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Oz

Amac

insan amniotik sivisi gesitli bilyiime faktérleri ve hya-
luronik asit icermektedir. Tendon, sinir ve kemik yara-
lanmalarinin iyilesmesi Gzerine pozitif etkiye sahiptir.
insan amniotik membrani da tendon ve sinir iyiles-
mesi Uzerine etkili olmakla birlikte yanik ve kompleks
yaralarda deri iyilesmesi Uzerine de pozitif etkiye sa-
hiptir. Calismanin hipotezi insan amniotik sivisi ve
insan amniotik membraninin kirik iyilesmesini pozitif
yonde uyarmasidir. Calismanin amacit, rat tibia kirik
modelinde insan amniotik sivi ve membraninin kirik
iyilesmesine etkisinin arastiriimasidir.

Gerec¢ ve Yontem

36 erkek Wistar ratin her iki tibialari kullanilarak 72
acik kirik modeli olusturuldu ve G¢ gruba ayrildi. Grup-
1 kontrol grubu olarak alindi. Grup-2'de, seronegatif
gebelerin ikinci trimesterde yapilan amniosentezlerin-
den alinan insan amniotik sivisi kirik bolgesine en-
jekte edildi. Grup-3'te ise seronegatif term gebelerin
sezaryanlarl sonrasi alinan insan amniotik membrani
kirik boélgesine sarildi ve sonrasinda insan amniotik
sivi enjeksiyonu yapildi. Uygulamalar sonrasi tgtnct
ve altinci haftalarda radyolojik kirik kaynama patern-
leri ve Modifiye Lane-Sandhu siniflamasi kullanilarak
yapilan histopatolojik dlgciimler degerlendirildi.

Bulgular

Uctincli hafta sonunda, Grup-2 ve Grup-3'te Grup-
1'e gore daha iyi histopatolojik sonuclar elde edildi.
Altinci haftada ise Grup-2'nin sonuglari Grup-1'den
daha iyi bulundu. Grup-3’'Un de sonugclari Grup-1'den
iyi olmakla birlikte istatistiksel olarak anlamli fark sap-
tanmadi. Uclincii ve altinci haftalarda Grup-2'nin his-
topatolojik skolari Grup-3'ten anlamli derecede daha
iyi bulundu(p=0.021, p=0.019).

Sonug

Mevcut sonuglara gore insan amniotik sivisinin kirik
iyilesmesi Uzerine pozitif etkisi olmakla birlikte insan
amniotik membraninin pozitif etkisi saptanamamistir.
Dustk immunitesi ve temin kolaylidi nedeni ile insan
amniotik membrani da insan amniotik sivisi ile kombi-
ne bir sekilde kirik iyilesmesinde farkl uygulama tek-
nikleri ile kullanilabilir.

Anahtar Kelimeler : Tibia kirik modeli; insan amniotik
sivisl; insan amniotik membrani; hayvan calismasi;
kirik iyilesmesi

Abstract
Objective

Human amniotic fluid contains several growth factors
and hyaluronic acid. It has positive effect in healing
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the tendon, nerve and bone injuries. Human amnio-
tic membrane has positive effects on tendon, nerve
healing and is also used for skin healing in burns and
complex wounds. We hypothesized that human amni-
otic fluid and human amniotic membrane have positi-
ve stimulating effects on fracture healing. The aim of
this study is to investigate the effects of human am-
niotic fluid and human amniotic membrane on bone
healing in rat tibial bone fracture model.

Materials and Methods

A 72 open fracture model was created for both tibi-
al bones of 36 male Wistar rats. They were divided
into three groups. Group-1 was the control group. In
Group-2, human amniotic fluid which was taken from
amniocentesis of seronegative pregnants in their se-
cond trimester was injected to the fracture site. In
group-3, human amniotic membrane which was taken
from normal seronegative term pregnants after the-
ir caesarean sections was wrapped around fracture
site and then human amniotic fluid was injected to
the fracture site. Radiological fracture union patterns
and histopathological evaluations with Modified La-
ne-Sandhu classification were performed with Modi-

Introduction

Bone fractures are common conditions that can affect
the whole population. Besides bony involvement, sur-
rounded soft tissues are also affected from fracture.
Fracture healing is a specialized type of wound heal-
ing and results in a complex condition with involve-
ment of cellular and biochemical processes(1). These
processes may be affected positively or negatively
from many factors. Fracture healing occurs close to
original anatomical and functional properties of bone
without scar tissue with conservative or surgical treat-
ment modalities. Besides these treatment methods,
in up to 10% of all fractures, union problems may be
seen(2). Factors that enhance bone healing and ac-
celerate fracture union are still investigated.

It is known that human amniotic fluid (HAF) which is
taken at second trimester has high levels of growth
factors including fibroblast growth factor(FGF), insulin
like growth factor | and II(IGF-I and IGF-II) and epi-
dermal growth factor(EGF) and molecules like chon-
droitin 4- and 6-sulfate, dermatan sulfate and heparan
sulfate(3). Besides these, it also contains high levels
of hyaluronic acid(HA) and hyaluronic acid stimulating
activators(HASA)(4,5,6). HASA stimulates HA release
and provides bone healing with remodelation(7). HA,
alone or with growth factors, was studied to enhance

106

Human Amniotic Fluid and Membrane on Fracture Healing

fied Lane-Sandhu classification at the end of third and
sixth weeks.

Results

At third week, Group-2 and Group-3 had better his-
topathological results than Group-1. At sixth week,
Group-2 had significantly better results than Group-1.
Group-3 had also better results than Group-1 althou-
gh there was no statistical significance. At third and
sixth weeks, histopathological scores of Group-2 were
significantly better than Group-3(p=0.021, p=0.019).

Conclusion

Our data suggested that human amniotic fluid had po-
sitive effect itself but with human amniotic membrane,
it had no positive effect on bone healing. With its low
immunity and easy delivery, human amniotic memb-
rane can also be used to stimulate bone healing in
combination with human amniotic fluid with different
application techniques.

Keywords: Tibia fracture model, human amniotic flu-
id, human amniotic membrane, animal study, fracture
healing

bone healing on animal fracture models(8). It was
demonstrated that human amniotic fluid lowers scar
formation and enhances tissue healing by increasing
the HA levels at wound tissue(9).

Human amniotic membrane(HAM) is the inner layer of
fetal membranes and in contact with amniotic fluid. It
is still used in treatment of resistant skin ulcers and it
was shown experimentally that it has had positive ef-
fects on nerve and tendon healing(10,11). It may also
be used for burns and complex wounds(12). HAM has
found extensive application areas especially in oph-
thalmology(13,14). It also has very low immunity and
may be used as a transportation matrix(12).

We hypothesized that HAF itself and with HAM have
positive stimulating effects on fracture healing. The
aim of this study is to investigate the effects of HAF
and HAM on bone healing in rat tibia fracture model.

Materials and Methods

Animals

Ethical committee approval was taken from Dokuz
Eylul University (DEU) Experimental Animal Re-
search Ethical Committee. Study was made in DEU
Experimental Animals Research Laboratory. Sev-
enty-two tibial bones of 36 Wistar rats which had a



weight of 250 to 300 gr were included in the study.
Before starting the experiment, the animals were kept
at standard laboratory conditions (12-hour day - 12-
hour night cycle, 20-22 0C room temperature and 50-
60% humidity) for one week. Enough food and water
was provided.

Amniotic Fluid Collection

DEU Clinical Studies Ethical Committee approval was
taken. HAFs were collected from amniocentesis of se-
ronegative pregnants in their second trimester (16-24
weeks of pregnancy). Collected material was kept at
-20 0C and used immediately(9,16,17).

Amniotic Membrane Preparation

HAMs were taken from normal seronegative term
pregnant women after their caesarean sections. Amni-
otic epithelia was dissected from chorion layer. HAMs
were washed with sterile isotonic saline solutions to
remove all blood, kept in 10% gentamicin sulfate solu-
tion at +4 OC and used in four hours(10)(Figure-1).

Study Design

All 36 rats were operated bilaterally and both tibias of
all rats were included in the study. All 72 tibial bones
underwent the same standard surgical procedure.
Three groups were created and 12 rats (24 tibias)
were included in each group. In the first group, only
surgical procedure was performed without any ex-
tra approach and named as control group(C group).
For the second group, same surgical procedure and
one 0,3ml single dose local HAF were applied to HAF
group(3). Lastly for the third group, same surgical pro-
cedure, prepared HAM(wrapped 3600 over the frac-
ture site and fixed with number 5,0 Vicryl sutures)
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and 0,3ml single dose local HAF injection were ap-
plied to HAM+HAF group.

Operative Procedure

A dose of 80mg/kg intraperitoneal ketamine(Ketalar,
Eczacibasi, Luleburgaz, Turkey) was administered to
animals for general anesthesia. Anterior side of cruris
from knee to ankle was shaved. Operative site was
sterilized with Batticon. Skin and subcutaneous tissue
of anterior cruris were passed through and muscles
and periosteum was sharply dissected. A transverse
fracture line was produced with a cutting motor. For
intramedullary fixation of fracture, a 20G(0,9 mm)
injector needle was used from knee to ankle. After
the control of stability of fixation, fascia and skin was
closed with 5,0 number Vicryl and 4,0 number Pro-
lene, respectively(Figure-2).

Fifty mg/kg single dose of first generation cephalospo-
rin (Cefazolin Sodium) were administered to all ani-
mals. Same antibiotherapy was sustained for postop-
erative two days at 50 mg/kg/day dose. Splints were
not used postoperatively; all animals were allowed full
weight bearing immediate.

Radiological Evaluation

Just after sacrification, direct radiographies of all tibias
were taken. Bone union rates and callus formations
were observed. No quantitative method was used for
radiological evaluation.

Histopathological Evaluation

Out of 66 tibial bones, 34 and 32 were evaluated his-
topathologically at the end of third week and sixth
week, respectively.

Figure 1. Prepared HAM, just before using

Figure 2. Early postoperative period
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All bones were cleaned from soft tissues and only the
tibial bones were kept in 10% formalin solution for 48
hours. Then, all tibial bones were decalcified at 10%
formic acid solution for three days. Decalcified tib-
ias were subjected to dehydration, translucency and
parafinization processes in autotechnicone and em-
bedded in paraffin for blocking. Five micrometer thick
slices were prepared close to the center of callus per-
pendicular to fracture line. All slices were painted with
hematoxylin-eosin dye and examined with a polarized
light microscope on x4 and x10 magnifications(Fig-
ure-3 and Figure-4).

Modified Lane-Sandhu histological scoring scale was
used for histological evaluation(18). In this scoring
system, proximal union, distal union, spongy bone,
cortex and bone marrow were examined separate-
ly(Table-1).

A B C

Figure 3. Histopathological samples.
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Statistical Analysis

SPSS (version 11.0 for Windows, Chicago, IL, USA)
was used for data analysis. Comparison of histo-
pathological scores between groups was performed
with Mann Whitney U test. Comparison between third
and sixth week data was made with Wilcoxon test.

Results

During the study period, one animal had wound site
infection(in HAF group), one had loss of reduction of
both tibias(in HAM+HAF group) and one found dead
in his cage(in HAF group). These complications were
considered as normal complications of the surgical
procedure. All these three animals were excluded
from the study. All animals were sacrified at the end of
third and sixth week with high dose ether(3).

A: x4 magnification of fibrous union sample. Red arrow: Cortical bone. Black arrow: Fibrous tissue
B: x4 magnification of osteochondral union sample. Red arrow: New bone formation. Black arrow: Chondral formation

C: x4 magnification of bone union sample

A B C

Figure 4. Histopathological samples.

A: x10 magnification of fibrous union sample,

B: x10 magpnification of osteochondral union sample,
C: x10 magnification of bone union sample
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In comparison of third and sixth week histopathological
scores of C group, sixth week scores were better but
there was no statistical significance(p=0.937). Sixth
week histopathological scores of HAF and HAF+HAM
group were significantly better than third week
scores(p=0.037, p=0.041 respectively) (Table-2).

Third week histopathological scores of all groups
were compared to each other. HAF group scores
were better than C group but there was no statistical
significance(p=0.63). HAF+HAM group scores were
also better than C group, there was also no statistical
significance(p=0.123). HAF group was found signifi-
cantly better than HAF+HAM group(0.021)(Table-3).

Sixth week histopathological scores of all groups were
compared to each other. HAF group scores were sig-
nificantly better than C group(p=0.036). HAF+HAM
group scores were also better than C group, there
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was also no statistical significance(p=0.418). HAF
group was found significantly better than HAF+HAM
group(0.019) (Table-4).

Upon radiological evaluation at third week, partial
bridging dominancy was observed. Only six tibias had
full bridging (two were in C group, three and one were
in HAF and HAF+HAM groups respectively). There
was no bridging observed in four tibias(two were in
C group, one in HAF group and one in HAF+HAM
group). There was no remodelation seen in any of tib-
ias at third week evaluation.

Upon radiological evaluation at sixth week, full bridg-
ing dominancy was found. There was no bridging
seen in only two tibias(one was in C group, one in
HAF+HAM group). Fracture lines disappeared in C
and HAF groups; however, lines were apparent in
HAF+HAM group.

Modified Lane-Sandhu Histopathological Scoring Scale(Heiple et al.)

Union

No evidence of union

Proximal/Distal

Fibrous union

Osteochondral union

Bone union

Complete organization of shaft

Cancellous bone

No osseous cellular activity

Early apposition of new bone

Active apposition of new bone

Reorganizing cancellous bone

Complete reorganization of cancellous bone

Cortical bone Non

Early appearance

Formation under way

Mostly reorganized

Completely formed

Marrow

None in resected area

Beginning to appear

Present in more than half of the defect

Complete colonization by red marrow

Mature fatty marrow

Total points possible per category

Proximal union

Distal union

Cancellous bone

Cortex

Marrow

AP WOWNPIOPMWOWBOIN|IPIO|AWINP|IO||lW|N|P|O

Maximum score

N
o
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Third and Sixth week comparisons of Modified Lane-Sandhu scores for each group

Third week Sixth week p values
C Group 8,83+2,33 9,58+4,29 0,94
HAF Group 9,75%£2,9 13,8+3,71 0,03
HAM+HAF Group 7,5+1,65 10,1+1,91 0,04

The relationship within the groups were assessed by Wilcoxon test.

Third week comparison of histopathological scores(HPS) between groups

C Group HAF Group HAM+HAF Group
mean p value mean p value mean p value
HPS 8,83%2,33 9,75+2,9a a: 0,63 7,5+1,65°¢ b:0,12
c:0,02

a: HAF group compared to C group, b: HAM+HAF group compared

to C group, c: HAM+HAF group

compared to HAF group. Values are presented as means+SD. The relationship between groups was

assessed by Mann Whitney U test.

Sixth week comparison of histopathological scores(HPS) between groups

C Group HAF Group HAM+HAF Group
mean p value mean p value mean p value
HPS 9,58+4,29 13,8+3,71a a: 0,03 10,1+1,91°¢ b: 0,42
c: 0,01

a: HAF group compared to C group, b: HAM+HAF group compared

to C group, c: HAM+HAF group

compared to HAF group. Values are presented as means+SD. The relationship between groups was

assessed by Mann Whitney U test.

Discussion

We prefer open osteotomy techniques to create the
fracture model because there is a tendency to de-
layed or non-union in open fractures and this open
model was thought to be a better model to show the
effectivity of our treatment(15). Open technique also
allowed to perform HAM to the fracture site. Intramed-
ullary fixation was preferred to provide callus forma-
tion and secondary bone healing.

Human amniotic fluid was used as single dose local
injection to fracture site as described in literature pre-
viously(3). HAF group had better results compared to
control group both at third and sixth week evaluation.
HAF application may have accelerated fracture union
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according to these results. This positive effect of HAF
was dependent to its high HA, HASA and growth fac-
tor content. It also increases endogenous and exog-
enous HA.

There are several studies that support positive effects
of HAF application. Huang et al. found in their animal
study that high molecular weight HA stimulates osteo-
blastic differentiation(8). Aslan et al. created a bone
defect and filled this defect with graft, HA combination
and found better results with graft, HA combination on
bone healing at the end of six weeks(19). Radomsky
et al. used HA and Fibroblast growth factor-2 with sin-
gle dose local injection to fracture site in their animal
fracture model and found a callus formation stimula-
tion with this application(20). Eckardt et al. also used
HA and rhBMP-2 with single dose local injection and



found positive results in fracture healing(21). Kerimo-
glu et al. used HAF that was obtained in two different
weeks of gestation and found better results on bone
healing with second trimester HAF(3).

Human amniotic membrane had successful results
in medical usage, including growth factors and being
used as transportation matrix(22,23,24,25). Due to
these factors, a new group was created to include
HAM and HAF together. Better results were expected
with combined usage, but compared to single dose,
local injection of HAF provided better results on bone
healing.

Besides positive effects of HAM in the literature,
HAF+HAM group also could not provide significantly
better results on C group. In several studies it was
found that surrounding soft tissues act as cell source
for bone healing(26,27). It was thought that HAM acts
as an effective mechanical barrier and blocks interac-
tion of bone with surrounding soft tissues which may
cause delayed healing. Utvag et al. used in their an-
imal fracture model study a surgical mesh to investi-
gate its effect on bone healing and found that surgical
mesh negatively affects bone healing(27). HAM has
also acted as mechanical barrier like surgical mesh
in our study. Besides its high content of growth fac-
tors, HAM blocks cell migration from surrounding soft
tissues and also blocks interaction of injected HAF.
Its own growth factors were not enough to stimulate
bone healing. Its mechanical barrier feature may pos-
itively affect tendon and nerve adhesions but not bone
healing(9,10).

In radiological evaluation there was no gross differ-
ence between groups. No significant quantitative
parameter was found in the literature so quantitative
evaluation was not performed. Radiological evalua-
tion was performed to support histopathological eval-
uation.

There are some limitations in our study. Quantitative
radiological evaluation was not conducted. Quantita-
tive analysis with microtomography or bone mineral
density may be performed with planning their cost. For
histopathological evaluation, only hematolxylane-eo-
sine dye was used. Histomorphometric and immuno-
histochemical methods may be used in future studies.
Polarized light microscope was used in our study, on
the other hand electron microscope may give more
detailed information about bone healing.

Conclusion

Different treatment methods to enhance bone healing
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were studied. In our study, after single dose local in-
jection of HAF, early bone healing stimulation was ob-
served. No positive effect was determined with HAM
on bone healing. Single dose HAF injection is a sim-
ple method to enhance healing of tibial bone in rats.
Contrary to our results, with its low immunity and easy
delivery, HAM may also still be used to stimulate bone
healing in combination with HAF with different appli-
cation techniques. Different application techniques of
HAM and HAF are planned for future studies.
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