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Introduction: The combination of coronally 
advanced flap (CAF) with a subepithelial con-
nective tissue graft (SCTG) is the gold stan-
dard for root coverage treatment. Xenografts 
represent a viable alternative to the SCTG. 
The following cases represent the application 
of repositioning of the cementoenamel junc-
tion (CEJ) where a xenogeneic collagen matrix 
(CM) was used in combination with a CAF for 
the treatment of multiple recession defects.

Case Presentation: Two Caucasian females 
were referred for recession treatment at #28-
30. The CEJ’s were positioned coronally and 
the CM was positioned 1.5 mm coronally 
to the new CEJ and sutured with 5-0 chro-
mic gut. The flaps were sutured 2 mm above 
the new CEJ’s in case 1 and 2, with 6-0 poly-
propylene suture and 4-0 non-resorbable 

PTFE monofilament suture, respectively. In  
case 1, six months post-operatively, #28 and 
29 showed signs of exposed root surface with 
only the gingival margin of #30 at the level of 
the new CEJ. At twelve months, #28 and 29 
showed creeping attachment of 1 mm, cov-
ering all the exposed root surface. In case 2, 
at two months post-operatively #27 showed  
1 mm and #28 had 0.5 mm of creeping attach-
ment.  At six months #28 showed an additional 
1 mm of creeping attachment. In twelve months, 
the creeping attachment noted was 1 mm for 
#28, 0.5 mm for #29 and 0.5 mm for #30.

Conclusion: The combination of CM, repo-
sitioning of the CEJ and strict post-opera-
tive protocol showed creeping attachment 
twelve months post-operatively. The creep-
ing attachment noted, ranged from 0.5-2mm. 

Creeping Attachment After Xenogenic Collagen  
Matrix Placement for Multiple Recessions  

Treatment: A Discussion of Two Case Reports

Dr. Nikolaos K. Soldatos1,2 • Dr. Kerri Font2 • Dr. Charles A. Powell2

1. Department of Periodontics and Dental Hygiene, School of Dentistry, University of Texas, Health Science Center at Houston 

2. Division of Periodontics, Department of Surgical Dentistry, University of Colorado School of Dental Medicine

Abstract
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INTRODUCTION
Acquired mucogingival deformities may pres-
ent as gingival recession and/or excessive 
thinning of the keratinized tissue overlying the 
root surface. The prevalence of gingival reces-
sion increases with age and affects 22.5% 
of the US population (23.8 million) over the 
age of 30.1 Areas with gingival recession are 
esthetically deficient with higher plaque accu-
mulation, higher susceptibility to root car-
ies and root hypersensitivity.2 Areas with 
gingival recession are more prominent, at the 
buccal aspects of the teeth. Miller’s classifi-
cation system was published to help the cli-
nicians predict the successful outcome of 
the surgical approach of free gingival grafts 
(FGG’s).3 A very important component, which 
is missing from Miller’s classification sys-
tem, is the amount of keratinized tissue and 
how this may influence the surgical outcome. 

The combination of coronally advanced 
flap (CAF) with subepithelial connective tis-
sue graft (SCTG) is the gold standard to suc-
cessfully treat gingival recession. SCTG has 
been the graft of choice for mucogingival pro-
cedures because of the following: (i) color 
match, (ii) graft exposure and (iii) root cover-
age ability.4,5 Other surgical techniques that 
have been used to treat recession are guided 
tissue regeneration (GTR) with either resorb-
able or non-resorbable membranes, the later-
ally positioned flap (LPF), the double pedicle 
flap, CAF alone or with Emdogain (EMD), fre-
nectomy and orthodontic intrusion.6-8 Alterna-
tive grafts to SCTG are the free gingival graft 
(FGG), the acellular dermal matrix (ADM) 
and the xenogeneic collagen matrix.9-12 

Harris showed, using GTR approach, 92.3% 

mean root coverage six months post-opera-
tively. From six months to one year the reces-
sion coverage decreased to 58.8%, questioning 
the stability of the technique.8 Zucchelli evalu-
ated the combination of CAF with SCTG versus 
GTR with resorbable or non-resorbable mem-
branes, for the treatment of deep recession 
defects. At one-year follow-up, all three groups 
showed a significant amount of root coverage. 
The combination of CAF with SCTG showed 
statistically significant results. Greater root 
coverage is expected with CAF plus SCTG, 
whereas smoking, resorbable and non-resorb-
able barriers decreased the average expected 
root coverage.13 Harris compared the short 
and long-term use of SCTG and ADM, in Miller 
class I and II defects. Mean root coverage of 
long-term ADM was less than the short-term, 
65.8% and 93.4% respectively. The SCTG 
alone had 97% mean root coverage in the long-
term versus 96.6% in the short term. SCTG 
showed more predictable root coverage.14 

However, the use of SCTG is related to cer-
tain disadvantages. First, a second surgical site 
is needed (donor site), which may contribute to 
the overall morbidity. Second, the surgeon must 
know the anatomy of the hard palate in order 
to minimize the risk of traumatizing the greater 
palatine artery. In specific cases of treating 
multiple recessions, the availability of connec-
tive tissue may be limited in order to cover the 
defects.15-18 In such cases, an allograft or xeno-
graft may be a viable alternative to the SCTG.

The xenogeneic collagen matrix (CM) con-
sists of type I and III porcine collagen. It was 
designed specifically for soft tissue regeneration 
without further cross-linking or chemical treat-
ment. It was developed using the free gingival 
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graft as a model. The advantages of the CM are; 
(i) less morbidity, (ii) facilitation of clot stabiliza-
tion and the subsequent soft tissue ingrowth, (iii) 
reduction of surgical time, (iv) unlimited availability 
and (v) natural soft tissue color and structure.19-21

The purpose of these case reports are to 
present the healing of two cases where the 
CM was used as an alternative to SCTG, in 
combination with modification of the CEJ, for 
the treatment of multiple recession defects.  

CASE PRESENTATIONS
Patients were referred to the gradu-
ate Periodontics clinic at the University 
of Colorado School of Dental Medicine. 

Case 1
A 51 year-old Caucasian female, based on 
American Society of Anesthesiology (ASA) 
classification system, classified as ASA type I, 
was referred for evaluation of gingival reces-
sion at teeth #28-30. Her chief complaint was 
the unaesthetic appearance of the exposed 
roots. The patient refused treatment with cervi-
cal restorations. In addition, patient denied hav-
ing any sensitivity around the cervical area of 
the teeth. #28-30 demonstrated non-carious 
cervical lesions (NCCL’s) with a 2 mm api-
cal extension and 3 mm of keratinized tissue of 
which 2 mm was attached (Figure 1). The tis-
sue biotype was defined as thin with highly 
scalloped gingival margins. The vestibular area 
was classified as deep. The probing depths 
did not exceed the 3 mm and radiographically 
incipient interproximal bone loss was noted at 
teeth #27 and 28. Occlusally, no wear facets 
were noted. The patient refused treatment plan, 
which included harvesting connective tissue 

from the palate. Therefore, a CM (Mucograft®, 
Geistlich) was chosen as an alternative material. 

Prior to surgery, a supragingival debridement 
of sites was performed. Utilizing a 15c blade, 
papilla preservation flap design was applied, 
without any vertical incisions, extending from 
the distal aspect of #27 to the mesial aspect of 
#31. A full thickness flap was reflected to the 
mucogingival junction, and then transitioned 
to a split thickness flap. Utilizing a high-speed 
handpiece and egg-shaped diamond-finishing 
bur, enameloplasty was performed because 
of the presence of NCCL’s. Hence, the cervi-
cal area showed a smooth transition from the 
enamel to the cementum, allowing the gingival 
tissue to follow that positive architecture (Fig-
ure 2). The papillae were de-epithelialized uti-
lizing a 15c blade. A single buccal periosteal 
release was performed. The muscle attach-
ment was removed from the base of the flap in 
order to allow for successful coronal advance-
ment. The reshaped CEJ along with the root 
surface were prepared with a 24% EDTA root 
conditioner. The CM was positioned 1.5 mm 
coronally to the new CEJ and sutured with 5-0 
chromic gut (Figure 3). Finally, the flap was 
coronally advanced and sutured 2 mm above 
the CEJ with 6-0 polypropylene suture (Figure 
4). The patient was prescribed post-operative 
analgesics (hydrocodone/APAP 5/325mg) 
and 0.12 mg chlorhexidine b.i.d. for a week. 

The patient followed a very strict post-oper-
ative protocol with liquid/soft diet for 20 days 
and biweekly appointments at our clinic. Sutures 
were removed at 20 days post-operatively. 
The flap retraction noted, exposed the CEJ 
and part of the root surface mainly at #28, 29. 

At the two-month post-operative 
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visit, the area of #28 clearly showed 
exposed root surface (Figure 5). 

At the six-month post-operative visit, 
the gingival tissue at #28 and 29 showed 
signs of exposed root surface (Figure 6). 

In 12 months, #28 and 29 showed creeping 
attachment of 1 mm, covering the exposed root 
surface. The width of the keratinized tissue did 
not alter from the pre-operative clinical width but 
the gingival biotype changed from thin to thick. 
The creeping attachment noted in 12 months 
was 1 mm for both #28 and #29 (Figure 7). 

Case 2
A 56 years old Caucasian female, classified as 
ASA type I, was referred for recession treat-
ment of teeth #28-30. Patient’s chief complaint 
was similar to the patient in case 1. The patient 
reported no sensitivity around the cervical area 
of the teeth. Teeth #28 and 29 had recession 
of 2 mm and 3 mm respectively. Tooth #30 had 
3 mm of recession on the mesial root with an 
exposed furcation entrance (Miller class III), 
and 1.5 mm recession on the distal root (Figure 
8). The tissue biotype had 3 mm of keratinized 

Figure 1:  Pre-operative clinical view of #28-30 which 
demonstrates NCCL’s with a 2 mm apical extension and 3 
mm of keratinized tissue of which 2 mm was attached.

Figure 2:  Enameloplasty was performed utilizing a high 
speed handpiece and egg-shaped diamond finishing bur.

Figure 3:  The CM was positioned 1.5 mm coronally to the 
new CEJ and sutured with 5-0 chromic gut suture.

Figure 4:  The flap was coronally advanced and sutured 
with 6-0 polyprolene suture.
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tissue, of which 2 mm were attached. It was 
defined as thin, with highly scalloped gingi-
val margins. The vestibular area was classified 
as deep. Similar to the first case, the prob-
ing depths did not exceed 3 mm. Radiographi-
cally, incipient horizontal interproximal bone loss 
was noted at the mesial of #27 and a vertical 
defect at the mesial of #28. Occlusally, a wear 
facet was noted on the distal ridge of the buc-
cal cusp. Limited occlusal adjustment was per-

formed at this site. Similar to the first case, the 
patient refused the harvest of connective tis-
sue from the palate. For this reason, the same 
CM was chosen as an alternative material.

The same presurgical, surgical, and 
strict post-operative protocols were fol-
lowed in both cases (Figures 9, 10). The 
only exception on the second case was 
the flap suturing with 4-0 non-resorbable 
PTFE monofilament suture (Figure 11).

Figure 5:  Two months post-operative appointment; the 
area of #28 is showing exposed root surface. At the areas of 
#29, 30 the gingival tissue is positioned 1 mm above the CEJ.

Figure 6:  Six months post-operative appointment; the 
gingival tissue at #28, 29 showed signs of exposed root 
surface and #30 was at the level of the CEJ.

Figure 7: Twelve months post-operative appointment; #28 
and 29 showed creeping attachment of 1 mm, #30 did not 
show any clinical difference from the six month visit. The 
gingival biotype changed from thin to thick.

Figure 8:  Pre-operative clinical view of #28 and 29 having 
recession of 2 mm and 3 mm respectively. Tooth #30 is 
showing recession of 3 mm on the mesial root with an 
exposed furcation entrance(Miller class III) and 1.5 mm 
recession on the distal root.

Soldatos et al 
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Figure 9:  Papilla preservation flap design was applied with 
15c blade without any vertical incisions, extending from 
the distal aspect of #27 to the mesial aspect of #31.

Figure 10:  he CM was positioned 1.5 mm coronally to the 
new CEJ and sutured with 5-0 chromic gut suture.

Figure 11:  The flap was coronally advanced and sutured 
with 4-0 non-resorbable PTFE monofilament suture. 

Figure 12:  In twenty days the sutures were removed. The 
flap retraction exposed the CEJ and part of the root surface 
of #27, #28 and #29. At the #30 area, the gingival tissue was 
positioned 1 mm above the CEJ.

Sutures were removed in twenty days post-
operatively and it was the first time that the 
surgical site showed clear signs of flap retrac-
tion. The flap retraction exposed the CEJ and 
part of the root surface of #27, #28 and #29 
(Figure 12). The patient was advised to stay 
on a soft liquid diet for 10 more days and to 
rinse twice a day with 0.12% chlorhexidine. 

In two months, #27 showed 1 mm of creep-
ing attachment, #28 had 0.5 mm of creep-

ing attachment. The gingival tissue of #30 
was at the level of the new CEJ (Figure 13). 

In six months, #27 showed 1 mm of addi-
tional creeping attachment, #28 showed 0.5 
mm of additional creeping attachment, #29 
and #30 had exposed root surface (Figure 14). 

The twelve-month post-operative visit 
showed stable gingival tissue. The areas of  
#27 and #28 had no change at their clini-
cal appearance. The gingival tissue of #29 

Soldatos et al 
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Figure 13:  Two months post-operative appointment; 
#27 showed 1 mm of creeping attachment, #28 had 0.5 
mm of creeping attachment. #29 had the same clinical 
appearance with the first month’s visit. The gingival tissue 
at #30 was at the level of the CEJ.

Figure 14:  Six months post-operative appointment; 
#27 showed 1 mm additional creeping attachment, #28 
showed 0.5 mm additional creeping attachment, and #29 
and #30 showed exposed root surface.

Figure 15: Twelve months post-operative appointment; 
the creeping attachment noted was 2 mm for #27, 1 mm for 
#28, 0.5 mm for #29, and 0.5 mm for #30. 

and #30 showed 0.5 mm of creeping attach-
ment. The width of the keratinized tissue did 
not alter from the pre-operative width but the 
gingival biotype changed from thin to thick. The 
creeping attachment noted in 12 months, was 2 
mm for #27, 1 mm for #28, 0.5 mm for #29, and 
0.5 mm for #30 (Figure 15). Even though that 
the exposed root surfaces were not fully cov-
ered, the patient was satisfied with the final result. 

DISCUSSION
Creeping attachment was first described 
by Goldman et al. in 1964 as postopera-
tive migration of the gingival marginal tis-
sue in a coronal direction over portions of 
a previously denuded root.22 The amount of 
creeping attachment did not appear to be 
predictable.16 It was noted more often in nar-
row defects, younger patients and when 
the recession was located to a single tooth. 
Matter23 in 1980 described creeping attach-
ment of 1 mm after the placement of a FGG 
in areas of recession less than 3 mm in width. 
Five patients had recession localized at the 
areas of #24, 25 and 28. The length of the 
recessions extended from 1 mm to 3.5 mm. The 
creeping attachment was measured between 
one month and one year post-operatively. 
No significant difference was noted between 
the first year and 5 years post-surgically.23 

Creeping attachment was also described 
after the placement of a connective tis-
sue graft. Nelson first described creep-
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ing attachment after the use of free 
connective tissue with a pedicle graft.24 

Harris showed creeping attachment 
with the use of a connective tissue graft 
and a double pedicle flap. The amount aver-
aged 0.8 mm at one year, which signifi-
cantly decreased patients’ sensitivity to air 
at the final postoperative appointment.16 

Fowler et al. in a case report, described 
recession associated with a high frenum 
attachment in a mandibular left central inci-
sor. Four weeks after a simple frenectomy, 
1 mm of creeping attachment was mea-
sured. Therefore, the patient avoided the 
second phase of reconstructive surgery.25 

Haeri et al.26 in a case report compared 
free gingival graft with dermal matrix allograft. 
After 12 months of follow-up, the amount 
of creeping attachment for the free gingi-
val graft was 1.23 mm and 0.96 mm for 
the dermal matrix allograft, respectively.26  

McNeely27 first described enamelo-
plasty with coronal repositioning of the CEJ 
in three case reports in 2005. The main pur-
pose of the technique is to alter the free 
gingival margin in a more coronal position. 
The new position is achieved with the use 
of finishing burs and currettes.27 The same 
technique was applied in both our cases. 

Both cases that were described in these 
case reports had many similarities. Both patients 
were of the same gender, same age, similar 
defects, a non-contributory medical history, 
denied the use of a connective tissue graft, and 
were treated with the same surgical protocol. To 
our knowledge these are the first case reports, 
which describe creeping attachment using a 
CM with coronally advanced flap. The amount of 

creeping attachment ranged from 0.5-2.0 mm. 

CONCLUSION
Despite the unique healing, the combination of 
CM, enameloplasty and very strict post-oper-
ative protocol showed creeping attachment 
twelve months post-operatively. The creeping 
attachment noted, ranged from 0.5-2 mm. The 
width of keratinized tissue did not augment 
but the biotype changed from thin to thick. l
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Falcón-Guerrero

Severe deformity of the alveolar 
ridge occurs frequently after trau-
matic teeth loss, causing severe 

bone resorption, esthetic/functional com-
promises, and represents a challenge for 

surgeons.  This article aims to present the 
effectiveness of a novel approach for soft tis-
sue augmentation in which a pedicle graft 
and connective tissue graft are used to reha-
bilitate severe defects in the aesthetic zone.  

Effectiveness of a Novel Approach  
for Soft Tissue Augmentation in a  

Severely Reabsorbed Alveolar Ridge

Dr. Britto Falcón-Guerrero1

1. Professor post grade-Universidad Nacional Jorge Basadre Grohmann, DDS, MDS, Private Practice. Tacna- Perú.
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INTRODUCTION
The presence of a localized alveolar ridge 
defect, especially in the maxillary anterior 
dentition, may complicate an esthetic reha-
bilitation.1 After tooth extraction, resorption 
occurs resulting in loss of more than 20% of 
the vestibular cortical ridge within the first 12 
weeks.2 This is a serious problem when plan-
ning either implants, fixed, or removable par-
tial dentures seriously hampering the contour 
and shape of the final prosthesis.3,4  The avail-
able treatment modalities, depending on the 
type of defect of the alveolar ridge, are to 
achieve better conditions for making a fixed 
rehabilitation with the best conditions for our 
patients.  These include soft tissue grafts, 
guided bone regeneration, pedicle flaps, etc.5,6,7

Soft tissue augmentation tech-
niques can be classified into four groups:  
(1) onlay grafts; (2) pouch grafts or sub-
epithelial connective tissue grafts (CTGs); 
(3) interpositional grafts; and (4) roll flaps.1

Free connective tissue grafts have proved 
very useful for achieve the vertical and hori-

zontal ridge augmentation in the esthetic 
zone where we found a total of bone loss.4,7 

In addition, it has written a pedicle con-
nective tissue graft as an alternative that pro-
vides tissue to increase the vertical height 
of the alveolar ridge.8  The goal of this case 
report is to describe an alternative with a 
novel approach to soft tissue augmenta-
tion in severe Class III ridge defects, avail-
ing of a pedicle graft and free connective 
tissue graft, for the rehabilitation of function 
and aesthetics in a single surgical session. 

CASE REPORT
A 46 year-old male patient reported to my pri-
vate office for treatment. The patient wanted 
an aesthetic solution to recover the lost tooth 
21 (FDI tooth numbering system) which was 
extracted about 10 years ago. He was medi-
cally healthy.  Intraoral clinical examination 
revealed the presence of a removable partial 
denture that replaced a single tooth and gen-
eralized gingivitis (Figures 1 and 2).  Once 
the removable partial denture is removed, a 

Figure 1:  Pre-operative intraoral facial view.

Figure 2:  Pre-operative intraoral palatal view.
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severe Class III ridge defect of approximately 
3mm in height and 5mm in width, without 
papillae, is evident (Figures 3 and 4).  Fur-
thermore, a shallow palate is present limit-
ing the amount of connective tissue to obtain.

After taking initial records, our plan was try-
ing to be as conservative as possible to per-
mit a fixed prosthetic bridge in the following 
phases: (First phase): Performing periodon-
tal treatment and oral hygiene, scaling and 

root planning; (Second phase): For soft tissue 
augmentation was used one pedicle graft and 
a free connective tissue graft to correct the 
ridge of the piece 21 and a temporary pros-
thesis with ovate pontics; (Thrid phase): Final 
installation of a definitive fixed restoration.

Antibiotic prophylaxis was performed with 
clindamycin 600 mg one hour before surgery. 
After routine preparation of the surgical site 
with a Povidone Iodine solution (5% w/v) and 

Figure 3:  Severe Class III ridge defect (facial view).

Figure 4:  Severe Class III ridge defect (palatal view).

Figure 5:  Supracrestal incision and divergent vertical 
discharges.

Figure 6:  Divergent vertical palatal discharges to obtain 
the pedicle graft.
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clorhexidine gluconate 0.12%, local anes-
thetic was administered.  One supracrestal 
incision was performed in the alveolar ridge 
at site 21, with two divergent vertical vestibu-
lar discharges to raise a coronally advanced 
flap it can accommodate to connective tis-
sue grafts (Figure 5).  Similarly, two diver-
gent vertical palatal discharges were made 
to obtain the pedicle graft, achieving unfold 
and rotate the connective tissue, keeping the 

pedicle union in the coronal edge of the flap,8 
and so to correct the vertical defect (Figure 6).  

Then connective tissue graft from the back 
of the shallow palate was obtained to transfer to 
the vestibular area and so to correct the horizon-
tal defect (Figure 7).  We repositioned the coro-
nally advanced flap and sutured with polyacrylic 
5.0 and catgut 4.0 until closing with primary inten-
tion. Finally, the surgery ended with the installation 
of a temporary bridge with ovoid pontics (Figure 
8).  Postoperatively, Naproxen sodium 550 mgrs. 
indicated for 3 days and chlorhexidine gluconate 
mouth rinse (0.12%) twice daily for 2 weeks. 

The first follow-up visit was performed at 
24 hours, observing the correct tissue healing 
of the donor and recipient site and condition-
ing of edentulous ridge with ovoid pontics (Fig-
ure 9).  The sutures were removed after of 2 
weeks and healing and conditioning of the oper-
ated area was evaluated (Figures 10a, b, c).  At 
45 days after surgery, a second set of temporary 
crowns was made to continue with the creation 
of the emergence profile and gingival papillae 
(Figures 11a, b, c).  Another follow-up visit was 

Figure 7:  Connective tissue graft.

Figure 8:  Sutured and closing first intention and 
ttemporary bridge with ovoid pontics.

Figure 9:  24 hour healing.
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Figure 10a:  2 weeks healing. Figure 10b:  2 weeks healing.

Figure 10c:  2 weeks healing. Figure 11a:  Healing at 45 days.  A second set of temporary 
crowns was created to aid emergence profile and papilla 
creation.

performed two and a half months after surgery 
(Figures 12a, b). Finally, a definitive fixed bridge 
was installed at three months (Figure 13).

DISCUSSION
Ridge augmentation procedures prior to con-
ventional fixed prosthodontics or implant ther-
apy are indicated when an adequate width or 
height of the alveolar ridge is not present.9 A 
good handling of tissues is required with flaps 
and tissue grafts.3,4,7  Zuhr et al.10 reported that 
soft tissue replacement grafts have become a 
substantial element to increase tissue volume in 

plastic periodontal and implant surgery. Autog-
enous subepithelial connective tissue grafts 
are increasingly applied in aesthetic indications 
like soft tissue thickening, recession treatment, 
ridge preservation, soft tissue ridge augmenta-
tion and papilla re-construction.10 To achieve 
more stable results, soft tissue autografts, 
either in the form of free gingival grafts or free 
connective tissue grafts were recommended in 
these indications and provided more predict-
able results.6 Nevertheless, Thoma et al.11 men-
tions that for soft tissue volume augmentation, 
data are available favoring subepithelial con-
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Figure 11b:  Healing at 45 days.  A second set of temporary 
crowns was created to aid emergence profile and papilla 
creation.

Figure 11c:  Healing at 45 days.  A second set of temporary 
crowns was created to aid emergence profile and papilla 
creation.

Figure 12a:  Healing at 2 ½ months. Figure 12b:  Healing at 2 ½ months.

Figure 13:  Final fixed bridge.
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nective tissue grafts over free gingival grafts.
Falcón-Guerrero BE8 approached treatment 

with connective tissue pedicle graft applied in 
a case where the benefits are evident for both 
the patient and successful treatment, espe-
cially in factors related to the stability and sur-
vival of the graft.  Levine et al.12 mentions that 
pediculated connective tissue graft hey can 
provide a gain of 2 to 3 mm soft tissue.  Zuc-
chelli et al.1 reported what adequate graft thick-
ness to treat the deep horizontal soft tissue loss 
was obtained by doubling the width of a de-
epithelialized free gingival graft that was sub-
sequently folded on itself, in contrast with this 
case, where both the horizontal and vertical 
increase was achieved with connective tissue.

To improve the integration of pontics estheti-
cally, phonetically, and functionally, it is often 
necessary to modify the anatomy of the edentu-
lous ridges with tissue management techniques. 
There are two possible clinical conditions: 
postextraction sites and stabilized edentu-
lous sites. The most favorable clinical situation 
for conditioning the edentulous site is at the 
moment of extraction, allowing the immediate 
insertion of a provisional pontic. In addition, in 
an edentulous site where healing has already 
occurred, corrective surgical techniques are 
indicated.5  The ovoid pontics are made with 
a convex internal surface that produces an 
optimal aesthetic result, atraumatic contact 
with the gum improving the function and pho-

netics. This must reproduce all aspects of 
the shape and contours of the clinical search 
obtained in the final prosthesis.4  Falcón B8 
reports that an architecture gingival obtained 
with the use of ovoid pontics, installing a pro-
visional prosthetics in the same surgery, reduc-
ing over-exposure of the patient surgeries and 
thus achieving the objectives4,7. Similar results 
are achieved in this report.  Effectiveness of a 
novel soft tissue augmentation surgical tech-
nique for the treatment of a Class III severe  of 
soft tissue defect was described, to achieve 
predictably treat this challenging case with a 
single surgical procedure, reducing patient dis-
comfort and thus achieve his full satisfaction. 

CONCLUSION
The effectiveness of a novel approach for 
soft tissue augmentation seems to be pre-
dictable to correct severe defects in the 
aesthetic zone with a pedicle graft and 
a connective tissue graft; the same way 
as is achieved patient satisfaction. l
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Background: The objective of this study was to 
evaluate the vitality of newly formed bone after 
maxillary sinus augmentation completed with 
Xenograft (NuOss XC SinusTM) Bone Composite.

Materials and Methods: Five partially and 
fully edentulous patients requiring bilateral sinus 
augmentation were involved in this study. The 
patients were informed of the objectives of the 
study. Traditional open window lateral approach 
maxillary sinus augmentations were completed 
on the subjects. Six months postoperatively, 
core bone specimens were obtained from the 
recipient sites immediately prior to dental implant 
placement. Core specimens were preserved in 
10% Formalin, prepared into cytology blocks 
and underwent histomorphometric analyses.

Results: A histomorphometric analysis deter-
mined a clinically evident presence of vital, 
newly formed bone in the specimens with 
the average of 97% (by the area of exami-
nation). Clinical radiographic analysis of the 
pre-augmentation and post-augmentation mea-
surements established that in all augmented 
sites a consistent and statistically measurable 
increase of the bone structure was achieved.

Conclusion: The histomorphometric analysis 
of the augmented sites presented convincing 
clinical evidence of the osteoblastic activity as 
well as significant level of vitality of the newly    
formed bone in the sinus augmentation sites.

Histologic Analysis of the Newly Formed Bone  
after Maxillary Sinus Augmentation  

with Xenograft Material

Dr. Edward Ruvins1 • Dr. Mark Stein2 • Dr. Susanna Kayserman3 

1. Private practice, Denver, Colorado, USA

2. Private practice, New York City, New York, USA
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INTRODUCTION
Clinically evident enlargement of the maxillary 
sinus is a direct consequence of dentition loss. 
Loss of bone structure particularly in the posterior 
maxilla directly affect the ability of the surgeon to 
adequately place dental implants. The majority 
of dental practitioners defer to traditional, lateral 
window, sinus augmentation procedures to effec-

tively manage this clinically important deficiency. 
Historically, a great variety of clinical techniques 
was utilized, however the measure of the outcome 
was mostly limited to the radiographic analysis of 
the quality of newly formed bone and volumetric 
analysis of the grafted recipient areas. Modern 
clinical standards rightfully advocate a minimally 
invasive surgical approach. Consequently, gen-

Figure 1:   Open Window Access Into the Maxillary Sinus. Figure 2:  Open Window Access and Maxillary Sinus 
Membrane Elevation.

Figure 3:  NuOss XC SinusTM – a Xenograft Material Used 
(ACE Surgical, Inc.).

Figure 4:  Xenograft Placement into the Maxillary Sinus 
before the Barrier Membrane Placement. 
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erally accepted clinical protocols make it difficult 
to obtain any samples of newly formed osseous 
tissue after the healing process takes place. As 
a result, there are very few clinical studies that 
provided histologic evidence of the osteogenic 
process within the grafting medium. This study 
had a dual purpose; Firstly it was designed to 

examine and provide an objective assessment of 
the vitality of the newly formed osseous matrix in 
the recipient six month after initial placement of 
the xenograft material. Secondly, it was intended 
to find and document clinical evidences of the 
active osteogenic activity within the grafting 
material used for a maxillary sinus augmentation.

Figure 5:  Preoperative CT Scan. Figure 6:  Postoperative CT Scan (6 Month 
Postaugmentation).

Figure 7:  Preoperative CT Scan of the Graft Site. Figure 8:  Postoperative CT Scan of the Graft Site (6 Month 
Postaugmentation). 
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MATERIALS AND METHODS
This study included five edentulous subjects (four 
female and one male; three partially and two fully 
edentulous; the average age within the group 
was 43). All patients clinically presented with a 
radiographically evident maxillary sinus enlarge-
ment preventing adequate placement of the den-

tal implants. All subjects in the group required 
maxillary sinus augmentation (Figures 1, 2) with 
subsequent placement of dental implants replac-
ing first maxillary molar (tooth #14). The patients 
were selected and agreed to undergo the bone 
composite maxillary sinus augmentation with 6 
months reentry and core bone sample extraction 
prior to implant fixture placement. Preoperative 
CT Scans were taken on all subjects. None of the 
surgical sites had a history of previous bone aug-
mentation. All selected patients were informed 
on the nature of the study, presented with alter-
natives and had consented to the treatment and 
postoperative follow up protocol.  NuOss XC 
SinusTM (ACE Sirgical, Inc.) grafting material 
was utilized in this study. NuOss is an expand-
ing composite material comprised of mineralized 
de-proteinated bovine granules and purified type 
I bovine collagen. NuOss is available in both 
socket and sinus forms. Only sinus form mate-
rial was used for this study (Figure 3).  An open 
window approach was utilized to complete the 

Figure 9:  Evidence of Osteoblastic Activity Adjacent to the 
Newly Formed Bone.

Figure 10:  Representative Histological Slide of the 
Recipient Sites. Evidence of Osteoblasts and Osteocytes in 
Lacunae in the Specimen.

Figure 11:  Representative Histological Slide of the 
Recipient Sites. Evidence of Osteoblasts and Osteocytes in 
Lacunae in the Specimen.
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augmentations. After elevation of the Schneide-
rian membrane, the left maxillary sinus of each 
subject was grafted with a composite graft (Fig-
ure 4). After the placement of the graft, a resorb-
able barrier membrane was secured to assure 
proper healing. No implant fixtures were placed 
concurrently with the augmentation procedure.

Six month post-augmentation CT scan 
was taken on all subjects to confirm adequate 
bone regeneration and complete preoperative 
implant planning.  A comparative radiographic 
analysis of pre- and postoperative bone levels 
at the recipient site of each subject was con-
ducted (Figures 5-8)  Five endosseous implants 
were placed in the first left maxillary molar sites. 

Specimen Retrieval Preparation of the implant 
placement sites was initiated with use of a 2mm 
inside diameter and 2.8mm outside diameter 
head trephine bur used to extract cylindrical 
bone core specimens for histological analysis. 
All osteotomies were completed as planned with 
successful flapless implant fixtures placements. 
Extracted specimens were preserved in 10% 
Formaldehyde (Formalin) solution to fix the tissue 
for preparation of cytology cell blocks and were 
subsequently prepared with utilization of Donath 
technique. Histomorphometric analysis was com-
pleted by the Hard Tissue Research Laboratory at 
The University of Minnesota School of Dentistry.

       Fibrous Tissue Non Bone Non Vital 
    Total Area  Vital Bone Non Vital Bone or Marrow  as a Percent Vital Bone as Bone as a 
  Specimen Graft of the Area of the Area of the  -Percent of the of the a Percent of the Percent of  
  ID Site Speciment Specimen Specimen Specimen Specimen of the Specimen Specimen

 1 24/13-02 #14 191762 117110 0 39 0 100 0

 2 24/13-04 #14 778471 390858 41496 44 1 90 10

 3 6/13/2002 #14 267037 83325 0 63 6 100 0

 4 26/13-02 #14 660107 291136 0 56 0 100 0

 5 26/13-04 #14 1249338 587893 0 53 0 100 0

  Average     51 1.4 98 2

  Standard     8.56 2.33 4.00 
  Deviation 

Table 1:  The Summary of the Histomorphometric Analysis by Sites
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RESULTS
No clinical complications or failures of the grafts 
were observed bringing the success rate of the 
study to 100%. Five specimens obtained for this 
study were subsequently prepared to produce 
cytology blocks and underwent a histomorpho-
metric analysis. The specimens uniformly had clini-
cally evident presence of vital bone: 98% average 
(by the area of examination) of the total specimen 
group leaving 2% to the non-vital structures. Four 
out of five specimens were composed of 100% 
vital bone (as a percent of the specimen).  An 
analysis of the structural composition of the speci-
mens indicated that the newly formed bone occu-
pied on the average 47.8% (as a percent of the 

total area examined under the microscope) leaving 
52.2% to the fibrous tissue and marrow. The high-
est percentage of non-vital bone observed in one 
out of five specimens was established at 10.0%. 
Histologically, all specimens presented clinical evi-
dence of osteogenic activity; osteoblasts, osteo-
cytes and newly formed bone matrix was observed 
in all specimens examined (Figures 9-11). While 
radiographic comparative measurements of the 
pre- and post-augmentation sites measurements 
established that in all augmented sites a consis-
tent and statistically measurable increase of the 
bone structure was achieved, histomorphometric 
analysis established that sinus augmented with 
xenograft medium delivers clinically evident vital 

       Fibrous Tissue Non Bone Non Vital 
    Total Area  Vital Bone Non Vital Bone or Marrow  as a Percent Vital Bone as Bone as a 
  Specimen Graft of the Area of the Area of the  -Percent of the of the a Percent of the Percent of  
  ID Site Speciment Specimen Specimen Specimen Specimen of the Specimen Specimen

 1 24/13-02 #14 191762 117110 0 39 0 100 0

 2 24/13-04 #14 778471 390858 41496 44 1 90 10

 3 6/13/2002 #14 267037 83325 0 63 6 100 0

 4 26/13-02 #14 660107 291136 0 56 0 100 0

 5 26/13-04 #14 1249338 587893 0 53 0 100 0

  Average     51 1.4 98 2

  Standard     8.56 2.33 4.00 
  Deviation 

Table 1:  The Summary of the Histomorphometric Analysis by Sites
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newly formed bone. The results of the histomor-
phometric analysis are compiled in Tables 1 and 2.

DISCUSSION
Recent clinical evidence-based practice suggests 
that utilization of biomaterials to maintain the volume 
formed inferiorly to the membrane to allow formation 
of new bone is an effective modality in treatment 
of enlarged maxillary sinuses affecting maxillary 
implant placement. Although modern literature 
offers a notable volume of histological evidence of 
the vitality of the newly formed human bone, most of 
the studies focus on relationship to and comparison 
of variable grafting materials. This study focused 
on the specific evidence of the osteogenic activity 
and the vitality of the newly formed bone matrix.

While many studies were of a compara-

tive nature, the study designed by Palma et al.1 
focused on histological evidence to determine 
a difference between autograft assisted and no 
grafting material sinus augmentations. The study 
designed on animal experiments recognized no 
histological differences between newly formed 
bone samples obtained after healing. Similarly, the 
research by Sohn et al.2 presented convincing evi-
dence of normal histological composition of newly 
formed human bone focusing on both radiographic 
and histologic evidence of the recently formed 
maxillary bone adjacent to the implants placed  
6 months prior completed by elevation of the max-
illary membrane and without use of any biomate-
rials to assist the healing.  Closer examination of 
the graft vitality performed with autologous bone  
(8 grafts) and fresh frozen bone (FFB) (12 grafts) 

Table 2:  Data Analysis per Site

 

   Bone as Vital Bone as Non Vital Bone 
   Percent of the a Percent of the  as a Percent of  
 Specimen ID  Recipient Site Specimen Specimen the Specimen

 24/13-02 #14 61 100 0

 24/13-04 #14 56 90 10

 6/13/2002 #14 31 100 0

 26/13-02 #14 44 100 0

 26/13-04 #14 47 100 0

 Average  47.8 98.0 2.0

 Standard  11.61 4.47 
 Deviation
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was undertaken by de Castilho TR et al.3 establish-
ing “a statistically significant difference in the vital-
ity rate between the [two] groups” after 6 months 
of healing. Disregarding the difference in the level 
of vitality, the study emphasized no statistical dif-
ference between the other outcomes (graft vol-
ume loss, total bone area and proportion of active 
osteoblasts.  Wang4 utilized Laser Doppler Flow-
metry (LDF) to investigate the blood flow in sinus 
grafts and adjacent oral tissues. LDF detected 
positive blood flow in all augmented sites investi-
gated in the study and determined no difference 
between the sites indicating an adequate level 
of vitality of the grafted sites. Histological evalu-
ation of the sites augmented 6 months prior with 
cancellous bone / BioOss mixture by Maiorana et 
al.5 revealed clinically evident “bone regeneration 
and the presence of vessels, indicating bone vital-
ity.” The attention of many clinicians was directed 
at the factual findings confirming an adequate of 
vitality of the newly formed bone. Hatano et al.6 
conducted a study with venous blood clot act-
ing as a graft medium with concurrent maxillary 
implant placement. Six month postoperative histo-
morphometric examination established the vitality 
of newly formed bone to be at 38.7%. Compar-
atively, this study’s histomorphometric analysis 
established new bone vitality at 97.0% (average).

The results of histomorphometric analysis con-
ducted for this study established a very high level of 
newly formed bone vitality indicating good regen-
erative results in both groups of the specimens. 
All specimens revealed an adequate presence of 
mature bone in both groups. As many retrospective 
studies, this study has inherent limitations. Certain 
degree of variability may be present within the data 
due to the nature of the sampling and specimen col-
lection procedure. Subjective imperfection may, to a 

certain degree affect the data collected. Utilization 
of prefabricated intraoral surgical stent minimizes 
inaccuracies while collecting specimen samples 
and help to re-establishing a reference position 
to assure that histologic specimen was collected 
exactly at the at the point of original augmentation.

CONCLUSIONS
This analysis presented histologically evident signs 
of the newly formed bone vitality. The results indi-
cated that Xenograft biomaterials allow regenera-
tion of fully vital osseous tissue within six months 
post augmentation. These results most probably 
could be attributed to the osteogenic properties 
of the Schneiderian membrane. Grafting materi-
als, saturated with host’s blood play the role of a 
volume preserver, are biocompatible and promoted 
osteoconduction, acting as a matrix for bone for-
mation. Notwithstanding nature of the grafting 
material, graft assisted maxillary sinus augmenta-
tion is a safe and predictable treatment modality. l
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The teeth-supported overdenture is one of 
the best and most comfortable modali-
ties of treatment for the patients with 

few remaining teeth. The use of attachments 
can further increase the retention of the over-
denture prosthesis, but is usually limited by the 
insufficient space available and cost factors. 
The availability of different types of attachments 
has enabled a wide variety of treatment options. 
Therefore, the modern clinician must consider 

use of overdentures whenever possible. This 
case report describes the clinical and labora-
tory steps for fabricating a tooth-supported 
overdenture with a castable bar and clip attach-
ment by the direct pickup technique to help the 
dentists adequately select, plan and deliver a 
bar overdenture to their patients. This proce-
dure is cost-effective and simple that provides 
an exceptional stability and excellent retention.

Rehabilitation of Partially  
Edentulous Patient with Mandibular Teeth  
Supported Bar Overdenture: A Case Report

Dr. Ahmed Yaseen Alqutaibi1,2 • Dr.  Ahmed Fayad3
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INTRODUCTION
The most difficulty with conventional denture 
prostheses arises from the inability to function 
as a result of continued alveolar bone loss lead-
ing to lack of stability and retention especially 
of the lower denture which in turn causes lack 
of self-confidence and reduction in biting force 
and chewing efficiency.1,2  In contrast to conven-
tional complete dentures, the retention of tooth 
for overdentures provides functional and biologic 
advantages for the patient.  Tooth-supported 
overdentures combined with attachment devices 
can improve denture retention and stability, pre-
serve alveolar bone, increase occlusal force and 
masticatory efficiency, and maintain propriocep-
tion.  Overdentures may be retained by a bar, 
telescopic crown, or with stud attachments. Bar 
attachments provide adequate retention, stabil-
ity and support.  Direct, indirect, or a combina-
tion of direct-indirect methods can be used for 
the fabrication of a post and core.6-11  Achieving 
parallelism between multiple  abutments, place-
ment of attachments,  and intracrevicular margins 
can be  difficult with the direct method. In con-
trast, the indirect fabrication of patterns in nar-
row post spaces can also be difficult and result 
in the poor adaptation of posts and a loose fit.  
This article describes an alternative treatment 
procedure for making a root-retained overdenture 
stud attachment pattern. The procedure uses a 
direct-indirect technique for fabricating a coping/
attachment assembly combined with a closed-
mouth impression. The Academy of Prosthodon-
tics,1 defined the overdenture as a removable 
dental prosthesis that covers and rests on one or 
more remaining natural teeth, the roots of natural 
teeth, and/or dental implants; a dental prosthesis 
that covers and is partially supported by natural 

teeth, natural tooth roots, and/or dental implants. 
Doundoulakis et al.2 summarized “In overden-
ture treatment, the teeth are included as part of 
the residual ridge. The most important advantage 
is that the patient has the psychological ben-
efit of having his own teeth which outweighs all 
the disadvantages stated.”  In this case report a 
treatment approach with bar retained tooth sup-
ported mandibular overdenture were described 
to patient with history of frequent loss of reten-
tion of conventional removable partial denture.

CASE REPORT  
A 59-year-old partially edentulous medically fit 
male patient presented to Prosthodontics Depart-
ment, Faculty of Dentistry, Cairo University with 
the chief complaint of difficulty in chewing food 
and poor appearance.  The patient was presented 
with multiple missing teeth, only five teeth namely 
33, 34, 35, 44 and 43 (FDI Tooth Numbering Sys-
tem) were present in the lower arch. Clinically, 
those teeth showed gingival recession with no 
mobility. Periapical radiograph showed bone loss 
around remaining mandibular teeth. Consider-

Figure 1:  Occlusal view of mandibular arch.
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ing the patient’s desires and treatment needs, it 
was decided not to extract the teeth and to per-
form an overdenture therapy in the lower arch 
(Figure 1).  Pretreatment casts were made and 
mounted on an articulator; diagnostic setup was 
done and tried in patient mouth, this was per-

formed to assess the inter-occlusal space, and it 
was found to be adequate and satisfactory (Fig-
ure 2).  Polyvinyl siloxane, very high viscosity putty 
(Reprosil, Dentsply) was used to fabricate sili-
cone index to ensure the precise prosthetic tooth 
arrangement, and aid in positioning of bar attach-
ment.  The treatment options available for this 
patient including: extraction followed by implant-
supported overdenture or tooth-supported over-
denture. Depending on the existing condition 
of the remaining dentition and financial status of 
the patient, it was decided to use the remaining 
teeth as abutments bar attachment supported 
overdenture for partially edentulous mandibular 
arch.  After discussing the treatment plan was 
with patient, the patient referred to periodontic 
department for scaling and roots planning, root 
canal treatments were carried out to all remain-
ing mandibular teeth.  Remaining mandibular teeth 
were Prepared to the level of 4 mm above the 
gingival line. Impression was taken and the wax 

Figure 2a:  Diagnostic setup right side. Figure 2b:  Diagnostic setup left side.

Figure 3:  Surveyor used for precise position of plastic bar 
pattern. 
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patterns of the metallic coping with bar attach-
ment were done.  The dental surveyor and silicon 
index were used to ensure precise bar attachment 
plastic pattern placement (Figure 3).  The previ-
ously fabricated silicon index was used to verify 
the final position of the bar attachment (Figure 4).  
The wax pattern was cast in a Ni-Cr alloy using 
standard technique. Casting was than retrieved, 

finished and highly polished to avoid any plaque 
accumulation along the bar (Figure 5).  Then, the 
metal bars with retainer copings were tried then 
intraorally to check for the passive fit.  After this 
step, the bar, along with the metal copings, was 
cemented with the glass ionomer cement. After 
blocking of undercut, the final impression with the 
rubber base impression material was taken and 

Figure 4:  Silicone index used to verify bar position. Figure 5:  Casted metal coping and bar attachment on the 
cast.

Figure 6a:  Casted metal coping and bar attachment 
cemented in patient mouth.

Figure 6b:  Final impression with rubber base.
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Figure 7a:  Lower denture prepared for pickup. Figure 7b:  Putty rubber based used to blackout undercut.

Figure 7c:  Pick-up plastic clips in the intaglio surface of the 
denture.

Figure 8:  Extra-oral frontal view of the patient.
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cast poured (Figure 6).  The remaining steps of 
the conventional denture construction were car-
ried out as usual. The plastic clips were placed, 
the finished denture prepared for chair side 
pickup, using putty silicon to close the undercut 
especially beneath the bar attachments, the pre-
pared denture placed probably then the self-cured 
pickup acrylic resin was injected and the patient 
instructed to close in centric occlusion. The den-
ture was retrieved from patient mouth, finished 
and polished (Figure 7).  After 18 months of ser-
vice the patient complained from loss of retention, 
the plastic clips replaced with direct picked up 
technique.  The prepared teeth were clinically and 
radiographically in a good condition (Figure 8).

DISCUSSION
The residual ridge resorption is an inevitable 
pathophysiological phenomenon. The mandibu-
lar ridge resorbs almost four times faster than 
the maxillary ridge according to the previously 
reported literature.3 It is also proven that the bone/
supporting structures around the retained teeth 
or implants are maintained for a longer dura-
tion of time and, thus, result in increased stability 
and retention of the denture.4 The few remaining 
teeth, that cannot support either fixed or remov-
able prosthesis, can be used as overdenture 
abutments. Further increase in retention of the 
overdentures can be achieved by using attach-
ments. Overdentures require particularly care-
ful assessment of vertical space, especially with 
the attachments, i.e. there must be sufficient 
room for roots, copings and possible attach-
ments, together with an adequate thickness of 
denture base material and artificial teeth, without 
jeopardizing the strength of the denture.  In this 
case by preserving the remaining teeth, we pro-

vide retention, stability and support for the man-
dibular overdenture. A metal bar was used in this 
case with a female component embedded in the 
tissue surface of the denture by the direct pickup 
technique. The splinting effect of the bar reduces 
torqueing of the remaining root structure because 
the crown-root ratio is decreased. Two meth-
ods are available for clip insertion - direct tech-
nique and indirect technique. A direct technique 
is a chairside procedure using auto polymerizing 
resin, whereas the indirect technique is a labora-
tory procedure where heat-activated acrylic resin 
is used.4  The disadvantage of indirect technique 
includes the extra steps during fabrication and 
limited applicability in patients with reduced inter-
arch space.  With the use of the silicone putty 
index, proper placement of the retentive bar with-
out disrupting the trial denture set-up will insured.  
The overdenture therapy is basically a “preven-
tive prosthodontic concept” because it endeav-
ors to prevent a completely edentulous situation 
and preserves the last remaining tooth/roots and 
also their associated supporting structures. l
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