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Abstract: Diabetes Mellitus (DM) alters normal biologic process of tendon healing through inadequate of
growth factors, abnormalities in the production of cytokines, impaired neovascularization and collagen
synthesis. Plasma Rich Platelet (PRP) have the ability to increase growth factor concentration which results in
the increase of collagen production and tissue healing. Bovine collagen type | play role in intrinsic pathway
which result in more elastic and stronger tendon. The purpose of this research is to evaluate the combination
effect of bovine collagen type | and PRP in Achilles tendon ruptures of rat with DM type 1 through
biomechanical and histopathological examination.This is an experimental study, performed in 25 adult male
rat, divided into 5 groups. The first group was normal, second group was DM type 1, third group was DM
type 1 treated with bovine collagen, fourth group was DM type 1 treated with PRP, and fifth group was DM
type 1 treated with combination of collagen and PRP. The biomechanical evaluation was performed by traction
machine until totally ruptured (ultimated strength) and through histopathological evaluation by count of
tenoblast cell. Wefound there is significant difference in the third group and fifth group and no significant
difference in the second and four group by biomechanical and histopathology examination (p-value
<0.05).Combination of bovine collagen type | and PRP showed better biomechanical results on early ultimate
strength of ruptured tendon on diabetes mellitus type 1.
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. Introduction

Achilles tendon rupture is a common tendon rupture than other tendons [1,2]. The Fremantle diabetes
study in Australia, Diabetes Mellitus (DM) patients with spontaneous rupture of 6,25% obtained in the case of
Achilles tendon rupture [3]. Achilles tendon has a very minimal vascularity especially in wathershed zone 2 — 6
cm from the calcaneus so if there is degeneration and rupture, the healing process is not as good in many areas
of vascularization [4,5,6]. On the Achilles tendon who had DM associated with an increase in glucose levels
cause inadequate production of growth factor, cytokine production, disruption of neurovascular and disrupted
the formation of the collagen matrix that increasingly hinder the healing process and decrease the Achilles
tendon ruptures biomechanical forces [7].Conditions of acute hyperglycemia on tendon structure effect both
biomechanics and histopathology. This is due to the accumulation of Advanced Glycation End Products (AGES)
in the tendon that ruptured causing this increase in arterial stiffness, changes in collagen cross-link that ruptured
causing this increase in arterial stiffness, alter the structure, mechanical properties, decrease in collagen content
rich and disrupt the formation of fibrils [7]. In general, the tendon healing process occurs via the intrinsic and
extrinsic pathways. In biomechanics, tendon intrinsic pathway produce a stronger and more elastic, while the
extrinsic pathway result in callus formation and adhesion in the tendon. Collagen scaffold on tendon healing role
in the intrinsic pathway, whereas the PRP role in the intrinsic and extrinsic pathways [8,9,10]. Suture technique
and an early rehabilitation can improve the quality of tendon grafting. Suturing techniques are expected to
maintain a good approximation of the end of the stump so as to allow the healing process. Early rehabilitation
will increase the number and thickness of the collagen network and improve the alignment of cells and tissues
that will increase the amount of tendon fibers, the tendon fibers and the direction of the bond between networks
[11]. The addition of collagen type 1 is expected to lead the formation of the mature tendon, induces fibroblast
infiltration, as a biological scaffold as the growth of fibroblast cells and growth factors [12,13,14]. Patients
whose DM, growth factors are not produced adequately, thus giving plasma concentrations of PRP that have
high plasma concentrations (5 times than normal) and growth factors are expected to affect the healing of
Achilles tendon rupture by stimulating the proliferation of fibroblast to form collagen[15,16]. Until now, no
study has used a combination of PRP with collagen type 1 in the treatment of tendon rupture in DM. Healing
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process in the Achilles that was not good especially in the DM condition in which the healing process twice as
long and biomechanical strength was significantly lower in DM compared to the normal Achilles tendon [7],a
matter considerable importance. It is expected that the provision of triple helix collagen and PRP can speed
tendon healing with good quality, reduce the duration of immobilization, speed up the rehabilitation program
and can return to daily activities earlier. The aim of this study was to determine the effect of combination of
PRP and bovine type 1 collagen on healing of Achilles tendon rupture through an increased number of fibroblast
proliferation and biomechanical strength early in wistar rats with DM type 1 condition.

Il.  Methods

This research is experimental study, randomizedpost testcontrol group designto determine the effect of
combination of bovine type | collagen and PRPon repaired Achilles tendon DM type 1 rat. Samplesdivided
into2 groups, normoglycemic rat (negative control group, consist of 5 rats), and DM Type 1 rat ( rat injected
with streptozotocin to create DM type 1, consist of 20 rats ). The DM type 1 rat then divided into 4 groups : the
positive control group, collagen group, PRP group, and collagen + PRP group, each consist of 5 rats. After a
week of adjusment, rat’s Achilles tendon was transected and repaired with 2 strand modified Kessler and was
treated accordingly to the group (no treatment, collagen treatment, PRP treatment, and collagen + PRP
treatment). Evaluation was performed through histopathological evaluation count of fibroblast and
biomechanically, 10 days after treatment

Research was conductedat the Laboratory of Physiology, Pathology Anatomy, Pathology Clinic,
Pharmacology and Biomaterial BrawijayaUniversity from 01 February— 21 February 2014. The populationin
this study wereadultmale rat Rattus novergicus strain Wistar, 150 — 170gramsandaged6 - 8weeks.Samplewere25
male rat aged 6-8weeks, 150-170 grams (Blood Sugar > 200mg/dl 24 hours after STZ injection). Sample
selected by simplerandom sampling technique .Based onthe formulaFederer then obtaineda minimumestimate
ofthe sample sizeis 5foreach group.To anticipate theunwanted exclusion of the sample, we addedas much as
20% of thenumber of samplesineach group.

Inclusion criteria for the research is male Rattus novergicus strain Wistar, age 6 — 8 weeks, weight 150
— 170 grams, and healthy. Exclusion cirteria is rat with infection, dead during experiment, and re-rupture.

I11.  Results
After 10 days of treatment, the rats were sacrificed, and the Achilles tendon were taken, processed
histologically and biomechanically.This research conducted at fibroblast cell counts per field of view, using a
microscope equipped with screen magnification 400x, measurement of the by counting the number of fusiform
shaped fibroblast with one or more nuclei, basophilic and stain purple in HE [15].

ANOVA
Sum of
Squares df Mean Square F Sig.
Ultimate Load Betw een Groups | 3561.015 4 890.254 112.364 .000
Within Groups 198.074 25 7.923
Total 3759.089 29
Ultimate Strength Betw een Groups 47.237 4 11.809 66.508 .000
Within Groups 4.439 25 .178
Total 51.676 29
Jumlah Fibroblas per Betw een Groups | 2295.061 4 573.765 88.745 .000
lapangan pandang Within Groups 161.633 25 6.465
Total 2456695 29
Jumlah Fibroblas per lapangan pandang
Tukey HSD
Subset for alpha = .05
Perlakuan N 1 2 3 4
PRP 6 | 13.6000
DM (Non PRP+Callacure) 6 | 13.6000
Collacure 6 24,6000
Collacure+PRP 6 30.4000
Normal 6 35.2333
Sig. 1.000 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 6.000.
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Ultimate Strength

Tukey HSD'
Subset for alpha =.05
Perlakuan N 1 2 3 4
PRP 6 2.2860
DM (Non PRP+Collacure) 6 2.3058
Collacure 6 3.3783
Collacure+PRP 6 4.6495
Normal 6 5.4224
Sig. 1.000 1.000 1.000 1.000

Means for groups in homogeneous subsets are displayed.
a. Uses Harmonic Mean Sample Size = 6.000.

Annova analysis of data showed difference significantin the number of biomechanics, ultimate load,
ultimate strength, amount fibroblast per field of view (p < 0,05). Post Hoc Test with Tukey HSD showed
ultimate Load and ultimate Strength in PRP group have non-significant result with DM group, but PRP group
significant result with Collagen + PRP, Collagen and Normal. Amount Fibroblast per field of view showed that
PRP group have non-significant result with DM group, but PRP group significant result with Collagen + PRP
group, Collagen group and normal group.

Correlations

Jumlah
Fibroblas per
Ultimate lapangan
Ultimate Load Strength pandang
Ultimate Load Pearson Correlation 1 .962** .963**
Sig. (2-tailed) .000 .000
N 30 30 30
Ultimate Strength Pearson Correlation .962** 1 .956*%
Sig. (2-tailed) .000 .000
N 30 30 30
Jumlah Fibroblas per Pearson Correlation .963** .956* 1
lapangan pandang Sig. (2-tailed) .000 .000
N 30 30 30

**. Correlation is significant at the 0.01 level (2-tailed).

Correlation between fibroblast per field of view with ultimate strength variables have sig 0,000 < 0,05,
so it has a significant correlation between fibroblast with ultimate load and ultimate strength.

Regression Analysis was to calculate the magnitude of influence between fibroblast cell count to
ultimate load and ultimate strength, when fibroblast cell count has increased, then the ultimate load and strength
will also increase.

Coefficient$

Unstandardized Standardized
Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) 8.025 1.585 5.063 .000
Jumlah Fibroblas per
lapangan pandang 1.191 .063 .963 18916 .000

a. Dependent Variable: Uttimate Load

Y =0,353+0,139 X

Coefficient$

Unstandardized Standardized
Coefficients Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) .353 .203 1738 .093
Jumlah Fibroblas per
lapangan pandang 139 .008 .956 17.160 .000

a. Dependent Variable: Utimate Strength

Y =8,025+1191 X
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We also calculate the coefficient of determination and correlation coefficient with variable results
92,7% ultimate load and 91,3% ultimate strength variables will be affected by the independent variable (the
number of fibroblast cell), while the rest will be influenced by other variables that are not addressed in this
study.

Model Summ ary

Adjusted Std. Error of

Model R R Square R Square the Estimate
1 .9632 .927 .925 3.12141
a. Predictors: (Constant), Jumlah Fibroblas per lapangan

pandang

Model Summ ary

Adjusted Std. Error of

Model R R Square R Square the Estimate
1 .9562 .913 .910 .40031
a. Predictors: (Constant), Jumlah Fibroblas per lapangan

pandang

We did F Test and the result was Ultimate Load and Ultimate Strength can be affected significantly by
fibroblast cell number.

ANOVA?
Sum of
Model Squares df Mean Square F Sig.
1 Regression | 3486.280 1 3486.280 | 357.817 .0008
Residual 272.809 28 9.743
Total 3759.089 29

a. Predictors: (Constant), Jumlah Fibroblas per lapangan pandang
b. Dependent Variable: Utimate Load

ANOVAP
Sum of
Model Squares df Mean Square F Sig.
1 Regression 47.189 1 47.189 | 294.468 .0002
Residual 4.487 28 .160
Total 51.676 29

a. Predictors: (Constant), Jumlah Fibroblas per lapangan pandang
b. Dependent Variable: Uttimate Strength

IV.  Discussion

This study aims to measure the biomechanical strength of the Achilles tendon with DM type 1 rats after
grafting. Measurement of the ultimate load and strength showed that a large force was found in the group given
collagen type 1 (Collacure) and also in combination of collagen group and PRP with the group without given
either PRP or not getting PRP and collagen. On the post hoc analysis test (Tukey HSD test), treatment with PRP
had no significant difference with DM group without any treatment, because being in the same column, but the
treatment of PRP group had a significant difference compared with the group of collagen and PRP, collagen
group and normal groups. It is due to each one having a different average at ultimate load, ultimate strength and
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the number of cells per fields of view fibroblast. The meta-analysis study conducted by evaluating 23
randomized trial and 10 prospective cohort, said that there was no significant benefit in the use of PRP [16]. In
another study with the use of a randomized double blind, placebo-controlled trial showed no significant
difference among patients given injections of PRP with injection saline[17]. While the use of collagen combined
with PRP, which is performed on the tendon gap obtained that PRP effectively enhance the healing process in
the tendon guinea pigs [18]. Things mentioned above can be explained, that the use of collagen aims to provide
room and bridge the fibroblast to proliferate, with the space created by collagen, the PRP can work effectively in
the tendon, because the media and the room given that either to trigger an increase in the proliferation of
fibroblast, so the combination of collagen and PRP, can provide a better biomechanical outcome compared with
the others group on the strength of tendon rupture after repair. In this study also found a relationship between
variables fibroblast per field of view with the ultimate load and ultimate strength, with a very strong category,
because it is on an interval of 0,8-1,0. Correlation between fibroblast per field of view with the ultimate load
and ultimate strength, also has a sig value. 0,000 < 0,05, so it has a significant correlation. The regression
analysis, which calculates the magnitude of the influence of fibroblast cell with ultimate load and strength ,
concluded that the ultimate load and strength is influenced by the number of fibroblast. This research focused on
early biomechanical forces on the Achilles tendon with DM type 1 condition after repair. Increase in ultimate
load and ultimate strength assumes that the tendon will be more resistant to loads, making it more convincing to
be done early rehabilitation. The use of type 1 collagen as a scaffold is a media and a good space to PRP to
improve tendon healing process, resulting in a stronger biomechanical strength compared with no use of a
combination of collagen and PRP.

V.  Conclusion
Combination of bovine collagen type | and PRP showed better biomechanical results on early ultimate
strength of ruptured tendon on DM type 1.
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