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SUMMARY
Background. The incidence of Achilles tendon rupture continues to increase significantly from year to year. The Krackow technique for Achilles tendon repair has proven
to be stronger than two clinical standards, Kessler modification technique, and Bunnel
technique. However, the incidence of re-rupture and complications in the Krackow
technique is still high if an earlier mobilization is carried out. From several studies, it
appears that the distance between knots can affect the strength of suture fixation. The
purpose of this study is to analyze: How does the difference in loop distance in Krackow suture affect the strength of suture fixation.
Methods. This is a comparative analytic study with an experimental design. Cadaveric
Achilles tendon was made rupture by 4 cm incision above its insertion. Then, it was
repaired using Krackow suture with a loop distance of 5 mm (group 1), 7.5 mm (group
2), and 10 mm (group 3). Suture fixation strength was assessed with a standard load to
failure test. The results were analyzed statistically using a one-way analysis of variance
and post hoc test.
Results and Discussion. The mean value of Krackow suture fixation strength in group
1 was 81.2±18.9 N, group 2 was 106.8±16.5 N, and group 3 was 132.3±28.6 N. There
was statistically significant mean difference between the strength of tendon fixation in
the loop distance of 5 mm, 7.5 mm and 10 mm (p-value=0.002). The most effective
group was group 3 (10 mm) because it had the highest mean difference (51.10000,
p = 0.000). Possible mechanisms that can increase the strength of tendon fixation in
greater loop distance (10 mm) are a greater suture–tendon interaction, a more secure
grip power of the sutures on the tendon surface, expanding stress concentration to the
tendon surface area, and increased stiffness to counteract tensile forces.
Conclusions. The 10 mm loop distance from the Krackow suture results in a significantly stronger suture fixation than the 7.5 mm and 5 mm loop distance for Achilles
tendon rupture in cadaver.
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BACKGROUND
The incidence of Achilles tendon rupture continues to
increase significantly from year to year, mostly due to
sports injuries (1-4). In Finland, the incidence of rupture
increased from 2.1/100,000 in 1979 to 21.5/100,000 in
2011(1). Meanwhile in Canada, the incidence of rupture
was 18.0/100,000 in 2003, rising to 29.3/100,000 in 2013(3).
Likewise in the United States, the incidence of rupture

also increased from 1.8/100,000 in 2012 to 2.5/100,000 in
2016(4). The increased incidence of rupture is due to the
growth and rising interest in sports activities, especially in
young men (1-4) Most of Achilles tendon rupture (75%)
is related to recreational activities in particular in soccer,
basketball, tennis, and squash, but 25 % of ruptures may
occur in sedentary patients(2). Badminton is the leading
cause of the rupture in Finland.1 Meanwhile, basketball is
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most often involved in the United States(4). Patients aged
40-59 years had the most considerable rise (78%) in the
incidence of ruptures(4). Possibly predisposing factor was
passive mechanical properties change of the tendon in older
patients (5).
Treatment of Achilles tendon rupture can be non-operative or operative. Non-operative treatment is generally
through immobilization by casting and functional bracing
(6,7). As for operative treatment, three main suture techniques have shown excellent results, namely the Bunnell,
Kessler, and Krackow techniques(6,7). Operative treatment
(open surgery or percutaneous repair) showed significantly improved clinical and functional outcomes than non-operative treatment (8). In 1940, Sterling Bunnel introduced
a suture technique that permits cross-penetration between
tendon fibers (9). Then, the grasping suture technique was
described by Isidor Kessler and Fuad Nissim in 1969, which
later became a popular method for repairing flexor tendons
(10,11) In 1986, Kenneth A. Krackow introduced a unique
tendon suture technique using locking loops (12,13). The
Krackow technique for Achilles tendon repair has proven
to be superior from two clinical standards, Kessler modification technique, and Bunnel technique (14,15). The average strength of tendon fixation from the Krackow technique
(147 newtons) proved significantly stronger than the Kessler
modification technique (85 newtons) and the Bunnel technique (93 newtons)(15). However, there was no significant
difference in suture strength between the Krackow, Bunnell,
and Kessler techniques that were performed with a double
suture weave (16). The Krackow technique also stronger
compared to the percutaneous method (17). Some research
on the Krackow technique is also widely done, including
those that modify the number of loops (2, 4, 6 loops) where
the results were no statistical differences in peak load to failure (18). Research by McKeon et al. showed that the addition of second interlocking suture placed at 90° to the first
proved to be stronger (18). Other research by Hapa et al.
showed that the number of locking loops might have an
influence on the Krackow suture strength using the larger
diameter, high-strength sutures (14). But, it did not examine
whether loop distance variance of the Krackow suture can
influence the suture fixation strength. A study from Ortiz et
al. showed the triple-strand Dresden technique significantly stronger than the Dresden technique, a modified oblique
Dresden technique, and a Krackow technique (19).
Several meta-analysis studies showed that the incidence of
re-rupture in operative treatment varies from 3.1% - 5.0%
compared to 8.8% - 13% in conservative treatment (20-23).
A meta-analysis from Soroceanu et al., and Van der Eng et
al., showed that operative management of Achilles tendon
rupture did not show better results than conservative treat356

ment. It was because of the same re-rupture rate and higher complications if earlier weight-bearing was carried out
after four weeks (24,25). Meanwhile, operative treatment
using the Krackow technique showed a low re-rupture rate
of 2.5% (26). However, a prospective study from Twaddle et al. showed an increased re-rupture rate by 10% in
operative treatment with the Krackow technique if an early
motion was carried out after ten days, and 4.5% in conservative management (27). In fact, an early motion has proven
beneficial for healing and tendon function, both in animal
and human studies (26).
The occurrence of high re-rupture rates can be caused by the
weakness of the suture due to differences in the loop distance
of the Krackow technique. Also, suture materials can influence tendon repair on the biological level (28). Good suture
techniques for Achilles tendon repair are needed because
strong suture fixation can facilitate an early rehabilitation
program to prevent joint stiffness. Strong suture fixation and
good suture technique are associated with a lower re-rupture rate (7,18, 29-31). According to Y.F. Wu and J.B. Tang,
a factor that can influence suture fixation strength, is the
distance between core suture placement and the cut end of
the tendon. Lengthening the distance can effectively increase
the suture fixation strength, with the optimal length between
0.7 - 1.0 cm (32). Also, N. Kozono et al., examined the Kessler
core suture with 6 Pennington locking loop at the edges made
asymmetrically at distances of 1 mm, 2 mm, 3 mm, 4 mm, and
5 mm. It showed that the distance 3 mm or more had significantly stronger suture fixation than 1 mm (33).
From these studies, it appears that the loop distance of the
suture can influence the suture fixation strength. However, in the Krackow technique, there was no standardization of optimal loop distance to provide high suture fixation strength. Moreover, no biomechanical studies were
examining whether the loop distance variance of the Krackow suture can influence the suture fixation strength. The
purpose of this study was to analyze: biomechanical of the
Krackow suture fixation strength of cadaver Achilles tendon
with loop distance variance of 5 mm, 7.5 mm, and 10 mm.

MATERIALS AND METHODS
This is a comparative analytic study with an experimental
design. Eleven human cadavers (21 Achilles tendons, age
range between 40 to 60 years old, six males and five females)
were obtained from the Department of Forensic and Legal
Medicine, Faculty of Medicine Universitas Padjadjaran/Dr.
Hasan Sadikin General Hospital Bandung, Indonesia. The
cadaver was embalmed with a formalin-containing solution
(34). This study was performed after receiving ethical clearance from the Health Research Ethics Committee of our
Muscles, Ligaments and Tendons Journal 2020;10 (3)
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institution and followed the international ethical principles as well as the ethical standards of the Muscle,
Ligaments and Tendons Journal (35).
Cadavers were positioned prone, and gastrocnemius
muscle-Achilles tendon complex was dissected. Achilles
tendons were made rupture with a scalpel 4 cm proximal to
the calcaneal insertion (avascular zone 2-6 cm from its insertion)(22-24). Then, the tendon was repaired with Ethibond No. 5 (Braided, nonabsorbable, polyester fiber; Ethicon,
USA) in one of three ways with seven specimens in each
group. The Krackow technique was used starting 7 mm
from the cut end of the tendon with a configuration of 3
locking loops and 2 strands (12,13,32,36). The locking loop
distance was performed 5 mm in group 1, 7.5 mm in group
2, and 10 mm in group 3. For accurate range, measurements
were made with a ruler and marked with markers on the
tendon (see figures 1 and figures 2).
The specimens were secured onto a tensile testing machine
(CV. Abdi Tunggal Perkasa – Fanatron Indonesia, West
Java, Indonesia) with a maximum tensile load of 100 pounds
(444.8 N), and a maximum traction length of 12 inches

(30.48 cm). The tensile testing machine was calibrated by
the National Accreditation Committee (Indonesia) following the Japanese Industrial Standards (JIS Z 2241: Tensile
Testing). A Steinmann pin was drilled transversely through
the calcaneus and affixed to the machine. The soft tissue
of the gastrocnemius muscle was secured proximally onto a
custom made nylon clamp (figure 4). The clamp was made
asymmetrical teeth jaw shape to prevent tendon slippage
(37,38). The Steinmann pin and the clamp were not found
to be weak points in the machine construct. Because the
calcaneus bone was not dissected free from the cadaveric
body, the Achilles tendon is rotated 90 degrees on its insertion. However, the direction of pull was still parallel with
the longitudinal axis of the Achilles tendon. After that, the
specimens were loaded in tension until failure of the Achilles tendon (see figure 3 and figure 4). The ultimate strength
was considered the peak force recorded by the machine.
Before the statistical test is performed, the numerical data is
assessed by the normality test using the Shapiro Wilks test to
examine whether the data is normally distributed. Then, the
results were analyzed statistically using a one-way analysis

A

B

C

D

Figure 1. A. Cadaveric Position, B. Marking of the incision and suture area of the Achilles tendon, C. The sharp incision of the
Achilles tendon, D. Tendon repair with the Krackow Technique.
Muscles, Ligaments and Tendons Journal 2020;10 (3)
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C
Figure 2. The Krackow Technique with locking loop distances
of 5 mm (A), 7.5 mm (B) and 10 mm (C).

B

C
Figure 3. Tensile testing machine
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Figure 4. Achilles tendon secured onto a tensile testing
machine (A, B). The monitor showed the ultimate strength (C).
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of variance (ANOVA) comparing the three groups of specimens to assess if there was an effect of loop distance variance of 5 mm, 7.5 mm, and 10 mm to the Krackow suture
fixation strength. If there was an effect, post hoc tests using
Fisher’s least significant difference (LSD) were performed
to assess differences between the loop distance variance. An
α level of 0.05 was assumed to be statistically significant.
RESULTS
The results are summarized in table I. From all groups, the
Krackow suture fixation strength had a minimum value of
53.9 N, a maximum value of 170.9 N, and a mean value of
106.8 N with a standard deviation of 29.9 N.
In group 1 (loop distance 5 mm), a minimum value of suture
fixation strength was 53.9 N, a maximum value was 109.7
N, and a mean value was 81.2 N with a standard deviation
of 18.9 N. Whereas in group 2 (loop distance 7.5 mm), a
minimum value of suture fixation strength was 95.3 N, a
maximum value was 142.9 N, and a mean value was 106.8

N with a standard deviation of 16.5 N. Finally, in group 3
(loop distance 10 mm), a minimum value of suture fixation
strength was 103.4 N, a maximum value of 170.9 N, and
mean value of 132.3 N with a standard deviation of 28.6 N.
Shapiro Wilks test showed that the data are normally distributed (p-value = 0.177, >0.05), so a parametric test was used.
The mean value of the Krackow suture fixation strength in
group 1 was 81.2 N, group 2 was 106.8 N, and group 3 was
132.3 N (figure 5). From the one-way analysis of variance
test results, the p-value was 0.002 (p < 0.05), which means
there was a statistically significant difference between Krackow suture fixation strength with a loop distance variance of
5 mm, 7.5 mm, and 10 mm. Fisher’s least significant difference testing revealed that for all three groups, group 3 were
stronger than both group 1 and group 2 because group 3
had the highest mean difference of 51.1 compared to group
1 with p-value = 0.000 (p < 0.05) and mean difference of
25.5 compared to group 2 with p-value = 0.043 (p < 0.05)
(table II).

Table I. Characteristics of the Krackow suture fixation strength based on loop distance.
Loop distance
Group 1
5 mm

Group 2
7.5 mm

Group 3
10 mm

N=7

N=7

N=7

81.2±18.9

106.8±16.5

132.3±28.6

106.8 ± 29.9

79.8

100.0

130.4

103.4

53.9-109.7

95.3-142.9

103.4-170.9

53.9-170.9

Variable

∑
N=21

The Krackow Suture Fixation Strength
(N)
Mean ± SD
Median
Range (minimum-maximum)

Table II. Post Hoc Test of Krackow suture fixation strength based on loop distance.
Loop Distance
(I)
Group
5 mm
7.5 mm
10 mm

(J) Group

Mean Difference Krackow suture fixation strength
(I-J)

p

7.5 mm

-25.6*

0.043

10 mm

*

-51.1

0.000

5 mm

*

25.6

0.043

10 mm

*

-25.5

0.043

5 mm

*

51.1

0.000

7.5 mm

25.5

0.043
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Figure 5. Krackow suture fixation strength based on loop distance.

DISCUSSION
The results showed that there was a statistically significant mean difference between the Krackow suture fixation
strength in all groups with a loop distance variance of 5
mm, 7.5 mm, and 10 mm. From all groups, the most effective was group 3 (loop distance 10 mm) because it had the
highest mean value of tendon fixation strength compared to
group 1 (5 mm) and group 2 (7.5 mm). Kenneth A. Krackow first introduced this unique tendon suture technique
using locking loops in 1986 (12,13). The average strength of
tendon fixation from the Krackow technique (147 newtons)
proved significantly stronger than the Kessler modification technique (85 newtons) and the Bunnel technique (93
newtons) (15,39). But, there was no significant difference in
strength between the Krackow, Bunnell, and Kessler suture
techniques, when each was performed with a double suture
weave (16). The Krackow technique also stronger compared
to the percutaneous method (17). Some research on the
Krackow technique is also widely done, including research
by McKeon et al. showed that the addition of second interlocking suture placed at 90° to the first proved to be stronger (18).
An early motion has proven beneficial for healing and
tendon function, both in animal and human studies (26).
However, an early motion could increase the re-rupture
rate by 10% in operative treatment with the Krackow technique (27). The occurrence of high re-rupture rates can be
360

caused by the weakness of the suture due to differences in
the loop distance of the Krackow technique. Strong suture
fixation and good suture technique are associated with a
lower re-rupture rate (7,18, 29-31). Several factors that can
influence the suture fixation strength include the number
of suture strands, suture materials, locking or grasping
loop configuration, suture knots, knots or loop distance,
and core suture tension (32). Several meta-analysis studies
showed that the incidence of re-rupture in operative treatment varies from 3.1% - 5.0% compared to 8.8% - 13%
in conservative treatment (20-23). A meta-analysis from
Soroceanu et al., and Van der Eng et al., showed that operative management of Achilles tendon rupture did not show
better results than conservative treatment. It was because of
the same re-rupture rate and higher complications if earlier weight-bearing was carried out after four weeks (24,25)
Meanwhile, operative treatment using the Krackow technique showed a low re-rupture rate of 2.5% (26).
According to Y.F. Wu and J.B. Tang, a factor that can influence suture fixation strength, is the distance between core
suture placement and the cut end of the tendon. Lengthening the distance can effectively increase the suture fixation
strength, with the optimal length between 0.7 - 1.0 cm (32).
Also, N. Kozono et al., examined the Kessler core suture
with 6 Pennington locking loop at the edges made asymmetrically at distances of 1 mm, 2 mm, 3 mm, 4 mm, and 5 mm.
It showed that the distance 3 mm or more had significantly
Muscles, Ligaments and Tendons Journal 2020;10 (3)
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stronger suture fixation than 1 mm (33). Also, N. Kozono
et al., examined the Kessler core suture with 6 Pennington
locking loop at the edges made asymmetrically at distances
of 1 mm, 2 mm, 3 mm, 4 mm, and 5 mm. It showed that
the distance 3 mm or more had significantly stronger suture
fixation than 1 mm (33). From these studies, it appears that
the loop distance of the suture can influence the suture fixation strength.
However, in the Krackow technique, there was no standardization of optimal loop distance to provide high suture
fixation strength. In this study, the loop distance variance
of the Krackow technique proved to influence the suture
fixation strength significantly. From the biomechanical
studies that have been conducted, the loop distance of 10
mm in the Krackow technique has the highest mean value
of suture fixation strength (132.3 N) compared to the
loop distance of 5 mm and 7.5 mm. The mechanism that
can increase the suture fixation strength is the longer the
suture distance, the higher the interaction between tendons
and sutures (32). Also, greater loop distance can increase
the strength of the suture grip on the tendon surface and
further strengthen the suture fixation (32). A long loop
distance can also divide the stress concentration to a greater
surface area, thereby increasing the suture fixation strength
(33,40) In addition, the greater loop distance can increase
stiffness to neutralize the tensile forces so that the suture
fixation strength is stronger (32,40,41) Tendon stiffness
indicates the magnitude of the force required to produce
elongation from a tendon segment. The suture tendon stiffness suggests the ability of the suture to resist tendon deformation to the stress force (32,41). Therefore, in this study,
the suture fixation strength was highest at the 10 mm loop
distance because it had high stiffness to resist tendon elongation from the tensile force.
The results of this study are supported by research from
Yi Cao et al., who examined locking cruciate sutures on
the flexor tendon with the core purchase distance 10 mm
and 4 mm. Sutures purchase of 4 mm have suture fixation strength 20-45% lower than suture purchase of 10
mm (41). Other studies from Kim et al., and Lee et al.,
also supported this research. It showed that the tendons
with a core suture purchase of 10 mm had a high suture
fixation strength (42,43). The distance of the core suture
to the cut end of the tendon determines the number of
tendon segments that interact with the suture. Extending
the length can increase the suture fixation strength due to
the more significant interaction between the suture and
tendons (32,41). Likewise, with the locking loop suture in
the Krackow technique, the longer the loop distance, the
more Achilles tendon segments interact with the Krackow suture, thereby increasing the suture fixation strength.
Muscles, Ligaments and Tendons Journal 2020;10 (3)

It was proven in this study, the loop distance of 10 mm
showed a mean value of suture fixation strength that was
significantly stronger than the loop distance of 7.5 mm and
5 mm.
Although the results showed that the mean value of suture
fixation strength is significantly higher in the Krackow technique with a loop distance of 10 mm in this study, some
weaknesses cannot be avoided. First, the researcher could
have subjectivity in conducting this research. It can be minimized by performing according to standards and using a
ruler and marker so that the measurements were correct.
Second, differences in the size of the cadaveric tendon can
also cause bias in this study. Therefore, this study used adult
cadavers, age 40-60 years old, so that the size of the tendon
is not too varied. Third, the elasticity of tendons can be
different due to differences in gender and age, so that it can
affect the ultimate failure of the tendon (44,45,46). Fourth,
Achilles tendon was not placed along with its physiological boundary condition (aligned with the tibia). The calcaneus bone was not dissected free from the cadaveric body
because of an ethical issue in our institution. So, the Achilles tendon is rotated 90 degrees on its insertion. However,
the direction of pull was still parallel with the longitudinal
axis of the Achilles tendon. It had no impact on the results
because all the specimens were aligned with the same technique. Fifth, in this study, the length of the loop distance
of the Krackow suture has proven to be stronger, but the
optimal loop distance has not yet been determined for a
range of more than 10 mm. So, further research is needed to asses biomechanical strength for loop distances more
than 10 mm. Sixth, the cadaver Achilles tendon certainly
does not have the biochemical healing ability, as occurs in
living human tendon. Intrinsic factors and extrinsic factors
can influence the tendon healing process. Too much tendon
suture can also cause fibrotic tissue to form, thereby increasing stiffness in the ankle joint. Therefore, further research is
needed to asses biomechanical of the Krackow suture fixation strength of living human tendon with loop distance
variance of 5 mm, 7.5 mm, and 10 mm to strengthen the
results of this study.

CONCLUSIONS
Based on the results, this research concludes that the 10 mm
loop distance of the Krackow suture results in a significantly stronger suture fixation than the 7.5 mm and 5 mm loop
distance for Achilles tendon rupture in cadaver.

CONFLICT OF INTERESTS
The authors declare that they have no conflict of interests.
361

Biomechanical Analysis of Krackow Suture Fixation Strength of Cadaver Achilles Tendon with Loop Distance Variance of 5, 7.5, and 10 mm

REFERENCES
1. Lantto I, Heikkinen J, Flinkkila T, Ohtonen P, Leppilahti J.
Epidemiology of Achilles tendon ruptures: increasing incidence over a 33-year period. Scandinavian journal of medicine
& science in sports. 2015;25(1):e133-8.
2. Maffulli N, Via AG, Oliva F. Achilles Tendon Rupture. In:
Volpi P, editor. Arthroscopy and Sport Injuries: Applications
in High-level Athletes. Switzerland: Springer International
Publishing 2016. p. 77-81.
3. Sheth U, Wasserstein D, Jenkinson R, Moineddin R, Kreder
H, Jaglal SB. The Epidemiology and Trends in Management
of Acute Achilles Tendon Ruptures in Ontario, Canada. The
Bone & Joint Journal. 2017;99-B(1):78-86.
4. Lemme NJ, Li NY, DeFroda SF, Kleiner J, Owens BD. Epidemiology of Achilles Tendon Ruptures in the United States:
Athletic and Nonathletic Injuries From 2012 to 2016. The
Orthopaedic Journal of Sports Medicine. 2018;6(11):1-7.
5. Vafek EC, Plate JF, Friedman E, Mannava S, Scott AT, Danelson KA. The effect of strain and age on the mechanical properties of rat Achilles tendons. Muscles, ligaments and tendons
journal. 2017;7(3):548-53.
6. Gulati V, Jaggard M, Al-Nammari SS, Uzoigwe C, Gulati P, Ismail N, et al. Management of achilles tendon injury: A
current concepts systematic review. World journal of orthopedics. 2015;6(4):380-6.
7. Alan NG, Jacobson KL. Achilles Tendon Trauma. In: Southerland JT, editor. McGlamry Comprehensive Textbook of
Foot and Ankle Surgery. Fourth Edition ed. Philadelphia:
Wolters Kluwer Health | Lippincott Williams & Wilkins;
2013. p. 1580-99.
8. 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 and
tendons journal. 2017;7(1):46-52.
9. Bunnell S. Primary repair of severed tendons the use of stainless
steel wire. The American Journal of Surgery. 1940;47(2):50216.
10. Kessler I, Nissim F. Primary Repair without Immobilization of
Flexor Tendon Division within the Digital Sheath: An Experimental and Clinical Study. Acta orthopaedica Scandinavica.
1969;40(5):587-601.
11. Sebastin SJ, Ho A, Karjalainen T, Chung KC. History and
evolution of the Kessler repair. The Journal of hand surgery.
2013;38(3):552-61.
12. Krackow KA, Thomas SC, Jones LC. A new stitch for ligament-tendon fixation. Brief note. The Journal of bone and
joint surgery American volume. 1986;68(5):764-6.
13. Krackow KA, Thomas SC, Jones LC. Ligament-tendon fixation: analysis of a new stitch and comparison with standard
techniques. Orthopedics. 1988;11(6):909-17.
14. Hapa O, Erduran M, Havitçioğlu H, Çeçen B, Akşahin E,
Güler S, et al. Strength of Different Krackow Stitch Configurations Using High-strength Suture. The Journal of Foot and
Ankle Surgery. 2013;52(4):448-50.
15. 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 international. 1995;16(4):191-5.
362

16. McCoy BW, Haddad SL. The Strength of Achilles Tendon
Repair: A Comparison of Three Suture Techniques in Human
Cadaver Tendons. Foot & ankle international. 2010;31(8):701-5.
17. 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. The American journal of sports
medicine. 2009;37(4):786-90.
18. McKeon BP, Heming JF, Fulkerson J, Langeland R. The Krackow stitch: a biomechanical evaluation of changing the number
of loops versus the number of sutures. Arthroscopy : the journal of arthroscopic & related surgery : official publication of
the Arthroscopy Association of North America and the International Arthroscopy Association. 2006;22(1):33-7.
19. C. Ortiz, E. Wagner, P. Mocoçain, G. Labarca, A. Keller, A.
Del Buono, et al. Biomechanical comparison of four methods
of repair of the Achilles tendon. The Journal of Bone and Joint
Surgery. 2012;94-B(5):663-7.
20. Khan RJ, Fick D, Keogh A, Crawford J, Brammar T, Parker M.
Treatment of acute achilles tendon ruptures. A meta-analysis
of randomized, controlled trials. The Journal of bone and joint
surgery American volume. 2005;87(10):2202-10.
21. Khan RJK, Carey Smith RL. Surgical interventions for treating
acute Achilles tendon ruptures. Cochrane Database of Systematic Reviews. 2010(9).
22. Bhandari M, Guyatt G, Siddiqui F, Morrow F, Busse J,
K. Leighton R, et al. Treatment of Acute Achilles Tendon
Ruptures A Systematic Overview and Meta-analysis. Clinical
orthopaedics and related research. 2002;400:190-200.
23. Wilkins R, Bisson LJ. Operative versus non-operative management of acute Achilles tendon ruptures: a quantitative systematic review of randomized controlled trials. The American
journal of sports medicine. 2012;40(9):2154-60.
24. Soroceanu A, Sidhwa F, Aarabi S, Kaufman A, Glazebrook
M. Surgical Versus Nonsurgical Treatment of Acute Achilles
Tendon Rupture A Meta-Analysis of Randomized Trials2012.
25. Eng D, Schepers T, Schep NWL, Carel Goslings J. Rerupture
Rate after Early Weightbearing in Operative Versus Conservative Treatment of Achilles Tendon Ruptures: A Meta-Analysis.
The Journal of Foot & Ankle Surgery. 2013;52:622-8.
26. Willits K, Amendola A, Bryant D, Mohtadi NG, Giffin JR,
Fowler P, et al. Operative versus non-operative treatment of
acute Achilles tendon ruptures: a multicenter randomized trial
using accelerated functional rehabilitation. The Journal of bone
and joint surgery American volume. 2010;92(17):2767-75.
27. Twaddle BC, Poon P. Early Motion for Achilles Tendon
Ruptures: Is Surgery Important?: A Randomized, Prospective Study. The American journal of sports medicine.
2007;35(12):2033-8.
28. Ergün S, Alakbarov A, Yılmaz AM, Karademir B, Akgün
U. The Effect of Different Suture Materials on Achilles
Tendon Metabolism: A Preliminary in vivo Study of mRNA
levels in Rabbits. Muscles, ligaments and tendons journal.
2019;9(4):470-7.
29. Hong C-K, Kuo T-H, Yeh M-L, Jou I-M, Lin C-L, Su W-R.
Do Needleless Knots have Similar Strength as the Krackow
Suture? An In Vitro Porcine Tendon Study. Clinical Orthopaedics and Related Research®. 2017;475(2):552-7.
30. Möller M, Movin T, Granhed H, Lind K, Faxén E, Karlsson J.
Acute Rupture Of Tendo Achillis A Prospective, Randomised
Muscles, Ligaments and Tendons Journal 2020;10 (3)

K. A. M. Luthfi, H. N. Rasyid, W. Arsa, Y. D. Ismiarto

Study of Comparison Between Surgical and Non-Surgical Treatment. The Journal of Bone and Joint Surgery.
2001;83:843-8.
31. Rawson S, Cartmell S, Wong J. Suture techniques for tendon
repair; a comparative review. Muscles, ligaments and tendons
journal. 2013;3(3):220-8.
32. Wu YF, Tang JB. Recent developments in flexor tendon repair
techniques and factors influencing strength of the tendon
repair. The Journal of hand surgery, European volume.
2014;39(1):6-19.
33. Kozono N, Okada T, Takeuchi N, Hanada M, Shimoto T,
Iwamoto Y. Asymmetric six-strand core sutures enhance
tendon fatigue strength and the optimal asymmetry. The Journal of hand surgery, European volume. 2016;41(8):802-8.
34. Kalanjati VP, Prasetiowati L, Alimsardjono H. The Use of
Lower Formalin-Containing Embalming Solution for Anatomy Cadaver Preparation. Medical Journal of Indonesia.
2012;21(4):203-7.
35. Padulo J, Oliva F, Frizziero A, Maffulli N. Muscles, Ligaments and Tendons Journal - Basic principles and recommendations in clinical and field Science Research: 2018 Update.
Muscles, ligaments and tendons journal. 2018;8(3):305-7.
36. Andrew A, Chrenshaw J. Surgical Techniques and Approaches.
In: Canales ST, Beaty JH, editors. Campbell’s Operative Orthopaedics. 12th Edition ed. Philadelphia: Mosby; 2013. p. 10-1.
37. Shia D, Wanga D, Wanga C, Liub A. A Novel, Inexpensive and
Easy to Use Tendon Clamp for In Vitro Biomechanical Testing.
Medical Engineering & Physics. 2012;34:516-20.
38. Innocenti B, Larrieu J-C, Lambert P, Pianigiani S. Automatic Characterization of Soft Tissues Material Properties During
Mechanical Tests Muscles, ligaments and tendons journal.
2017;7(4):529-37.

Muscles, Ligaments and Tendons Journal 2020;10 (3)

39. Hidayat D. Perbandingan Tensile Strength Teknik Jahitan Krackow Dengan Teknik Bunnel Dalam Fase Inflamasi Penyembuhan Tendon Pada Penyambungan Ruptur Akut
Tendon Achilles Kelinci [Tesis]. Bandung: Universitas Padjadjaran; 2003.
40. Rawson S, Margetts L, Wong J, Cartmell S. Sutured Tendon
Repair; A Multi-Scale Finite Element Model. Biomech Model
Mechanobiol. 2015;14:123-33.
41. Cao Y, Zhu B, Xie RG, Tang JB. Influence of Core Suture
Purchase Length on Strength of Four-Strand Tendon Repairs.
The Journal of hand surgery. 2006;31A:107-12.
42. Kim J, Wit Td, Hovius S, McGrouther D, Walbeehm E. What
is the significance of tendon suture purchase? J Hand Surg
Eur. 2009;34:497-502.
43. Lee S, Goldstein R, Zingman A, Terranova C, Nasser P,
Hausman M. The effects of core suture purchase on the
biomechanical characteristics of a multistrand locking flexor
tendon repair: a cadaveric study. The Journal of hand surgery.
2010;35:1165-71.
44. Muraoka T, Muramatsu T, Fukunaga T, Kanehisa H. Elastic
properties of human Achilles tendon are correlated to muscle
strength. Journal of Applied Physiology. 2005;99(2):665-9.
45. Ruan Z, Zhao B, Qi H, Zhang Y, Zhang F, Wu M, et al. Elasticity of healthy Achilles tendon decreases with the increase
of age as determined by acoustic radiation force impulse
imaging. International Journal of Clinical and Experimental
Medicine. 2015;8(1):1043-50.
46. Oliva F, Rugiero C, Giai Via, et al. Achilles tendon ruptures
guidelines. Muscles, Ligaments and Tendon Journal.
2018;8(3):310-63

363

