissue
specimens showed that there was no evidence of inflam-
matory cell infiltration interfering with healing. Although
surface resorption lacunae were observed, they repaired and
no areas of active resorption remained. Nor was there any
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Figure 1C. Higher magnification of an area coronal to the root notch
seen in Figure 14 demonstrating repaired root surface resorption lacunae.
(H&E stain, original magnification X 100).

indication that dentoalveolar ankylosis had occurred in the
healing areas. A thin layer of newly deposited cementum
was seen to cover the root surfaces. This newly formed
cementum showed inclusions of cells. Considerable regen-
eration of alveolar bone has also taken place in these spec-
imens. There was histologic evidence of new connective
tissue attachment over the root surfaces. The majority of
connective tissue fibers coronal to the apical extent of the
root notch were oriented perpendicular or nearly perpen-
dicular to the root surfaces, indicating functional orienta-
tion. In the furcations, regenerative connective tissue and
bone was observed (Figs. 2A through 2C). Consistently,
these tissues completely filled furcation areas above root
surface reference notches. Often, cpithelial proliferation was
depicted in the coronal area of the furcation (Figs. 3A through
3D).

Linear Measurements
Table 1 shows the comparison of mean linear measurements
in mm for the two treatment modalities by paired r-test.

Figure 1D. Higher magnification of subgingival area seen in Figure 14
showing that Gore-Tex periodontal material was effective in blocking gin-
gival epithelial downgrowth and connective tissue proliferation, promoting
new attachment according to the principle of GTR. (H&E stain, original
magnification X 100).

Results showed no significant differences among the four
lincar measurements between the two treatments tested.
However, slightly better results were obtained when citric
acid and fibronectin were applied.

Surface Area Determinations

Table 2 shows the comparison of mean furcation fill mea-
surements in mm? for the treatment modalities by paired ¢-
test. Results showed no significant differences between
treatments among the four tissues measured. Nevertheless,
the results of the area measurements indicated that, on the
average, somewhat more new connective tissue, bone, and
cementum were formed for the experimental than for the
control specimens.

DISCUSSION
The results of this study have demonstrated that it is pos-
sible to favor the regeneration of a new connective tissue
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Figure 2A. Photomicrograph of representative mesio-distal section show-
ing regenerative connective tissue and new alveolar bone filled completely
furcation area following GTR and citric acid + fibronectin application.
(H&E stain, original magnification x 25).

Table 1: Comparison of Mean Linear Measurements in mm for the
2 Treatment Modalities by Paired ¢-test (N = 4)

Mean Mean Mean Paired
Control Experimental Difference SD  t-test Significance
Bone -.30 .23 .53 1.20 .88 NS
Connective
Tissue 78 1.28 .50 .61 1.61 NS
Cementum .59 1.04 .45 46 1.97 NS
Epithelium  2.04 1.80 24 33 1.51 NS

Degrees of freedom = 3.00; NS = not significant.

attachment to denuded root surfaces by a surgical procedure
which is based on the principle of guided tissue regenera-
tion. Also, coronal regeneration of alveolar bone as well as
deposition of new cementum with inserting collagen fibers
were observed in these specimens. These findings agree
with many previous studies'®=*!-23-26 and support the con-
cept that progenitor cells arising from the periodontal lig-
ament, and possibly from bone, have the capacity to form

Figure 2B. Higher magnification of coronal area, above left notch, in
Figure 24 showing new deposited cementum, regenerated alveolar bone,
and new connective tissue attachment. (H&E stain, original magnification
x 100).

new attachment. Partial regeneration of periodontal tissues
was obtained when a “‘barrier’> made of Millipore filter
paper or Gore-Tex periodontal material was interposed be-
tween the gingival tissue on one side and the exposed root
surfaces and the supporting alveolar bone on the other. The
role of the barrier was two-fold: first, to prevent coloni-
zation of the exposed root surface by gingival cells; second,
to allow selective repopulation of this surface by periodon-
tal ligament cells.

Furthermore, several investigators®’—? have shown that
the gingival epithelium, as well as the gingival connective
tissue, can be excluded from healing after periodontal sur-
gery by the use of biodegradable barriers. Blumenthal et
al.?”-?% used purified bovine collagen gel over bone grafted
defects to inhibit epithelial migration into the defect. Mag-
nusson et al.?® reported new attachment formation follow-
ing controlled tissue regeneration using biodegradable
polylactic acid membranes. Card et al.*® used Cargile, a
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Table 2: Furcation Fill Achieved in Beagle Dogs (in mm?) (N = 4)

Mean Mean Mean Paired

Control Experimental Difference SD t-test Significance
Ep+CT+C+B 5.84 6.49 .65 2.14 .60 NS
CT+C 1.77 1.95 .18 .64 .53 NS
B 3.89 4.30 41 1.42 .57 NS
Ep .06 A1 .05 .17 .66 NS

Ep = Epithelium; CT = Connective Tissue; C = Cementum; B = Bone; NS = not significant.

Figure 2C. Higher magnification of right notch area in Figure 24 dem-
onstrating new deposited cementum, newly formed alveolar bone, and
repaired periodontal space. (H&E stain, original magnification x 100).

resorbable membrane which is derived from the cecum of
an ox, and reported that it could effectively divert gingival
epithelium and connective tissue from involvement in the
initial healing of root surfaces and thereby enhanced the
formation of new attachment and bone. Pitaru et al.3!32
using collagen membranes, prevented apical migration of
epithelium and supported new connective tissue attachment
during periodontal wound healing. Results of all of these
studies'®-2123-32 indicated that the formation of new attach-

Figure 3A. Photomicrograph of representative mesio-distal section with
partial epithelialization of the furcation. This tooth was treated with Gore-
Tex periodontal material only. (H&E stain, original magnification X 25).

ment is related to the problem of guiding the growth of
granulation tissue in such a way that the root surface be-
comes repopulated by those specific cells which possess the
biological capacity of regenerating the attachment apparatus.

The present study was designed to evaluate the healing
response in beagle dogs following the use of combined
procedures of epithelium and gingival flap exclusion via
Gore-Tex periodontal material coupled with citric acid de-
mineralization plus autologous fibronectin application which
could afford significant advantage over either procedure
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Figure 3B. Higher magnification of coronal area seen in Figure 3A exhibiting an epithelialized furcation
fornix. Note minimal inflammatory cell infiltration in the underlying connective tissue. (H&E stain, original

magnification x 100).

alone. Results of the study demonstrated that: 1) periodon-
tal healing following the use of the GTR procedure resulted
in an increase in connective tissue and alveolar bone re-
generation; and 2) adjunctive citric acid root conditioning
plus autologous fibronectin application produced slightly
better results, but were not statistically significant.

Previously, significantly increased amounts of connec-
tive tissue reattachment were observed 6 weeks post-sur-
gery in the areas treated with the citric acid/fibronectin
combination.'® Fibrous reattachment was enhanced at the
expense of epithelial downgrowth and occurred directly to
both new and old cementum and exposed dentin, often in
a functional manner; i.e., perpendicular to the root surface.
Areas treated with the surgery and citric acid demineraliza-
tion attained moderate amounts of fibrous reattachment while
areas treated with surgery only or surgery plus fibronectin
were associated with a long junctional epithelium. It was
concluded that the enhanced fibrous reattachment may be
the product of an accelerated coalescing of exposed soft
tissue and root surface collagen fibrils, while under the
mediating effect of fibronectin.’®

In the present study, new connective tissue reattachment
and alveolar bone regeneration uncomplicated by root re-
sorption and dentoalveolar ankylosis were seen in the roots
treated by GTR procedures, both with and without citric
acid conditioning and fibronectin application. This finding
does not agree with previous reports,>*-3* since animal stud-
ies showed that new attachment of connective tissue ob-
tained over extended portions of the demineralized root areas
were often accompanied by root resorption and ankylosis.

Pettersson and Aukhil®® examined the effects of citric acid
conditioning of curetted roots on the formation of new at-
tachment when the progenitor cells from the adjacent peri-
odontal ligament were allowed to repopulate the wound.
Results of the study indicated that new attachment could
form on both acid-conditioned and non-conditioned curetted
roots. However, citric acid conditioning was associated with
root resorption and ankylosis. Wikesjo et al.3* examined
the effects of root surface demineralization and topical fi-
bronectin application as adjuncts to reconstructive peri-
odontal surgery. The study showed that citric acid
conditioning frequently resulted in complete connective tis-
sue repair; however, root resorption and ankylosis were
prevalent features of the healing response. The study also
showed that application of fibronectin to demineralized root
surfaces did not enhance the amount of connective tissue
repair and did not alter the pattern of root resorption and
ankylosis. The reported prevalence of root resorption and
ankylosis in the above mentioned studies is at variance with
findings from our previous studies,6-3> as well as the pres-
ent one, since root resorption and ankylosis was not con-
sistently observed in the periodontal healing areas.

From previous studies, it was clear that root surface de-
mineralization with citric acid followed by autologous fi-
bronectin application has the potential to promote periodontal
healing with connective tissue reattachment to a previously
diseased root. Animal studies have documented such a pos-
sibility histometrically,'® while clinical studies have also
reported the possibility of beneficial results biometrically.3s
The possibility exists that this approach could form reat-
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Figure 3C. Higher magnification of the right notch area in Figure 34
showing significant amounts of new bone and new attachment, without
evidence of ankylosis. (H&E stain, original magnification %X 100).
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tachment of the gingival connective tissue to the zollagen
matrix exposed on the root surface by the citric acid
conditioning.

In the present study it is also clear that the effects of this
approach have been masked by the overwhelming results
achieved in the animal model with guided tissue regener-
ation. However, in spite of this, the linear and surface area
measurements obtained showed slightly more positive val-
ues when the combined approach was utilized. In essence,
this may mean that some benefit may arise from supple-
menting guided tissue regeneration. The lack of signifi-
cance in the results could be due to several factors. It may
be that there were too few study animals for the small
differences to show significance. Nevertheless, it was de-
cided to use N = 4 for statistical purposes. It may also be
that the differences generated are so minimal that signifi-
cance will never be reached. However, it may also be that
GTR could benefit by adjunctive therapy, but that citric
acid and fibronectin do not represent the ideal selection.
When citric acid and fibronectin were first used, a very

Figure 3D. Higher magnification of the left notch area in Figure 34
showing new deposited cementum and new alveolar bone. New attachment
is also evident. (H&E stain, original magnification x 100).

minimal understanding of the chemical approach to regen-
eration was available. To date a series of growth factors
have been described and tested in basic models, many of
which certainly hold significant promise in regener-
ation.**-3® It may be that, in the future, a chemical ap-
proach using fibronectin or other matrix proteins, coupled
to one or more growth factors could supplement the effects
obtained with barrier membrane techniques.
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