
Surgical treatment of achilles tendon ruptures:
the comparison of open and percutaneous
methods in a rabbit model

dons have more histological abnormalities than unruptured 
ones.[10,11]

The treatment of AT ruptures includes conservative and sur-
gical methods.[12] Conservative treatments include fixed-angle 
casting or dynamic bracing;[13-16] however, their complications 
including pressure sores, fungal skin infections, and blisters 
reduce patient compliance with the treatment. Moreover, 
conservative treatments are associated with high re-rupture 
rates and prolonged recovery time.[17]

Surgical treatments such as open and mini-open/percutane-
ous techniques enable early rehabilitation and faster return 
to pre-injury activity level.[18-21] Open techniques ensure accu-
rate appositioning of the tendon ends, and thus, more stable 
suture fixation. However, the paratenon supplying blood to 
the tendon is disturbed.[18] The skin incision passes through 
poorly vascularized area on the posterior part of the distal 
calf causing morbidity such as dehiscence of the skin edges 
and delayed healing.[22,23]
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ABSTRACT

BACKGROUND: This study was intended to investigate the healing properties of open and percutaneous techniques in a rabbit 
model and compare histological, electron microscopical, and biomechanical findings of the healed tendon between the groups.

METHODS: Twenty-six rabbits were randomly assigned to two groups of thirteen rabbits each. Percutaneous tenotomy of the 
Achilles tendon (AT) was applied through a stab incision on the right side 1.5 cm above the calcaneal insertion in all animals. Using the 
same Bunnell suture, the first group was repaired with the open and the second group was repaired with the percutaneous method. 
ATs were harvested at the end of eight weeks for biomechanical and histological evaluation.

RESULTS: When the sections were evaluated for fibrillar density under electron microscopy, it was noted that fibrils were more 
abundant in the percutaneous repair group. The tendon scores in the percutaneous group were less than the open group indicating 
closer histological morphology to normal. The difference was not significant (p=0.065). The mean force to rupture the tendon was 
143.7± 9.5 N in percutaneous group and 139.2±8.2 N in the open group. The difference was not significant (p=0.33).

CONCLUSION: Percutaneous techniques provide as good clinical results as the open techniques do. The healing tendon shows 
better findings in histological and electron microscopical level with percutaneous technique.
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INTRODUCTION

The incidence of Achilles tendon (AT) rupture is around 
eighteen per 100.000 people and it is more common in men 
aged 30 to 50 years.[1] Although AT is the strongest tendon, 
it is most frequently ruptured.[2-4] Autoimmune conditions, 
mechanical abnormalities of the foot, corticosteroid therapy, 
fluoroquinolone antibiotics, and exercise-induced hyperther-
mia are causative factors for AT ruptures.[5-9] Ruptured ten-
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Percutaneous repair of the AT preserves the tendon sheaths 
and the blood supply around the AT enabling early rehabilita-
tion.[24-27] However, percutaneous techniques have higher re-
rupture rates and sural nerve complications. In a meta-analy-
sis; however, open and percutaneous repair have not differed 
significantly in terms of re-rupture and sural nerve injury.[28-30]

Studies of in vivo histological and biomechanical comparison 
of open and percutaneous techniques are limited. This study 
aimed to investigate the healing properties of open and per-
cutaneous techniques in a rabbit model and compare histo-
logical, electron microscopic, and biomechanical findings of 
the healed tendon of both groups.

MATERIALS AND METHODS

Animals
Three-month-old skeletally mature New Zealand white rab-
bits (n=26, 3.5±0.5 kg, University of Ankara, Animal Labora-
tory, Ankara, Turkey) were housed in cages and exposed to a 
diurnal light cycle. Animals were fed regularly with commer-
cially available rabbit food. The right hind legs were used for 
the study and the left legs were preserved as control group. 
The temperature was kept between 23° and 25 °C. The Eth-

ics Committee for Experiment on Animals of Hacettepe Uni-
versity in Ankara, Turkey approved all procedures done in 
this study. 

Experimental Design 
Twenty-six rabbits were randomly assigned to two groups of 
thirteen rabbits each. A percutaneous tenotomy of the AT 
was applied through a stab incision on the right side approxi-
mately 1.5 cm above the calcaneal insertion in all animals. 
Using the same suture technique, the first group was repaired 
with the open and the second group was repaired with the 
percutaneous technique. All animals participated in this study 
were followed by a veterinarian in the pre-operative period. 
The animals were sacrificed and the ATs were harvested at 
the end of eight weeks for biomechanical and histological 
evaluation. 

Surgical Procedure 
All surgical procedures were performed in a fully-equipped op-
eration theatre inside the animal laboratory unit by the first and 
the senior authors (GY, MND). The animals were anesthetized 
after overnight fasting with a combination of Rompun® (Xyla-
zine, 2 mg/kg, Bayer, Germany) and Ketalar® (Ketamin HCL, 5 
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Figure 1. (a) Percutaneous Achilles tenotomy through a stab incision. (b) 
Suture technique used in both groups. (c) Open and (d) percutaneous repairs 
used in animals, respectively.
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mg/kg, Pfizer-USA) as a bolus injection. Pental Sodyum® (Pen-
thotal sodium, 10-15 mg/kg/h. Ibrahim Ethem Ulugay, Istanbul, 
Turkey) was used for maintenance of the anaesthesia as a con-
tinuous intravenous infusion. A single dose of Lespor® (Cep-
hazoline sodium, 20 mg/kg, Ibrahim Ethem Ulugay, Istanbul, 
Turkey) was applied to all animals preoperatively. The animals 
were laid prone and the posterior parts of their legs were 
shaved. The surgical field was washed with povidone-iodine 
and subsequently covered with sterile drapes. A percutaneous 
tenotomy of the AT was applied through a stab incision on the 
right side approximately 1.5 cm above the calcaneal insertion 
in all animals (Fig. 1a). The stab incisions were kept as small 
as possible in order not to disturb the paratenon. Later, us-
ing the same suture technique (Fig. 1b) the first group was 
repaired with the open and the second group was repaired 
with the percutaneous technique. In the open group, the ten-
don ends were exposed after the stab incision was elongated 
proximally and distally. In the percutaneous group, the repair 
was achieved with the same suture technique through four 
(two proximal and two distal) stab incisions manually control-
ling the apposition of the tendon ends (Figs. 1c, d). The AT 
repair was carried out by Vicryl® (3.0, Polyglactin 910, Ethicon, 
USA) sutures. Left sided ATs were used as control groups. The 
operated legs were kept in long leg splints for three weeks 
with the ankle in 30 degrees of plantar flexion and the animals 
were left free in their cages. The animals were sacrificed at 

the end of eight weeks and the ATs were harvested. The har-
vested tendons, then, underwent biomechanical, histological 
and electron microscopic examination.
 
Electron Microscopy Examination
Six tendons from each group were used for histological and 
electron microscopic examination. Tendon pieces obtained 
from the healing region (4 mm in length and 2 mm in diameter) 
were held in 2.5% glutaraldehyde for 24 hours, washed with 
phosphate buffer, and fixed with osmium tetroxide. After-
wards, 10% formaldehyde was applied to the samples for an 
hour and the samples were dehydrated in an environment 
with increasing alcohol concentration. The samples were 
washed with propylene oxide and were embedded in epoxy 
resin containing environment. 60 nm thick sections were ob-
tained from the samples and were stained with uranyl acetate 
and lead on copper plates.[31] These sections were examined 
under transmission electron microscopy ( Joel JEM 1200 EX, 
Japon) with 20.000 magnification for collagen fibril density. 
At the beginning of the study, our aim was to measure the 
collagen fibril diameters with the help of electron microscopy 
in the control, percutaneous, and the open groups. However, 
the transverse sections of the tendon samples obtained from 
the healing regions in the open and percutaneous groups 
showed significant disorganized patterns of the collagen fi-
brils, preventing the measurement of the collagen fibrils.
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Figure 2. Electron microscopic sections 
in Control (a), Open (b) and Percutane-
ous (c) Groups, respectively (x20.000). 
The collagen fibrils in the open and the 
percutaneous groups were disorganized 
unlike the control tendon. The percutane-
ous group noted to have more abundant 
collagen fibrils than the open group. Light 
microscopy, hematoxylin eosin staining 
sections in Percutaneous (a) and Open 
(b) Groups (x40). Increased waviness and 
detachment between collagen bundles 
can be seen in the Open Group.

(a)

(d) (e)

(c)(b)



Light Microscopy Evaluation 
Tendon pieces obtained from the healing region (4 mm in 
length and 2 mm in diameter) were fixed in formalin solu-
tion buffered with 10% phosphate, dehydrated using a graded 
alcohol series, and embedded in paraffin blocks. Sections in 
5 μm thickness were obtained and stained with hematoxylin 
eosin. A standard grading system proposed by Movin et al.[32] 
was used for histological examination under light microscopy 
(Zeiss, Carl Zeiss, Oberkochen, Germany). Being a four grade 
scoring system used to examine tendon structure, 0 repre-
sents normal structure; 1 mild deterioration from normal; 2 
moderate deterioration; and 3 severe deterioration. Collagen 
fibril structure, fibril organization, roundness of the cell nucle-
uses, geographic heterogeneity of cell density, vascularity and 
collagen staining were examined and scored using this system. 
Higher scores represent more abnormal tendon structures.
 
Biomechanical Evaluation 
Biomechanical testing was achieved in the Biomechanical Lab-
oratories of the Middle East Technical University. Fourteen 
dissected ATs were mounted with special clamping jaws on 
the testing device (Lloyd, LS500, England) on each ends and 
the pull-out test was applied with a speed of 10 mm/min.[33] 
The maximum rupture loads needed in Newton (N) were 
recorded for the control and the study groups. 
 
Statistical Analysis
Statistical analysis was performed with the Statistical Package 
for the Social Sciences (SPSS) version 12.0. The Student-t and 
Mann Whitney-U tests were used to investigate differences 
between the mean force to rupture the tendons and histo-
logical scoring. Significance level was p<0.05.

RESULTS
Electron Microscopy
In all transverse sections obtained from the healed region of 
both groups, the collagen fibrils were noted to have disorga-

nized arrangement. This was thought to be due to immaturity 
of the healed region where the collagen fibrils were not able 
to organize in parallel arrangement. When the sections were 
evaluated in terms of fibril density, it was noted that fibrils 
were more abundant in percutaneous repair group (Figs. 2a-c).

Light Microscopy 
Examination of the fibril arrangement and structure revealed 
that the tendons in percutaneous group have more organized 
fibrillar structure and less waviness which is an indirect sign 
of tendon maturity. The sections obtained from percutane-
ous group showed less detachment between parallel collagen 
bundles (Figs. 2d, e) and it was noted that the bundles were 
more closely attached to each other. The arrangement of the 
collagen bundles in the percutaneous group resembled more 
like the control sections than the open group did. The open 
group had more polymorphonuclear cells causing a higher 
score in cell roundness which is an indirect sign of ongoing 
inflammation and healing. With respect to vascularity, both 
groups had mild vascularity without a significant difference. 
Geographic heterogeneity of cell density and collagen staining 
quality was similar in both groups. Overall, the tendon scores 
in the percutaneous group was less than the open group in-
dicating closer histological morphology to normal; however, 
the difference was not significant (Table 1) (p=0.065).
 
Biomechanical Evaluation 
The mean force to rupture the tendon in percutaneous group 
was measured 143.7± 9.5 N (132-159) and 191.1±9.7 N (184-
205) for the opposite control sides (Table 2). There was a 
significant difference between the percutaneous and the con-
trol groups (p<0.001). The mean force to rupture the ten-
don in open group was measured 139.2±8.2 N (126-152) and 
196.4±8.2 N (185-210) for the opposite control sides. There 
was a significant difference between the open and the con-
trol groups (p<0.001). Although the force needed to rupture 
the tendons were higher in the percutaneous group than in 
the open group, the difference was not statistically significant 
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Table 1. Results of histological scoring for each group

 Number of tendons for each score

 Percutaneous group Open group
 n=6 n=6

 Scores  0 1 2 3 0 1 2 3

Fibril structure   4 1 1   4 2

Fibril arrangement   2 3 1   3 3

Roundness of cell nuclei   6    4 1 1

Geographic heterogenity of cell density   1 4 1  1 3 2

Vascularity  5 1   5 1

Collagen staining   4 2   2 3 1



(p=0.33). The maximum force to rupture was also calculated 
as the percentage of the corresponding control side. The mea-
surements revealed higher percentages in percutaneous group 
with a significant difference (74.9%±2.8% [73-79] in percuta-
neous group; 70.6%±3,5% [63-74] in open group [p=0.02]).

DISCUSSION
The open and percutaneous AT repair techniques in a rabbit 
model were compared for histological, electron microscopical 
and biomechanical findings for the first time in the present 
study. The most important findings of the present study were 
more mature histological tendon structure and presence of 
more abundant collagen fibrils in the percutaneous group. In 
addition, when the mean force to rupture the tendons were 
calculated as the percentage of the control sides, the percuta-
neous group had better outcomes. 

It is well known that as the healing progresses in the rupture 
area the tendon gets more mature and the histology resem-
bles more like a normal tendon. The parallelism of the collagen 
fibrils increases; the angulations and the detachments around 
collagen bundles decreases; vascularity and cellular infiltration 
by polymorphonuclear and mononuclear cells decreases.[34] 
With the histological scoring system, it was aimed to identify 
whether one of the treatment groups would resemble the 
normal tendon structure more than the other. It was assumed 
that the healing would take place faster in the percutaneous 
group since the paratenon and all the vascularity around the 
tendon was protected. Although there was no statistically sig-
nificant difference between the groups, the results showed 
better tendon scores in the percutaneous group.

The mechanical strength of a collagen fibril is related to intra-
molecular bonding in its triple-helix structure and to its actual 
diameter.[31] Collagen type III which has a smaller diameter 
than collagen type II is more abundant in tendons with de-

generation and in healing process.[35] Collagen fibril diameter 
increases as the tendons get more mature with more collagen 
type II; however, collagen fibrils were noted to have disorga-
nized arrangement due to immaturity of the healing region. 
With regard to fibrillar density, fibrils were more abundant in 
the percutaneous repair group. Percutaneous group had more 
potential to produce fibrils with the paratenon and mesenchy-
mal cells that were preserved and more numbers of collagen 
fibrils were noted in the healing area. How the collagen fibril 
abundance would affect the final outcome is unknown.

The healing process around the repair site starts with inflam-
matory response. Petrou et al. showed that the inflammatory 
response around the healing region consists mainly of lym-
phocytes and fewer eosinophils, neutrophils and giant cells 
causing a heterogeneity in the cell types. Although a direct 
comparison of our results with this study is impossible due to 
lack of quantitative data, our results show similar cell hetero-
geneity both in percutaneous and open groups.[36] In another 
rabbit study comparing the effect of nicotine and saline on 
tendon healing, the investigators showed separation, slight 
waviness and loss of parallel arrangement of collagen fibers in 
the saline group which is similar to our open repair group. On 
the other hand, the percutaneous group in our study showed 
better collagen arrangement and less detachment between 
collagen bundles.[37] The vascularization was substantially in-
creased in both the saline and nicotine group in the same 
study, which is a well-accepted healing process similar to our 
findings in both the percutaneous and open group.

The goals of the treatment in AT ruptures are early return to 
pre-injury function level, minimization of morbidity, and pre-
vention of complications. Although there are controversies in 
the treatment of fresh AT ruptures, surgical treatments are rec-
ommended in young and middle-aged active patients.[12,17,20,38,39] 
Conservative treatments are dispensed due to complications 
related to skin, high re-rupture rates, tendon elongation and 
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Table 2. Maximum force needed to rupture the tendons in each group and percentages with respect 
to control sides

 Percutaneous group Open group

  P (n) Pc (n) % O (n) Oc (n) %

 1 146 184 79 126 198 63

 2 132 175 75 152 210 72

 3 136 185 73 145 195 74

 4 156 200 78 132 188 70

 5 138 189 73 144 204 71

 6 143 195 73 135 192 70

 7 159 205 77 138 185 74

 Mean±SD 143.7± 9.5 191.1±9.7 74.9±2.8 139.2±8.2 196.4±8.2 70.6±3.5

P: Percutaneous; Pc: Percutaneous control; O: Open; Oc: Open control; N: Newton; SD: Standard deviation.



long recovery period.[17] With the non-operative treatment, 
the tendon ends stay apart and gap forms between the two 
stumps leading to tendon elongation and muscle weakening. 
Open technique is associated with lower risk of re-rupture, 
provides faster rehabilitation and return to pre-injury activity 
level compared to non-operative treatment.[12] However, it is 
associated with infection, problems with incision (dehiscence, 
delayed healing), scar adhesions and longer hospital stay.[23] 
Percutaneous treatment aimed to reduce complications re-
lated to open surgery and lower the re-rupture rates asso-
ciated with conservative treatment. Percutaneous treatment 
includes application of internal splint/sutures through the stab 
incisions around the rupture and protects paratenon and vas-
cularity of the tendon with a theoretical benefit of increased 
healing potential. The technique is successful in terms of de-
creasing infection rates, preventing incision related complica-
tions and decreasing hospital costs but criticized for having 
high rates of sural nerve problems and not achieving optimum 
tendon stump apposition.[40] Percutaneous AT repair tech-
nique is minimally invasive and the exposure of the rupture 
site is unnecessary, having good functional results, less compli-
cations (wound-healing, infection), less scarring, and faster re-
covery than open surgery.[20] Percutaneous technique has been 
modified in different ways and sural nerve injury has reduced. 
Majewski et al.[41] have reported no sural nerve injury with the 
percutaneous repair after exposing the nerve through a small 
lateral incision. Webb et al.[42] have moved the lateral incisions 
more towards the midline staying away from the nerve and 
reported no nerve injury in twenty-seven patients. Doral et 
al.[20] have reported endoscopy assisted percutaneous sutur-
ing of the AT under local anaesthesia in sixty-two patients, 
95% of whom returned to their previous sportive activities. 
They have concluded that the percutaneous technique allows 
early rehabilitation, provides cosmetic wound appearance and 
endoscopic control would provide precise apposition of the 
tendon stumps. These studies show that it is possible to over-
come the drawbacks of the percutaneous technique by modi-
fying the original method. In a study using no external support 
after endoscopy-assisted AT repair and immediate rehabilita-
tion, there has been no significant difference in both ankle 
muscle strength and lower extremity functional level between 
the endoscopy-assisted repairs and the unaffected sides.[43]

In a meta-analysis of randomized controlled trials comparing 
conventional open method with minimally invasive/percuta-
neous approaches for the repair of AT ruptures, no difference 
was reported in re-ruptures, sural nerve injury, deep infection 
or adhesions.[30] Superficial wound infection was significantly 
higher in the open group. Patients were nearly three times 
more likely to report a good or excellent outcome follow-
ing minimal invasive/percutaneous repair compared to open 
surgery.[30] In another meta-analysis, the pooled rate of re-
rupture for open and percutaneous treatments were 4.3% 
and 2.1%, respectively.[39] The complication rate (excluding 
re-ruptures) in the open group was 26.1% versus 8.3% in 
the percutaneous group. In a randomized prospective study, 

no difference was reported in isokinetic evaluation of peak 
torque and total work in plantar and dorsal flexion.[44]

The current available data on open and percutaneous treat-
ment of fresh AT ruptures reveal that both techniques have 
similar clinical and functional results.[43,44] On the other hand, 
complications related to surgical site have been reported 
more commonly in the open procedures. Additionally, the 
present study showed that percutaneous technique had ad-
vantages over open technique as noted in histological scoring, 
electron microscopic findings and biomechanical testing in an 
animal model.

There were limitations in the present study. The tendon 
rupture was not a closed injury. A small stab incision was 
used to produce a tendon rupture, but the paratenon injury 
was kept minimum. The tendons used had no pre-existing 
structural tendon problem; however, in clinical settings, AT 
ruptures usually occur in tendons with existing degenera-
tion or tendinosis. Therefore, the results may be different in 
abnormal tendons.
 
Conclusion
Comparison of percutaneous/mini-invasive and open surgical 
treatment of fresh AT rupture in an animal model revealed 
similar results in biomechanical testing. On the other hand, 
histologic examination showed that percutaneous/mini-inva-
sive methods may be more advantageous in terms of tendon 
healing and maturation. However, it should be kept in mind 
that animal studies cannot be extrapolated directly to human 
beings.
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OLGU SUNUMU

Aşil tendon rüptürlerinin cerrahi tedavisi: 
Açık ve kapalı yöntemlerin tavşan modeli üzerinde karşılaştırılması
Dr. Güney Yılmaz,1 Dr. Mahmut Nedim Doral,2 Dr. Egemen Turhan,2

Dr. Gürhan Dönmez,2 Dr. Ahmet Özgür Atay,2 Dr. Defne Kaya3
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AMAÇ: Tavşan aşil tendon (AT) rüptürü modeli üzerinde açık ve perkütan yöntemlerin iyileşme özelliklerini araştırmak ve iki grup arasında histoljik, 
elektron mikroskopik ve biyomekanik bulguları karşılaştırmak. 
GEREÇ VE YÖNTEM: Yirmi altı adet tavşan her grupta 13 denek olacak şekilde rastlantısal olarak iki gruba ayrıldı. Tüm hayvanların sağ taraflarında 
AT’nin kalkaneusa yapışma bölgesinin 1.5 cm proksimalinde küçük bir insizyondan perkütan aşil tenotomisi uygulandı. Bunnel tarzı dikiş kullanılarak 
birinci grup açık yöntemle ikinci grup ise perkütan yöntem ile tedavi edildi. Sekiz hafta sonunda tendonlar biyemekanik ve histolojik değerlendirme 
amacıyla çıkartıldı. Tendonlar, fibriler yoğunluk için elektron mikroskobisiyle ve tendon iyileşme skorlaması için ise ışık mikroskopisi ile değerlendirildi.
BULGULAR: Kesitler elektron mikroskopisi ile fibriler yoğunluk için değerlendirildiğinde perkütan grupta daha yoğun fibril yapısının olduğu görüldü. 
Tendon iyileşme skorları perkütan grupta daha düşük olmakla birlikte gruplar arasında anlamlı fark bulunmadı (p=0.065). Ortalama tendon kopma 
kuvvetleri perkütan grupta 143.7±9.5 Newton (N), açık grupta 139.2±8.2 N olarak ölçüldü. Aradaki fark anlamlı değildi (p=0.33).
TARTIŞMA: Aşil tendon rüptürlerinde perkütan teknik en az açık teknik kadar iyi sonuçlar elde edilmesini sağlayabilir. Perkütan yöntemde tendon 
iyileşme dokusu daha iyi histolojik ve elektron mikroskopik bulgular gösterir. İki grup arasında erken dönemde biyomekanik olarak fark yoktur. Ten-
don iyileşmesine yardımcı olacak ve perkütan yöntemle beraber uygulanacak yeni yöntemlerin geliştirilmesi gelecek çalışmaların konusu olmalıdır.
Anahtar sözcükler: Açık tamir; aşil tendonu; perkütan tamir.
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