
51 PAKISTAN JOURNAL OF MEDICINE AND DENTISTRY 2022, VOL. 11 (03) DOI: https://doi.org/10.36283/PJMD11-3/009

INTRODUCTION
The 640,000 radius and/or ulna fractures were 
reported in the United States alone, in 2001, 
accounting for nearly 1.5 percent of all emergency 
room visits. In the paediatrics and elderly 

populations, distal radius fractures account for 25% 
and 18% of all fractures, respectively1,2. As a result of 
increasing  average  life  expectancy,  distal  radius 
articular fractures are reliably  increasing3. Because 
of increased functional demand by elderly patients 

and short duration of functional rehabilitation as 
compared to non-operative cast immobilization 
leading to stiffness of wrist and fingers, a rising 
increase in surgical versus non-operative treatment 
of displaced articular fractures has recently been 
described3.

Non-displaced simple fractures are usually treated 
without surgery with a plaster cast. Because they 
heal in an unfavorable anatomical position, unsta-
ble fractures are commonly treated surgically4. 
Closed reduction and percutaneous K-wire fixation, 
fixation with volar or dorsal plates (locking or 
nonlocking), bridge plating, use of an external 
fixator, or a combination of these treatments are 
surgical and nonsurgical management options for 
patients with distal radius fractures1,2. Although the 
optimum treatment decision is dependent on the 
fracture characteristics (open/closed, un-dis-
placed/displaced, extra-/intra-articular), there is 
just a small body of high-quality evidence to 
support it. The American Academy of Orthopedic 
Surgeons (AAOS) provided 29 recommendations in 
their clinical practice guidelines for distal radius 
fracture; none of these recommendations obtained 
a satisfactory grade due to the poor quality of the 
evidence1.

External fixation and Kirschner-wire stabilization have 
been linked to an increased risk of infection in several 
studies2. Patients with high demands may benefit from 
open reduction with locking volar plates, even if 
functional outcomes in older individuals with low 
needs are satisfactory despite the presence of a 
deformity2.

The introduction of locking plates with locking 
screws opened new surgical possibilities for fracture 
fixation and stability, even with comminuted 
fractures and osteoporosis4. On the volar side of the 
wrist, the radial artery is radially retracted, and the 
fracture is exposed, reduced, and set with a locking 
plate and screws utilizing the FCR technique. Early 
wrist range of motion is crucial for a successful 
postoperative recovery with volar plating. In any 
scenario, if standard locking plate application 
principles are not followed, there is a considerable 
risk of consequences such as median nerve palsy, 
tendon irritation, and tendon rupture4. There have 
been favorable outcomes of distal radius volar 
locking plate as compared to CRIF with K-wires 
group because of earlier mobilization3. 

In a study published in 2018, it was found that Closed 
reduction and percutaneous pinning (CRPP) was an 
effective tool for recovering radiographic parameters 
following carefully selected types A and C distal radius 
fractures and that most patients had a good or 
exceptional range of wrist mobility after treatment 
with CRPP5. The objective was to determine the 

functional outcomes in patients with displaced distal 
radius fractures treated with CRIF with K-wires with 
ORIF with distal radius Volar locking plate in this study.

METHODS
In this study, 118 patients, who sustained Distal 
Radius Fractures, were included and retrospectively 
analyzed, with 89 of them receiving Open 
Reduction and Internal Fixation (ORIF) and 29 
receiving CRIF (with K-wires), and were managed at 
Dr. Ziauddin University Hospital Karachi from 
January 2017 to October 2020. The study included 
patients of all ages, genders, and races who 
matched the inclusion criteria.

The inclusion criteria included all patients with >18 
years of age, sustaining isolated distal radius fracture 
with >15° lateral displacement and>5mm radial 
shortening on the frontal plane, and fractures 
classified as B, C1-C2 type (Simple articular fractures) 
in AO classification. While exclusion criteria consisted 
of all open fractures and compromised neurovascular 
state, polytrauma, A and C3 type fractures types in 
AO, ipsilateral upper extremity fracture (Floating 
elbow) and bilateral wrist fractures.

In the ORIF group, the treatment protocol followed 
with FCR approach, reduction and internal fixation 
with angular stable plate and functional 
rehabilitation 15 days following surgery; while CRIF 
with K-wires followed Closed reduction and 
percutaneous K-wire fixation, 2-3 K-wires implanted 
from distal to the proximal region of fracture 
engaging opposing cortex and one K-wire for distal 
stability of radio-ulnar joint, if necessary, further 
stabilized in a brachio-metacarpal plaster cast. The 
wires and cast were removed after 6 weeks, 
followed by functional rehabilitation.

For patients that were surgically managed with 
Open Reduction and Internal Fixation (ORIF), the 
flexor carpi radialis (FCR) approach for Distal Radius 
Fracture was utilized, and the surgeons were familiar 
with the implants used. The patient selection for 
ORIF and K-Wire was decided considering the 
fracture pattern, patient’s medical and clinical 
history and presenting status, adequacy of closed 
reduction and surgeon choice. All the patients’ 
clinical and radiological findings were documented 
both before and after surgery. The study used 
anteroposterior and lateral X-ray scans of the wrist 
as radiographic examinations.

In a few patients undergoing ORIF, a wrist splint was 
applied post-operatively, which was removed two 
weeks later during the follow-up visit. Concomitantly, 
the splint applied with K-wires was removed at the 
period of 6 weeks along with the K-wires. Metal staple 
sutures were used in cases with ORIF and were 
removed after 2 weeks. Antibiotics were used for 

three doses perioperatively and analgesics were 
advised considering each patient. The DASH score 
was used to calculate the Functional Outcomes (at 3 
and 6 months of follow-up). A t-test was used to 
compare the functional outcomes of the two groups, 
and it was done on SPSS version 23.0. 

RESULTS
A total of 118 patients were managed for Distal 
Radius Articular Fractures. Of these 34(28.8 %) were 
females and 84 (71.2 %) were males with an M: F 

ratio of 2.5:1. The average age of the participants 
was around 40.9. The right-hand dominancy was 
found in 94 patients (79.7 %) while left-hand 
dominant patients were 24 (20.3%). There were 33 
(28.0%) patients with reported tobacco smoking. 
The patients with desk jobs were 88 (74.6%) while 
field workers were 30 (25.4%). It was observed to 
have AO 23-B in 29 patients (24.6%), AO 23-C1 to be 
52 patients (44.1%) and AO 23-C2 fractures in 37 
patients (31.4 %) (Table 1 and Figure 1). 
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have AO 23-B in 29 patients (24.6%), AO 23-C1 to be 
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INTRODUCTION
The understanding of regenerative medicine is based 
on the capability to regenerate and substitute 
impaired tissues and organs. Regenerative medicine 
has revealed encouraging outcomes for the renewal 
and substitution of multiple tissues and organs such as 
skin, heart, kidney, and liver and the ability to even 
correct some inborn defects. The treatment of 
patients, as well as scientific research, is delayed due 
to the scarcity of tissues and organs. Regenerative 
medicine may assist in solving this tasks1.

Based on sources of stem cells, they can be 
classified into four categories: embryonic, induced 
pluripotent, perinatal, and adult stem cells2. Adult 
stem cells are in the organs or tissues at maturity. 
They can differentiate into mature cell types and 
play their part in tissue regeneration. Embryonic 
stem cells (ESCs), derived from the embryo blast 
(inner cell mass) of the blastocyst, are pluripotent, 
being able to differentiate into the structures of 
three germ layers and being capable of 
self-renewal3,4. Whereas induced pluripotent stem 
cells which were firstly introduced by Dr. Yamanaka 
in 2006, can be used, as an alternative to ESCs, with 
a demerit to develop teratoma5. Nowadays, 
researchers and clinicians are exploring a novel cell 
type with less tumorigenicity, increased differential 
potential and no ethical concern6. Perinatal sources 
such as the placental membranes, umbilical cord 
and amniotic fluid have gained attention as a 
potential source of stem cells for regenerative 
medicine7.

The human placenta is a biological connection 
between the fetus and the mother and is meant to 
perform important functions like nutrition, respiration 
and excretion8. Fetal membranes surrounding the 
fetus comprise an amniotic and chorionic membrane 
developed from the inner cell mass of the blastocyst. 
Amnion which is an avascular layer, in connection 
with amniotic fluid, obtains its nutrients through 
diffusion. Microscopically, the amnion constitutes a 
layer of epithelial stem cells and a thick basement 
membrane9. A large scale of research concentrated 
on cell-derived from the amniotic membrane as it is 
cost-effective has minimal ethical issues and could be 
retrieved non-invasively. Human amniotic epithelial 
stem cells (hAESCs) express markers of pluripotency 
such as SSEA-4, OCT-4, and NANOG. hAESCs have 
high differentiation potential into all the three germ 
layers’ derivatives including hepatocytes, pancreatic 
beta cells, neurons, cardiomyocytes, chondrocytes 
and osteocytes10,11. Besides pluripotency, hAESCs are 
characterized as an outstanding applicant for 
allogeneic cell transplantation as hAESCs release a 
wide range of anti-inflammatory cytokines, reduce 

fibrosis express HLA G and low levels of telomerase12-14. 
Therefore, researchers apply hAESCs in pre-clinical 
trials for the management of a wide variety of 
diseases including stroke, brain injury, Parkinson’s 
disease, atherosclerosis, myocardial infarction, 
dentistry and ophthalmology14-16.

By investigating hAESCs behavior in proliferation 
and survival, clinicians would be able to assess their 
reliable healing potential in different degenerative 
disorders. Biobanking of hAESCs could also be done 
for a future cellular transplantation approach which 
brings its application closer to reality. It will move 
research from the bench to the bedside and will 
also contribute valuable information for clinicians 
and future investigators. Therefore, this study aimed 
to isolate a homogenous population of hAESCs that 
has anti-inflammatory and immunomodulatory 
properties as well as non-tumorigenic potential and 
to determine their phenotype under live-cell 
imaging microscope at 10X, 20X and 40X 
magnifications on 1st, 3rd and 8th day intervals 

METHODS
In this study, the 22 human placenta was collected 
from patients with age 20-30 years having healthy 
full-term pregnancies, with a preference for elective 
cesarean sections. Placenta was collected after 
taking written and informed consent from the 
patients admitted in the Kemari, Clifton, and North 
Nazimabad branches of Ziauddin hospital. Isolation 
was done at the University of Karachi. Patients with 
maternal diabetes, hypertension, thyroid abnormal-
ities, placenta previa, placenta abruption, and 
abnormality in the fetus detected on scanning 
during the antenatal period were not included in 
the study.

After approval from the institutional ethics 
committee, this experimental in-vitro study was 
conducted on the human placenta (amniotic 
epithelial stem cells to retrieve amniotic epithelial 
stem cells. Every experiment was conducted in 
triplicate. The full-term placenta was received after 
an elective cesarean section. The amniotic 
membrane was manually separated from the 
chorionic layer, starting from the reflected edge of 
the fetal membranes towards the umbilical cord. A 
7cm long piece of amnion was cut and placed in a 
50 ml of falcon tube which has 20 ml of PBS to 
remove large blood clots. The amnion was 
transferred into another 50 ml falcon containing 20 
ml PBS, to wash off the remaining blood and debris. 
The process was repeated thrice and then the 
sample was shifted to the stem cell culture lab 
(Figure 1). 
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The human amniotic epithelial cells were isolated in 
class II biosafety cabinets according to the 
following optimized protocol (Figure 2). The 7cm 
long piece of amnion was washed thrice with 10ml 
PBS in 100 mm Petri plates. After washing, amnion 
was cut into eight pieces and transferred into 3 ml of 
10X trypsin for enzymatic digestion. Four pieces of 
amnion were transferred to each Petri plate. The 
amnion-containing plates were manually shaken 
for five minutes and then, the plates were 
incubated at 37oC with 5% CO2 for 30 minutes. After 
incubation, the gel was removed from each piece 
of amnion with the help of two sterile forceps and 4 
ml of complete DMEM medium was added to each 
plate. The amnion gel was homogenized using 
pipetting and then, cells were observed under a live 

cell imaging microscope. The medium containing 
hAESCs was transferred into three 25cm2cell culture 
flasks. The isolated hAESCs were cultured in DMEM 
(Gibco, Life Technologies) containing 10% fetal 
bovine serum (FBS) (MP Biomedical Inc), 
penicillin/streptomycin, sodium pyruvate and 
L-glutamine, at 37°C in 5% CO2 incubator. The 
medium was changed after every three days till 
cells become 70% confluent. 

The isolated cells were observed daily under a live 
cell imaging microscope at different time intervals 
to observe the cell attachment and colony 
formation of the cells. The morphology of the 
attached cells was analyzed at different 
magnifications i.e., 10X, 20X and 40X.

Figure 1: Full term placenta was received in kidney tray after elective cesarean sections. A. Starting from the 
reflected edge of the placenta avascular amniotic membrane separated from the chorion toward the umbil-
ical cord. B. Cutting of amniotic membrane C. Amnion was placed in 50 ml of falcon tube containing 20 ml 
of PBS with the help of sterile forceps to wash the amnion and remove the large blood clots. D. The cleared 
amniotic membrane sample was shifted to the stem cell culture lab.
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and short duration of functional rehabilitation as 
compared to non-operative cast immobilization 
leading to stiffness of wrist and fingers, a rising 
increase in surgical versus non-operative treatment 
of displaced articular fractures has recently been 
described3.

Non-displaced simple fractures are usually treated 
without surgery with a plaster cast. Because they 
heal in an unfavorable anatomical position, unsta-
ble fractures are commonly treated surgically4. 
Closed reduction and percutaneous K-wire fixation, 
fixation with volar or dorsal plates (locking or 
nonlocking), bridge plating, use of an external 
fixator, or a combination of these treatments are 
surgical and nonsurgical management options for 
patients with distal radius fractures1,2. Although the 
optimum treatment decision is dependent on the 
fracture characteristics (open/closed, un-dis-
placed/displaced, extra-/intra-articular), there is 
just a small body of high-quality evidence to 
support it. The American Academy of Orthopedic 
Surgeons (AAOS) provided 29 recommendations in 
their clinical practice guidelines for distal radius 
fracture; none of these recommendations obtained 
a satisfactory grade due to the poor quality of the 
evidence1.

External fixation and Kirschner-wire stabilization have 
been linked to an increased risk of infection in several 
studies2. Patients with high demands may benefit from 
open reduction with locking volar plates, even if 
functional outcomes in older individuals with low 
needs are satisfactory despite the presence of a 
deformity2.

The introduction of locking plates with locking 
screws opened new surgical possibilities for fracture 
fixation and stability, even with comminuted 
fractures and osteoporosis4. On the volar side of the 
wrist, the radial artery is radially retracted, and the 
fracture is exposed, reduced, and set with a locking 
plate and screws utilizing the FCR technique. Early 
wrist range of motion is crucial for a successful 
postoperative recovery with volar plating. In any 
scenario, if standard locking plate application 
principles are not followed, there is a considerable 
risk of consequences such as median nerve palsy, 
tendon irritation, and tendon rupture4. There have 
been favorable outcomes of distal radius volar 
locking plate as compared to CRIF with K-wires 
group because of earlier mobilization3. 

In a study published in 2018, it was found that Closed 
reduction and percutaneous pinning (CRPP) was an 
effective tool for recovering radiographic parameters 
following carefully selected types A and C distal radius 
fractures and that most patients had a good or 
exceptional range of wrist mobility after treatment 
with CRPP5. The objective was to determine the 

functional outcomes in patients with displaced distal 
radius fractures treated with CRIF with K-wires with 
ORIF with distal radius Volar locking plate in this study.

METHODS
In this study, 118 patients, who sustained Distal 
Radius Fractures, were included and retrospectively 
analyzed, with 89 of them receiving Open 
Reduction and Internal Fixation (ORIF) and 29 
receiving CRIF (with K-wires), and were managed at 
Dr. Ziauddin University Hospital Karachi from 
January 2017 to October 2020. The study included 
patients of all ages, genders, and races who 
matched the inclusion criteria.

The inclusion criteria included all patients with >18 
years of age, sustaining isolated distal radius fracture 
with >15° lateral displacement and>5mm radial 
shortening on the frontal plane, and fractures 
classified as B, C1-C2 type (Simple articular fractures) 
in AO classification. While exclusion criteria consisted 
of all open fractures and compromised neurovascular 
state, polytrauma, A and C3 type fractures types in 
AO, ipsilateral upper extremity fracture (Floating 
elbow) and bilateral wrist fractures.

In the ORIF group, the treatment protocol followed 
with FCR approach, reduction and internal fixation 
with angular stable plate and functional 
rehabilitation 15 days following surgery; while CRIF 
with K-wires followed Closed reduction and 
percutaneous K-wire fixation, 2-3 K-wires implanted 
from distal to the proximal region of fracture 
engaging opposing cortex and one K-wire for distal 
stability of radio-ulnar joint, if necessary, further 
stabilized in a brachio-metacarpal plaster cast. The 
wires and cast were removed after 6 weeks, 
followed by functional rehabilitation.

For patients that were surgically managed with 
Open Reduction and Internal Fixation (ORIF), the 
flexor carpi radialis (FCR) approach for Distal Radius 
Fracture was utilized, and the surgeons were familiar 
with the implants used. The patient selection for 
ORIF and K-Wire was decided considering the 
fracture pattern, patient’s medical and clinical 
history and presenting status, adequacy of closed 
reduction and surgeon choice. All the patients’ 
clinical and radiological findings were documented 
both before and after surgery. The study used 
anteroposterior and lateral X-ray scans of the wrist 
as radiographic examinations.

In a few patients undergoing ORIF, a wrist splint was 
applied post-operatively, which was removed two 
weeks later during the follow-up visit. Concomitantly, 
the splint applied with K-wires was removed at the 
period of 6 weeks along with the K-wires. Metal staple 
sutures were used in cases with ORIF and were 
removed after 2 weeks. Antibiotics were used for 

three doses perioperatively and analgesics were 
advised considering each patient. The DASH score 
was used to calculate the Functional Outcomes (at 3 
and 6 months of follow-up). A t-test was used to 
compare the functional outcomes of the two groups, 
and it was done on SPSS version 23.0. 

RESULTS
A total of 118 patients were managed for Distal 
Radius Articular Fractures. Of these 34(28.8 %) were 
females and 84 (71.2 %) were males with an M: F 

ratio of 2.5:1. The average age of the participants 
was around 40.9. The right-hand dominancy was 
found in 94 patients (79.7 %) while left-hand 
dominant patients were 24 (20.3%). There were 33 
(28.0%) patients with reported tobacco smoking. 
The patients with desk jobs were 88 (74.6%) while 
field workers were 30 (25.4%). It was observed to 
have AO 23-B in 29 patients (24.6%), AO 23-C1 to be 
52 patients (44.1%) and AO 23-C2 fractures in 37 
patients (31.4 %) (Table 1 and Figure 1). 

RESULTS
Human amniotic epithelial stem cells (hAESCs) were 
visualized under a live-cell imaging microscope at 
different time intervals and different magnifications. 
On day 1, amniotic epithelial stem cells were 

trapped in the gel and some were free-floating, on 
day 3hAESCs were attached to the flask and 
started forming colonies whereas, 70% confluency 
was attained on the 8th day of isolation (Figure 3). 

Figure 2: Diagrammatic representation of isolation of human amniotic epithelial cells (hAECs).
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INTRODUCTION
The 640,000 radius and/or ulna fractures were 
reported in the United States alone, in 2001, 
accounting for nearly 1.5 percent of all emergency 
room visits. In the paediatrics and elderly 

populations, distal radius fractures account for 25% 
and 18% of all fractures, respectively1,2. As a result of 
increasing  average  life  expectancy,  distal  radius 
articular fractures are reliably  increasing3. Because 
of increased functional demand by elderly patients 

and short duration of functional rehabilitation as 
compared to non-operative cast immobilization 
leading to stiffness of wrist and fingers, a rising 
increase in surgical versus non-operative treatment 
of displaced articular fractures has recently been 
described3.

Non-displaced simple fractures are usually treated 
without surgery with a plaster cast. Because they 
heal in an unfavorable anatomical position, unsta-
ble fractures are commonly treated surgically4. 
Closed reduction and percutaneous K-wire fixation, 
fixation with volar or dorsal plates (locking or 
nonlocking), bridge plating, use of an external 
fixator, or a combination of these treatments are 
surgical and nonsurgical management options for 
patients with distal radius fractures1,2. Although the 
optimum treatment decision is dependent on the 
fracture characteristics (open/closed, un-dis-
placed/displaced, extra-/intra-articular), there is 
just a small body of high-quality evidence to 
support it. The American Academy of Orthopedic 
Surgeons (AAOS) provided 29 recommendations in 
their clinical practice guidelines for distal radius 
fracture; none of these recommendations obtained 
a satisfactory grade due to the poor quality of the 
evidence1.

External fixation and Kirschner-wire stabilization have 
been linked to an increased risk of infection in several 
studies2. Patients with high demands may benefit from 
open reduction with locking volar plates, even if 
functional outcomes in older individuals with low 
needs are satisfactory despite the presence of a 
deformity2.

The introduction of locking plates with locking 
screws opened new surgical possibilities for fracture 
fixation and stability, even with comminuted 
fractures and osteoporosis4. On the volar side of the 
wrist, the radial artery is radially retracted, and the 
fracture is exposed, reduced, and set with a locking 
plate and screws utilizing the FCR technique. Early 
wrist range of motion is crucial for a successful 
postoperative recovery with volar plating. In any 
scenario, if standard locking plate application 
principles are not followed, there is a considerable 
risk of consequences such as median nerve palsy, 
tendon irritation, and tendon rupture4. There have 
been favorable outcomes of distal radius volar 
locking plate as compared to CRIF with K-wires 
group because of earlier mobilization3. 

In a study published in 2018, it was found that Closed 
reduction and percutaneous pinning (CRPP) was an 
effective tool for recovering radiographic parameters 
following carefully selected types A and C distal radius 
fractures and that most patients had a good or 
exceptional range of wrist mobility after treatment 
with CRPP5. The objective was to determine the 

functional outcomes in patients with displaced distal 
radius fractures treated with CRIF with K-wires with 
ORIF with distal radius Volar locking plate in this study.

METHODS
In this study, 118 patients, who sustained Distal 
Radius Fractures, were included and retrospectively 
analyzed, with 89 of them receiving Open 
Reduction and Internal Fixation (ORIF) and 29 
receiving CRIF (with K-wires), and were managed at 
Dr. Ziauddin University Hospital Karachi from 
January 2017 to October 2020. The study included 
patients of all ages, genders, and races who 
matched the inclusion criteria.

The inclusion criteria included all patients with >18 
years of age, sustaining isolated distal radius fracture 
with >15° lateral displacement and>5mm radial 
shortening on the frontal plane, and fractures 
classified as B, C1-C2 type (Simple articular fractures) 
in AO classification. While exclusion criteria consisted 
of all open fractures and compromised neurovascular 
state, polytrauma, A and C3 type fractures types in 
AO, ipsilateral upper extremity fracture (Floating 
elbow) and bilateral wrist fractures.

In the ORIF group, the treatment protocol followed 
with FCR approach, reduction and internal fixation 
with angular stable plate and functional 
rehabilitation 15 days following surgery; while CRIF 
with K-wires followed Closed reduction and 
percutaneous K-wire fixation, 2-3 K-wires implanted 
from distal to the proximal region of fracture 
engaging opposing cortex and one K-wire for distal 
stability of radio-ulnar joint, if necessary, further 
stabilized in a brachio-metacarpal plaster cast. The 
wires and cast were removed after 6 weeks, 
followed by functional rehabilitation.

For patients that were surgically managed with 
Open Reduction and Internal Fixation (ORIF), the 
flexor carpi radialis (FCR) approach for Distal Radius 
Fracture was utilized, and the surgeons were familiar 
with the implants used. The patient selection for 
ORIF and K-Wire was decided considering the 
fracture pattern, patient’s medical and clinical 
history and presenting status, adequacy of closed 
reduction and surgeon choice. All the patients’ 
clinical and radiological findings were documented 
both before and after surgery. The study used 
anteroposterior and lateral X-ray scans of the wrist 
as radiographic examinations.

In a few patients undergoing ORIF, a wrist splint was 
applied post-operatively, which was removed two 
weeks later during the follow-up visit. Concomitantly, 
the splint applied with K-wires was removed at the 
period of 6 weeks along with the K-wires. Metal staple 
sutures were used in cases with ORIF and were 
removed after 2 weeks. Antibiotics were used for 

three doses perioperatively and analgesics were 
advised considering each patient. The DASH score 
was used to calculate the Functional Outcomes (at 3 
and 6 months of follow-up). A t-test was used to 
compare the functional outcomes of the two groups, 
and it was done on SPSS version 23.0. 

RESULTS
A total of 118 patients were managed for Distal 
Radius Articular Fractures. Of these 34(28.8 %) were 
females and 84 (71.2 %) were males with an M: F 

ratio of 2.5:1. The average age of the participants 
was around 40.9. The right-hand dominancy was 
found in 94 patients (79.7 %) while left-hand 
dominant patients were 24 (20.3%). There were 33 
(28.0%) patients with reported tobacco smoking. 
The patients with desk jobs were 88 (74.6%) while 
field workers were 30 (25.4%). It was observed to 
have AO 23-B in 29 patients (24.6%), AO 23-C1 to be 
52 patients (44.1%) and AO 23-C2 fractures in 37 
patients (31.4 %) (Table 1 and Figure 1). 

hAESCs cells displayed more rounded homogenous 
populations of human amniotic epithelial stem cells 
at 10X, Cobblestone morphology typical of hAESCs 

at 20X and hAESCs fully vacuolated cytoplasm at 
40X magnification (Figure 4). 

Figure 3: Homogenous Population Of hAECs Human amniotic epithelial cells was visualized under a live-cell 
imaging microscope at 10X magnification. (A) Day 1 with amniotic epithelial cells trapped in the gel. (B) 
Amniotic epithelial cells on day 3 attached with flask and started forming colonies (marked by red arrows). 
(C) Human amniotic epithelial cells attain 70% confluence on day 8. 

Figure 4: Morphological Examination of hAECs. hAECs were observed under a live-cell imaging microscope 
at different magnifications. (A) Homogenous populations of rounded human amniotic epithelial cells at 10X. 
(B) Cobblestone-like morphology was typical of hAECs at 20X. (C) Human amniotic epithelial cells fully 
vacuolated (red arrow) cytoplasm at 40X magnification.

Isolation of Homogenous Population of Human Amniotic Epithelial Stems Cells
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DISCUSSION
This study optimized the isolation protocol and 
obtain rounded cobblestone-like pure human 
amniotic epithelial stem cells not contaminated 
with spindle-shaped MSCs. Perinatal stem cells are 
easily procured in an economical and non-invasive 
manner from tissues that are discarded at birth. 
Among them amniotic epithelial stem cells gain 
enhanced attention, are less characterized and are 
a beneficial source of stem cells that are utilized 
clinically to treat chronic diseases14,17,18.

However, there was great variation in cell yield in 
different isolation protocols, which was generally 
attributed to the quality of tissue (amniotic 
membrane) received, pre isolation time (tissue 
processing time), type and concentration of enzyme, 
steps and time for tissue digestion19-21. These are the 
vital parameters that had an important impact on the 
successful isolation of cells. The quality of the amniotic 
membrane is determined by proper washing, tissue 
processing time and the mode of delivery. Since 
amnion obtained from elective cesarean section 
(ELSC) has fewer chances of contamination than 
normal vaginal delivery22. Therefore, the amniotic 
membrane of elective cesarean sections was 
collected. Proper washing of the tissue is mandatory 
for tissue digestion. Since the RBCs, as well as serum, 
may inhibit the trypsin efficiency19,23. Therefore, sterile 
PBS with antibiotics was used for proper washing of the 
amniotic membrane. The washing steps were 
repeated until the tissue appeared transparent. 
Another main determinant affecting the quality of 
tissue is the time between collection of amniotic 
membrane and initiation of the isolation procedure 
(tissue processing time)20. Earlier studies reported that 
the amnion collected from the hospital or center 
should be transferred to the culture lab as soon as 
possible to minimize the pre isolation time or tissue 
processing time because prolonged storage or 
increased pre isolation time may decline the cell 
viability19,24. 

The epithelial monolayer, a thick underlying 
membrane, and an avascular stroma make up the 
structure of the amniotic membrane. A single layer 
of epithelial stem cells was organized uniformly on 
the basement membrane, composed of a 
compact layer of cuboidal and columnar epithelial 
stem cells. Both human amniotic epithelial stem 
cells and human amniotic mesenchymal stem cells 
were successfully isolated from amnion, exhibiting 
cobblestone-shape and fibroblast-like morphology 
respectively15.

Motedayyen et al. reported high yield and viable 
hAESCs following the amniotic membrane digestion 
thrice with 1X trypsin. However, the isolated cells 
were contaminated with MSCs20. Another study 
reported a heterogeneous population of hAESCs 

when the cells recovered by second digestion 
because cells were trapped in the gel25. Murphy et 
al. stated that by decreasing tissue digestion time 
contamination with MSCs can be reduced. 
However, this may also decrease the total yield of 
cells19. The current study optimized the protocol for 
a homogenous population of hAESCs, without any 
contamination of MSCs and successfully obtained a 
higher yield of hAESCs. The isolation protocol after 
several modifications was designed. The protocol 
established for the isolation of pure hAESCs is based 
on two important factors i) shorter incubation time, 
and ii) one-step digestion. The isolation was started 
with previously reported protocols25,26. The isolation 
was started with two-step digestion and each 
digestion was for 30 minutes. However, sufficient 
hAESCs were not obtained. The next optimization 
step involved the digestion of the sample for 45 
minutes. Still, the study failed to get enough cell 
population. Finally, the tissue was digested in 10X 
trypsin for 30 minutes. It was found that by shortened 
incubation time cellular yield was increased without 
any contamination. According to previous studies, 
shorter digestion of tissue increases the hAESCs 
yield26.

It was reported that 1X Trypsin resulted in reduced 
cell yield25. However, in the current study, the 
efficacy of 10X versus 1X concentrations in hAESCs 
isolation was assessed and evaluated with four 
separate amniotic membrane samples. The results 
showed that digestion of tissue in 1X Trypsin with 
two-step incubation failed in cell recovery. 
Regarding the truth that the efficiency of 10X trypsin 
in contrast to 1X Trypsin in hAESCs isolation is 
variable, therefore this protocol was optimized by 
digesting the membrane with 10X trypsin to obtain 
the maximum number of a viable and homogenous 
population of human amniotic epithelial stem 
cells27. The optimization of hAESCs isolation protocol 
within single digestion using 10X trypsin for 30 
minutes was done.

It was found that hAESCs started forming colonies 
on day 3 which is a critical factor for the long-term 
survival of cells. Furthermore, cells continue to 
proliferate i.e., attain viability (cell attachment) at 
about 80% and confluency of culture flask at about 
70% on the eighth day of isolation.

In other studies, they found specific enzymatic 
digestion of amniotic membrane in which human 
amniotic epithelial stem cells (hAESCs) and 
amniotic mesenchymal stem cells (hAMSCs) were 
digested by protease enzymes trypsin and 
collagenases respectively15,19,23,28. Human amniotic 
epithelial stem cells are in a single layer bound with 
weak cellular interaction so trypsin dissociates them 
easily20,27. The collagenase-based digestion solution 
was identified to cause stromal cell breakdown and 

that results in stromal cell release15,25.

CONCLUSION
The isolated population of human amniotic epitheli-
al stem cells (hAESCs) in the study was highly prolif-
erative and not contaminated with mesenchymal 
stem cells (MSCs). Therefore, the optimized protocol 
may be used for the isolation and biobanking of 
hAESCs, for a future cellular transplantation 
approach that will bring its application closer to 
reality. 
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DISCUSSION
This study optimized the isolation protocol and 
obtain rounded cobblestone-like pure human 
amniotic epithelial stem cells not contaminated 
with spindle-shaped MSCs. Perinatal stem cells are 
easily procured in an economical and non-invasive 
manner from tissues that are discarded at birth. 
Among them amniotic epithelial stem cells gain 
enhanced attention, are less characterized and are 
a beneficial source of stem cells that are utilized 
clinically to treat chronic diseases14,17,18.

However, there was great variation in cell yield in 
different isolation protocols, which was generally 
attributed to the quality of tissue (amniotic 
membrane) received, pre isolation time (tissue 
processing time), type and concentration of enzyme, 
steps and time for tissue digestion19-21. These are the 
vital parameters that had an important impact on the 
successful isolation of cells. The quality of the amniotic 
membrane is determined by proper washing, tissue 
processing time and the mode of delivery. Since 
amnion obtained from elective cesarean section 
(ELSC) has fewer chances of contamination than 
normal vaginal delivery22. Therefore, the amniotic 
membrane of elective cesarean sections was 
collected. Proper washing of the tissue is mandatory 
for tissue digestion. Since the RBCs, as well as serum, 
may inhibit the trypsin efficiency19,23. Therefore, sterile 
PBS with antibiotics was used for proper washing of the 
amniotic membrane. The washing steps were 
repeated until the tissue appeared transparent. 
Another main determinant affecting the quality of 
tissue is the time between collection of amniotic 
membrane and initiation of the isolation procedure 
(tissue processing time)20. Earlier studies reported that 
the amnion collected from the hospital or center 
should be transferred to the culture lab as soon as 
possible to minimize the pre isolation time or tissue 
processing time because prolonged storage or 
increased pre isolation time may decline the cell 
viability19,24. 

The epithelial monolayer, a thick underlying 
membrane, and an avascular stroma make up the 
structure of the amniotic membrane. A single layer 
of epithelial stem cells was organized uniformly on 
the basement membrane, composed of a 
compact layer of cuboidal and columnar epithelial 
stem cells. Both human amniotic epithelial stem 
cells and human amniotic mesenchymal stem cells 
were successfully isolated from amnion, exhibiting 
cobblestone-shape and fibroblast-like morphology 
respectively15.

Motedayyen et al. reported high yield and viable 
hAESCs following the amniotic membrane digestion 
thrice with 1X trypsin. However, the isolated cells 
were contaminated with MSCs20. Another study 
reported a heterogeneous population of hAESCs 

when the cells recovered by second digestion 
because cells were trapped in the gel25. Murphy et 
al. stated that by decreasing tissue digestion time 
contamination with MSCs can be reduced. 
However, this may also decrease the total yield of 
cells19. The current study optimized the protocol for 
a homogenous population of hAESCs, without any 
contamination of MSCs and successfully obtained a 
higher yield of hAESCs. The isolation protocol after 
several modifications was designed. The protocol 
established for the isolation of pure hAESCs is based 
on two important factors i) shorter incubation time, 
and ii) one-step digestion. The isolation was started 
with previously reported protocols25,26. The isolation 
was started with two-step digestion and each 
digestion was for 30 minutes. However, sufficient 
hAESCs were not obtained. The next optimization 
step involved the digestion of the sample for 45 
minutes. Still, the study failed to get enough cell 
population. Finally, the tissue was digested in 10X 
trypsin for 30 minutes. It was found that by shortened 
incubation time cellular yield was increased without 
any contamination. According to previous studies, 
shorter digestion of tissue increases the hAESCs 
yield26.

It was reported that 1X Trypsin resulted in reduced 
cell yield25. However, in the current study, the 
efficacy of 10X versus 1X concentrations in hAESCs 
isolation was assessed and evaluated with four 
separate amniotic membrane samples. The results 
showed that digestion of tissue in 1X Trypsin with 
two-step incubation failed in cell recovery. 
Regarding the truth that the efficiency of 10X trypsin 
in contrast to 1X Trypsin in hAESCs isolation is 
variable, therefore this protocol was optimized by 
digesting the membrane with 10X trypsin to obtain 
the maximum number of a viable and homogenous 
population of human amniotic epithelial stem 
cells27. The optimization of hAESCs isolation protocol 
within single digestion using 10X trypsin for 30 
minutes was done.

It was found that hAESCs started forming colonies 
on day 3 which is a critical factor for the long-term 
survival of cells. Furthermore, cells continue to 
proliferate i.e., attain viability (cell attachment) at 
about 80% and confluency of culture flask at about 
70% on the eighth day of isolation.

In other studies, they found specific enzymatic 
digestion of amniotic membrane in which human 
amniotic epithelial stem cells (hAESCs) and 
amniotic mesenchymal stem cells (hAMSCs) were 
digested by protease enzymes trypsin and 
collagenases respectively15,19,23,28. Human amniotic 
epithelial stem cells are in a single layer bound with 
weak cellular interaction so trypsin dissociates them 
easily20,27. The collagenase-based digestion solution 
was identified to cause stromal cell breakdown and 

that results in stromal cell release15,25.

CONCLUSION
The isolated population of human amniotic epitheli-
al stem cells (hAESCs) in the study was highly prolif-
erative and not contaminated with mesenchymal 
stem cells (MSCs). Therefore, the optimized protocol 
may be used for the isolation and biobanking of 
hAESCs, for a future cellular transplantation 
approach that will bring its application closer to 
reality. 
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DISCUSSION
This study optimized the isolation protocol and 
obtain rounded cobblestone-like pure human 
amniotic epithelial stem cells not contaminated 
with spindle-shaped MSCs. Perinatal stem cells are 
easily procured in an economical and non-invasive 
manner from tissues that are discarded at birth. 
Among them amniotic epithelial stem cells gain 
enhanced attention, are less characterized and are 
a beneficial source of stem cells that are utilized 
clinically to treat chronic diseases14,17,18.

However, there was great variation in cell yield in 
different isolation protocols, which was generally 
attributed to the quality of tissue (amniotic 
membrane) received, pre isolation time (tissue 
processing time), type and concentration of enzyme, 
steps and time for tissue digestion19-21. These are the 
vital parameters that had an important impact on the 
successful isolation of cells. The quality of the amniotic 
membrane is determined by proper washing, tissue 
processing time and the mode of delivery. Since 
amnion obtained from elective cesarean section 
(ELSC) has fewer chances of contamination than 
normal vaginal delivery22. Therefore, the amniotic 
membrane of elective cesarean sections was 
collected. Proper washing of the tissue is mandatory 
for tissue digestion. Since the RBCs, as well as serum, 
may inhibit the trypsin efficiency19,23. Therefore, sterile 
PBS with antibiotics was used for proper washing of the 
amniotic membrane. The washing steps were 
repeated until the tissue appeared transparent. 
Another main determinant affecting the quality of 
tissue is the time between collection of amniotic 
membrane and initiation of the isolation procedure 
(tissue processing time)20. Earlier studies reported that 
the amnion collected from the hospital or center 
should be transferred to the culture lab as soon as 
possible to minimize the pre isolation time or tissue 
processing time because prolonged storage or 
increased pre isolation time may decline the cell 
viability19,24. 

The epithelial monolayer, a thick underlying 
membrane, and an avascular stroma make up the 
structure of the amniotic membrane. A single layer 
of epithelial stem cells was organized uniformly on 
the basement membrane, composed of a 
compact layer of cuboidal and columnar epithelial 
stem cells. Both human amniotic epithelial stem 
cells and human amniotic mesenchymal stem cells 
were successfully isolated from amnion, exhibiting 
cobblestone-shape and fibroblast-like morphology 
respectively15.

Motedayyen et al. reported high yield and viable 
hAESCs following the amniotic membrane digestion 
thrice with 1X trypsin. However, the isolated cells 
were contaminated with MSCs20. Another study 
reported a heterogeneous population of hAESCs 

when the cells recovered by second digestion 
because cells were trapped in the gel25. Murphy et 
al. stated that by decreasing tissue digestion time 
contamination with MSCs can be reduced. 
However, this may also decrease the total yield of 
cells19. The current study optimized the protocol for 
a homogenous population of hAESCs, without any 
contamination of MSCs and successfully obtained a 
higher yield of hAESCs. The isolation protocol after 
several modifications was designed. The protocol 
established for the isolation of pure hAESCs is based 
on two important factors i) shorter incubation time, 
and ii) one-step digestion. The isolation was started 
with previously reported protocols25,26. The isolation 
was started with two-step digestion and each 
digestion was for 30 minutes. However, sufficient 
hAESCs were not obtained. The next optimization 
step involved the digestion of the sample for 45 
minutes. Still, the study failed to get enough cell 
population. Finally, the tissue was digested in 10X 
trypsin for 30 minutes. It was found that by shortened 
incubation time cellular yield was increased without 
any contamination. According to previous studies, 
shorter digestion of tissue increases the hAESCs 
yield26.

It was reported that 1X Trypsin resulted in reduced 
cell yield25. However, in the current study, the 
efficacy of 10X versus 1X concentrations in hAESCs 
isolation was assessed and evaluated with four 
separate amniotic membrane samples. The results 
showed that digestion of tissue in 1X Trypsin with 
two-step incubation failed in cell recovery. 
Regarding the truth that the efficiency of 10X trypsin 
in contrast to 1X Trypsin in hAESCs isolation is 
variable, therefore this protocol was optimized by 
digesting the membrane with 10X trypsin to obtain 
the maximum number of a viable and homogenous 
population of human amniotic epithelial stem 
cells27. The optimization of hAESCs isolation protocol 
within single digestion using 10X trypsin for 30 
minutes was done.

It was found that hAESCs started forming colonies 
on day 3 which is a critical factor for the long-term 
survival of cells. Furthermore, cells continue to 
proliferate i.e., attain viability (cell attachment) at 
about 80% and confluency of culture flask at about 
70% on the eighth day of isolation.

In other studies, they found specific enzymatic 
digestion of amniotic membrane in which human 
amniotic epithelial stem cells (hAESCs) and 
amniotic mesenchymal stem cells (hAMSCs) were 
digested by protease enzymes trypsin and 
collagenases respectively15,19,23,28. Human amniotic 
epithelial stem cells are in a single layer bound with 
weak cellular interaction so trypsin dissociates them 
easily20,27. The collagenase-based digestion solution 
was identified to cause stromal cell breakdown and 

that results in stromal cell release15,25.

CONCLUSION
The isolated population of human amniotic epitheli-
al stem cells (hAESCs) in the study was highly prolif-
erative and not contaminated with mesenchymal 
stem cells (MSCs). Therefore, the optimized protocol 
may be used for the isolation and biobanking of 
hAESCs, for a future cellular transplantation 
approach that will bring its application closer to 
reality. 
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