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Subcutaneous Achilles tendon rupture: a comparison between open technique and mini-

invasive tenorrhaphy with Achillon® suture system 

 

 

  



ABSTRACT 

Background: Surgical management of Achilles tendon rupture is still controversial: open 

techniques have a higher rate of soft tissue complications but a lower incidence of re-rupture than 

percutaneous tenorrhaphies. The aim of our retrospective study was to analyze and compare 

clinical and functional results in patients treated with either the conventional open or minimally 

invasive suture treatment with the Achillon® system. 

Methods: A retrospective review of 140 patients was performed; 72 were treated with open 

tenorrhaphy, 68 with the minimally invasive Achillon® suture system.  

Results: With a comparable re-rupture rate, there was a statistically significant reduction in 

surgical time, incidence of minor complications, time required to return to sport activities and 

return to work in the minimally invasive group. 

Conclusions: Achillon® mini-invasive suture system is a reliable tool for the Achilles tendon 

ruptures, able to reduce the incidence of soft tissues complications if compared to the classic open 

tenorrhaphy, while maintaining strength of the suture and leading to superimposed functional 

outcomes. 
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Introduction. 

No epidemiologic studies were so far performed to detect the worldwide incidence of the Achilles 

tendon rupture. Nevertheless, the literature reports it as a frequent event in North Europe and 

America (18.4/100,000 per year, range 6-37.3) [1,2] that predominantly affects active men aged, 

on average, between 30 and 46 years [3,4,5]. 

The treatment of choice for the Achilles tendon rupture is still controversial. The currently 

available surgical techniques can be divided into three categories: open, percutaneous and 

minimally invasive (mini-open) tenorrhaphies. The most important post-operative complication in 

Achilles tenorrhaphy is re-rupture, which is quite uncommon using the open technique [6]. 

Nevertheless, it is well-known that classic tenorrhaphies have a high incidence of soft tissue 

damage, which occurs in 20% of patients [7]. In order to reduce this kind of complication, several 

Authors have proposed percutaneous tenorrhaphy techniques [8]. Although percutaneous 

techniques have excellent results with regard to soft tissue complications, some studies have 

shown a higher re-rupture rate with these techniques [9,10]. Percutaneous techniques are also 

associated with iatrogenic damage to the sural nerve, caused by entrapment in the suture 

[10,11,12]. Therefore, minimally invasive tenorrhaphy has been proposed in order to circumvent 

these limitations. The objective is to decrease the skin and wound complications of the open 

techniques, while at the same time maintaining the same characteristics of reliability of the suture 

regarding re-rupture rate [13,14,15,16,17]. The main advantages of this approach are the 

possibility of direct visualization of the lesion, as well as reduced surgical invasiveness. In 1996, 

Assal developed a device dedicated to the minimally invasive technique, called Achillon®, which is 

indicated when the subcutaneous rupture lies more than 2 cm or less than 8 cm from the 

posterior calcaneal tuberosity and when the surgery is performed within 10 days of the trauma 

[18]. As already reviewed, the Achillon® suture system is characterized by a low rate of re-rupture 



(3.2%) and few complications on soft tissues [19], which are lower than those generally observed 

after open techniques [20]. 

Currently, a few studies have been devoted to comparing minimally invasive tenorrhaphy and 

other techniques [13,14,15,16,17], but these are always based on a small number of cases. The 

purpose of this retrospective study was to enroll a large patient cohort, compare the effectiveness 

of open tenorrhaphy and the Achillon® technique in treating Achilles tendon ruptures, and 

possibly highlight the benefits of the latter in terms of incidence of complications, rehabilitation 

timing, and reduction of lost working days. 

 

Methods. 

General information 

Protocol approval for retrospective chart study was obtained from our Institutional Review Board. 

The study included patients surgically treated by open tenorrhaphy or Achillon® minimally 

invasive surgery for subcutaneous Achilles tendon rupture between May 2010 and August 2014 at 

the CTO Hospital of Turin. All patients operated with alternative techniques (percutaneous or 

minimally invasive device other than the Achillon® system) and patients with Achilles tendon 

rupture caused by an external agent or secondary to a previous tenorrhaphy were excluded. The 

presence of metabolic disorders, such as diabetes or hypercholesterolemia, has not been 

considered as and exclusion criterion. The series was thus made up of 160 patients. In order to 

obtain informed consent, all patients were first contacted; 20 were untraceable and were 

excluded. Patients were followed up to two years. 

The evaluated outcomes included major complications (re-rupture, deep infection, skin necrosis, 

deep venous thrombosis, pulmonary embolism, death), minor complications (delayed wound 

healing, scar adhesion, sensation disorders in the sural nerve territory), time between the lesion 



and surgery (in days), surgical time (in minutes), return to sport, post-operative sport level 

reached (complete skill recovery or not), time to return to work and previous sport level (in days 

and months, respectively). Data were gathered by consulting medical records and through direct 

assessments. 

 

Surgical technique and patient groups 

The 140 patients were divided into two comparison groups on the basis of their surgical 

treatment: open tenorrhaphy (n=72) or Achillon® technique (n=68). The choice between the two 

treatment protocols was subjectively case-to-case done by the surgeon. 

Open tenorrhaphies were conducted using the typical Kessler suture method [21]. Patients 

were placed prone with a thigh tourniquet. A 6-8 cm long incision on the medial edge of the 

Achilles tendon was performed. The subcutaneous tissue and fat were dissected; the peritenon 

was longitudinally cut to expose the lesion. Then, the ankle was plantar flexed to expose and hold 

the tendon stumps. After the #2 absorbable braided suture, the repair was completed by 

tubulization with #3-0 or #4-0 absorbable braided sutures. Subsequently, accurate closure of the 

peritenon was performed to reduce and prevent scar tissue adhesions. The skin was then closed 

with #3-0 nylon monofilament suture. 

In the Achillon® group, injury was localized pre-operatively by echography and confirmed by 

clinical landmarks at time of surgery. Thus, the patients were positioned prone. A longitudinal 

medial skin incision was performed along the lesion and extended from 1.5 to 3 cm (Fig. 1A). The 

subcutaneous tissue was dissected, the peritenon was centrally cut, loaded with sutures and 

opened on the two sides to enable the inspection of the lesion and subsequent actions. The device 

was then inserted and pushed proximally, with the two inner arms below the peritenon, 

surrounding the tendon stump (Fig. 1B). When the device proximally reached a safe tendon area, 



three sutures were inserted in succession, through the skin, peritenon and tendon, using the holes 

of the device (Fig. 1C). The device was then extracted from the skin access, pulling the sutures into 

the tendon inside the peritenon and then exiting from the skin access at the site of the injury (Fig. 

1D). The procedure was repeated on the distal side, then the tendon was sutured to the correct 

length under visual control (Fig. 1E). Finally, accurate peritenon closure and suturing of the skin 

incision were performed. 

 

Postoperative treatment 

In patients treated with open tenorrhaphy, a more prudent rehabilitation protocol was employed 

in order to minimize the risk of a perturbed healing process, as suggested by classical studies 

[22,23]. Otherwise, in the Achillon® group it was possible to employ a more intensive 

rehabilitation program, because of the reduced invasiveness to the soft tissues.  

In the open tenorrhaphy postoperative protocol, a non-weight-bearing short-leg cast was used in 

gravity equinus for 4 weeks after surgery. Then, serial casting with an articulated brace was 

started to gradually adjust the ankle to 90° by 8 weeks post-surgery. Then, weight-bearing was 

permitted with a functional position locked by brace or cast for another 4 weeks. Finally, free and 

full weight-bearing was allowed with a 2.5 cm heel until 6 months post-surgery. 

In the minimally invasive Achillon® group, a non-weight-bearing short-leg cast was used in gravity 

equinus for 20 days after surgery. Then, active mobilization without weight-bearing was 

permitted, with gradual recovery of the functional position by the sixth week. Afterwards, loading 

with the plaster or brace locked at 90° was allowed until 60 days after surgery. Subsequently, 

gradual full weight-bearing was regained, with a 2.5 cm heel until 6 months post-surgery. 

 

Statistical analysis 



In order to calculate the incidence of major and minor complications, the number of patients who 

returned to sport and the final sport activity level reached was analyzed using the χ² test with the 

Yates correction. The surgical time, months to return to sport and days to return to work were 

analyzed using the two-tailed t-test. All analyses were carried out with GraphPad Prism version 

6.0e (GraphPad Software, San Diego, CA, USA) with p < 0.05 as the significant cut-off. 

 

Results 

Patients 

Men made up 85% (119/140) of the cohort, whose average age was 42.8 years (range 21-75). 

According to the surgical technique applied, patients were classified in two groups, which were 

characterized by a homogeneous distribution in terms of demographic parameters. In fact, no 

differences were detected between the two groups considering gender, age, concomitant 

diseases, body mass index (BMI) and number of people practicing sports (Table 1). 

 

Tenorrhaphy 

The time between the Achilles tendon rupture and the surgery was similar in the two groups. On 

average, it was 7.8 ± 8.7 days for patients undergoing open tenorrhaphy, compared to 7.0 ± 3.0 

days of those treated with the Achillon® device. The high standard deviation in the open 

technique group was due to “delayed” surgery (>20 days) in 6 patients. 

The surgical time was significantly reduced due to the employment of Achillon® device. In fact, 

the open surgery lasted 46.7 ± 9.4 minutes, which were limited to 39.3 ± 5.8 minutes in the mini-

open technique with the use of Achillon® device (p<0.001). 

 

Postoperative morbidity 



In the postoperative period, 4 patients (5.6%) belonging to the open surgery group had occurrence 

of major complications, whereas those treated with the Achillon® suture system developed them 

in 2 cases (2.9%, p=0.729). The different major complications with their frequency in the two 

patient populations were described in table 2. In particular, the occurrence of tendon re-rupture 

was sporadic in both groups. Furthermore, one of the two re-ruptures that occurred in the 

minimally invasive treatment group was consequent to an accidental trauma, a few days after 

surgery, at a moment in which the patient was without the protection of the brace despite 

medical indications. 

On the contrary, the open tenorrhaphy group recorded the occurrences of minor complications in 

18 patients (25%), which are opposed to the 2 cases detected following the use of Achillon® 

suture system (2.9%, p<0.001). This difference is due to a significant reduction (p<0.05) of delayed 

wound healing and scar adhesion incidences in the mini-open tenorrhaphy group. No differences 

were otherwise observed in terms of sural nerve disorders (table 3). 

 

Functional outcomes 

The working days lost after the Achilles tendon rupture were significantly higher for patients 

undergoing open tenorrhaphy (85.2 ± 55.8 days) with respect to those treated with the Achillon® 

device (66.5 ± 50.9 days, p<0.05).  

No difference was detected between groups regarding the percentage of patients who return to 

sports (53/68 after open tenorrhaphy and 56/64 following mini-open surgery; p=0.223) as well as 

who completely recovered the pre-injury sports skill (42/53 and 50/56, respectively; p=0.238). 

However, patients undergoing Achillon® minimally invasive surgery return to sports significantly 

earlier (6.1 ± 2.5 months) than those treated with the traditional open tenorrhaphy (8.0 ± 3.2 

months; p<0.05). 



 

Discussion 

Up to now, relatively few studies comparing minimally invasive tenorrhaphy and other techniques 

are available in literature [13,14,16,17,18]. Furthermore, with the exception of a review 

(summarizing 8 different studies) [19], the cohorts were generally limited at few tens of patients. 

Here, in our knowledge, we analyzed the outcomes of the so far largest cohort treated for Achilles 

tendon rupture by either classic open or minimally invasive tenorrhaphy with the employment of 

Achillon® suture system, two techniques characterized by the absence of absolute 

contraindications. 

The employment of Achillon® suture device reduced the surgical time by more than 15%, if 

compared with the classic open technique. On average, such reduction led the time requested for 

surgery under the 40 minutes and, together with the less invasiveness of the procedure, it could 

be at the basis of the low infection risk typically associated with this type of surgery [19]. 

Consequently and similarly to those already reported [20], the overall incidence of complication 

was lower in patients treated with the Achillon® device with respect to those undergoing open 

tenorrhaphy, despite the latter had a more conservative rehabilitation protocol. In particular, in 

the former group, we did not detect any delay in wound healing and the occurrences of scar 

adhesion were limited at two cases of 68 patients. Furthermore, no sural nerve disorders were 

reported in the Achillon® group at the follow-up, clue that the device is able to avoid one the 

common side effects of other minimally invasive procedure like the percutaneous technique 

[10,11,12]. Moreover, occurrences of deep infections and deep venous thrombosis have been 

detected only in patients treated with open tenorrhaphy, confirming the increased invasiveness of 

this type of surgery.  



Nevertheless, the most important post-operative complication in Achilles tenorrhaphy is the re-

rupture of tendon, which is proportionally more common with the reduction of surgical 

invasiveness [6,9,10]. Here, we achieved a quite identical re-rupture rate between the two 

considered surgical approaches. In fact, we observed a single case (1.4%) after open tenorrhaphy 

and two cases (2.9%) after the employment of the Achillon® device, one of which attributable to a 

second accidental trauma rather than result of the surgical choice. These data confirm the 

reliability of the Achillon® suture system which already proved a low rate of re-rupture [19] and 

demonstrated a suture strength comparable to that of the Kessler-type end-to-end suture used in 

the classical technique [24]. 

The lower incidence of complications achieved in our patient cohort treated with the Achillon® 

device, together with the associated shorter rehabilitation protocol, could be responsible of the 

rapid return to work (about 2 months) and sports (about 6 months) typical of this procedure 

[25,26]. In our cohort, the employment of Achillon® suture system significantly reduced (by more 

than 20%) the working days lost during the healing (66.5 days against 85.2 days after open 

surgery). Similarly, patients treated with the Achillon® device who decided to return to sports 

required about 24% less time (6.1 months) with respect to those undergoing classic open 

treatment (8.0 months). Anyhow, the percentage of patients in the two groups who practice 

sports again was similar, and often they recovered completely the pre-injury skill. 

 

Conclusion. 

Achillon® suture system is a reliable tool able to reduce the incidence in soft tissue complications 

if compared to the classic open tenorrhaphy, while maintaining the strengths and leading to 

superimposed functional outcomes. The shorter time of surgery and rehabilitation, as well as the 



lower amount of work days lost, are further advantageous factors in terms of both patient’s life 

quality and social cost. 

 

 

  



References. 

[1] Leppilahti J, Puranen J, Orava S. Incidence of Achilles tendon rupture. Acta Orthop Scand. 

1996;67(3):277-9. 

[2] Maffulli N, Waterston SW, Squair J, Reaper J, Douglas AS. Changing incidence of Achilles 

tendon rupture in Scotland: a 15-year study. Clin J Sport Med. 1999;9(3):157-60. 

[3] Houshian S, Tscherning T, Riegels-Nielsen P. The epidemiology of Achilles tendon rupture in 

a Danish county. Injury 1998;29:651–4. 

[4] Levi N. The incidence of Achilles tendon rupture in Copenhagen. Injury 1997;28:311–3. 

[5] Raikin SM, Garras DN, Krapchev P V. Achilles tendon injuries in a United States population. 

Foot Ankle Int 2013;34:475–80. doi:10.1177/1071100713477621. 

[6] Amendola A. Outcomes of open surgery versus nonoperative management of acute achilles 

tendon rupture. Clin J Sport Med 2014;24:90–1. doi:10.1097/JSM.0000000000000064. 

[7] Tejwani NC, Lee J, Weatherall J, Sherman O. Acute achilles tendon ruptures: a comparison 

of minimally invasive and open approach repairs followed by early rehabilitation. Am J Orthop 

(Belle Mead NJ) 2014;43:E221–5. 

[8] Ma GW, Griffith TG. Percutaneous repair of acute closed ruptured achilles tendon: a new 

technique. Clin Orthop Relat Res 1977:247–55. 

[9] Bradley JP, Tibone JE. Percutaneous and open surgical repairs of Achilles tendon ruptures. 

A comparative study. Am J Sports Med 18:188–95. 

[10] Aracil J, Pina A, Lozano JA, Torro V, Escriba I. Percutaneous suture of Achilles tendon 

ruptures. Foot Ankle 13:350–1. 

[11] Lim J, Dalal R, Waseem M. Percutaneous vs. open repair of the ruptured Achilles tendon--a 

prospective randomized controlled study. Foot Ankle Int 2001;22:559–68. 



[12] FitzGibbons RE, Hefferon J, Hill J. Percutaneous Achilles tendon repair. Am J Sports Med 

21:724–7. 

[13] Kołodziej L, Bohatyrewicz A, Kromuszczyńska J, Jezierski J, Biedroń M. Efficacy and 

complications of open and minimally invasive surgery in acute Achilles tendon rupture: a 

prospective randomised clinical study--preliminary report. Int Orthop 2013;37:625–9. 

doi:10.1007/s00264-012-1737-9. 

[14] Aviña Valencia JA, Guillén Alcalá MA. [Repair of acute Achilles tendon rupture. Comparative 

study of two surgical techniques]. Acta Ortopédica Mex 23:125–9. 

[15] Bhattacharyya M, Gerber B. Mini-invasive surgical repair of the Achilles tendon--does it 

reduce post-operative morbidity? Int Orthop 2009;33:151–6. doi:10.1007/s00264-008-0564-5. 

[16] Chan AP-H, Chan Y-Y, Fong DT-P, Wong PY-K, Lam H-Y, Lo C-K, et al. Clinical and 

biomechanical outcome of minimal invasive and open repair of the Achilles tendon. Sports Med 

Arthrosc Rehabil Ther Technol 2011;3:32. doi:10.1186/1758-2555-3-32. 

[17] Aktas S, Kocaoglu B. Open versus minimal invasive repair with Achillon device. Foot Ankle 

Int 2009;30:391–7. doi:10.3113/FAI.2009.0391. 

[18] Assal M, Jung M, Stern R, Rippstein P, Delmi M, Hoffmeyer P. Limited open repair of 

Achilles tendon ruptures: a technique with a new instrument and findings of a prospective 

multicenter study. J Bone Joint Surg Am 2002;84-A:161–70. 

[19] Bartel AFP, Elliott AD, Roukis TS. Incidence of Complications After Achillon® Mini-Open 

Suture System for Repair of Acute Midsubstance Achilles Tendon Ruptures: A Systematic Review. J 

Foot Ankle Surg 2014;53:744–6. doi:10.1053/j.jfas.2014.07.009. 

[20] Del Buono A, Volpin A, Maffulli N. Minimally invasive versus open surgery for acute Achilles 

tendon rupture: a systematic review. Br Med Bull 2014;109:45–54. doi:10.1093/bmb/ldt029. 

[21] Rosenzweig S, Azar FM. Kessler I. Open repair of acute Achilles tendon ruptures.  



Foot Ankle Clin. 2009;14(4):699-709. doi: 10.1016/j.fcl.2009.07.002 

[22] Wang CC, Chen PY, Wang TM WC. Ultrasound-guided minimally invasive surgery for achilles 

tendon rupture: preliminary results. Foot Ankle Int 2012;Jul:582–90. 

[23] Azar FM, Pickering RM. Traumatic Disorders. In Terry Canale S: Cambpell’s operative 

orthopedics. Ninth ed. St. Louis: Mosby; 1998, p 1405-49. 

[24] Ismail M, Karim A, Shulman R, Amis A, Calder J. The Achillon achilles tendon repair: is it 

strong enough? Foot Ankle Int 2008;29:808–13. doi:10.3113/FAI.2008.0808. 

[25] Valente M, Crucil M, Alecci V, Frezza G. Minimally invasive repair of acute Achilles tendon 

ruptures with Achillon device. Musculoskelet Surg 2012;96:35–9. doi:10.1007/s12306-011-0158-z. 

[26] Jung HG, Lee KB, Cho SG, Yoon TR. Outcome of achilles tendon ruptures treated by a 

limited open technique. Foot Ankle Int 2008;29:803–7. doi:10.3113/FAI.2008.0803.  

 



Table 1. Demographic parameters 
 
 Open tenorraphy Achillon®  

Age, y    

Mean 42.5 ± 11.1 43.1 ± 9.9  

Range 21-75 26-73  

Gender    

Male 60/72 (83.3%) 59/68 (86.8%)  

Female 12/72 (16.7%) 9/68 (13.2%)  

BMI 24.8 ± 3.6 25.4 ± 3.2  

Metabolic disorders† 6/72 (  8.3%) 10/68 (14.7%)  

People practicing sports 68/72 (94.4%) 64/68 (94.1%)  

† Metabolic disorders included diabetes, hypercholesterolemia, hyperuricemia, and metabolic pathologic 
obesity. * = P < 0.05 

  



Table 2. Major complications 
 
 Open tenorraphy Achillon®  

Rerupture 1/72 (1.4%) 2/68 (2.9%)  

Deep infections 2/72 (2.8%) 0/68 (0.0%)  

Cutaneous necrosis 0/72 (0.0%) 0/68 (0.0%)  

Deep venous thrombosis 1/72 (1.4%) 0/68 (0.0%)  

Pulmunary embolism 0/72 (0.0%) 0/68 (0.0%)  

Death 0/72 (0.0%) 0/68 (0.0%)  

* = P < 0.05 
 
  



Table 3. Minor complications 
 
 Open tenorraphy Achillon®  

Delayed wound healing 6/72 (  8.3%) 0/68 (0.0%) * 

Scar adhesion 11/72 (15.3%) 2/68 (2.9%) * 

Sural nerve disorders 1/72 (  1.4%) 0/68 (0.0%)  

* = P < 0.05 
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