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Suture Slippage During Anterior Cruciate Ligament  ®
Graft Passage Is Significantly Lower Using a
Krackow Suture

Tatsuo Mae, M.D., Ph.D., Kazunori Shimomura, M.D., Ph.D., Tomoki Ohori, M.D., Ph.D.,
Takehiko Hirose, M.D., Shuji Taketomi, M.D., Ph.D., Tomoyuki Suzuki, M.D., Ph.D., and
Ken Nakata, M.D., Ph.D.

Purpose: To compare the suture slippage on a hamstring tendon graft prepared with a modified finger-trap device
(SPEEDTRAP) with one prepared with Krackow stitch during graft passage through the tibial tunnel in ACL recon-
struction. Methods: Thirty-eight patients underwent anatomic triple-bundle anterior cruciate ligament reconstruction
with 2 femoral and 3 tibial tunnels. After semitendinosus tendon was cut in half to make 2 grafts, the free ends of the
proximal membranous portion (posterolateral [PL] graft) were prepared together with 2 sutures: (1) one SPEEDTRAP and
one Krackow stitch for 20 cases (group A) and (2) double Krackow stitches on both sides for 18 cases (group B). Then, the
PL graft was dye-marked at the proximal suture of SPEEDTRAP in group A and Krackow suture in group B and was
inserted into the joint via tibial tunnel ahead of the loop side. The distance between the mark on the graft and the
proximal suture of SPEEDTRAP or Krackow stitch was measured under arthroscopy after graft fixation at femur. Slippage
was defined as 1 mm and more of distance between the mark and the proximal suture. Results: Slippage was observed in
16 cases for SPEEDTRAP and in 2 for Krackow suture in group A, whereas one case showed slippage in group B. The
slippage distance was 4.0 £ 2.9 mm for SPEEDTRAP and 0.2 £ 0.5 mm for Krackow stitch in group A (P < .001), whereas
it was 0.1 + 0.2 mm for double Krackow stitch in group B, showing a significant difference from SPEEDTRAP suture
(P < .001). Conclusions: At the time of PL graft passage through the tibial tunnel in anterior cruciate ligament
reconstruction, there was significantly less slippage observed with the Krackow stitch compared with the SPEEDTRAP
stitch. Level of Evidence: Level IV, therapeutic case series.

amstring tendon graft preparation is one of the
basic and essential techniques in ligament re-
constructions, and various suture techniques have been
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reported.’” The Krackow stitch' is the conventional
technique for graft preparation and is widely performed
because of high fixation strength. Sakaguchi et al.’
compared the biomechanical properties of porcine
tendon fixation among 3 different common stitch
methods and concluded that the Krackow stitch was
superior to the baseball stitch and the whipstitch stitch
in elongation at 1,500 loading cycles and maximum
failure load. However, preparation of graft may damage
a tendon, can be time-consuming, and has the risk of
needle-stick injury, as most suture techniques require
needle-repeated passage through a tendon. Further-
more, passing the needle and suture through the
tendon can disrupt the tendon longitudinal fiber and
can weaken the material properties of graft.”

To solve these disadvantages, different tendon
grasping techniques have been reported. Su et al.’
proposed the modified finger-trap (MFT) suture tech-
nique, based on the principle of Chinese finger trap,
while the suture was tied over the graft without needle
stitching. Camarda et al.® measured the time for graft
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preparation with the MFT suture and reported the MFT
technique required approximately 30 seconds and
could reduce the suture times compared with the time
of the Krackow stitch and the Whipstitch. SPEEDTRAP
(Depuy-Mitek, Raynham, MA) recently was released
for suture-preparation of a soft-tissue graft without
needles and could easily create a tuber tendon config-
uration based on the principle of Chinese finger trap.
Barber et al.” compared fixation security and biome-
chanical strength using bovine flexor tendon among
the following different graft suture techniques: the
Krackow stitch, the FiberLoop, the SPEEDTRAP, the
WhipKnot, and loop-in-loop stitch. They reported that
the SPEEDTRAP suture showed no damage at the
tendon—suture interface and was equal in elongation to
the other techniques after cyclic loading test, whereas it
had the greatest maximum load to failure.

Our policy in the case of ligament reconstruction is
that the tunnel diameter should be as small as possible to
reduce wasted space and the graft must fit snugly in the
tunnel. There are concerns that coarse-grained suture
techniques or poor graft material causes some slippage
between suture and tendon during graft passage through
the tibial tunnel because of friction. However, few
studies have focused on the slippage of sutures on graft
during graft passage in ligament reconstruction, whereas
the slippage of suture during graft passage would be
clarified in this study. The purpose of this study was to
compare the suture slippage on a hamstring tendon graft
prepared with a modified finger-trap device (SPEED-
TRAP) with one prepared with Krackow stitch during
graft passage through the tibial tunnel in anterior cru-
ciate ligament (ACL) reconstruction. Our hypothesis was
that the slippage of the SPEEDTRAP suture would be
larger than that of the Krackow suture on the graft.

Methods

Patients who underwent primary anatomic triple-
bundle ACL reconstruction with autogenous hamstring
tendon grafts'’ for ACL injury from March 2018 to
March 2019 were retrospectively identified. Those with
multiple ACL reconstruction or multiple ligament in-
juries were excluded. We collected demographic infor-
mation and details regarding the injuries and repairs.
This study protocol (#17047) was accepted by our
institutional review board.

Surgical Procedure

The resident’s ridge and posterior cartilage margin
could be clearly visualized as a landmark for the ACL
footprint after removal of ACL remnant. Two 2.4-mm
guidewires were separately inserted into the footprint
from lateral femoral cortex with the anterolateral entry
femoral aimer (Smith & Nephew Endoscopy, Andover,
MA). Then, two 5.0- to 5.5-mm tunnels were created by
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overdrilling via the guidewires. For the tibia, three
2.4-mm guidewires were inserted in each portion of
ACL attachment surrounded by anterior ridge, medial
intercondylar ridge, and anterior horn of the lateral
meniscus with the tibial tip aimer (Smith & Nephew
Endoscopy) respectively. Then, 2 anteriorly located
guidewires for the medial portion of anteromedial
(AM-M) and the lateral portion of anteromedial (AM-L)
grafts were overdrilled with 4.5- to 5.0-mm drills,
whereas the posteriorly located guide wire for the
posterolateral (PL) graft was overdrilled with a 5.0-mm
drill, matching the grafts’ diameters.

Graft Preparation

A semitendinosus tendon was harvested and was cut
in half to prepare 2 double-looped tendon grafts. Two
ENDOBUTTON-CLs (Smith & Nephew Endoscopy) were
connected to each loop end of the graft. The appropriate
continuous loop length was determined on the basis of
the femoral tunnel length to introduce sufficient graft
materials of more than 13 mm into the femoral tunnels.
A #2 ULTRABRAID suture (Smith & Nephew, Andover,
MA) was placed on each free end of the distal tendinous
portion in Krackow stitch fashion for 2-limb grafts
(AM-M/-L graft). For the proximal membranous
portion, its free ends were prepared together (1) with
one SPEEDTRAP and one Krackow stitch using one #2
ULTRABRAID suture for 20 cases from March 2018 to
July 2018 (group A) and (2) with double Krackow
stitches with two #2 ULTRABRAID sutures for 18 cases
from August 2018 to March 2019 (group B) to make
one-limb graft (PL graft). In group A, a SPEEDTRAP
suture was used after suture in Krackow stitch was
completed on one side of folded graft. SPEEDTRAP of 20
mm in length was used and gripped graft by more than
20 mm from the free end. The PL graft was dye-marked
at the proximal suture of SPEEDTRAP in group A and
one Krackow suture in group B after preloading on the
graft preparation table for approximately 3 minutes to
achieve firm fixation with suture as well as to remove
the creep of graft (Fig 1).

Graft Fixation and Slippage Measurement

The loop end of the PL graft was introduced through the
tibial tunnel to the femoral tunnel and was fixed on
the lateral femoral cortex by turning the ENDOBUTTON.
The proximal suture of SPEEDTRAP or the Krackow stitch
and the mark on the graft were arthroscopically took
photos with a probe to measure the slipped distance just
after flipping the ENDOBUTTON, as the location of the
proximal suture on graft could be easily observed in the
joint. The intraclass correlation coefficients was 0.97 in
intrarater reliability. The ratio of cases with slippage also
was assessed, whereas suture slippage was defined as the
suture slipped by 1 mm and more. Then, the slippage of
SPEEDTRAP was compared with that of Krackow suture
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Fig 1. Prepared posterolateral graft with a dye mark at the
proximal end of the suture. (A) One SPEEDTRAP suture (green/
white suture) and one Krackow suture (white suture). (B)
Double Krackow sutures (white and white/blue sutures).

on the same graft in group A (test 1), while the slippage of
SPEEDTRAP in group A was compared with that of
Krackow suture in group B (test 2).

The loop end of the AM-M/-L graft was introduced
through the far anteromedial portal to the femoral
tunnel and fixed in the same manner, and the free ends
of the graft were introduced from the joint into the
tibial tunnels for the AM-M and -L grafts, respectively.
Then, the graft suture from the PL graft was connected
with one Double-Spike Plate (DSP; MEIRA Corp.,
Nagoya, Japan), whereas the 2 graft sutures for the
AM-M and -L grafts were connected with 1 DSP.
Finally, these grafts were fixed to the tibia with the total
initial tension of 20 N (10 N of tension to each DSP) at
20° of knee flexion.

Statistical Analysis

The Mann—Whitney U test was performed to assess
the difference in age, PL tunnel diameter, and cross-
sectional area of PL graft between group A and B. For
assessment of difference in sex and meniscal injury
between 2 groups, the > test was introduced. In re-
sults, the % test was performed to detect the significant
difference in the ratio of cases with slippage in test 1
and 2, whereas the Wilcoxon signed-rank test for test 1
and Mann—Whitney U test for test 2 also were used for
the difference of slipped distance between SPEEDTRAP
suture and Krackow stitch. A P value of less than .05
was defined as a significant different. A post hoc type of
power analysis with a of 0.05 and effect size of 0.8
showed that power of this analysis was 0.911 in test 1
and 0.762 in test 2.

Results
Thirty-eight patients were enrolled in the study
(Table 1). There were 12 male and 26 female patients.
Their age ranged from 15 to 59 years, with a mean age of
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28 years at the time of surgery. Lateral and medial
meniscal injuries were observed in 8 and 22 cases,
respectively. For lateral meniscal injury, 7 cases had
meniscal repair and 1 underwent meniscectomy. For the
medial meniscus, 10 cases underwent meniscal repair and
1 had meniscectomy. No severe cartilage injury (more
than Grade III) was found. The total number in group A
and B was 20 and 18, respectively. The tunnel diameter
and cross-sectional area of PL graft'' were not different
between 2 groups. The slippage was observed in 16 of 20
cases (80%) for SPEEDTRAP and in 2 of 20 (10%) for
Krackow suture in group A, whereas 1 case (7% ) showed
slippage in group B (Fig 2). The ratio of cases with suture
slippage for SPEEDTRAP was significantly larger in test 1
(P < .001) and test 2 (P < .001).

The mean slippage distance was 4.0 &+ 2.9 mm for
SPEEDTRAP and 0.2 £ 0.5 mm for Krackow stitch in
group A, with a significant difference (P < .001), whereas
itwas 0.1 + 0.2 mm for double Krackow stitch in group B,
showing a significant difference from SPEEDTRAP suture
(P < .001).

Discussion

The principle finding of this study is that a larger
amount of suture slippage was found in the SPEED-
TRAP suture during graft passage through tibial tunnel
compared with the Krackow suture. The Krackow
stitch' is widely adopted to suture the graft as the
secure fixation but takes a longer time to prepare graft
and has a risk of needle stick injury. SPEEDTRAP was
developed to save graft-preparation time, reduce graft
damage, and prevent needle-stick injury, and it does
not pass any sutures through the graft while tendon is
tied up with sutures, based on the principle of Chinese
finger trap.

Su et al.” compared the tendon graft holding power of
the MFT suture technique, which did not require needle
passing through the tendon, with the Krackow stitch, the
non-locking SpeedWhip (Arthrex, Naples, FL), and the
locking SpeedWhip techniques. They reported the elon-
gation of the MFT suture group was significantly smaller
than that of the other techniques, whereas there was no
significant difference among all 4 suture techniques with
respect to ultimate failure load. Barber et al.” compared 6
different graft suture techniques including the Krackow
stitch and the SPEEDTRAP suture techniques and

Table 1. Patient Demographic Data

Group A Group B P Value
Total number 20 18
Age 26.9 (15-51) 28.6 (15-59) 942
Sex, male:female 9:11 3:15 .061
Meniscal injury, lateral:medial 5:6 3:5 729
Tunnel diameter (PL graft) 4.9 +0.3 49 £ 0.2 .806
CSA (PL graft) 134 £33 13.6 £ 2.6 .740

CSA, cross sectional area; PL, posterolateral.
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Fig 2. Arthroscopic findings. (A) Slipped SPEEDTRAP suture (green/white suture). (B) No slippage for Krackow suture (white
suture) at the opposite side of SPEEDTRAP. (C) No slippage for Krackow suture in double Krackow stitch.

reported that the elongation after 500 cycles between 50 N
and 200 N and the maximum failure load in SPEEDTRAP
suture was equivalent to those in the Krackow stitch with
FiberWire, although the elongation of SPEEDTRAP suture
was larger than that of the Krackow stitch from 100 to
500 cycles. Thus, SPEEDTRAP suture may replace the
Krackow stitch and can be safely used for graft prepara-
tion. However, in evaluation of needless grasping suture,
most studies measured the elongation during cyclic
loading and the load to failure test for the graft—suture
complex. The slippage of suture on the graft during graft
passage is an overlooked issue in ligament reconstruction,
although it is difficult to assess this phenomenon. The
current study reports the slippage of sutures passing
through the tibial tunnel in ligament reconstruction.

The Chinese finger trap was originally designed as a
small woven bamboo tube. When a person places their
index finger in both ends of the tube and tries to pull
their fingers out, the bamboo constricts and traps the
fingers. SPEEDTRAP introduced this mechanism into
graft suturing technique. This mechanism is strong
enough to hold the graft as long as the graft-gripping
suture is pulled. Then, the suture firmly grasps the
graft at the greater load, while suture can slip on the
graft at the lower load during cyclic loading. In the ACL
reconstruction, suture from the distal end of graft is just
held during the graft passage through tibial tunnel and
is never kept strongly, as the graft must move into the
joint. Moreover, the friction between the tibial tunnel
wall and the suture on the graft can occur. Thus,
decrease in the graft-holding power with SPEEDTRAP
suture and friction between tunnel wall and suture
could lead to suture slippage during graft passage, as no
suture of SPEEDTRAP passed through the tendon.
Slippage might be reduced if the suture from the graft
was more strongly pulled during graft passage. In
contrast, as the suture passed through the tendon in
Krackow stitch, the suture seldom slipped on the graft
as long as the sutures cut off the tendon.

When the length of harvested semitendinosus tendon
is more than 260 mm, we cut the tendon in half and

fold them. However, in some cases, the tissue quality of
the membranous portion is poor, or the gracilis tendon
is quite thin and narrow. In such a case, the Chinese
finger trap mechanism has an advantage for graft
preparation, as the Krackow stitch has a risk to cut off
the graft in pulling the graft. Thus, when SPEEDTRAP is
used for graft preparation, we recommend creating a
slightly larger tibial tunnel to avoid a too-snug graft
passage and using a longer grip distance in SPEEDTRAP
considering slippage. Furthermore, as some sutures of
SPEEDTRAP stopped at the proximal end of Krackow
stitch in group A, we also recommend using this device
with the Krackow stitch on the opposite side to adopt
the advantages of both suture techniques (Fig 3).

Limitations

There are some limitations in this study. First, friction
between tunnel wall and graft can be different, as there
is some variability in graft and/or tunnel size. To reduce

Fig 3. Slipped SPEEDTRAP sutures (green/white suture)
stopped at the proximal end of Krackow suture (white suture).
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this variation, we compared both suture techniques on
the same graft in group A. The second is that 2 sutures
were passed for one graft. The suture on the opposite
side might affect the slippage, while the possibility of
graft failure increased in case of one suture for graft.
Third, SPEEDTRAP suture was used only for membra-
nous portion. The results might change in use for
tendinous portion.

Conclusions
At the time of PL graft passage through the tibial
tunnel in ACL reconstruction, there was significantly
less slippage observed with the Krackow stitch
compared with the SPEEDTRAP stitch.
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