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Abstract  
Injuries of the Achilles tendon have a protracted healing process due to poor blood supply, low 
cell count, disorganised collagen orientation and reduced mechanical strength.This study 
examines the impact of low level pulsed laser assistance Phoenix dactylifera rachis raw 
nanocellulose on Achilles tendon healing in rabbits was evaluated in the presence of bacterial 
genomic DNA. Thirty senior New Zealand White rabbits were subjected to total Achilles 
tendon transection followed by modified Kessler repair and were split up into two equal groups 
at random.The control group wasn’t treated just suturing  whereas the experimental group was 
treated by 0.3 ML of DNA-modified raw nanocellulose Suspension , applied topically at the 
site of repair. The nanocellulose was characterised by FESEM, FTIR, XRD and UV-Vis 
spectroscopy. Healing was examined clinically, ultrasonographically, histopathologically and 
biomechanically at 0, 7, 14, 30 and 60 days postoperatively. FESEM confirmed the presence 
of nanoscale particles ranging from 25.81 to 41.28 nm. Compared to the control group, the 
treated group displayed greater clinical improvement, reduced inflammatory parameters, 
higher ultrasonographic tendon continuity, more structured collagen deposition, and improved 
mechanical strength. The results indicated that nanocellulose from the raw date palm rachis, 
obtained by low-level pulsed laser-assisted processing, could be a promising local biomaterial 
for experimental tendon rehabilitation. 
Key Words: Raw Cellulose, Low intensity pulsed Laser , DNA, Achilles tendon, 
Ultrasound. 
Introduction 
Achilles tendon injuries are tough to treat 
due to low cellularity, poor vascularity and 
sluggish extracellular matrix repair. 
Consequently, healing often results in 

disorganised scar tissue rather than a 
restoration of the usual pyramidal structure 
of collagen fibres, resulting in decreased 
mechanical qualities, adhesions, and an 
increased risk of recurrence . Nanocellulose 
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is a promising biomaterial for tendon 
regeneration. It has excellent tensile 
strength, nanofibrous structure and water 
retention capacity. It can also modulate the 
porosity and is biocompatible. These 
qualities enable nanocellulose to replicate 
the key features of the extracellular matrix 
of the tendon, facilitate fibroblast adhesion 
and proliferation, and enhance collagen 
deposition and tissue remodelling . 
Moreover, this new regenerative 
biomaterial should successfully help to 
modulate the inflammatory response, direct 
the alignment of collagen fibres and induce 
the biomechanical maturation of the 
restored tissue . Thus, the application of 
nanocellulose could be an efficient 
regenerative therapeutic approach for the 
healing of the Achilles tendon in 
experimental animal models such as 
rabbits.[1–3] 
2. Materials and Methods  
2.1 Approval of ethics  
The University of Al-Qadisiyah, Iraq's 
College of Veterinary Medicine Research 
Ethics Committee approved all animal 
procedures (Ref. No. 1012, 9 March 2026). 
"Every effort was made to minimise pain 
and suffering. 
2.2. Preparation of cellulose-rich raw 
material from date palm rachis 
The rachis of date palm, Phoenix 
dactylifera L. was harvested locally in the 
area, cleaned, cut into small pieces, sun 
dried to a constant weight and milled in 
electric mill. The resulting powder was 
sieved to get the particle size more 
homogenous and to get the solvent to 
penetrate the powder more. The sieved 

powder was used for the extraction. 20 g of 
the powder thus sieved was refluxed with 
500 mL of 99% ethanol in a cellulose 
extraction thimble (in a Soxhlet apparatus) 
to remove ethanol soluble chemicals such 
as waxes, oils, pigments etc. from the 
powder leaving the fibrous part of the 
lignocellulosic structure intact. No alkaline 
treatment or bleaching or acid hydrolysis 
was carried out, and the resulting product 
was not chemically treated cellulose or 
cellulose nanocrystals but rather a 
cellulose-rich raw material of 
lignocellulosic material. This chemically 
conservative approach wasThe cellulose 
associated lignocellulosic was selected 
because it contained less strong chemicals. 
The components can be preserved as a 
minimally processed natural biomaterial to 
use in experiments involving tendon. repair 
[4–8] 

 
Figure (1 ): palm  rachis raw cellulose 
before and after extraction. 
2.3 Aqueous extract of seeds of Albizia 
lebbeck 
The seeds of Albizia lebbeck were washed, 
sun dried, ground to powder and sieved. 
The powdered seeds (50 g) were mixed 
with 100 mL of distilled water and cooked 
while stirring constantly. After that, the 
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extract was brought to room temperature. 
filtered ,stored with sterile containers and 
frozen until required. The extract was 
employed as a natural stabilizing phase 
because it contains phytochemical and 
water soluble polysaccharide components 
which might be responsible for capping and 
the colloidal stability of A. lebbeck [9–10]. 
2.4 Genomic DNA of bacteria 
Bacterial genomic DNA Bacterial genomic 
DNA of Escherichia coli was provided by 
Wahaj Al-Dana Company, Baghdad, Iraq, 
and used as a stabilizing biopolymer in the 
synthesis of nanocellulose. The 
concentration and purity of the DNA were 
measured by using a NanoDrop UV-visible 
spectrophotometer before use. The 
concentration was 937.2 ng/µL with an 
A260/A280 ratio of 1.8 with good purity. 
DNA integrity was confirmed by agarose 
gel electrophoresis. The DNA was used 
because its negatively charged phosphate 
backbone may enhance electrostatic 
stabilization and reduce particle 
aggregation [11–15]. 
2.5 Preparation of nanocellulose aided by 
low-level pulsed laser 
A chemically conservative physical 
technique was used to manufacture raw 
nanocellulose from a cellulose-rich 
lignocellulosic fraction of Phoenix 
dactylifera rachis. The starting material was 
viewed as a raw cellulose-rich fraction, not 
refined cellulose nanocrystals, because 
alkaline delignification, bleaching and acid 
hydrolysis were avoided [4–8,16]. Each 
preparation consisted of 2 g of crude 
cellulose-rich material, dispersed in 1ML of 
deionize water, then 0.5 mL of aqueous 

Albizia lebbeck seed extract as a natural 
stabilizing phase [9–10]. The suspension 
was placed in a clear glass tube and 
irradiated with a low level pulsed diode 
laser at 660 nm, 250 mW, 146 Hz, and 8 
J/cm² for 20 s. The exposure geometry was 
kept stable by pressing the laser probe into 
touch with the external wall of the tube. 
Total supplied energy was 5 J with an 
estimated irradiation area of 0.625 cm², an 
approximate beam width of 8.9 mm and a 
power density of 0.4 W/cm². For irradiation, 
pure Escherichia coli genomic DNA was 
added dropwise to a final volume of 0.5 mL 
at a rate of approximately 25 µL/s with a 
sterile micropipette. 
The laser was utilized as a physical size-
reduction assist, rather than a chemical 
synthesis instrument or therapeutic laser 
treatment. Localized photothermal and 
photomechanical agitation, pressure 
fluctuation, and microstreaming can be 
induced in the hydrated solution by 
repeated pulsed irradiation, which may 
weaken cellulose-rich clumps and 
encourage their dispersion into nanoscale 
structures [5,7–8,17]. As no metal salt was 
introduced, the mechanism was not 
understood as metal-ion reduction or 
metallic nanoparticle production. The 
stabilization was attributed to the non-
covalent interactions with the A. lebbeck 
extract and to the negatively charged 
phosphate backbone of bacterial DNA that 
might increase the electrostatic repulsion 
and decrease the particles re-aggregation 
[9–10,13–15]. Since we did not undertake 
direct surface binding investigation, we 
describe the result as raw nanocellulose 
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synthesized in the presence of bacterial 
genomic DNA, and not DNA-coated 
nanocellulose. 
The solution was freshly made under clean 
aseptic handling utilizing sterile glassware 
and sterile disposable tips prior to topical 
application. It did not promise to be 
terminally sterile or endotoxin free. The 
absence of 0.22 µm filtration, UV 
sterilization, validation of sterility, 
quantification of endotoxin, zeta potential, 
particle size distribution and PDI were 
recognized as a restriction and suggested to 
be optimized in future [7,13–15,18,22]. 
NanoDrop was defined as a UV-visible 
spectrophotometer and DNA integrity was 
measured by agarose gel electrophoresis 
[11–12]. 

 

Figure (2 ): It explains the method of 
converting extracts into nano using a low 
level pulsed laser (omega laser system). 
2.6 Animals, surgery and care 
Rabbits were anesthetized with a ketamine–
xylazine combination, according to the 
approved protocol [19]. The hind limb was 
shaved and prepared aseptically. A 
longitudinal skin incision of about 2.5 cm 
was made over the achilles tendon, which 
was carefully separated from the 
surrounding tissues. A full transverse 

tenotomy approximately 1 cm proximal to 
the hock/calcaneal insertion was performed 
to standardize the Achilles tendon damage 
model [20–21]. The ends of the tendons 
were repaired using modified Kessler 
tenorrhaphy technique with absorbable 
monofilament polydioxanone suture and 
the skin was closed with polypropylene 
sutures. After surgery the operated limb 
was clothed and supported with a 
compression bandage. 
Animals were treated according to group 
after tendon repair and before skin closure. 
In G1 (control group), 0.3 mL of phosphate-
buffered saline was locally administered at 
the site of repair. 0.3 mL of fresh DNA-
modified raw nanocellulose suspension was 
administered topically on the reconstructed 
tendon in G2. The idea was that this local 
application would allow direct interaction 
of the nanocellulose suspension with the 
early tendon healing interface. 
Nanocellulose based biomaterials have 
been described as a supporting interface for 
tissue restoration due to its high surface 
area, hydrophilicity and biocompatible 
structure [7,22–23]. 
2.7 Ratings and statistics  
Clinical, ultrasonographic, histological and 
biomechanical evaluations were performed 
on days 0, 7, 14, 30 and 60. Clinical signs 
were reported as the proportion of animals 
presenting each indication. The phrase 
clicking was eliminated and replaced by 
adhesion tendency or tendon gliding . 
Mechanical measurements are load/tensile 
resistance in Newtons (N) and not MPa or 
N/mm2 Data are given as mean +/- SE and 
analysed by post-hoc comparison using 
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ANOVA. P less than 0.05 was regarded as 
statistically significant. 

 
Fig(2);-Surgical induction and repair of 
complete rupture of the Achilles tendon in 
a rabbit. (1) Limb preparation. 
Identification of the surgery field and the 
tendons. (3)Tendon exposure. (4) Complete 
transverse tenotomy. (5) Application of 
nanocellulose topically and tendon repair. 
(6) Modified Kessler repair. (7) Skin 
closure. (8) Dressing and compression 
bandage after surgery. 
3. Results  
3.1. Characterization of nanocellulose 
The FESEM revealed the presence of dense 
spherical to subspherical nanoparticles in 
the range of 25.81 to 41.28 nm which are 
grouped together in overlapping 
nanoclusters. The XRD showed a strong 
diffraction peak at around 2theta of 28 
degrees with a broad background, which is 
indicative of a semi crystalline material; 
this may be due to the high surface energy 
and hydrogen bonding interactions. The 
UV-Vis spectroscopy revealed the 
absorption peak at 273 nm and absorbance 
of 0.469. FTIR showed bands at 3400 cm-
1, 2922-2854 cm-1, 1653 cm-1 and 1516 
cm-1 which confirmed the presence of 

essential functional groups of 
lignocellulosic structure. 

 
3.6Analysis of 
biomechanics                                              

                                                                   
A biomechanical investigation was 
performed to measure the experimental 
tensile resistance of the repaired Achilles 
tendon by a mechanical spring force gauge.  
First readings were in gram-force (gf) and 
were converted to Newtons (N) using the 
equation:                                                      

                               
Force (N) = Force (gf) * 
0.00980665                                                            
The same factor was applied to translate 
means and standard errors . The recorded 
data were experimental tensile 
resistance/load bearing capacity and were 
not normalized, hence findings were not 
reported in MPa or N/mm² as tendon cross-
sectional area was not measured.  
Table 1. Tensile resistance of repaired 
Achilles tendon for rabbit (experimental. 
Values were originally in gram-force and 
converted to Newtons . Data are expressed 
as mean±S.E. (N). 

 

 

 
A. FESEM showing nanoscale spherical 

to subspherical particles. 

 

 
 
B. XRD pattern showing semi-crystalline 
behavior. 

 

 
 
C. UV-Vis absorption peak at 273 nm. 

 

 
D. FTIR spectrum showing preserved 
lignocellulosic bands. 
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Table 1. Experimental tensile resistance 
of repaired Achilles tendon in rabbits 
expressed as mean ± SE (N). 

Group Da
y 0 

Da
y 7 

Da
y 
14 

Da
y 
30 

Da
y 
60 

G1 Control 

0.9
3 ± 
0.0
3 

1.0
8 ± 
0.0
5 

1.5
2 ± 
0.0
3 

1.7
3 ± 
0.0
4 

1.9
3 ± 
0.0
3 

G2 
Nanocellul
ose 

0.9
6 ± 
0.0
2 

1.2
4 ± 
0.0
2 

2.1
3 ± 
0.0
4 

2.4
2 ± 
0.0
3 

2.4
5 ± 
0.0
0 

All groups showed equal tensile resistance 
values on day 0, confirming that the 
immediate postoperative baseline 
conditions were identical after standardized 
transection of the Achilles tendon and 
modified Kessler repair. Hence, the Day 0 
data were taken as the baseline mechanical 
parameters prior to the commencement of 
any healing effect associated to the 
treatment. Upon follow-up, increasing 
increase in tensile resistance was observed 
in both groups, indicating ongoing tendon 
healing and collagen remodeling. However, 
the nanocellulose treated group had higher 
values than the control group, in particular 
at Days 14, 30 and 60. This finding reveals 
that topical application of raw 
nanocellulose increased the functional load 
bearing capacity of the regenerated tendon 
and promoted collagen maturation. These 
biomechanical results were consistent with 
ultrasonographic and histological results 
that demonstrated higher tendon continuity, 
better fibrillar organization, and more 
organized collagen deposition in the treated 

group.                               
3.6 Ultrasonographic findings 
At Day 0, both groups showed disturbed 
fibrillar pattern, local thickening, irregular 
boundaries and hypoechoic-to-mixed repair 
areas consistent with immediate post-
surgical changes. At 7 days, G1 showed 
persistent mixed echogenicity, disrupted 
fibrillar architecture, tendon thickening and 
residual edema, whereas G2 showed early 
repair tissue and more restricted 
surrounding fluid. At 14 days, G1 still 
showed heterogeneity and poor fiber 
continuity, while G2 showed gradual 
narrowing of the hypoechoic gap and better 
margin regularity. At 30 days, G1 showed 
thickened heterogeneous repair tissue with 
residual hypoechoic foci, whereas G2 
showed more homogeneous echogenicity 
and clearer fiber convergence. At 60 days, 
G2 showed clearer fibrillar pattern, 
increased echogenicity and better tendon 
continuity. 
Figure Plate 3. Ultrasonographic healing 
at Day 0, Day 7 and Day 14 
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Figure Plate 4. Ultrasonographic healing 
at Day 30 and Day 60 

 

 

 

 
Discssion  
As shown in the present study, it was found 
that the produced nanocellulose from the 
date palm tree (Phoenix dactylifera) via 
low-energy pulsed laser technique could 
enhance the healing process of the Achilles 
tendon when compared with the control 
group. According to FESEM analysis, it 

 
A. G1 Day 0: Longitudinal ultrasound image of 
the reconstructed Achilles tendon immediately 
after surgery, showing standardized acute post-
surgical baseline changes with a disturbed 
fibrillar pattern, local thickening, irregular 
boundaries, and a hypoechoic-to-mixed repair 
area with mild edema. Yellow arrows indicate 
echogenic suture/repair material, while the red 
arrow indicates the hypoechoic edematous repair 
region. 

 
B. G2 Day 0: Longitudinal ultrasound image of 
the reconstructed Achilles tendon immediately 
after surgery, showing comparable acute post-
surgical baseline changes with disturbed fiber 
structure, local thickening, irregular tendon 
borders, and a hypoechoic-to-mixed repair area 
with simple fluid/mild early edema. Yellow 
arrows indicate hyperechoic suture-related foci, 
while the red arrow indicates the hypoechoic gap 
or early edema. No treatment effect was 
interpreted at this baseline time point. 

 
C. G1 Day 7: Longitudinal ultrasound of the 
repaired Achilles tendon. Yellow arrows indicate 
a mixed-echogenic repair zone with disrupted 
fibrillar architecture, while the red arrow 
indicates a small adjacent hypoechoic area 
consistent with residual edema or peritendinous 
fluid. Findings suggest persistence of the early 

 
D. G2 Day 7: Longitudinal ultrasound image of 
the repaired Achilles tendon showing 
continuation of the early inflammatory phase 
with a mixed-echoic repair area. The incision site 
began to fill with repair tissue more clearly than 
at baseline (yellow arrows). Surrounding fluid 
was more restricted, and the peritendinous 

 
G. G1 Day 30: Longitudinal ultrasound image of 
the Achilles tendon showing a thickened, 
heterogeneously hyperechoic repair area (yellow 
arrows) with residual hypoechoic foci and 
irregularity within the tendon (red arrow). 
Findings indicate improvement compared with 
early stages, although persistent thickening and 
fibrillar disorganization suggest incomplete 
remodeling. 

 
H. G2 Day 30: Longitudinal ultrasound image of 
the Achilles tendon showing relative 
improvement in the regularity of the fibrillar 
pattern with increased echogenicity compared 
with the control group, indicating progress in 
healing. The tissue appeared more homogeneous, 
with clearer fiber convergence (yellow arrows), 
reflecting the effect of cellulose in accelerating 
tissue remodeling. 

 
I. G1 Day 60: Longitudinal ultrasound image of 
the Achilles tendon showing increased 
echogenicity and improved fiber continuity 
across the scar (yellow arrows), with residual 
focal heterogeneity at the repair site (red arrow). 
Findings indicate advanced scar maturation, 
improved tendon margins and fibrillar 
organization, and absence of visible 

 
J. G2 Day 60: Longitudinal ultrasound image of 
the Achilles tendon showing a clear, regular 
fibrillar pattern with increased echogenicity, 
indicating improved collagen fiber 
reorganization. Good tissue homogeneity was 
also observed and appeared better than in the 
control group. 

 
A. G1 Day 0: Histological section of the 
Achilles tendon showing standardized acute 
post-surgical baseline changes, including 
extensive tendon fiber disruption (black 
arrows), hemorrhage and fibrinous clot 
formation at the injury site (yellow arrows), 
with early inflammatory cell migration. No 
established fibroblast proliferation or healing 
tissue formation was interpreted at this 
immediate time point. H&E stain, 40X. 

 
B. G2 Day 0: Histological section of the 
Achilles tendon showing comparable acute 
post-surgical baseline changes, including 
tendon fiber disruption, hemorrhage/fibrinous 
material, and mild early inflammatory 
infiltration. No established fibroblast 
proliferation or treatment-related healing 
response was interpreted at this immediate time 
point. H&E stain, 40X. 

 
C. G1 Day 7: Histological section of the 
Achilles tendon showing gradual but limited 
early recovery. Spaces between collagen fibers 
are observed (red arrows). At this period, the 
tendon repair region displayed a moderately 
severe inflammatory reaction, with granulation 
tissue and early fibroblast proliferation (black 
arrows). H&E stain, 40X. 

 
D. G2 Day 7: Histological section of the 
Achilles tendon showing a better healing 
response, with noticeable reduction in 
inflammation and enhanced cellular 
organization compared with the suture-only 
group. A slight-to-moderate inflammatory 
response was observed at the repair site (yellow 
arrows), but it was less pronounced than in the 
control group. Early collagen deposition was 
apparent as delicate, loosely connected fibers 
(black arrows) within emerging granulation 

 
I. G1 Day 60: Histological section of the Achilles 
tendon showing limited vascularity, low cell 
density, and thick fibrotic scarring (black arrows). 
The thick but asymmetrically arranged collagen 
fibers showed poor alignment and little similarity 
to the typical tendon structure (yellow arrows). 
H&E stain, 40X. 

 
J. G2 Day 60: Histological section of the Achilles 
tendon showing dense collagen fiber deposition 
(black arrows). Fibroblasts were well organized 
with increased density (yellow arrows). H&E 
stain, 40X. 

 

 
K. G1 Day 60: Masson trichrome-stained section 
showing dense, mostly green collagen fibers 
(black arrows), but they were not parallelly 
aligned and were irregularly organized. The tissue 
showed signs of fibrous scar formation, including 
disturbed architecture and lack of similarity to 
typical tendon structure. Masson trichrome stain, 
40X. 

 
L. G2 Day 60: Masson trichrome-stained section 
showing more prevalent and better arranged 
collagen fibers compared with G1. Although some 
variation remained, the green-stained collagen 
bundles were partially aligned along the 
longitudinal direction of the tendon. Masson 
trichrome stain, 40X. 
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was found that the material had attained the 
nanoscale; however, FTIR, XRD, and UV-
Vis analysis revealed that the material has 
kept its lignocellulosic functional groups 
and semicrystalline structures. The above 
findings are in line with those by Trache et 
al. [7] and Raza et al. [8], in which it was 
mentioned that the reduction of the size of 
cellulose to the nanoscale improves its 
surface area and biocompatibility without 
compromising its fundamental structural 
properties. 
The physical effect of the use of low energy 
pulsed laser in the present study may be 
considered as facilitation by physical 
means leading to particles dispersion and to 
reduction of aggregation in the liquid 
medium and may not be considered as the 
physical agent which has triggered the 
formation of the nanostructures. According 
to Li et al. [24] the low power lasers may be 
used for the preparation of Cu₂O–Cu 
nanocomposites and the properties of 
nanoparticles prepared are determined by 
the energy of the laser beam and external 
conditions. In their study, Khraibet and 
Abdul Wahab [25] showed that the creation 
of silver nanoparticles using a low-power 
laser beam in conjunction with a natural 
plant extract could be beneficial, as 
confirmed by UV-Vis, FTIR, XRD, and 
FE-SEM research. 
The present preparation technique is also in 
agreement with the observations made by 
Mamonova et al. [26] and Koo et al. [27] 
concerning the possibility of creating 
nanoparticles or their deposition using low-
intensity or low-power lasers due to the 
local photochemical and thermal effects. 

This phenomenon was reported by Vinod et 
al. as well. [28] The nanoparticles can be 
prepared in water using low-energy laser 
pulses. In this way, the results obtained 
during nanoscale tests in the present 
investigation can be explained in such a 
way that the low-energy laser is responsible 
for the miniaturization and dispersion 
processes, while *Albizia lebbeck* extract 
and DNA were responsible for the particle 
encapsulation and stabilization. Hence, the 
present approach is the example of laser-
assisted green physical preparation. 
On the other hand, the nanocellulose group 
showed rapid resolution of claudication, 
edema, erythema, and pain, together with 
better wound healing and decreased 
adhesions, in comparison to the control 
group. The other hand, the control group 
showed a persistent presence of 
inflammatory markers as well as a delayed 
repair of the wound, suggesting that this 
may have been the cause of the lack of 
biological support, as the wound was 
simply mended. This is consistent with the 
results obtained by Lin and Dufresne [23] 
and Ghilan et al. [22]. Nancellulose is a 
substance that promotes cell attachment 
and a regulation of the extracellular matrix, 
and is biocompatible. It shows good 
agreement with Schulze-Tanzil [29] and 
Andarawis-Puri et al. [30]. The authors 
showed that in order to heal a tendon, it 
must pass through a sequence of events, 
from inflammation to activation of the 
fibroblasts, to collagen deposition and 
remodelling. As such, the clinical effect the 
nanocellulose group is related to the 
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improvement of tendon healing process 
itself. 
This effect could be explained based on the 
fact that the use of nanocellulose provided 
a surface for easy migration and collagen 
deposition in the repair zone by fibroblasts 
that are biocompatible with a moist 
environment. Furthermore, the stabilization 
and improved local biocompatibility of the 
material might have been achieved since it 
was employed the extract of Albizia 
lebbeck which contains plant molecules 
and hydrolyzed polysaccharides with 
natural stabilizer. This is in agreement with 
the results obtained with the use of natural 
stabilizer by Balkrishna et al. [9] Kumar 
Varma and Jayaram Kumar [10]. Moreover, 
phenols have a potential to affect 
inflammation and oxidative stress 
mechanisms in the same manner as it was 
proposed by Yahfoufi et al. [31]. Therefore, 
it can be concluded here that nanocellulose 
could not only be used as a filler, but also 
provide a better local environment for 
fibroblasts and collagen formation. These 
results are confirmed by the ultrasound and 
histopathological findings. The control 
group maintained their heterogeneity and 
disorganized collagen fibers, whereas the 
nanocellulose group demonstrated more 
evident signs of changes in echogenicity, 
continuity of the tendons, less 
inflammatory infiltration, and 
improvement in organization of collagen 
fibers. Heterogeneous image in the control 
group is explained by the fact that tendon 
healing is a relatively slow process without 
a pro-inflammatory biomaterial. The 
presence of inflammation and 

disorganization of collagen fibers results in 
immature scar tissue that has more 
tendency to form adhesions. The results are 
in accordance with those of Buschmann et 
al. [32] who found that the improvement in 
image was caused by collagen maturation. 
They are also in agreement with Nichols et 
al. [33]. Provenzano and Vanderby [34] 
stated that the regeneration of function in 
tendons is mainly connected with regularity 
and orientation of collagen fibers rather 
than just the number of them. It is 
confirmed by the reviews made by Sharma 
and Maffulli [35] and Docheva et al. [36]. 
Mechanically, the benefit of the 
nanocellulose group to the control group at 
the time of the experiment seems to be 
ascribed to the greater organization of the 
collagen fibers and less level of 
inflammation in the local area. This is 
because the mechanical strength of the 
repaired tendon is not only related to the 
quality of the surgical closure of the gap but 
also to the quality of the tissue being 
produced by the wound and the maturity 
and direction of the collagen. Hence the 
slight less efficiency of the control group is 
attributed to the healing rather than the 
elimination of inflammation by the 
traditional surgery. 
Conclusion  
The study revealed that the use of 
nanocellulose obtained by the low level 
pulsed laser technology from palm rachis in 
the treatment of Achilles tendon in rabbits 
was beneficial compared to the control 
group. This led to less inflammatory 
parameters in post surgery, improved 
healing and continuity of tendon fibres with 
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increased echogenicity on ultrasound. 
Histological results revealed enhanced 
activity of fibroblasts, the regularity and 
deposition of collagen fibres and the 
mechanical strength of the tendon during 
healing. Hence, nanocellulose derived from 
palm frond has the potential to become a 
biocompatible biomaterial, locally 
available, that supports tendon regeneration 
and enhances the healing process. 
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