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ABSTRACT
Background: A novel dehydrated Human Amniotic Membrane (dHAM) allograft is a 

placental based scaffold that has been widely used in a verity of medical fields due to its unique 
regenerative ability in wound healing. Objective: To evaluate clinically, radiographically, and 
histopathologically the efficacy of dehydrated Human Amniotic Membrane allograf as a pulpotomy 
agent in primary teeth. Materials and Methods: I- Clinical and radiographical evaluation: 
This split-mouth, randomized clinical trial was conducted on 40 deeply carious primary molars 
indicated for pulpotomy. They were selected from 16 healthy children aged 4-8 years. They 
were randomly allocated into two equal groups (20 molars/each). Group 1: dHAM pulpotomy 
in one quadrant and Group 2: Formocresol (FC) pulpotomy in the contralateral. All molars were 
treated with the conventional pulpotomy technique. All patients were recalled for clinical and 
radiographical evaluation at 3, 6, and 9 months post-treatment. II- Histopathological assessment: 
A total of 30 healthy lower first primary molars and canines that indicated for serial extraction were 
selected for histopathological evaluation. The dHAM allograft and formocresol pulpotomies were 
performed (12 teeth/each group), where the other 6 teeth were used as a control. Six teeth from 
each experimental group were extracted at post-treatment intervals; one and three months. The 
samples were prepared for histopathological evaluation. All data were subjected to the exact test. 
Fisher exact test and Monte Carlo test were also used. The level of significance was set at P<0.05.  
Results: I-Clinical and radiographic results: The overall clinical success rates for both groups 
were 100%, whereas the overall radiographic success rates for dHAM and FC groups were 100% and 
85%, respectively, but the difference was not statistically significant (p>0.05). II-Histopathological 
results: The overall evaluation at 1-month interval showed better histopathological criteria for 
dHAM group than FC group, but the difference was only significantly better on the degree of 
the inflammatory response (p<0.05). Whereas at 3-month interval, the dHAM group displayed 
significantly better histopathological criteria compared to the FC group (p<0.05). Conclusion: The 
dHAM allograft with its regenerative, biologic biocompatibility properties and its ability to deliver 
growth factors has shown successful outcome comparable to gold standard formocresol. Hence, it 
can be recommended as an alternative promising pulpotomy agent.

KEYWORDS: Amniotic membrane; Formocresol; primary molars; Pulpotomy. 



(3180) Talat Mohamed Beltagy and Sarah YasserE.D.J. Vol. 65, No. 4

INTRODUCTION 

One of the primary pedodontics goals is the 
preservation of arch integrity (1), so, all attempts 
were made to maintain the natural tooth as it is 
considered to be the ideal space maintainer (2). The 
objective of pulpotomy is to preserve the pulp vital 
instead of replacing it with an inert endo-filling and 
maintain the teeth integrity & function, till their 
time of normal exfoliation (3).

Formocresol (FC) was regarded as the gold 
standard pulpotomy medicament for primary teeth 
(4), but it has several side effects apart from not being 
ideal pulpotomy agent and concern have been raised 
by several investigators over using it in humans. 
Therefore, different alternatives with a wider safety 
margin have been proposed (1,5,6). 

Despite of the recent advances in synthetically 
based biomaterials, researches still reported their 
mild to moderate cytotoxicity on pulp. Hence, it 
is important to propose new biologically based 
therapeutics directed at preserving pulp vitality (7), 
forming biological tissue (8), and neutralizing the 
side effects of previously used synthetically based 
biomaterials (9).

Recently, novel biologically based materials have 
been developed from the placenta or other gestational 
tissues like the umbilical cord with highly rich stem 
cell reservoirs (10). Amniotic membrane (AM) is 
a foetal membranous sac forming the innermost 
layer of the placenta. It is a bi-layered membrane 
consists of amnion and chorion. Amnion consists 
of 3 distinct thin layers: an epithelial monolayer 
(closest to the foetus), a basement membrane and 
avascular mesenchymal stromal matrix (containing 
mesenchymal stem cells)  that composed of 3 
adjacent but distinct layers: outermost spongy, 
middle fibroblastic and inner compact. 

Although it is a thin membrane (70-180 μm 
thick), it is remarkably elastic and formidable 
strong natural biological barricade protecting the 
fetus from trauma and bacterial infection (11,12). In 

contrast, the chorion is 3-4 times thicker than amnion 
and consists of a reticular, basement membrane, 
and trophoblastic layers (13). Both membranes play 
important roles in embryo’s overall development, 
embryo’s nourishment, breathing and seepage (11).

Amniotic membrane matrix contains plenteous 
growth factors (GFs) including basic-fibroblast 
growth factor (b-FGF), nidogen growth factor 
(NGF), keratinocyte growth factor (KGF), 
epidermal derived growth factor (EDGF), and 
transforming GF-beta growth factor (TGF-β) which 
promote tissue regeneration (14). These GFs mimic 
the stem cell niche for ex vivo growth and provide 
a natural healing environment. It acts as a structural 
scaffold supporting proliferation, differentiation, 
and regeneration due to presence of fibronectin, 
laminins, proteoglycans, collagen types I, III, IV, V 
and VI, elastin, nidogen, and hyaluronic acid in its 
stromal layer, and act as an excellent candidature for 
a native scaffold in tissue engineering (15).  

Furthermore, it secretes nutrient factors (16), 
promotes cell migration, adhesion, differentiation, 
and suppresses the semiallogenic immune response 
against the foetus (17). In addition, it has a biological, 
anti-inflammatory (similar to cortisone and steroids 
shots), anti-fibrotic, anti-microbial (including 
beta-defensins), anti-scarring, anti-angiogenic and 
analgesic properties that make it a unique therapy 
for wound care and ideal substrate for supporting 
the growth of mesenchymal progenitor cells via 
prolonging their lifespan (18-21).

It is used in xenotransplant or allotransplant due 
to its ability to promote cellular growth and attach-
ment with the lack of its immunogenicity and toxic-
ity; it was first reported by Davis since 1910(22) in 
skin transplantation. Also, it has been used success-
fully for over a decade in a wide range of surgical 
application, biological wound dressing, vestibulo-
plasty(23), ophthalmic reconstructive surgery (24,25), 
an adhesion barrier in the spine, and in-ear and or-
thopedic surgery (26). It is easily obtained, processed, 
transported, and prepared in different forms for 
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clinical use like fresh, dried, frozen, freeze derived 
irradiated, stabilized amniotic and cryopreserved 
membranes (27).  

Amnion-based products have a proven rate of 
success in the field of dentistry since 1990s, when 
first demonstrated safety and efficacy in pre-and 
clinical studies (28). It is commercially available 
for dentistry in 2008 (21). The dehydrated or 
cryopreserved membrane is used for retaining the 
majority of the natural (fibrillar and membranous) 
collagens, maintaining the composition of GFs 
and bioactive molecules found in natural and 
unprocessed placental tissues, and increasing 
stability and shelf life of the product (29-31).

Subsequently, it has been used successfully as 
a guided tissue regeneration, in the correction of 
gingival recession, root conditioning, management 
of wounds in the oral cavity and its reconstruction, 
repair of oro-antral communication, haemostatic, 
and wound dressing agent (32,33). Yet, this study 
aimed to evaluate clinically, radiographically and 
histopathologically, the success of dried Human 
Amniotic Membrane (dHAM) allograft as a 
pulpotomy agent in primary teeth. 

MATERIALS AND METHODS

Ethical approval of this research was document-
ed from the Ethics Committee, Faculty of Dentistry, 
Kafrelsheikh University. All children’s parents 
participat ing in this study were thoroughly informed 
of the objective and procedures of the research and 
in formed consents were obtained from them.

This prospective, split-mouth, randomized 
clinical trial was carried out on 40 lower deeply 
carious (1st and/or 2nd) primary molars indicated 
for pulpotomy. They were selected from 16 healthy 
children who attended the Out-Patient Clinic 
of the Pediatric Dentistry, Faculty of Dentistry, 
Kafrelsheikh University. Each child had at least 
two matched bilateral lower carious primary molars 
requiring pulpotomy. The patients aged 4-8 years, 
with their mean age of 6.48+0.6.

Before the clinical intervention, medical and 
dental histories as well as clinical and radiographic 
examination were carried out. A split-mouth design 
was used, where one side was randomly selected for 
one group intervention and the contralateral side for 
the other. The dHAM and formocresol pulpotomies 
were performed (20 teeth/each group). To maintain 
clinical standardization, all clinical interventions in 
this study were performed by an operator.

Clinical inclusion criteria (1,34)

•  All children were cooperative with no underlying 
medical, physical or learning disabilities. 

•  Absence of any clinical signs and symptoms 
of pulp degeneration such as a history of 
spontaneous pain, pain on percussion, swelling, 
pathological mobility, or sinus tract.

•  Mechanical pulp exposure is larger than 
pinpoint.

•  The pulpotomized primary molar would be 
restorable with a stainless steel crown.

•  Any haemorrhage from the amputated pulp 
stumps should be easily controlled within 5 
minutes by using a pledget of sterile moist 
cotton pellets.

•  No children were excluded based on gender and 
social status.

Radiographic inclusion criteria (1,34) 

•  The carious lesion approximating the pulp.

•  The recruited molars should have a normal 
radiographic appearance with healthy supporting 
tissues.

•  The presence of at least 2/3 of the root remains.

•  No evidence of pathological root resorption 
(external and/or internal), widening of 
periodontal ligament (PDL), and periapical or 
furcal radiolucency.
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Pulpotomy procedure

A preoperative periapical radiograph was carried 
out by the XCP extension cone paralleling technique. 
After achieving profound local anaesthesia using 
27–gauge disposable short needle and syringe 
loaded with carpule [1.8 mm Mepivacaine HCl 2% 
(Mepecaine-L, Alexandria Co. for Pharmaceuticals, 
Alexandria, Egypt)] and rubber dam isolation with 
saliva ejector. One sitting conventional pulpotomy 
intervention was performed for both groups. Caries, 
soft debris and dentin were removed using large 
slow-speed round bur. Then, a diamond round bur 
mounted in a water-cooled high-speed handpiece 
was used for deroofing the pulp chamber and 
removing overhanging dentin. The inflamed coronal 
pulp tissues were amputated using a sharp large 

sterile spoon excavator till the entrance of the roots 
followed by gentle debridement with normal saline 
irrigation, and then dried with sterile cotton pellets. 
Initial pulpal haemostasis was achieved using a 
sterile moisturized cotton pellet with saline that was 
gently pressed against the amputated pulp stumps 
for 5 minutes.

Group 1 (dHAM group):

After achieving haemostasis, a previously trimmed 
double layer of sterile processed human allograft tis-
sue (StreiShield II dehydrated dual-layer dental amni-
on patch,  VeraGraft, DentalProdX, Texas, USA) was 
soaked in saline for a minute (36), then placed directly 
on the pulp stumps using sterile tweezers and adjust-
ed to the entire floor of the pulp chamber. Fig 1A-L.

Fig (1A-L) Preoperative photograph showing carious lower primary molars indicated for pulpotomies (A). Left (LT) side was 
treated with dHAM pulpotomy. After rubber dam isolation and haemostasis of the pulp stumps (B, C). StreiShield II dual-
layer dental amnion patch 20X20 mm (D, E). High magnification of the membrane (F). The membrane was soaked for a 
minute in a sterile glass petri dish containing saline solution (G) and then carried out the membrane to cover the pulp stumps 
(H, I). The cavities were sealed with IRM and covered with glass ionomer restorative (J, K). Final restoration with stainless 
steel crowns (L).
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Group 2 (Formocresol group):

In this control group, a sterile cotton pellet was 
moistened with 1:5 concentration formocresol 
(Buckley’s Formocresol, Sultan Healthcare, 
Englewood, NJ, USA). The excess was removed 
by squeezing the pellet twice between gauze and 
then placed on the amputated pulp for 5 minutes (37).  
Fig 2A-H.

The prepared cavities of all pulpotomized 
molars were sealed with a layer of intermediate 
dressing (IRM; Dentsply, Milford, DE, USA) 
and subsequently covered with glass-ionomer 
restorative (Ketac Molar, 3M ESPE, USA). An 
immediately postoperative radiograph was taken, 
and all treated molars were finally restored with 
suitable-sized stainless steel primary molar crowns 
(Kids Crown, Shinhung Dental, Seoul, Korea). 

All patients were directed to maintain a good 
oral hygiene and were recalled for clinical and 
radiographic evaluation at 3, 6, and 9 months 
postoperatively.

The criteria for clinical success were the absence 
of pain, tenderness to percussion, abscess, soft-
tissue swelling or sinus tract, pathologic tooth 
mobility and premature exfoliation at recall visit. 

Whereas, the radiographic criteria for success were: 
normal PDL space, the absence of pathological 
internal and/or external root resorption, and no 
signs of any radiolucen cy in the furcation and/or the 
periapical area. If a pulp canal obliteration or pulp 
stone occurred, it was reported but not considered 
as a treatment failure (35). The overall success rate, 
both clinically and radiographically, was assessed 
for each patient. If a pulpotomized treated tooth 
deviated from one of the success criteria, it was 
regarded as a treatment failure. 

Histopathological evaluation 

A total number of thirty healthy lower primary 
canines and first molars that formerly planned for 
serial extraction were selected from children who 
attended the Out-Patient Clinic of Pediatric Den-
tistry, Faculty of Dentistry, Kafrelsheikh University.

The dHAM allograft and formocresol pulpotomy 
procedures were performed as mentioned previously 
(12 teeth/each group) (figs 3 & 4, respectively), 
and the other six teeth were used as a control. Six 
teeth from each experimental group were extracted 
at post-treatment intervals; one and three months. 
All cases received lingual arch to utilize the Leeway 
space for premolars’ eruption.

Fig. (2A-H) Continue the case of fig 1: Preoperative photograph of lower right (RT) primary molars indicated for FC pulpotomy (A). 
The prepared cavities after removal of pulp chambers (B). Coronal pulp haemostasis using moist sterile cotton pellets (C). 
The pulp stumps post-FC application (D). The cavities were sealed with IRM (E), covered with glass ionomer restorative 
(F), and finally restored with stainless steel crowns (G, H). 
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Histopathological examination 

The extracted samples were fixed in 10% formalin 
buffered solution for 10 days and then decalcified in 
10% Ethylene diamine tetraacetic acid (EDTA) for 
8 weeks after sealing the apical foramina with sticky 
wax. The decalcified specimens were dehydrated 
through gradually ascending concentrations of 
ethanol, and embedded in paraffin blocks. 

Serial longitudinal sections at 4-μm thickness 
using a microtome were obtained, stained with he-
matoxylin and eosin (H&E) (38), and then they were 
consequently examined histologically under light 

microscope (Eclipse 80i; Nikon, Tokyo, Japan). 

All sections were histopathologically analyzed 
blindly according to the modified criteria of Hash-
eminia et al. (39) and Songsiripradubboon et al. (40) 
for soft tissue organization, the degree of pulpal 
inflammation, tissues necrosis, and dentinal bridge 
formation.

Histopathological criteria: 

According to soft tissue organization: 

1- Normal or almost normal organization under the 
exposure area, tissue-material interface or under 

Fig (3A-H) Preoperative photograph of a case with gross arch length deficiency indicated for serial extraction due to impacted and 
rotated lower permanent lateral incisors (A). Clinical steps of dHAM allograft pulpotomy on LT primary canine and 1st 
primary molar (B-H). Before and after pulp chambers removal (B, C). Before and after application of dHAM (D, E). The 
cavities were sealed with IRM and covered with glass ionomer restorative (F-H).

Fig (4A-G) Continue the case of fig 3: Clinical steps of FC pulpotomy on the lower RT primary canine and 1st primary molar. After 
rubber dam isolation and pulp chambers removal (A, B). Haemostasis of coronal pulp tissues (C). The pulp stumps post-FC 
application (D). The cavities were sealed with IRM (E) and covered with glass ionomer restorative (F). Final restoration 
(G).
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the formed dentinal bridge. The presence of 
newly formed collagen fibers and well organized 
odontoblast-like cells. 

2- Partial loss of normal organization under the 
exposure area, tissue-material interface, or 
dentinal bridge. Some collagen fibers and few 
cells appeared away from the exposure area. 

3- Complete loss of normal organization and some 
free spaces were present. 

According to the degree of pulpal inflammation
1- Absence or little of inflammation: 1-3 

inflammatory cells under exposure area or the 
dentin bridge. 

2- Mild inflammation: 4-10 inflammatory cells 
under the exposure area or dentin bridge. 

3- Moderate inflammation: 11-50 inflammatory 
cells under the exposure area or dentin bridge. 

4- Severe inflammation: > 50 inflammatory cells 
or the presence of micro abscesses under the 
exposure area or the formed dentin bridge. 

According to dentinal bridge formation: 
0- Absence of coverage. 
1- Partial coverage of the exposure area. 
2- Complete coverage of the exposure area.

According to pulp tissues necrosis: 
0- Absent. 
1- Present.

Statistical Analyses:

All data were statistically analyzed using the 
SPSS (Statistical Package for the Social Sciences) 
program, version 20.0 (IBM, Illinois, Chicago, IL, 
USA). All data were subjected to the exact test. 
Fisher exact test was used for 2X2 observations 
and Monte Carlo test was used for observations 
with more than 2X2 observations. The level of 
significance was set at P<0.05. 

RESULTS

In the clinical and radiographic part of this 
study, a total of 40 lower primary molars from 16 
children (9 boys and 7 girls aged 4-8 years, mean age 
6.48 +0.6) indicated for pulpotomies were included. 
The pulpotomies were performed using dHAM 
allograft versus FC, whereas other 30 pulpotomies 
were performed on sound lower primary molars 
and canines for histopathological evaluation. All 
patients were available for clinical and radiographic 
evaluation till the end of the study.

I- Clinical evaluation

At the end of the study, both dHAM allograft and 
formocresol groups showed 100% clinical success 
rates. The difference was not significant between 
them at any period of recall intervals (p>0.05%). 
Table 1 and fig 5.

TABLE (1) Clinical assessment of dHAM and FC pulpotomies during recall intervals.

Clinical parameters

Follow-up period

3 months 6 months 9 months

dHAM FC dHAM FC dHAM FC

Pain 0/20 0/20 0/20 0/20 0/20 0/20

Pathologic tooth mobility 0/20 0/20 0/20 0/20 0/20 0/20

Abscess 0/20 0/20 0/20 0/20 0/20 0/20

Fistula/Sinus 0/20 0/20 0/20 0/20 0/20 0/20

premature exfoliation 0/20 0/20 0/20 0/20 0/20 0/20

p* 1.000 1.000 1.000

No= 20 teeth           dHAM = dehydrated Human Amniotic Membrane      FC= Formocresol      *Significant at p < 0.05
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II- Radiographical evaluation:

The overall radiographic success rates for 
dHAM allograft and FC groups were 100% and 
85%, respectively. Figs 6-12.  

The dHAM group revealed no abnormal 
radiographic findings during the recall intervals 
(tables 2&3 and figs 6&7). While in FC group, 3 
primary molars (15%) showed radiographic failures 
(tables 2&3). One of them (5%) showed pathologic 
root resorption at 6-month which increased at 

9-month of recall (fig 8), other one (5%) recorded 
periapical radiolucency associated with external 
root resorption at the mesio-cervical third of 
distal root during 6 and increased at 9 months of 
recall (fig 9). The last tooth (5%) displayed furcal 
radiolucency at 9-month of recall (fig 10). The three 
failure cases were asymptomatic till the end of 
recall, and no clinical interference was undertaken 
for them. Accordingly, no statistically significant 
differences were noted between them at any time of 
recall (p>0.05%).

Fig (5A-N) Preoperative photograph of a child showed deep carious lower 2nd primary molars (A) indicated for dHAM (LT side 
B-J) and FC (RT side H-J) pulpotomies. The case after permanent restoration with stainless steel crowns (K). Follow-up at 
3, 6, and 9 months without clinical manifestations (L-N).

Fig (6) Both groups: Preoperative intraoral peri-apical (IOPA) radiographs showing deep carious lesions approaching the healthy 
pulp of lower 2nd primary molars indicated for pulpotomy (A), RT side (FC group) and LT side (dHAM group). IOPA 
radiographs post-pulpotomies filling (B) and stainless steel crown restorations (C).  Post-IOPA radiographs showed no 
parameter changes at 3, 6 and 9 months (D-F).
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Fig (7) Both groups [RT side (FC group) and LT side (dHAM group)]: Preoperative IOPA radiographs showing deep carious lesions 
approaching the healthy pulp of lower primary molars indicated for pulpotomies, that associated with congenital missing 
of their successors (A). IOPA radiographs showing post-pulpotomies filling (B) and stainless steel crown restorations (C).  
Post-IOPA radiographs showing no parameter changes during recall intervals (D-F).

TABLE (2) Radiographical assessment of the success and failure rates in both groups during recall intervals.

Groups

Follow-up period

3 months 6 months 9 months

Success Failure  Success    Failure  Success Failure

No (%) No (%) No (%) No (%) No (%) No (%)

dHAM 20 (100) 0 (---) 20 (100) 0 (---) 20 (100) 0 (---)

FC 20 (100) 0 (---) 18 (90) 2 (10) 17 (85) 3 (15)

p* 1.000 1.000 1.000 

No (%) = Number of teeth and percentage for each group    dHAM = dehydrated Human Amniotic Membrane     FC= 
Formocresol       *Significant at p < 0.05

TABLE (3) Radiographical assessment of dHAM and FC pulpotomies during recall intervals.

Radiographic parameters

Follow-up period

3 months 6 months 9 months

dHAM FC dHAM FC dHAM FC

Widening of the periodontal ligament 0/20 0/20 0/20 0/20 0/20 0/20

Pathologic root resorption ( internal and/or 
external root resorption ) 0/20 0/20 0/20 2/20 0/20 0/19

Furcal radiolucency 0/20 0/20 0/20 0/20 0/20 1/20

Periapical radiolucency 0/20 0/20 0/20 1/20** 0/20 0/19

Pulp canal obliteration/pulp stone 0/20 0/20 0/20 0/20 0/20 0/20

p* 1.000 1.000 1.000

No= 20 teeth     dHAM = dehydrated Human Amniotic Membrane     FC= Formocresol    *Significant at p < 0.05 ** = A 
tooth containing two parameters (any tooth has more than 1 parameter, it considers one failure case).
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Fig (8) Preoperative IOPA radiographs showing deep caries of lower primary molars indicated for dHAM pulpotomy (RT side) and 
FC pulpotomy (LT side) (A). IOPA radiographs post-dHAM pulpotomy (B) and stainless steel crown restorations (C). IOPA 
radiographs showing no parameter changes at 3, 6 and 9 months of recall (D-F). LT side (FC group): IOPA radiographs 
post-pulpotomy treatment (B) and stainless steel crown restorations (C). IOPA radiograph showing no parameter changes at 
3 months (D). Pathologic distal root resorption (arrow) was detected at 6-month that increased at 9-month of recall (E, F).

Fig (9) Preoperative IOPA radiographs with deep caries of lower primary molars indicated for FC pulpotomy (RT side) and dHAM 
pulpotomy (LT side) (A). IOPA radiographs post-pulpotomy filling and stainless steel crown restorations for both groups 
(B, C). RT side (FC group): Post-IOPA radiograph showing no radiographic changes at 3-month (D), but at 6 and 9 months, 
the 1st primary molar displayed pathologic external root resorption and periapical radiolucency (arrows) (E-F). LT side 
(dHAM group) showing no radiographic changes during recall (C-F).

Fig (10) Preoperative IOPA radiographs with deep caries of lower 2nd primary molars indicated for dHAM pulpotomy (LT side)  
and FC pulpotomy (RT side) (A). IOPA radiographs post-pulpotomies filling and stainless steel crown restorations for both 
groups (B, C). RT side (dHAM) group: Post-IOPA radiographs showing no parameter changes at 3, 6, and 9 months of 
recall (D, F). LT side (FC group): Post-IOPA radiographs showing no parameters changes at 3 and 6 months, but at 9-month 
of recall, furcal radiolucency was observed (arrow) (F).
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III- Histopathological assessment:

Twenty four pulpotomized primary 1st molars 
and canines with 6 untreated controlled teeth were 
evaluated histopathologically at post-treatment 
interval of 1 month and 3 months. Data in tables 4 
and 5 showed that the overall evaluation at 1-month 
interval showed better histopathological criteria for 
dHAM group than the FC group, but the difference 
was only significantly better on  the degree of the 
pulpal inflammatory response (p<0.05). Whereas 
at 3-month interval, the dHAM group displayed 
significantly better histopathological criteria 
compared to the FC group (p<0.05).

The control group showed normal cellular 
organization of the pulpal tissues without 
inflammations, and there was a regular arrangement 

of the odontoblastic cell layers (fig 11).

Fig (11) Light micrograph illustrates the histological features 
of control dental pulp with normal architecture, intact 
odontoblastic layer (black arrow), clear cell-free zone 
(white arrow) and cell-rich zone (white stars) [H&E 
stain, original magnification x100].

TABLE (4) The overall histopathologic results of pulpal response of the experimental groups at 1month 
post-treatment.

Groups

Soft tissue 
organization Degree of inflammation Tissues 

necrosis Bridge formation

1 2 3 1 2 3 4 0 1 0 1 2

dHAM No=6 4 2 0 5 1 0 0 6 0 2 4 0

FC No=6 0 3 3 0 0 4 2 5 1 6 0 0

P value 0.083 0.001* 1.000 0.061

No: 12 teerh   dHAM = dehydrated Human Amniotic Membrane   FC= Formocresol  *Significant at p < 0.05

TABLE (5) The overall histopathologic results of pulpal response of the experimental groups at 3 months 
post-treatment.

Groups

Soft tissue 
organization Degree of inflammation

Tissues 
necrosis

Bridge formation

1 2 3 1 2 3 4 0 1 0 1 2

dHAM No=6 5 1 0 5 1 0 0 6 0 0 1 5

FC No=6 0 1 5 0 0 0 6 1 5 6 0 0

P value 0.001* 0.001* 0.015* 0.001*

No: 12   dHAM = dehydrated Human Amniotic Membrane    FC= Formocresol    *Significant at p < 0.05
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Group 1: (dHAM group): 

It was found that the dHAM treated group 
showed a better soft tissue organization, a lower 
degree of pulpal inflammation and no tissue 
necrosis at both 1 and 3 months intervals.  At 1 
month, most of the cases (66.7%) displayed normal 
pulpal soft tissue organization (fig 12) with partial 
dentin bridge formation (fig 13). 83.3% of the 
cases showed no signs of inflammation except one 
case (16.7%) expressed a mild degree of tissue 

inflammation. At 3 months post-treatment intervals 
(83.3%) of the dHAM group demonstrated normal 
pulp tissue architecture, no signs of inflammation 
with the formation of complete dentin bridge that 
is formed by osteodentin type (fig 14). Interestingly 
an active zone of predentin and dentin formation 
was observed near the osteodentine bridge areas 
in most cases (fig 15). On the other hand, only 
one case (16.7%) failed to maintain normal tissue 
architecture with mild inflammation and partial 
dentin bridge formation.

Fig (12 RT) Light micrograph illustrates the histological features of dental pulp at 1 month follow up of dHAM group.  This group 
shows pulp (P) with normal architecture, no inflammatory infiltration, no fibrosis, and an intact odontoblastic layer is 
observed (black arrows) [H&E stain, original magnification x200]. Fig (13 LT) Light micrograph illustrates the histological 
features of dental pulp (P) at 1 month follow-up of dHAM group.  This group shows formation of partial dentin bridge 
(black arrows) [H&E stain, original magnification x100]. 

Fig (14 RT) Light micrograph illustrates the histological features of dental pulp at 3 months follow up of dHAM group. This group 
shows normal pulpal structure (P), no inflammatory infiltration and the formation of complete dentin bridge of osteodentin 
type (DBo) [H&E stain original magnification x100]. Fig (14 LT) A higher magnification showing the formation of 
complete dentin bridge of osteodentin type (DBo), areas of tubular dentin and odontoblasts like cells (black arrows) [H&E 
stain original magnification x400].
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Group 2: (FC group) 

In contrast to dHAM group, the FC group 
at 1-month interval showed abnormal soft 
tissue architecture in all cases. Half of the cases 
represented mild tissue destruction, while the 
other half demonstrated severe destruction with 
loss of odontoblastic cell layer (fig 16) and signs 
of internal dentin resorption (fig 17). Only one 
case demonstrated signs of tissue necrosis. All 

cases showed either moderate (66.7%) or severe 
inflammatory response (33.3%). There was a 
complete absence of dentin bridge formation in 
any of the examined slides. At 3-month interval, all 
cases demonstrated severe inflammatory reaction 
with most of them (83.3%) showing severe tissue 
destruction with areas of tissue necrosis (fig 18). 
There was a complete absence of dentin bridge 
formation in all cases. 

Fig (15) Light micrograph illustrates the histological features 
of dental pulp at 3 months follow-up of dHAM group. 
This group shows areas of active dentin formation with 
wide predentin layer (pd) next to the formed osteodentin 
(o) [H&E stain, original magnification x400].

Fig (16) Light micrograph illustrates the histological features of 
the dental pulp (P) at 1 month follow up of FC treated 
group. This group shows the loss of odontoblastic cell 
layer with abundant inflammatory cells [H&E stain, 
original magnification x100]. 

Fig (17) Light micrograph illustrates the histological features of 
dental pulp at 1 month follow up of FC treated group. 
This group shows complete loss of odontoblastic cell 
layer, signs of pulpal degeneration and resorbed dentin 
surface (black stars) [H&E stain, original magnification 
x100].

Fig (18) Light micrograph illustrates the histological features of 
dental pulp at 3 months follow up of FC treated group. 
Pulp cells are no longer identifiable, tissue architecture 
is completely lost with necrotic foci (black stars) [H&E 
stain, original magnification x100].
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DISCUSSION

One of the most important vital factors 
responsible for pulpotomy success is the right 
choice of material used. According to meta-analysis 
and several systematic reviews, no strong evidence 
was found to identify one superior pulpotomy agent 
or technique. Therefore, it is important to propose 
newly inherently biocompatible and biologically 
based therapeutics to maintain the pulp vital rather 
than the synthetically based one (5).

Nowadays, the attention and awareness of 
researchers are directed toward regenerative 
medicine, as it seems to be the ideal and successful 
approach to pulp therapy since its main principle 
is to mimic the physiological events of growth and 
development (41).

Among the most widely used regenerative 
materials is the placental tissue. The high 
biocompatibility and low immunogenicity with the 
presence of several GFs (PDGF-BB, TGF-beta1, 
bFGF, VEG and TIMP) and cyto kines/chemo kines 
in amnion recommends its use as alternative or a 
tissue engineering scaffold in a variety of medical 
fields, including ophthalmology, gynaecology, 
urology, pediatrics, neurosurgery, plastic surgery, 
oral/maxillofacial surgery, wound care (42-44). 

Furthermore, the amnion structure is similar 
to the pulp tissue in several aspects. Both of them 
are soft connective tissues with the presence of 
monolayer cells in their peripheral zone, i.e., 
odontoblasts in the pulp tissue and epithelial cells in 
AM, which gives a notable distinguished similarity 

(42). Moreover, accessibility and lower costs can be 
considered as advantages of the amniotic membrane 
in comparison with other membranes. This 
encourages the use of the novel dHAM allograft 
in this study as a pulpotomy regenerative agent for 
primary teeth versus formocresol.

The age group selected in this study ranged from 
4-8 years to avoid the lack of cooperation of children 
under 4 years while above 8 years of age; more than 

3/4 of primary roots may show physiologic root 
resorption (39).

In the current study, formocresol was used as a 
control group, since it is still the most popular and 
gold standard pulpotomy medicament for primary 
teeth. This may be due to its ease of use, availablility, 
bactericidal effect, and better fixative efficacy with 
high clinical and radiographic outcomes (36,45).

Recently, various AM allografts are commercially 
available for clinical use. Different techniques for 
their preservation have a significant impact on their 
physical properties and biochemical composition 
and thus can affect their clinical efficacy. The 
dHAM showed higher GF retention, bioavailability 
and superior healing capacity compared with 
the cryopreserved type (30). Also, it is safer as it is 
gamma-irradiated, reducing any chances of cross 
infections (36). Hence, dHAM was given preferrance 
to be used in this study.

In this study, the dHAM was soaked in normal 
saline solution for a minute to release the bounded 
GFs that declined after 96 hrs, whereas collagenase 
digestion releases the remaining bound GFs from 
the pulp tissue as observed by Koob et al. (46), who 
also reported that HAM retained its tensile strength 
across a wide range of temperatures for at least 72 
hrs.

Our results revealed a 100% clinical success rate 
for both groups. This may be attributed to correct 
protocol, careful diagnosis with complete tooth 
isolation, and proper manipulation of the material 
under aseptic conditions (47). Although a rare 
number of publications in the literature reporting 
on amnion pulpotomy, consistent with our survey, 
this outcome agrees with the study of Prasad et al. 
(36) who reported 100% clinical success for both 
groups. The high clinical success of amnion in this 
study may be due to its regenerative abilities and 
the higher biocompatibility (48,49). This is consistent 
with the explanation of Malhotra et al. (18), Chen 
et al. (20), solomon et al.(50) and Lullove (31) who 
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attributed their clinical success in management of 
ocular surface defects and chronic wound repair to 
the several advantages of AM as having numerous 
GFs and cytokines and having immunomodulatory, 
anti-inflammatory, anti-fibrotic, anti-microbial, 
anti-scarring, anti-angiogenic and analgesic 
effects. Also, it provides a source of stem cells and 
provides a protein-enriched matrix to facilitate cell 
migration (51). Its stromal matrix shows a marked 
pro-inflammatory cytokines suppression, IL-1α, 
and IL-1β expression (50). 

In this study, the high clinical outcome of FC 
agree with the success rate of FC reported by other 
investigators (47,52,53), but it is not in agreement with 
the outcomes of other studies (54, 55).

In the present study, the overall radiographic 
success rates for dHAM and FC groups were 100% 
and 85%, respectively. The radiographic success for 
amnion group agrees with the radiographic outcome 
of Prasad et al. (36). Also, nearly similar radiographic 
outcomes for FC pulpotomy were reported by the 
study of Holan et al. (54) and Salem and Farouk (56) 
who recorded 83% and 87.5% success, respectively.

In this study, the only 3 radiographic failures 
recorded in formocresol group, were external root 
resorption, periapical radiolucency and furcal 
radiolucency. These results agree with  the studies 
of Salem and Farouk (56)  , Shabzendedar et al. (57) , 
and Olatosi et al. (58).These radiographic failures 
may be due to seepage of the smaller size of the 
formocresol molecules into the periapical region via 
the pulpal canals or into the furcation area through 
the accessory canals or via the thin and permeable 
pulpal floor, which is a nature in primary molars (54).

In the histopathological part of this study, the 
results revealed the ability of dHAM to enhance 
the rapid recovery of the radicular pulpal tissue, 
reduce inflammation and induce reparative 
dentinogenesis (36). This can be attributed to its rich 
reservoirs of GFs and its immunosuppressive effect 

(59). Another favourable property is the presence of 

AM mesenchymal stromal cells that are multipotent 
cells capable of differentiating into cell lineages 
and generating different mesenchymal tissues (60-62). 

Also, it is worth noting that In situ pulp injury studies 
have suggested that the lineage-restricted progenitor 
cells with apparent unipotency for osteodentine 
formation are the first to be differentiated into new 
odontoblast-like cells.  Interestingly, these cells can 
be replenished by the more multipotent cells of the 
dHAM (29,63). This explains the osteodentin nature of 
the newly formed dentin bridge.

Furthermore, this primitive type of dentin acts 
as a type of pulp biomatrix that substitute the dental 
epithelium and basement membrane to provide 
the needed molecular induction of pulp cells 
differentiation into odontoblast-like cells (64,65). This 
explains the presence of areas of active predentin 
formation adjacent to the Osteodentin Bridge (66).

On the other hand, after one month, the pulp tissue 
of FC group showed signs of partial to complete 
loss of soft tissue organization, moderate to severe 
inflammation, loss of odontoblastic cell layer and 
signs of internal resorption (67). Whereas severe 
pulp tissue destruction and extensive liquefaction 
necrosis were observed after 3-months interval (68,69). 
The necrosis is induced by the release of hydrolytic 
enzymes from the necrotic neutrophils (70). Neither 
1 month nor 3 months intervals showed any signs 
of reparative dentiongenesis. These findings are 
comparable to those obtained by Talaat et al. (71), El- 
Meligy et al. (72) and Yorgancilar et al. (73) who found 
that the formaldehyde within FC has an irritating 
effect that increases the infiltration of lympho-
mononuclear cells within the dental pulp. This 
augments dental pulp inflammatory responses that, 
in turn, stimulate the differentiation of odontoclasts 
and death of odontoblasts, which initiates internal 
inflammatory dentinal resorption and failure of 
dentin bridge formation, respectively (74-76).

There  is  always  an  associated  risk  of  infec-
tion  transmission  with  transplantation  of  am-
niotic membranes. In this study, gamma irradiated 
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dehydrated amniotic membrane was used, thus re-
ducing any chances  of  cross  infections.  Adequate  
precautions  should  be  taken  and  safety  criteria  
should  be included  in  the  application  of  these  
biological  membranes.  Amniotic membranes are 
fragile.

Limitation of this study: The use of dHAM 
requires operator’s experience, it is a sensitive 
technique, and it needs to be dealt with very 
carefully, as it is a fragile membrane.

RECOMMENDATION

Additional studies with more participants 
are needed to elucidate the histopathological 
significance to this clinical and radiographic study. 
Further long-term evaluations were mandatory 
to investigate the full potential of this stem cell 
reservoir on pulp tissue regeneration and confirming 
its biocompatibility, efficacy, and for the long-term 
prognosis of this novel allograft treatment method.

CONCLUSION

Dehydrated Human Amniotic Membrane with 
its favourable biological properties and its ability 
to stimulate growth factors has shown promising 
outcomes without any adverse effects in all 
pulpotomized teeth comparable to gold standard 
formocresol. So, it can be recommended as an 
alternative naturally derived pulpotomy agent in 
primary teeth pulpotomy.
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