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Abstract
Background: Soft tissue complications after Achilles tendon repair has led to increased interest in less invasive techniques.
Various limited open techniques have gained popularity as an alternative to open operative repair. The purpose of this study
was to biomechanically compare an open Krackow and limited open repair for Achilles tendon rupture. We hypothesized
that there would be no statistical difference in load to failure, work to failure, and initial linear stiffness.
Methods: A simulated Achilles tendon rupture was created 4 cm proximal to its insertion in 18 fresh-frozen cadaveric
below-knee lower limbs. Specimens were randomized to open or limited open PARS Achilles Jig System repair. Repairs were
loaded to failure at a rate of 25.4 mm/s to reflect loading during normal ankle range of motion. Load to failure, work to
failure, and initial linear stiffness were compared between the 2 repair types.
Results: The average load to failure (353.8 + 88.8 N vs 313.3 + 99.9 N; P ¼ .38) and work to failure (6.4 + 2.3 J vs
6.3 + 3.5 J; P¼ .904) were not statistically different for Krackow and PARS repair, respectively. Mean initial linear stiffness of
the Krackow repair (17.8 + 5.4 N/mm) was significantly greater than PARS repair (11.8 + 2.5 N/mm) (P ¼ .011).
Conclusion: No significant difference in repair strength was seen, but higher initial linear stiffness for Krackow repair
suggests superior resistance to gap formation, which may occur during postoperative rehabilitation. With equal repair
strength, but less soft tissue devitalization, the PARS may be a favorable option for patients with risk factors for soft tissue
complications.
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Introduction

Although nonoperative treatment of acute Achilles tendon

ruptures is safe, inexpensive, and comparable to surgery with

respect to rates of rerupture, recent randomized controlled

trials suggest that operative repair is associated with earlier

return to work and greater plantar flexion strength.28,33 Opera-

tive repair can be performed using a percutaneous, limited

open, or standard open technique. However, no one technique

has been shown to be clearly superior.2,6,11

Open repair is a familiar and readily available option for

most surgeons. Although a standard posterior or posterome-

dial approach allows for direct visualization and optimal

suture placement, open repair is associated with a substantial

risk of soft tissue complications. Rates of non-rerupture

complications, including superficial and deep infection,

wound dehiscence, skin tethering, and hypertrophic scarring

have been reported as high as 34% after open repair.19,33

Given this risk, less invasive techniques, which use smaller
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incisions, have garnered increased interest.3,8,12,16 For

example, in the PARS Achilles Jig System (Arthrex, North

Naples, FL), suture is passed percutaneously and placed

deep to the crural fascia, while a small incision at the rup-

ture site allows access to assess tendon apposition and

quality of repair.

Clinical outcome comparisons between the 2 repair

types yield mixed results. A recent retrospective compar-

ison of the PARS repair to open augmented Krackow

repair found no statistically significant differences in

rerupture rate, sural neuritis, dehiscence, infection, or

reoperation.12 In one study, at 5 months’ follow-up, sig-

nificantly more patients who underwent PARS repair

returned to baseline activities (98% vs 82%) (P < .0001),

whereas another study demonstrated earlier return to work

in the open repair group.18

Although other percutaneous repair constructs have

been studied previously, there is a paucity of biomechani-

cal studies specifically evaluating the PARS system.10,15

A previous study demonstrated comparable strength among

3 percutaneous repair constructs, including PARS, sub-

jected to a cyclic loading protocol intended to simulate

aggressive rehabilitation.4

In this study, we biomechanically compared an open,

2-strand Krackow repair with epitendinous weave to the

limited open PARS Achilles Jig System for simulated mid-

substance tears in human cadaver Achilles tendons.12,33 Our

primary objective was to compare the ultimate strength,

measured by load to failure, between techniques.

Materials and Methods

Study Design

An a priori power analysis was performed using data from

previous studies for maximum load to failure for a Krackow

(276 N + 87 N) and PARS repair (385 N + 90 N).7,13

Assuming paired specimens and an a-value of 0.05, a min-

imal sample size of n ¼ 18 was calculated to satisfy a sta-

tistical power greater than 0.80.

Nine pairs of fresh-frozen human cadaver lower limbs

(proximal tibia to toe) were included in this study (mean

age, 66 years + 8.16 [range 53-77]; 3 male, 6 female).

Specimens were obtained from the United Tissue Network

(Phoenix, AZ). Donors were screened for absence of sys-

temic connective tissue disorder, inflammatory disease,

ankle fracture, or prior definitive injury to the foot and

ankle including triceps surae. One ankle from each cada-

veric pair was randomly assigned to one of the 2 experi-

mental groups. The contralateral ankle was then assigned to

the other group, resulting in 9 specimens per group. Five

left and 4 right-sided specimens were randomly allocated to

the PARS group and 5 right and 4 left-sided specimens

were randomly allocated to the open group. Specimens

were stored at –20�C and were thawed for 12 hours at room

temperature before dissection.

Specimen Preparation

The gastrocnemius-soleus unit was first carefully dissected

free of all overlying skin and soft tissue to eliminate poten-

tial confounding due to eccentric suture placement during

tendon repair.10,13 Each tendon was transected proximally at

its musculotendinous junction. The calcaneus was harvested

using an oscillating saw. Care was taken to preserve the

entirety of the tendo-osseus footprint. The width, thickness

and circumference of each tendon were measured using a

digital caliper at the planned site of tendon transection.

Width was defined as the medial to lateral distance (mm)

and thickness was defined as the anterior to posterior dis-

tance (mm). The Achilles tendon was then transected hori-

zontally with a no. 10 blade 4 cm proximal to its calcaneal

insertion, as ruptures tend to occur 2 to 7 cm proximal to the

calcaneal insertion.17

In the open group, a 2-strand Krackow repair with

epitendinous weave was performed (Figure 1). No. 2

braided polyethylene/polyester multifilament (FiberWire;

Arthrex) nonabsorbable suture was started at the cut edge

of the tendon and passed in 4 sequential locking loops

along its periphery.20

This was then repeated distally along the adjacent side of

the tendon before exiting at the stump end. Care was taken

during suture passage to avoid severing or harpooning adja-

cent suture. This process was repeated in the remaining ten-

don stump, which resulted in 2 suture ends exiting from each

cut tendon surface. The 2 suture pairs were then tightened to

oppose the proximal and distal stumps and tied securely with

6 standard square knots based on existing biomechanical

studies.31 All knots were tied at the rupture site. Lastly, a

cross-stitch epitendinous weave using no. 0 Vicryl (Ethilon;

Ethicon, NJ) absorbable suture was performed at the rupture

site as previously described.22 This was tightened and tied

securely with 6 standard square knots. At this time, complete

apposition of tendon edges was once again confirmed.

In the PARS group, tendon repair using the PARS

Achilles jig system was performed using no. 2 braided

polyethylene/polyester multifilament (No. 2 FiberWire

and TigerWire; Arthrex) nonabsorbable suture. All

repairs were performed using the PARS jig under direct

visualization to ensure that each suture passed through

the mid-aspect of the tendon in the anteroposterior

plane.7,13,22 Because no biomechanical advantage has

been shown for any particular suture configuration, all

PARS repairs were performed as depicted in the manu-

facturer’s operative technique manual.7 This resulted in a

final configuration consisting of 2 simple transverse and

1 locked suture loop in each tendon stump (Figure 1). All

suture ends were brought together and tightened until the

tendon edges were approximated. Suture strands were tied

in order from closest to farthest from the repair site per

the operative technique manual. All knots were tied with

6 square standard operative knots at the site of the defect

with no supplemental reinforcement stitches.
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Specimen Testing and Biomechanical Outcomes

Specimens were tested in a servohydraulic material testing

machine (858 Mini Bionix; MTS Systems, Eden Prairie,

MN). Each calcaneal wedge was potted in a 5-cm-

diameter PVC pipe using polymethylmethacrylate cement.

Proximally, the tendon was tightly secured in a vise clamp

with 2 opposing abrasive grit surfaces. The potted calcaneus

was mounted onto the testing apparatus on the material

testing systems machine’s base (Figure 2). The tendon

length, defined as the distance between the inferior aspect

of the clamp and insertion of the Achilles into the potted

calcaneus, was standardized across specimens to allow for

stiffness calculations.

A load to failure test was performed on each repaired

Achilles tendon, with the load applied along its longitudinal

physiological axis. An initial load of 0.5 N was applied to

tension each specimen immediately prior to load to failure

testing without a standardized duration. Load to failure was

performed at a rate of 25.4 mm/s, to reflect the range at

which loads are imposed on the tendon during normal ankle

range of motion.4,7,10,22 The maximal load prior to failure

and location of failure were documented for each specimen.

Failure was defined as a precipitous decline in measured

load resulting from either complete failure at the suture-

tendon interface or breakage of remaining suture. Possible

mechanisms of failure included suture breakage, knot break-

age, knot unraveling, and suture cutout. For each specimen,

load displacement curves were created to calculate the initial

linear stiffness, load to failure, and work to failure. Initial

linear stiffness was calculated as the slope of the elastic

deformation phase prior to failure from the start of testing.

Although we did not collect data on displacement directly,

Figure 1. Schematic diagram illustrating each repair and their suture configurations. The open repair consisted of (A) a 2-strand Krackow repair
augmented with (B) epitendinous weave. After the Krackow stitch, the epitendinous weave was passed through the tendon 2.5 cm from its torn
edge as described by Lee et al.22 (C) The PARS Achilles Jig System (Arthrex). The PARS repair consisted of 2 simple transverse and 1 locking suture.

Figure 2. The repaired Achilles tendon secured onto the material
testing machine (858 Mini Bionix, MTS Systems). The tendon is
secured proximally in a tightened clamp. The calcaneal wedge is
potted onto a 5-cm PVC pipe using polymethylmethacrylate cement.
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prior studies have used initial linear stiffness as an accepta-

ble surrogate for gapping resistance (Heitman et al). Work to

failure was calculated by the area under the force-

displacement curve from the start of the test to the point

where the maximum load was achieved.

Sample Size and Statistical Analysis

Paired t tests were used to compare initial linear stiffness,

load to failure, and work to failure between experimental

groups. Pearson correlation coefficients were calculated to

determine the relationship between tendon size and load to

failure in both repair types. Statistical significance was set at

P < .05. All statistical analysis was performed in SPSS ver-

sion 22 (IBM Corp, Armonk, NY).

Results

We queried the laterality, age, gender, and proportion of

failure location, by repair type (Table 1). We also calculated

the average load to failure, work to failure, and initial linear

stiffness by repair type (Table 2). The average load to failure

for open repair was 353.8 + 88.8 N (range, 266.7-521.4 N).

The average load to failure for PARS repair was 313.3 +
99.9 N (range, 174.8-498.2 N), which was not statistically

different from that for open repair (P ¼ .38). The average

work to failure for open repair was 6.4 + 2.3 J (range, 3.1-

9.9 J). The average work to failure for PARS repair was 6.3

+ 3.5 J (range, 2.7-12.6 J), which was not statistically dif-

ferent from that for open repair (P ¼ .904). Mean initial

linear stiffness of the open repair (17.8 + 5.4 N/mm; range

12.3-27.9 N/mm), was significantly greater than PARS

repair (11.8 + 2.5 N/mm; range, 8.7-16.6 N/mm) (P ¼ .011)

(Table 2).

For open repair, Krackow suture strands predominantly

failed at the suture itself (7/9 open). This corresponded to

a force-displacement curve that demonstrated the sequen-

tial failure of suture strands (Figure 3). The epitendinous

weave suture predominantly failed at the suture itself (6/

9 open), followed by the suture-tendon interface (3/9

open). In contrast, the PARS repair predominantly failed

at the suture-tendon interface (7/9 PARS), with all 3

suture loops cutting out of the repaired tendon. This cor-

responded to a force-displacement curve demonstrating a

broad all-at-once failure (Figure 4). In 2 specimens (2/9

PARS), 1 of 3 transverse suture loops failed at the suture

itself. The other 2 loops in these 2 specimens failed at the

suture-tendon interface.

No significant difference in mean tendon width (13.3 vs

13.3 mm; P ¼ .976), thickness (5.69 vs 5.87 mm; P ¼ .507),

or circumference (36.3 vs 36.6 mm; P ¼ .507) existed

between the 2 experimental groups (Table 3). Pearson cor-

relation coefficients between tendon size parameters and

maximum load to failure revealed that increasing tendon

width (R ¼ 0.75; P ¼ .029) and circumference (R ¼ 0.72;

P ¼ .028) correlated with increasing load to failure for

PARS repair (Table 4). No statistically significant correla-

tion between measures of tendon size and load to failure

were detected for open repair.

Table 1. Specimen Profiles by Repair Type.

Open (n¼9) PARS (n¼9)

Side
Right 5 4
Left 4 5

Age 66.1 (8.1) 66 (8.2)
Gender

Female 7 7
Male 2 2

Failure location
Suture itself 7 8
Suture-tendon interface 2 1

Table 2. Biomechanical Outcomes.a

Open PARS P Value

Load to failure (N) 353.5 (88.8) 313.3 (99.9) .38
Work to failure (J) 6.4 (2.3) 6.3 (3.5) .904
Initial linear stiffness (N/mm) 17.8 (5.4) 11.8 (2.5) .011

aAll values expressed as Mean (Standard deviation).

Figure 3. Load displacement curve showing the predominant
failure mechanism of augmented Krackow repair, which was
sequential breakage of the running locking and epitendinous
weave suture.

Figure 4. Load displacement curve showing the predominant
failure mechanism of PARS repair, which was cut out of all
3 suture limbs.
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Discussion

The principal finding of this study was that there was no

significant difference in load to failure between PARS and

an open 2-strand Krackow repair with epitendinous weave

for simulated, midsubstance Achilles tendon ruptures in

human cadavers.

The primary outcome of this study was ultimate strength,

or load to failure, which has implications in the repaired

tendon’s ability to withstand loading during early postopera-

tive ankle motion and weight bearing.5,30 The average load

to failure for the PARS and open repairs were 313.3 and

353.8 N, respectively. These values exceed loads previously

shown to occur across the Achilles tendon during passive

ankle plantar flexion and protected weight bearing with a

1-inch heel lift, which are allowed as early as 2 weeks post-

operatively in some protocols.1,24,33 Our findings suggest

that progressive, accelerated rehabilitation in a reliable and

compliant patient would be practical after either Krackow or

limited open PARS repair, as described in the present study.

Repair site gapping, which has been shown to affect plan-

tarflexion strength and chance of rerupture, has come to the

forefront in biomechanical studies of newer limited open

techniques.4,22 Prior studies have used initial linear stiffness

as a surrogate measure of gapping.10 The initial linear stiff-

ness (N/mm) estimates the force (N) required to create a gap

of 1 mm. Initial linear stiffness was significantly greater for

Krackow repair, which suggests a greater resistance to gap

formation compared to the PARS. Recent studies show that

adding epitendinous suture reinforcement may improve

tensile strength, gap resistance, and apposition of frayed

tendon ends.22,27 Lee et al showed in a cadaveric model that

Krackow repairs with an epitendinous cross-stitch weave

tolerated more cycles before gapping than nonaugmented

Krackow repairs (2208 vs 502 cycles) (P ¼ .024).21 In the

present study, it is possible that augmentation contributed to

the greater initial linear stiffness seen after open repair.

This study also demonstrated that tendon size correlates

with strength after limited open repair. In the PARS group,

increasing tendon width and circumference strongly corre-

lated with increasing load to failure. Because PARS repairs

failed predominantly by suture cutout, a tendon with larger

dimensions in the medial to lateral plane should better resist

pullout of the transversely placed suture using the PARS jig.

This finding suggests that limited open repair may exhibit

greater ultimate strength in more robust Achilles tendons

using the PARS. In the open repair group, no correlation

between tendon size and ultimate strength was seen. Our

findings suggest that the ultimate strength of Krackow

repair is independent of tendon size, and this can be

explained by its propensity to fail by suture breakage,

which is similar to previous studies.10,22 Further investiga-

tion is needed to better understand the impact of suture

material, and knot quality and number, on ultimate repair

strength. Also, future studies are needed to better under-

stand the effect of accuracy of suture position in the PARS

repair on biomechanical properties.

Since its introduction in 2010, only 2 studies have studied

the biomechanical properties of the PARS Achilles Jig

System. One study compared it to the Achillon device

(Integra Life Sciences Corp, Plainsboro, NJ) in a 2-stage

cyclic loading protocol ending in a single load to failure

test.7 Similar to the present study, all repairs were performed

under direct visualization after removal of all overlying soft

tissue. Overall, PARS repairs withstood a significantly

greater average number of cycles prior to 2 and 9.5 mm of

gapping. The PARS repair also demonstrated a significantly

greater average load to failure at 385.0 N (range, 185.6-

502.2 N), which is similar to the loads that are reported in

the present study (313.3 + 99.9 N; range, 174.8-498.2 N).

Only 3 of the 21 PARS repair specimen failed at the suture

tendon interface, which is a much smaller proportion than in

our study. However, only 7 of these were repaired using the

same suture configuration as in the present study and the

authors did not specify failure location for each individual

PARS subtype. Still this difference in predominant suture

location may be accounted for by cyclic loading, which

preceded their single load to failure test.

A more recent study compared open repair, consisting of

a core of 3 Kessler sutures with epitendinous weave, to the

PARS, Achillon, and SpeedBridge (Arthrex) in a progressive

cyclic loading protocol.4 Repair strength was quantified in

terms of number of cycles to failure. Significantly less early

elongation was seen for open repair compared to the 3 lim-

ited open techniques, but no difference in cycles to failure

was seen. Similar to the present study, the predominant loca-

tion of failure for PARS repair (5 of 9) was at the suture

tendon interface.

The authors acknowledge that the present study is not

without limitation. All repairs were performed in open

fashion.7,13,22 Although this successfully reduces the like-

lihood of eccentric suture placement, it fails to mimic in vivo

operative conditions, which may have biased the results in

favor of the PARS repair. However, the objective of this study

was to biomechanically compare repair techniques under

Table 3. Average Values for Tendon Size (mm).a

Open PARS

Width 13.3 (2.0) 13.3 (1.9)
Thickness 5.7 (.97) 5.9 (1.2)
Circumference 36.2 (4.3) 36.6 (4.4)

aAll values are expressed as mean (standard deviation).

Table 4. Tendon Size and Load to Failure Correlations.

PARS Open

R Value P Value R Value P Value

Width 0.75 .029 0.26 .51
Thickness –0.073 .853 0.25 .52
Circumference 0.72 .028 0.3 .44

Dekker et al 5



optimal conditions. Although the PARS jig has shown greater

suture placement accuracy than other limited open tech-

niques, the concern for superficial suture placement remains.4

With this in mind, our methodology must be taken into con-

sideration when comparing our findings with other studies.

A second limitation of our study is that biomechanical

testing is a time zero representation of Achilles tendon rup-

ture repair. It is well known that in vivo time, early motion,

and progressive loading affect the strength of a healing

tendon.9,25,26 Therefore, the results of this study do not account

for the impact of subsequent healing on repair strength.

Additionally, the tendon ruptures created in our study do

not mimic the frayed tendon edges commonly seen clini-

cally, a previously described drawback inherent to cadaveric

biomechanical testing10,32 Another limitation is that the

Achilles tendons used in this study were predominantly from

female cadavers with an average donor age of 66 years.

Achilles tendon ruptures occur most frequently in men

between the ages of 30 and 49.14,29 Because matched speci-

mens were used, it is unlikely that this had an effect on the

difference in repair strength for either repair type.

Finally, our study used a single load to failure protocol.

A cyclic loading protocol successfully simulates aggressive

rehabilitation,4 which may lead to lengthening of the opera-

tively repaired tendon. Nevertheless, accidental falls or

slips are commonly cited mechanisms of rerupture,

suggesting that a single load to failure protocol remains

clinically relevant.23

Conclusion

Our results indicate that load to failure was not statistically

different for the open augmented Krackow as compared to

limited open PARS repairs. The initial linear stiffness of the

open Krackow locking loop technique with epitendinous

augmentation was significantly greater than the limited open

PARS technique. In addition to ultimate strength, we believe

that patient factors such as risk for infection, regard for

cosmesis, and time to return to work or sport should be

considered when deciding on a specific repair method for

a given patient.12 Surgeon familiarity and comfort, as well as

cost and availability, should also be considered.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect

to the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support

for the research, authorship, and/or publication of this article:

Northwestern University Department of Orthopedic Surgery.

References

1. Akizuki KH, Gartman EJ, Nisonson B, Ben-Avi S, McHugh

MP. The relative stress on the Achilles tendon during ambula-

tion in an ankle immobiliser: implications for rehabilitation

after Achilles tendon repair. Br J Sports Med. 2001;35(5):

329-333; discussion 333-324.

2. Aktas S, Kocaoglu B. Open versus minimal invasive repair

with Achillon device. Foot Ankle Int. 2009;30(5):391-397.

3. Assal M, Jung M, Stern R, et al. 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(2):161-170.

4. Clanton TO, Haytmanek CT, Williams BT, et al. A biomecha-

nical comparison of an open repair and 3 minimally invasive

percutaneous Achilles tendon repair techniques during a simu-

lated, progressive rehabilitation protocol. Am J Sports Med.

2015;43(8):1957-1964.

5. Costa ML, MacMillan K, Halliday D, et al. Randomised con-

trolled trials of immediate weight-bearing mobilisation for rup-

ture of the tendo Achillis. J Bone Joint Surg Br. 2006;88(1):

69-77.

6. Cretnik A, Kosanovic M, Smrkolj V. Percutaneous versus open

repair of the ruptured Achilles tendon: a comparative study.

Am J Sports Med. 2005;33(9):1369-1379.

7. Demetracopoulos CA, Gilbert SL, Young E, Baxter JR, Deland

JT. Limited-open Achilles tendon repair using locking sutures

versus nonlocking sutures: an in vitro model. Foot Ankle Int.

2014;35(6):612-618.

8. Elton JP, Bluman EM. Limited open Achilles tendon repair

with modified ring forceps: technique tip. Foot Ankle Int.

2010;31(10):914-915.

9. Hammerman M, Aspenberg P, Eliasson P. Microtrauma stimu-

lates rat Achilles tendon healing via an early gene expression

pattern similar to mechanical loading. J Appl Physiol (1985).

2014;116(1):54-60.

10. 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(9):

879-887.

11. 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(4):998-1003.

12. Hsu AR, Jones CP, Cohen BE, et al. Clinical outcomes and

complications of percutaneous Achilles repair system versus

open technique for acute Achilles tendon ruptures. Foot Ankle

Int. 2015;36(11):1279-1286.

13. Huffard B, O’Loughlin PF, Wright T, Deland J, Kennedy JG.

Achilles tendon repair: Achillon system vs. Krackow suture: an

anatomic in vitro biomechanical study. Clin Biomech (Bristol,

Avon). 2008;23(9):1158-1164.

14. Huttunen TT, Kannus P, Rolf C, Fellander-Tsai L, Mattila VM.

Acute achilles tendon ruptures: incidence of injury and surgery

in Sweden between 2001 and 2012. Am J Sports Med. 2014;

42(10):2419-2423.

15. Ismail M, Karim A, Shulman R, Amis A, Calder J. The Achil-

lon achilles tendon repair: is it strong enough? Foot Ankle Int.

2008;29(8):808-813.

16. Kakiuchi M. A combined open and percutaneous technique for

repair of tendo Achillis. Comparison with open repair. J Bone

Joint Surg Br. 1995;77(1):60-63.

6 Foot & Ankle Orthopaedics



17. Kannus P, Jozsa L. Histopathological changes preceding spon-

taneous rupture of a tendon. A controlled study of 891 patients.

J Bone Joint Surg Am. 1991;73(10):1507-1525.

18. Karabinas PK, Benetos IS, Lampropoulou-Adamidou K, et al.

Percutaneous versus open repair of acute Achilles tendon rup-

tures. Eur J Orthop Surg Traumatol. 2014;24(4):607-613.

19. Khan RJ, Fick D, Brammar TJ, Crawford J, Parker MJ. Inter-

ventions for treating acute Achilles tendon ruptures. Cochrane

Database Syst Rev. 2004;3: CD003674.

20. Krackow KA, Thomas SC, Jones LC. A new stitch for

ligament-tendon fixation. Brief note. J Bone Joint Surg Am.

1986;68:764-766.

21. Lee SJ, Goldsmith S, Nicholas SJ, et al. Optimizing Achilles

tendon repair: effect of epitendinous suture augmentation on

the strength of Achilles tendon repairs. Foot Ankle Int. 2008;

29(4):427-432.

22. Lee SJ, Sileo MJ, Kremenic IJ, et al. Cyclic loading of 3

Achilles tendon repairs simulating early postoperative forces.

Am J Sports Med. 2009;37(4):786-790.

23. Maffulli N, Oliva F, Del Buono A, Florio A, Maffulli G. Sur-

gical management of Achilles tendon re-ruptures: a prospec-

tive cohort study. Int Orthop. 2015;39(4):707-714.

24. Orishimo KF, Burstein G, Mullaney MJ, et al. Effect of knee

flexion angle on Achilles tendon force and ankle joint plantar-

flexion moment during passive dorsiflexion. J Foot Ankle

Surg. 2008;47(1):34-39.

25. Schepull T, Aspenberg P. Early controlled tension improves

the material properties of healing human Achilles tendons after

ruptures: a randomized trial. Am J Sports Med. 2013;41(11):

2550-2557.

26. Schepull T, Kvist J, Aspenberg P. Early E-modulus of healing

Achilles tendons correlates with late function: similar results

with or without surgery. Scand J Med Sci Sports. 2012;22(1):

18-23.

27. Shepard ME, Lindsey DP, Chou LB. Biomechanical testing of

epitenon suture strength in Achilles tendon repairs. Foot Ankle

Int. 2007;28(10):1074-1077.

28. 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(23):2136-2143.

29. Suchak AA, Bostick G, Reid D, Blitz S, Jomha N. The inci-

dence of Achilles tendon ruptures in Edmonton, Canada. Foot

Ankle Int. 2005;26(11):932-936.

30. Suchak AA, Bostick GP, Beaupre LA, Durand DC, Jomha NM.

The influence of early weight-bearing compared with non-

weight-bearing after surgical repair of the Achilles tendon. J

Bone Joint Surg Am. 2008;90(9):1876-1883.

31. Tidwell JE, Kish VL, Samora JB, Prud’homme J. Knot secu-

rity: how many throws does it really take? Orthopedics. 2012;

35(4):e532-e537.

32. Watson TW, Jurist KA, Yang KH, Shen KL. The strength of

Achilles tendon repair: an in vitro study of the biomechanical

behavior in human cadaver tendons. Foot Ankle Int. 1995;

16(4):191-195.

33. Willits K, Amendola A, Bryant D, et al. Operative versus

nonoperative treatment of acute Achilles tendon ruptures: a

multicenter randomized trial using accelerated functional

rehabilitation. J Bone Joint Surg Am. 2010;92(17):

2767-2775.

Dekker et al 7



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


