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Numerous techniques have been advocated for the surgical 
treatment of Achilles tendon ruptures without a clear con-
sensus as to the optimal method.† Controversy still exists 
as to whether percutaneous or open methods of surgical 
repair provide better clinical results. To further complicate 
this, both open and percutaneous methods have been 
described using multiple surgical techniques. The success 
of these various repairs depends on what outcomes mea-
sures are used and can be less than ideal.

The recent trend has been to accelerate the rehabilita-
tion protocol after Achilles tendon repair. This includes 
earlier range of motion, weightbearing, and strengthening, 
as well as shorter immobilization times and faster return 
to sports. However, these accelerated protocols have not 
been based on strong basic science. Without this knowl-
edge, it is difficult to establish sound guidelines or to tell 
whether existing guidelines are safe.

On the basis of this clinical trend for accelerated reha-
bilitation after surgical repair, there appears to be a need 
for stronger, more gap-resistant repairs. Epitendinous 
suture augmentation has been shown to significantly 
increase gap resistance and overall strength in Achilles 
tendon repairs when tested to failure.16 The purpose of this 
study was to identify the most effective suture repair tech-
nique for Achilles tendon repair by subjecting these repairs 
to cyclic loads, as would be experienced in the postoperative 
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period. It was hypothesized that epitendinous suture 
augmentation of Achilles tendon repair would improve the 
ability of repairs to withstand cyclic loading. To our knowl-
edge, the effect of this technique has not been previously 
studied in Achilles tendons.

MATERIALS AND METHODS

Fifteen fresh-frozen, human, male cadaveric Achilles ten-
dons with the calcaneus attached were thawed and har-
vested. The average age of the specimens was 39 years 
(range, 32-45). The Achilles tendon was sharply transected 
4 cm proximal to the tendon insertion. The specimens were 
kept moist with normal saline at room temperature 
throughout the testing.

The tendons were repaired by 1 of 3 repair techniques. 
The first group consisted of a simulated percutaneous 
repair technique, the technique being similar to that 
described for the Achillon (Integra Life Sciences, 
Plainsboro, New Jersey) system (Figure 1). The actual 
repair was performed using No. 2 Ethibond sutures (Ethicon 
Inc, Somerville, New Jersey) with the skin removed and 
therefore represented the optimal surgical fixation possible 
for this technique. The second group consisted of a nonaug-
mented 4-stranded Krackow technique with No. 2 Ethibond 
sutures (Ethicon Inc) tied with 5 simple half-hitches. The 
final group consisted of a 4-stranded Krackow repair aug-
mented with a cross-stitch epitendinous weave (Figure 2). 
The augmentations were performed using 0 PDS suture 
(Ethicon Inc) so that the suture grabbed not only the 
epitenon but also the tendon tissue approximately 2.5 cm 
away from the rupture site. Both the Krackow and epitendi-
nous weave were tied with 5 simple half-hitches after 
suture passage.

The specimens were secured onto a materials testing 
system (MTS Systems Corp, Eden Prairie, Minnesota) by 
drilling a hole in the calcaneus in line with the tendon and 
inserting into it a large bolt, nuts, and washers. This was 
then coated with polymethylmethacrylate bone cement 
(Howmedica International S de RL, Limerick, Ireland) to 
eliminate any movement at the hardware-bone interface. 
The Achilles tendon was secured proximally onto a tendon 
clamp and the remaining tendon rolled around the clamp 
to minimize stress on the clamp-tendon interface and 
eliminate slippage. The specimens were secured onto the 
MTS by clamping onto the head of the bolt on one side and 
onto the tendon clamp on the other side, with the direction 
of pull parallel to the longitudinal axis of the tendon.

All specimens were subject to a cyclic loading protocol, 
which consisted of 3 levels. First, each specimen was 
loaded from 20 to 100 N at 1 Hz for 1000 cycles. If the 
specimen survived the initial test level, it was subjected to 
another 1000 cycles from 20 to 190 N. If the specimen 
withstood this level without failure, another 1000 cycles 
from 20 to 369 N were applied. The forces used are based 
on the following: 20 and 100 N were the lower and upper 
limits of Achilles tendon force estimated during passive 
ankle flexion in an isokinetic dynamometer,23 and 190 and 
369 N were the forces estimated in the Achilles tendon 

Figure 1. (A) Percutaneous repair of the Achilles tendon. (B) 
Schematic of percutaneous repair. All knots are tied at the 
repair site.

during walking in a Cam Walker with and without the use 
of a 1-inch heel lift, respectively.1 The frequency of 1 Hz 
was meant to simulate walking cadence.

Specimens surviving all 3 levels of cyclic loading were 
then loaded to failure at a rate of 25 mm/s. The number of 
cycles to initial gapping (defined as any measurable gap for-
mation), 5-mm gapping, and total failure was compared for 
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each type of repair. Gapping was documented continuously 
during cyclic testing using digital calipers (Scienceware 
Vernier Direct Reading Calipers model H13415-0000, Bel-
Art Products, Pequannock, New Jersey) and was measured 
at the aspect of the repair with the greatest gap formation. 
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Figure 2. (A) Krackow stitch augmented with epitendinous 
weave. (B) Schematic of Krackow augmented with epitendinous 
weave. Left, Krackow stitch run in each end of the ruptured 
tendon. Right, Epitendinous weave run after the Krackow stitch. 
The epitendinous weave is passed through the tissue 2.5 cm 
from the torn end of the tendon on each side of the repair.

Figure 3. Median and range (error bars) for the number of 
cycles to total failure for the 3 different repair techniques. 
Note the different loads employed during each part of the 
testing. Median cycles for each technique are also shown in 
the text. Effect of repair technique (P = .002): percutaneous 
versus Krackow, P = .024; Krackow versus augmented 
Krackow, P = .024; and percutaneous versus augmented 
Krackow, P = .024.

Total failure was defined as greater than 1-cm gapping or 
a precipitous drop of measured force.

The Kruskal-Wallis test was used to assess if there was 
an effect of repair technique on the number of cycles to 
initial gapping in the repair, 5-mm gapping, and total 
repair failure. If an effect was noted, post hoc Mann-
Whitney tests (with Bonferroni corrections for multiple 
comparisons) were performed to assess differences between 
the different techniques. An α level of .05 was assumed to 
be statistically significant.

RESULTS

Percutaneous repairs all failed during cyclic loading at  
100 N, while nonaugmented Krackow repairs all failed during 
cyclic loading at 190 N (Figure 3). Four augmented repairs 
failed during cyclic loading at 369 N, while 1 survived the 
entire cyclic loading protocol, subsequently failing at 550 N.

Kruskal-Wallis testing showed that for all variables of 
interest (number of cycles to initial gapping, 5-mm gapping, 
and total failure), there was an effect of repair (P = .002) 
(Table 1). Post hoc testing (Mann-Whitney) revealed that 
for all 3 measures, the augmented repairs were stronger 
than both the Krackow and the percutaneous repairs 
(P < .05) (Table 1). Additionally, the Krackow repairs were 
stronger than the percutaneous repairs (P = .024).

Mode of failure for the percutaneous repairs was suture 
pull through the tendon. For nonaugmented Krackow repairs, 
gapping appeared to occur initially due to suture pull 
through the tendon and total failure due to a combination of 
suture pull-through and suture breakage. For the augmented 
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repairs, mode of failure for all specimens was suture break-
age, with the epitendinous sutures breaking first.

DISCUSSION

Achilles tendon ruptures are common injuries, for which 
surgical repair is becoming an increasingly accepted treat-
ment.‡ The type of surgical treatment, however, continues 
to be controversial. Not only are there disparities between 
surgeons using either percutaneous versus open repairs, 
but there are several described techniques within each 
category.

Proponents of percutaneous repairs cite decreased inci-
dence of wound complications, infections, operative time, and 
better cosmetic appearance. Initial reports have shown possi-
ble sural nerve damage,3,5,18 while more recent reports seem 
to have minimized this complication.10,17,19,29 Various tech-
niques have been employed to perform percutaneous repairs. 
One of the most common techniques used is the Achillon sys-
tem, which places 3 horizontal sutures onto each side of the 
disrupted Achilles tendon, while the knots are tied at the 
repair site. However, the greatest potential downside to percu-
taneous repairs is the strength of the repairs, shown by some 
authors to be as much as 50% weaker than open repairs.11

Advocates of the more traditional open-type repair cite 
increased repair strength with acceptable wound complica-
tions and cosmesis. Again various surgical techniques have 
been described. Krackow et al15 described a commonly used 
locking-loop technique and found it to have a pull-out 
strength of 392 N via a one-time load-to-failure study. Watson 
et al28 found their locking-loop technique to be significantly 
stronger than a Bunnell or Kessler technique. However, fail-
ure was determined solely when there was a precipitous drop 
in the force. We have found in a previous study as well as in 
this study that a significant amount of gapping occurs before 
ultimate failure of the repair, and this gapping is decreased 
when augmented with an epitendinous cross-stitch weave.16 
Greater than 5-mm gapping might be considered just as 
important of a parameter for clinical failure.16

Both open and percutaneous repair techniques have been 
reported to have acceptable clinical results.4,6,9,10,25,27 If 
rerupture is to be considered the major outcome criterion, 
just about any type of repair or even nonoperative immobi-
lization can be considered acceptable. However, a closer look 
at outcomes reveals less than acceptable results. For exam-
ple, Kangas et al14 placed markers on each side of Achilles 
tendon repair sites and showed significant separation of the 
tendon ends during the postoperative period. Further, weak-
ness in end-range plantar flexion has been demonstrated 
after “successful” Achilles tendon repair and has been 
attributed to excessive tendon lengthening.22 Whether this 
is due to a lack of proper tensioning at the time of surgery 
or progressive tendon lengthening during the postoperative 
period was not elucidated.

It should not be surprising that tendon lengthening 
exists after surgery. It has been estimated that with the 
ankle immobilized in neutral dorsiflexion, the forces across 
the Achilles tendon are as high as 370 N1 and as high as 
1500 N during normal, unrestricted walking.8 It has been 
shown that even with passive range of motion of the ankle, 
often performed within weeks of surgery, the forces across 
the Achilles tendon can approach 400 N.23

In this study, simulated percutaneous repairs had sig-
nificantly decreased strength compared with the other 2 
repair techniques. All specimens failed within loads that 
are typically seen with passive range of motion in postop-
erative therapy. Nonaugmented Krackow repairs were 
significantly stronger than percutaneous repairs, but all 
specimens failed with loads comparable to that seen with 
weightbearing with a 1-inch heel lift. Augmented Krackow 
repairs were significantly stronger than both the nonaug-
mented Krackow repairs and the percutaneous group, 
withstanding loads comparable to weightbearing with a 
1-inch heel lift, but not weightbearing without a heel lift.

On the basis of this study, it would not be advisable to 
start an early range of motion protocol for patients 
repaired with this percutaneous technique. It appears that 
nonaugmented Krackow repairs can withstand early range 
of motion rehabilitation but not immediate weightbearing 
with a 1-inch heel lift. Augmented Krackow repairs appear 
to be the only repair method in this study to be able to 
withstand early range of motion and weightbearing with a 
1-inch heel lift. It would not be advisable to start unpro-
tected weightbearing in any of these groups.

This study is inherently limited by the use of cadaveric 
specimens, especially because our model used a clean lacera-
tion as opposed to the “mop ends” typically seen in Achilles 
tendon ruptures. However, we believe that this accentuates 
the differences between techniques even further. Because the 
cross-stitch epitendinous weave grasps the normal tendon 2.5 
cm away from the “mop ends” site, this augmentation would 
tend to be less affected by the “mop ends” typically seen in 
the clinical setting. The core sutures that are put in via both 
the percutaneous method and Krackow method would be 
more likely affected by the “mop ends” due to the poor nature 
of the tissue at the tear site. Thus, we initially expected that 
because we were studying this in normal tendon tissue, it 
would have been harder to show a difference.

TABLE 1
Number of Cycles to Initial Gap, 5-mm Gap, and Total 

Failure for the 3 Different Repair Techniquesa

No. of 
Cycles	 Percutaneous	 Krackow	 Augmented Krackow

Initial	 5.0 (1-9)	 502 (90-1070)b	 2208 (2005-3000)b,c 
  gap
5-mm	 22 (9-35)	 741 (200-1206)b	 2213 (2006-3000)b,c 
  gap	
Total	 102 (13-340)	 1268 (1010-1690)b	 2213 (2007-3000)b,c 
  failure	

aNumbers reported are mean (range).
bIndicates greater than percutaneous repair, P = .024.
cIndicates greater than nonaugmented Krackow repair, P = .024.

‡References 2, 7, 12, 13, 15, 20, 21, 24, 26, 28, 30.
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In conclusion, epitendinous cross-stitch weave augmen-
tation of Achilles tendon repairs significantly increased 
repair strength and gap resistance. The forces the Achilles 
tendon are exposed to during early motion therapy proto-
cols and ambulation in a Cam Walker may be sufficient to 
cause gapping and failure in percutaneous and nonaug-
mented Krackow repairs but not in augmented repairs.
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