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A B S T R A C T

Background: Rupture of the Achilles tendon (AT) is frequent in young recreational athletes. Conservative
management, open surgery and percutaneous/minimally invasive approaches are all advocated, and
conflicting data are available. This study compared functional and anthropometric outcomes of patients
who underwent open or percutaneous repair.
Methods: A retrospective comparative study, in which 38 patients underwent open and percutaneous
techniques to manage AT ruptures. For functional assessment, the calf circumference of both injured and
uninjured legs was evaluated. Isokinetic testing included total plantar flexion work, peak plantar flexion
torque, total dorsiflexion work peak and dorsiflexion torque. The Achilles Tendon Rupture Score (ATRS)
and the American Orthopedic Foot and Ankle Score (AOFAS) were evaluated at a final minimum follow-
up of 12 months.
Results: No major complications were observed. The average time to return to sport was 9 months. AOFAS
and ATRS values did not differ statistically between groups. Isokinetic variables and circumference were
similar in the operated and non-operated limb in both groups, and did not differ either when comparing
open and percutaneous repair.
Conclusions: Open and percutaneous repair of a torn Achilles tendon produced similar functional
outcomes.
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1. Introduction

Rupture of the Achilles tendon (AT) is frequent in young
recreational athletes, with an incidence ranging from 6 to 18 per
100,000 per year [1,2]. The rupture does not occur in healthy
tendons, and profound clinically asymptomatic tendinopathy
changes are present [3].

The management of torn Achilles tendon has evolved, and there
is an ongoing debate on the optimal option. Conservative
management, open surgery and percutaneous/minimally invasive
approaches are all advocated. A recent meta-analysis showed that
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non-operative management coupled with functional rehabilitation
and early mobilization produces similar re-rupture rates and less
complications than operative treatment [4].

Open surgery, classically regarded as the gold standard for
many years [5], provides good repair strength and low re-rupture
rates, at the cost of major complications such as wound necrosis
and infection [6,7]. To avoid these complications, percutaneous
and minimally invasive techniques have been described [8–19].
The comparison of percutaneous/minimally invasive versus open
repair resulted in similar functional outcomes, with a better
cosmetic appearance, a lower rate of wound complications, and no
increase in the risk of re-rupture [20].

The present study compares anthropometric, functional and
isokinetic outcomes in patients who underwent open or percuta-
neous repair following an Achilles tendon tear.
ts reserved.
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Table 1
ATRS and AOFAS results.

Variables Surgical technique n Average p-value

ATRS Open 20 95.1 0.588
Percutaneous 18 96.1

AOFAS Open 20 98.2 0.171
Percutaneous 18 95.3

Table 2
Personal satisfaction.

Surgical technique Satisfaction p-value

Very satisfied Satisfied

n % n %

Open 19 95 1 5 0.730
Percutaneous 17 94.44 1 5.55

Personal satisfaction results. Only one patient in each group was not highly satisfied
with the results. There were no statistically significant inter-group differences.
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2. Methods

This is a retrospective comparative study of 38 individuals, 35
females and 3 males (average age 47 years) operated betweenJan-
uaryof 2014 and July 2015 followinganacute ATrupture 2–6 cm from
the insertion of the ATon the calcaneus. Eighteen patients received a
percutaneous repair [12], and 20 a traditional open repair performed
through a postero-medial incision and a modified Bunnel suture
configuration. One surgeon performed the open repair, and another
the percutaneous repair. After surgery, the patients followed the
same post-operative protocol, which consisted of functional
rehabilitation with early weight bearing and early mobilization,
started at two weeks with a boot with the foot held in equinus,
progressing to neutral at 6 weeks. After 6 weeks, patients were
allowed to full weight bear without any orthosis. The average follow-
up was 33 months (12 months minimum).

In all patients, demographic data were collected. The Achilles
Tendon Rupture Score (ATRS) and the America Orthopedic Foot and
Ankle Score (AOFAS) were administered at the final follow-up
(Table 1). Isokinetic evaluation was performed at the final follow-
up using a commercially available isokinetic dynamometer (Biodex
System 3 Pro Biodex Medical Systems Inc., Shirley, USA) [13],
evaluating total plantar flexion work, peak plantar flexion torque,
total dorsiflexion work and peak dorsiflexion torque. All patients
were asked about personal satisfaction, data were collected about
return to sport (Table 2).

For the purposes of isokinetic evaluation (Table 3), all patients
warmed up by walking on the flat for five minutes. Next, they were
seated in the testing chair of the isokinetic dynamometer, with
belts over the trunk, pelvis, and thigh to ensure appropriate
stabilization. The seat back tilt was set at 70� and the distal portion
of the thigh of each participant was positioned over the device limb
support pad so that the knee remained flexed between 30� and 40�,
as assessed using a goniometer. The axis of rotation of the
dynamometer was aligned with the lateral malleolus, and the
barefoot of the leg to be tested was strapped to the footplate of the
ankle attachment of the isokinetic dynamometer so that the
plantar surface of the foot was fully supported. The testing protocol
consisted of concentric and eccentric evaluations of the plantar
flexors muscles, within a range of 10� of dorsiflexion and 20� of
plantar flexion, repeated five times at an angular velocity of 30�/s.
Initially, the participants were familiarized with the system
performing five submaximal contractions. During the test,
Table 3
Isokinetic analysis.

Isokinetic variables Surgical technique 

Open 

Operated leg Non-operated leg 

Peak torque
Concentric 179.4 (48.4) 188.9 (46.1) 

Eccentric 202.0 (53.8) 211.8 (48.4) 

Work
Concentric 45.1 (16.6) 47.8 (12.0) 

Eccentric 58.0 (19.1) 60.9 (13.9) 

Isokinetic results. The isokinetic variables did not differ statistically between the opera
participants were instructed to perform with maximal force. All
the isokinetic tests were performed by the same experienced
evaluator, who provided standardized verbal encouragement to
ensure that the subjects performed at their maximum. The various
isokinetic variables tested were normalized by body weight, except
when indicated [14,15]. Calf circumference of both injured and
uninjured limb was measured 10 cm distal do the anterior tibial
tuberosity (Table 4).

Statistical analysis was performed with the Fisher’s exact test
for categorical variables and the Student’s t test for comparisons
between the groups. The data were recorded in a Microsoft Excel
sheet (Microsoft Corporation, USA), and analyzed using SPSS_23.0
statistical software (SPSS Inc., Chicago, IL, USA). A p value <0.05
was considered significant.

3. Results

A total of 10 (26.3%) patients reported previous AT symptoms
before the rupture. Eleven (29%) patients reported at least one risk
factor for AT rupture, with obesity and smoking being the most
common. The average time between the index injury and surgery
was 7.8 days. A total of 33 (86%) patients were recreational athletes,
with soccer being the most common sport played. The average
return to sport was 9 months, with only two patients feeling
incapable of returning to athletic activities. No major complica-
tions were observed.

Table 1 reports the average values for the ATRS and AOFAS
questionnaires. Both groups reached high scores (>95) in both,
with no statistical difference between open and percutaneous
repair.

4. Discussion

The management of AT ruptures aims to restore function,
minimize morbidity, optimize return to activities, prevent
complications, and produce a good cosmetic appearance. The
scientific quality of papers comparing open to minimally invasive/
percutaneous repair is heterogeneous, with most articles reporting
subjective outcomes, without structured methods to evaluate the
effectiveness of the technique [21]. The present study reports some
isokinetic outcomes and functional variables: open and
p-value

Percutaneous

Operated leg Non-operated leg

126.4 (21.0) 127.9 (26.3) 0.654
135.9 (19.4) 138.8 (23.4) 0.365

146.4 (31.7) 165.8 (43.6) 0.789
171.9 (42.7) 176.3 (57.9) 0.323

ted and non-operated leg, and for both open and percutaneous approach.



Table 4
Calf circumference measured 10 cm distal to the anterior tibial tuberosity. Did not differ statistically between the operated and non-operated leg, and for both open and
percutaneous approach.

Variables Surgical technique n Average p-value

Calf circumference of the Operated leg Open 20 37.9 0.588
Percutaneous 18 37.8

Calf circumference of non-Operated leg Open 20 38.7 0.171
Percutaneous 18 39.1
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percutaneous repair followed by functional rehabilitation produce
similar functional outcomes.

The biomechanical evidence of superiority of one given repair
over others is conflicting. Some authors have reported percutane-
ous repairs to be stronger than open repairs, while others have
demonstrated that percutaneous repairs are weaker and more
susceptible to gapping [22,23]. Clanton et al. [24] compared the
open approach to minimally invasive techniques (Achillon, PARS,
and SpeedBridge), and showed the susceptibility of the latter to
significant early repair elongation, but comparable ultimate
strengths. Consequently, these authors suggested that minimally
invasive repairs might need to be protected longer postoperatively
to avoid potential gapping [24].

Chan et al. [25] compared open sutures with minimally invasive
surgery using the Achillon system: gait analysis and the loss of
peak torque and total work observed at the injured side were
similar between the minimally invasive and the open approach.
Similar to the present study, Gigante et al. [26] found similar
isokinetic results between open and percutaneous approaches in a
retrospective study of 40 patients.

Other retrospective studies also report similar functional
outcomes, and remark on the benefits of the minimally invasive
approaches, such as reduction in surgical time, lesser incidence of
complications, and less time required to return to sport activities
and return to work [27]. The largest single-center series, with 270
patients, reports on similar outcomes between PARS and open
repairs, with no significant differences in the rate of post-operative
complications [28].

Systematic reviews and meta-analyses show the benefits of
minimally invasive approaches. A meta-analysis of randomized
controlled trials reported no significant difference in respect to the
incidence of re-rupture, tissue adhesion, sural nerve injury, deep
infection and deep vein thrombosis. However, minimally invasive
techniques significantly reduced the risk of superficial wound
infection, with three times greater patient satisfaction [29]. A more
recent meta-analysis [30], with 815 individuals, reported similar
functional outcomes between the percutaneous and open ap-
proach. There was a higher incidence of sural nerve injuries in the
percutaneous repair group, but with the advantages of less
operation time and deep infection and higher AOFAS scores.

Reliable and well-executed functional evaluation by isokinetic
measures of calf strength was performed in the present study.
Nevertheless, this study is a retrospective comparative methodol-
ogy investigation, and surgical time was not measured. Also, we
acknowledge that we only performed isokinetic testing at low
angular velocities (30�/s), which only partially reflects the actual
use that the patients will make of the operated limb. It is possible
that other differences between the two surgical approaches would
have become evident had higher angular velocities been used.
Nevertheless, authors that used higher and functional speed for
isokinetic testing (60�/s, 120�/s and 180�/s) also did not find any
difference in the calf strength of limbs of patients who had
undergone an open or a percutaneous repair [25,26].

There are no evidence-based guidelines to choose the type of
operative management of ruptures of the Achilles tendon. Two
classification systems have been proposed [31,32], both based on
the length of the tendon defect. However, neither of these two
classifications system is evidence-based, and these classification
have been developed for the management of chronic, not acute
Achilles tendon ruptures.

Given the design of the present study, the evidence given for
assessing post-surgical outcomes and for establishing causation is
not as strong as that which would be produced by a randomized
controlled trial. The injury reported in the present study is
common, and, given the similar clinical and functional results
obtained employing the open and percutaneous repairs, a
randomized controlled trial would likely be long and costly,
necessitating large numbers of patients.

In conclusion, both approaches used in this study produced
similar functional outcomes. These results arise from the
meticulous management of soft tissue when performing
the open approach and the well executed percutaneous approach,
in order to avoid injury to the sural nerve. Randomized controlled
trials are required to address the issue of the comparison between
open versus minimally invasive AT surgery. In our hands,
minimally invasive surgery provides similar results to
those obtained with open surgery, but with decreased perioper-
ative morbidity, decreased duration of hospital stay, and reduced
costs. Multicenter studies with longer follow-up are needed to
clarify the long-term advantages of these techniques over
traditional ones.

Funding sources

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Conflict of interest

The authors declare that there are no conflicts of interest.

Acknowledgments

We are thankful to our hospital staff who made this study
possible.

References

[1] Movin T., Ryberg A, McBride DJ, Maffulli N. Acute rupture of the Achilles
tendon. Foot Ankle Clin 2005;10:331–56.

[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;9:157–60.

[3] Hattrup SJ, Johnson KA. A review of ruptures of the Achilles tendon. Foot Ankle
1985;6:34–8.

[4] Soroceanu A, Sidhwa F, Aarabi S, Kaufman A, Glazebrook M. Surgical versus
nonsurgical treatment of acute Achilles tendon rupture: a meta-analysis of
randomized trials. J Bone Joint Surg Am 2012;94:2136–43.

[5] Maffulli G, Buono AD, Richards P, Oliva F, Maffulli N. Conservative, minimally
invasive and open surgical repair for management of acute ruptures of the
Achilles tendon: a clinical and functional retrospective study. Muscles
Ligaments Tendons J 2017;7:46–52.

[6] Inglis AE, Scott WN, Sculco TP, Patterson AH. Ruptures of the tendo achillis. An
objective assessment of surgical and non-surgical treatment. J Bone Joint Surg
Am 1976;58:990–3.

[7] Nistor L. Conservative treatment of fresh subcutaneous rupture of the Achilles
tendon. Acta Orthop Scand 1976;47:459–62.

http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0005
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0005
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0010
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0010
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0010
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0015
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0015
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0020
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0020
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0020
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0025
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0025
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0025
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0025
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0030
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0030
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0030
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0035
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0035


506 D. Baumfeld et al. / Foot and Ankle Surgery 25 (2019) 503–506
[8] Ma GW, Griffith TG. Percutaneous repair of acute closed ruptured achilles
tendon: a new technique. Clin Orthop Relat Res 1977;247–55.

[9] 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.

[10] Guillo S, Del Buono A, Dias M, Denaro V, Maffulli N. Percutaneous repair of
acute ruptures of the tendo Achillis. Surgeon 2013;11:14–9.

[11] Maffulli N, Longo UG, Ronga M, Khanna A, Denaro V. Favorable outcome of
percutaneous repair of achilles tendon ruptures in the elderly. Clin Orthop
Relat Res 2010;468:1039–46.

[12] Carmont MR, Maffulli N. Modified percutaneous repair of ruptured Achilles
tendon. Knee Surg Sports Traumatol Arthrosc 2008;16:199–203.

[13] McClelland D, Maffulli N. Percutaneous repair of ruptured Achilles tendon. J R
Coll Surg Edinb 2002;47:613–8.

[14] Maffulli N, Spiezia F, Testa V, Capasso G, Longo UG, Denaro V. Free gracilis
tendon graft for reconstruction of chronic tears of the Achilles tendon. J Bone
Joint Surg Am 2012;94:906–10.

[15] Maffulli N, Longo UG, Spiezia F, Denaro V. Free hamstrings tendon transfer and
interference screw fixation for less invasive reconstruction of chronic
avulsions of the Achilles tendon. Knee Surg Sports Traumatol Arthrosc
2010;18:269–73.

[16] Maffulli N, Del Buono A, Spiezia F, Maffulli GD, Longo UG, Denaro V. Less-
invasive semitendinosus tendon graft augmentation for the reconstruction of
chronic tears of the Achilles tendon. Am J Sports Med 2013;41:865–71.

[17] Maffulli N, Spiezia F, Pintore E, Longo UG, Testa V, Capasso G, et al.
Peroneus brevis tendon transfer for reconstruction of chronic tears of the
Achilles tendon: a long-term follow-up study. J Bone Joint Surg Am
2012;94:901–5.

[18] Maffulli N, Spiezia F, Longo UG, Denaro V. Z-shortening of healed, elongated
Achilles tendon rupture. Int Orthop 2012;36:2087–93.

[19] Chen H, Ji X, Zhang Q, Liang X, Tang P. Channel-assisted minimally invasive
repair of acute Achilles tendon rupture. J Orthop Surg Res 2015;10:167.

[20] Henriquez H, Munoz R, Carcuro G, Bastias C. Is percutaneous repair better than
open repair in acute Achilles tendon rupture? Clin Orthop Relat Res
2012;470:998–1003.
[21] Zayni R, Coursier R, Zakaria M, Desrousseaux JF, Cordonnier D, Polveche G.
Activity level recovery after acute Achilles tendon rupture surgically repaired: a
series of 29 patients with a mean follow-up of 46 months. Muscles Ligaments
Tendons J 2017;7:69–77.

[22] Heitman DE, Ng K, Crivello KM, Gallina J. Biomechanical comparison of the
Achillon tendon repair system and the Krackow locking loop technique. Foot
Ankle Int 2011;32:879–87.

[23] Lee SJ, Sileo MJ, Kremenic IJ, Orishimo K, Ben-Avi S, Nicholas SJ, et al. Cyclic
loading of 3 Achilles tendon repairs simulating early postoperative forces. Am J
Sports Med 2009;37:786–90.

[24] Clanton TO, Haytmanek CT, Williams BT, Civitarese DM, Turnbull TL, Massey
MB, et al. A biomechanical comparison of an open repair and 3 minimally
invasive percutaneous Achilles tendon repair techniques during a simulated,
progressive rehabilitation protocol. Am J Sports Med 2015;43:1957–64.

[25] Chan AP, Chan YY, Fong DT, Wong PY, Lam HY, Lo CK, 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.

[26] Gigante A, Moschini A, Verdenelli A, Del Torto M, Ulisse S, de Palma L. Openversus
percutaneous repair in the treatment of acute Achilles tendon rupture: a
randomized prospective study. Knee Surg Sports Traumatol Arthrosc
2008;16:204–9.

[27] Daghino W, Enrietti E, Sprio AE, di Prun NB, Berta GN, Masse A. Subcutaneous
Achilles tendon rupture: a comparison between open technique and mini-
invasive tenorrhaphy with Achillon1 suture system. Injury 2016;47:2591–5.

[28] Hsu AR, Jones CP, Cohen BE, Davis WH, Ellington JK, Anderson RB. Clinical
outcomes and complications of percutaneous Achilles repair systemversus open
technique for acute Achilles tendon ruptures. Foot Ankle Int 2015;36:1279–86.

[29] McMahon SE, Smith TO, Hing CB. A meta-analysis of randomised controlled
trials comparing conventional to minimally invasive approaches for repair of
an Achilles tendon rupture. Foot Ankle Surg 2011;17:211–7.

[30] Yang B, Liu Y, Kan S, Zhang D, Xu H, Liu F, et al. Outcomes and complications of
percutaneous versus open repair of acute Achilles tendon rupture: a meta-
analysis. Int J Surg 2017;40:178–86.

[31] Myerson MS. Achilles tendon ruptures. Instr Course Lect 1999;48:219–30.
[32] Kuwada GT. Classification of tendo Achillis rupture with consideration of

surgical repair techniques. J Foot Surg 1990;29:361–5.

http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0040
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0040
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0045
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0045
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0045
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0045
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0050
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0050
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0055
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0055
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0055
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0060
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0060
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0065
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0065
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0070
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0070
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0070
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0075
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0075
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0075
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0075
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0080
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0080
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0080
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0085
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0085
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0085
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0085
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0090
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0090
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0095
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0095
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0100
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0100
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0100
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0105
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0105
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0105
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0105
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0110
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0110
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0110
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0115
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0115
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0115
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0120
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0120
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0120
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0120
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0125
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0125
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0125
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0130
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0130
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0130
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0130
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0135
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0135
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0135
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0140
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0140
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0140
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0145
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0145
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0145
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0150
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0150
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0150
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0155
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0160
http://refhub.elsevier.com/S1268-7731(18)30080-8/sbref0160

	Isokinetic functional outcomes of open versus percutaneous repair following Achilles tendon tears
	1 Introduction
	2 Methods
	3 Results
	4 Discussion
	Funding sources
	Conflict of interest
	Acknowledgments
	References


