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I. Introduction

The interdental papilla (IDP) represents the pyramidal 
shaped tissue formed by connective tissue covered by oral 
epithelium and has a complex morphological, anatomical, 

and vascular structure. The combination of pristine gingiva 
and natural dentition is the best way to sustain oral health. 
Any deficiency of the papilla beneath the contact point of 
the teeth creates a black triangle that may lead to an increase 
in food and plaque accumulation and an inefficiency of self-
cleansing action that may eventually progress to periodontal 
disease1,2. The systemic interlink between general and oral 
health has already been proven; thus, the loss of IDP may 
negatively impact the overall health of an individual3. During 
the last decade, maintaining good oral health has become a 
major concern as well as a challenge in patients who require 
periodontal regenerative therapy. The regeneration of IDP es-
pecially in esthetic regions is among the most difficult treat-
ment due to its anatomorphological situation and peculiarity 
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Objectives: Loss of the interdental papilla is multi-factorial and creates a multitude of problems. Autogenous connective tissue/biomaterial-based regen-
eration has been attempted for decades to reconstitute the black space created due to the loss of papilla. The aim of this present study was to regenerate 
papillary recession defects using an amnion-chorion membrane (ACM) allograft and to evaluate the clinical outcome up to six months postoperatively.
Materials and Methods: Twenty patients with 25 Nordland and Tarnow’s Class I/II interdental papillary recession defects were treated with ACM 
and coronal advancement of the gingivo-papillary unit via a semilunar incision on the labial aspect followed by a sulcular incision in the area of inter-
est. A photographic image analysis was carried out using the GNU Image Manipulation software program from the baseline to three and six months 
postoperatively. The black triangle height (BTH) and the black triangle width (BTW) were calculated using the pixel size and were then converted into 
millimeters. The mean and standard deviation values were determined at baseline and then again at three and six months postoperatively. The prob-
ability values (P˂0.05 and P≤0.01) were considered statistically significant and highly significant, respectively. An analysis of variance and post hoc 
Bonferroni test were carried out to compare the mean values.
Results: Our evaluation of the BTH and BTW showed a statistically and highly significant difference from the baseline until both three and six 
months postoperatively (P=0.01). A post hoc Bonferroni test disclosed a statistically significant variance from the baseline until three and six months 
postoperatively (P˂0.05) and a non-significant difference from three to six months after the procedure (P≥0.05).
Conclusion: An ACM allograft in conjunction with a coronally advanced flap could be a suitable minimally invasive alternative for papillary regeneration.
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of blood supply. 
The existing literature reveals that several authors have 

tried different techniques to regenerate the IDP with discrete 
outcomes. Beagle4 reported on a surgical pedicle roll tech-
nique that was used to regenerate the lost IDP. Azzi et al.5 
achieved surgical thickening of the gingiva and reconstruc-
tion of the IDP around an implant using a connective tissue 
graft (CTG). Kaushik et al.6 created an advanced papillary 
flap with interposed CTG that can be used to reconstruct the 
IDP if papillary loss occurs solely due to soft-tissue damage. 
Azzi’s study7 reported gingival and papillary reconstruction 
using autogenous osseous and CTGs. In their case report, 
Carranza and Zogbi8 showed reconstruction of the IDP with 
an underlying CTG.

In the present scenario, regeneration is the key to the suc-
cess of many treatments. Periodontal regeneration is now pos-
sible to a great extent with the use of advanced biomaterials 
like the amnion or chorion membrane9. Clinicians have used 
diverse periodontal biomaterials to reconstruct the IDP. Geurs 
et al.10 used a micronized acellular dermal graft in interproxi-
mal papillae regeneration. Gupta et al.11 suggested that both 
the amnion and chorion membranes are biocompatible and 
safe to use and do not cause any inadvertent tissue response 
or antigenic reactions. With the advancement of minimally 
invasive periodontal therapy, the novel human amnion-chori-
on membrane (ACM) tissue collected during Caesarean sec-
tions from the placenta has been widely utilized in the field 
of dentistry. ACM has showed successful gingival recession 
coverage, but its efficacy for papillary recession coverage is 
yet to be proven due to a lack of scientific research12. 

Therefore, the aim of our present study was to regenerate 
Nordland and Tarnow’s Class I and II papillary recession de-
fects with the use of ACM allografts and also to evaluate the 
clinical outcomes up to six months postoperatively.

II. Materials and Methods

In this present multi-center, prospective in vivo clinical 
trial, ACM allografts were used to treat Class I or II papillary 
recession defects present in the maxillary anterior dentition13. 
Twenty total patients (9 males and 11 females) with 25 reces-
sion defect sites who were between 18 and 50 years of age 
(mean age, 30.96 years) were selected from our outpatient 
department. The Institutional Ethical Committee of the Mod-
ern Dental College and Research Center in Indore, India, ap-
proved the consent form and the experimental protocol (IRB 
No. MDCRC-2018-01-02-A) after a proper judgment. The 

study was performed within the time period of June 2019 
to March 2020 and follow-up was completed by September 
2020. 

After the initial selection process, a comprehensive plaque 
control program was initiated three weeks before the proce-
dure that included oral hygiene instruction, patient education, 
and motivation. All patients were in good health; they had a 
pocket depth ≤4 mm, good plaque control, and tooth mobil-
ity scores of 0. All patients with blood disorders, pregnant or 
lactating mothers, and tobacco users were excluded from the 
study population. 

Informed written consent was obtained from the partici-
pants who fulfilled the inclusion criteria and voluntarily 
agreed to participate. A thorough explanation was given re-
garding the possible nature, risk, and benefit of the clinical 
investigations and the associated procedure3. The study was 
strictly performed according to the Declaration of Helsinki. 
Special care was taken to protect the confidentiality of the 
participants. A photographic image analysis was carried out 
preoperatively at baseline and then again at three and six 
months postoperatively and considered for statistical analysis. 
The ACM was purchased from the tissue bank of Tata Me-
morial Hospital in Mumbai. A tissue lab authority confirmed 
that the international protocol and standards were maintained 
from the time of tissue procurement until packaging. The 
safety of using the allograft was also ensured.

On the day of the surgery, local anesthesia was achieved by 
infiltrating the area with 2% lignocaine (Loxicard, lignocaine 
hydrochloride injection, 50 mL; NEON, Chennai, India). The 
papillary recession height and width were measured with a 
periodontal probe on the buccal surface. The ACM allograft 
was cut to double the size of the papillary recession height 
and width. First, a semilunar incision approximately 6-10 
mm apical from the gingival margin was placed on the labial 
aspect between the distolabial line angles of the involved 
teeth14. Next, an intrasulcular incision was made around the 
mesial half of both the adjacent teeth to free the gingival at-
tachment from the roots. An Orban interdental knife was then 
used to detach the gingivo-papillary unit from the underly-
ing connective tissue to create a pouch-like space. The entire 
gingivo-papillary unit was also pushed coronally.(Fig. 1. A) 
The semilunar incision allows for coronal displacement with-
out creating tension and prevents rebounding of the coronally 
advanced gingival position14. To maintain this new papillary 
position, the previously measured ACM allograft was then 
stuffed into the pouch space.(Fig. 1. B) Once the dry ACM 
came in contact with the blood present in the surgical field, it 
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was quickly hydrated and became supple. Then, the semilu-
nar incision was sutured with interrupted 4-0 non-resorbable 
black silk sutures (Ethicon NW 3319 non-absorbable surgical 
suture; Johnson & Johnson, Mumbai, India). Primary hemo-
stasis was confirmed, and a periodontal dressing was placed. 
Fifteen days after surgery, suture removal was performed.

The patients were instructed to follow a soft, cold diet for 
three days postoperatively. They were prescribed analgesic 
antiinflammatory medication (Diclofenac sodium 50 mg, 
four times a day; Troikaa Pharmaceuticals, Ahmedabad, In-
dia) for three days. For persuasive plaque control, 10 mL of a 
0.2% chlorhexidine mouth rinse (Chlohex ADS; Dr. Reddy’s 
Laboratories, Hyderabad, India) was prescribed twice daily. 
A supportive periodontal therapy was performed weekly for 
the first four weeks and then monthly until the termination of 
the study period. 

Photographs were taken (Nikon D5300 DSLR Camera; 
Nikon India, Gurgaon, India) at baseline (Fig. 1. C), three 
months postoperatively (Fig. 1. D), and six months postop-
eratively for evaluation.(Fig. 1. E) Paramount care was taken 
to maintain a similar photographic angulation and distance at 
the different follow-ups to allow a proper image analysis pro-
cess (at a distance of 2 ft from the patient, on macro mode, 
with the flash off, in natural sunlight, in autofocus mode). 
Once all the photographs were gathered, an image analysis 
was carried out using GNU Image Manipulation Program 
(GIMP) image analysis software, a free bitmap graphics 
editor. This software program calculates the number of tiny 

rectangular black pixels arranged in a grid formation, and the 
pixels are then transfigured into a physical length in millime-
ters. The entire process was done in GIMP by measuring the 
size of pixels of the reference object/line in the image. The 
difference between the maximum and minimum height was 
represented with “y” coordinates within a designated area, 
while the width was shown using “x” coordinates that were 
prearranged by the computer program. The mesial to distal 
width of a central incisor was used as the reference distance. 
The wedge of the black triangle was judiciously measured 
and demarcated on the image. Then, the black triangle height 
(BTH) and the black triangle width (BTW) were automati-
cally translated into a physical length (mm). To attain the out-
come, the contrast was enhanced in such a way that the dark 
portion on the photograph representing the deficient papillae 
showed up as completely black, while the remainder of the 
image was converted to white15.

The acquired data were processed through Microsoft Excel 
2000 (Microsoft, Redmond, WA, USA), and the statistical 
analysis was carried out using the IBM SPSS Statistics for 
Windows (ver. 20.0; IBM, Armonk, NY, USA). The mean 
and standard deviation values for all the parameters were cal-
culated at the baseline and then again at three and six months 
postoperatively. A P˂0.05 was considered statistically sig-
nificant, while P≤0.01 was considered highly significant. An 
analysis of variance test was conducted to evaluate the mean 
values of the BTH and BTW at the baseline and also again at 
three and six months postoperatively. A post hoc Bonferroni 
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Fig. 1. A. The gingivo-papillary unit was 
coronally advanced to create a pouch-
like space. B. The measured amnion-
chorion membrane allograft was placed 
into the pouch space. C. Photographs 
obtained at baseline show a papillary 
recession between #11-#21. D. The 
three-month postoperative result show-
ing regeneration of the interdental papil-
la. E. The six-month evaluation showing 
persistent results.
Unnati Pitale et al: A novel amnion-chorion allograft 
membrane combined with a coronally advanced flap: 
a minimally invasive surgical therapy to regenerate 
interdental papillary soft tissue recession – a six-
month postoperative image analysis-based clinical 
trial. J Korean Assoc Oral Maxillofac Surg 2021
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test was conducted to uncover specific differences between 
the different timelines.

III. Results 

The results of this study included a clinical as well as a 
photographic analysis-based augmentation of recession de-
fects at three and six months postoperatively.(Fig. 2) A sta-
tistically highly significant difference was observed for both 
the BTH and the BTW at the three- and six-month follow-
up assessments (P=0.01).(Table 1) A post hoc Bonferroni test 
for parameters confirmed a statistically significant difference 
from the baseline to three and six months postoperatively 
(P˂0.05) and a non-significant difference from three to six 
months after surgery (P≥0.05).(Table 1) The image analysis 
method also concluded that 36% of sites (9 out of 25 sites) 
had achieved complete papillary coverage, while 64% of sites 
(16 out of 25 sites) had achieved a certain degree of partial 
coverage at three months. A further 28% of sites (7 out of 25 

sites) remained as a complete papillary fill, and 72% of sites 
(18 out of 25 sites) had a varying degree of partial coverage 
at six months after the procedure. Measurements obtained 
using an image analysis process are more precise and can 
measure papillary loss <1 mm or even a minute gain of soft 
tissue. The increasing availability, ease of operation, and 
improved quality of digital cameras has allowed their use to 
gain recent acceptance among clinicians for using digital im-
ages to assess minute details in clinical research. 

IV. Discussion 

From the available literature, it is clear that the shape and 
health of the IDP are important for maintaining IDP hygiene 
via a self-cleansing mechanism; its absence may create 
problems in both esthetics and phonetics16,17. Together, these 
conditions can lead to a dearth of self-esteem; for individu-
als with a high lip line, it may become highly troublesome 
to the extent that the patient may avoid smiling due to a lack 

Table 1. The values of all the parameters measured at the baseline and then again at three-month and six-month intervals

Parameter Time interval Mean±SD or mean difference (mm) F-value P-value

BTH Baseline 1.7920±0.93496 13.413 0.01*
3 mo 0.7508±0.67027
6 mo 0.8160±0.76067

BTW Baseline 1.3525±0.66682 13.601 0.01*
3 mo 0.5660±0.54262
6 mo 0.5960±0.57475

BTH Baseline to 3 mo 1.04120 0.01*
Baseline to 6 mo 0.97600 0.01*
3 mo to 6 mo –0.06520 0.955

BTW Baseline to 3 mo 0.78650 0.01*
Baseline to 6 mo 0.75650 0.01*
3 mo to 6 mo –0.03000 0.983

(SD: standard deviation, BTH: black triangle height, BTW: black triangle width)
*P<0.05. 
Unnati Pitale et al: A novel amnion-chorion allograft membrane combined with a coronally advanced flap: a minimally invasive surgical therapy to regenerate interdental papillary soft 
tissue recession – a six-month postoperative image analysis-based clinical trial. J Korean Assoc Oral Maxillofac Surg 2021
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Fig. 2. A. An image analysis of papillary recession between #11-#21 at baseline. B. The image analysis shows an improvement of results 
after three months. C. The image analysis shows persistent results at six months postoperatively.
Unnati Pitale et al: A novel amnion-chorion allograft membrane combined with a coronally advanced flap: a minimally invasive surgical therapy to regenerate interdental papillary soft 
tissue recession – a six-month postoperative image analysis-based clinical trial. J Korean Assoc Oral Maxillofac Surg 2021
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of self-confidence18. Thus, regeneration of lost IDP should 
be attempted in these individuals. Regeneration defines the 
re-growth of the lost tissues from the remaining portion. Al-
though conventional autogenous tissue-based regenerative 
procedures may provide a good result, they also create a sec-
ondary donor site, which increases the morbidity associated 
with the procedure and also reduces patient acceptance. Re-
generative medicine is a more modern approach that attempts 
to change the course of chronic diseases and tries to regener-
ate tissue in many ways. 

Our present study attempted to regenerate missing tissue in 
Nordland and Tarnow’s Class I or II papillary recession de-
fects by combining an ACM allograft with a semilunar coro-
nally advanced flap (CAF). The results of this study showed 
a statistically significant improvement in papillary augmenta-
tion from the baseline until three months and six months after 
the procedure was performed (P˂0.05). Further, 18 out of 25 
recession sites achieved a stable result with complete papil-
lary fill throughout the six-month study period. 

Previous studies that have created a CAF in conjunction 
with autogenous CTG or bone grafts have reported a stable 
and predictable outcome5-7. Nevertheless, the need to harvest 
an autograft unavoidably creates a secondary surgical site, 
which also increases the morbidity, surgical time, and risk of 
postoperative hemorrhaging or complications and therefore 
reduces a patient’s willingness to undergo this procedure. 

In contrast, evidence from increasing clinical use has prov-
en the excellent efficiency of human placental allografts19. 
ACMs acquire antimicrobial and immune privilege properties 
that are conferred as a scaffold protein and thereby encour-
age cell migration to the area of interest. Current research has 
suggested that placental tissues are a good source of mesen-
chymal stromal cells20.

Novel ACM and placental allograft membranes are primar-
ily a cryo-preserved and dehydrated laminate of amnion-cho-
rion (dHACM). The unique distinctive properties of ACMs 
incorporate the presence of laminin-5 and growth factors 
like platelet-derived growth factor, fibroblast growth factor, 
and transforming growth factor beta21. It has been speculated 
that these proteins aid in rapid granulation over the allograft. 
dHACM demonstrates an enhanced growth factor expression 
profile and stromal derived factor 1 expression, which trig-
gers inhabitant cells. ACM is therefore an appealing thera-
peutic modality because its structural component provides 
a scaffold for regeneration. The recruited cells show self-
renewal and differentiation properties and are localized near 
the sites of neovascularization, which is condemnatory for 

regeneration22.
ACM allografts have been extensively used to heal oph-

thalmic surfaces, burn sites, and diabetic foot ulcers. The 
amniotic extracellular substance is beneficial in regenerating 
peripheral nerves. De-cellularized amnion-chorion can be 
used as a nourishing layer for stem cells obligatory for neuro-
nal differentiation23. ACM has been successfully used to treat 
chronic cutaneous wounds and exhibits a low immunogenic-
ity and a reduction in inflammation and pain24. The exact 
mechanism of action of fetal membranes’ clinical benefits has 
yet to be fully determined22.

In recent years, ACM has also been studied for periodon-
tal regeneration and has shown promising results. Studies 
have been conducted using either amnion or chorion or as 
the ACM membrane to treat gingival recession, periodontal 
intrabony defects, and furcation areas with or without bone 
grafts. To the best of our knowledge, no clinical study has 
investigated using ACM as a gingival papillary regenerative 
material, although researchers have achieved successful soft 
tissue gains in various clinical situations12. Brain observed an 
increase in new gingival tissue that represented 97%±0.5% 
root coverage when ACM was used in a moderate recession 
defect25. Chakraborthy et al.12 found a mean decrease in the 
length of recession with a chorion membrane of 2.00±1.54 
mm and an amnion membrane of 1.58±1.14 mm. Suresh and 
Gupta26 reported a statistically significant gain of relative 
clinical attachment (P=0.01) and a highly significant reduc-
tion of marginal gingival position (P=0.001) six months after 
creating an adjoining CAF using an amnion membrane in 
Millers Class I or II gingival recession11. When used in con-
junction with chorion membrane, CAF also showed a similar 
and highly statistically significant mean gain in the clinical 
attachment level (P=0.001) and a significant mean reduction 
in the gingival margin (P=0.03) at the six-month follow-up 
examination26. Suresh and Gupta26 achieved 100% root cov-
erage and additional enhancement of the soft tissue biotype 
when ACM was used with CAF; these findings were also 
supported by reports published by Joshi et al.27. The choice of 
flap and selection of biomaterial for recession coverage great-
ly depends upon the clinical situation, such as the degree and 
stages of recession, along with the preference of the operator 
and patients. Evidence from past studies that have examined 
cases of gingival recession coverage with ACM has greatly 
reduced the surgical morbidity associated with this procedure 
by eliminating the need for a second surgical site and has also 
enhanced the acceptance of the treatment by avoiding any 
further psychological trauma.
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The aforementioned clinical studies clearly illustrate the 
tremendous potential of ACM in the field of soft tissue re-
generative therapy. It was a wise option to combine ACM 
with a CAF to treat mild to moderate papillary recession. 
One possible explanation for the successful papillary fill 
with ACM when placed beneath a CAF could be explained 
by the fact that it acts as a potential source of stem cells and 
growth factors and enhances neo-angiogenesis. The potential 
of ACM to self-adhere eliminates the need for suturing28. An 
in vitro study revealed that ACM allografts combat degrada-
tion and perpetuate their physical form for up to three weeks. 
Periodontal regeneration is chiefly completed within two to 
three weeks with primary wound closure and is followed by 
a phase of remodeling and maturation before finally reaching 
its functional stipulation. Therefore, the use of fetal allograft 
ACM for regeneration also may offer present papillary cov-
erage because the ACM can retain its physical form in the 
surgically created pouch space for a period of two to three 
weeks. Pollard et al.29 stated that ACM resists early degrada-
tion because it contains interstitial collagen.

The widespread use of ACM has been restricted by con-
cerns with its source along with difficulties in preparation 
and storage and also the potential for infectious disease 
transmission. Current developments in tissue processing and 
establishing an international protocol have addressed these 
ethical issues. Fetal membranes obtained during Caesarean 
section deliveries are thoroughly washed in a sodium chloride 
isotonic medical solution. The amniotic-chorion is then gen-
tly separated and slit into sections. It is thoroughly washed 
sequentially in 0.5 M, 1.0 M, and 1.5 M solutions of dimethyl 
sulfoxide and is finally stored at –80°C. Since the 1980s, a 
series of research on ACM has failed to detect human leuko-
cyte antigen or β2-microglobulin in cultured amniotic epithe-
lium, which led to its reported safety30.

Thus, within the limitations of our study, we conclude that 
ACM can be used in combination with a semilunar CAF 
technique as an alternative novel papillary regenerative therapy.

The minimally invasive reconstruction of the IDP with an 
allograft offers new hope for eliminating the black triangle. 
The successful use of this procedure may benefit both pa-
tients and clinicians in terms of causing minimal trauma and 
offering an easier or comparatively simpler procedure than an 
autogenous soft tissue graft. In the future, papillary regenera-
tion around dental implants may significantly benefit from 
this concept of alternative material-based reconstruction.

V. Conclusion 

The growing cosmetic demand from patients has solidified 
the importance of gingival esthetics. An intact IDP plays a 
prime role in maintaining a holistic esthetic appearance. Our 
current study showed that the ACM along with coronal ad-
vancement of the interdental unit had an enhanced beneficial 
effect on the regeneration of lost interdental papillary tissue. 
In addition, proper patient selection, surgical skills, and an 
adequate maintenance protocol are also crucial for successful 
outcomes.
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