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Summary

Background: The purpose of the present study

was to compare the operative time for graft prepa-

ration using different techniques for graft sutur-

ing.

Material and methods: Flexor profundus tendons

were harvested from fresh pig hind-leg trotters.

Three different suture techniques were investigat-

ed: the Krackow stitch (K), the Whipstitch (W),

and the Modified Finger-Trap suture (MFT). Ten-

dons were sutured starting at 10 mm from the dis-

tal free end of the tendon. The suture configura-

tions of the Krackow stitch and Whipstitch were

completed with five suture throws. According to

the MFT technique, the suture was wrapped five

times around the tendon over a distance of 30

mm. The time required to perform a complete su-

ture on each tendon was measured. Five indepen-

dent examiners of different levels of training mea-

sured the time required for graft preparation dur-

ing 3 separate occasions to determine intraob-

server repeatability and interobserver reproduci -

bility.

Results: The mean time required for graft prepa-

ration following the Krackow technique was 69.1

seconds ± 18.3 SD (range 31.8-120). The Whip-

stitch technique took an average of 59.9 seconds

± 21.2 SD (range 27-93). The MFT suture required

a mean of 29.3 seconds ± 11.4 SD for completing

the suture (range 21.6-33). In all examiners the

time required to complete the MFT suture was

significantly less than the other suture tech-

niques (p < 0.05). Intraobserver intraclass correla-

tion coefficients for each examiner ranged from

0.72 to 0.83.

Conclusion: Low graft preparation time is re-

quired to complete a MFT suture in a porcine ten-

don model. Further, time required for graft prepa-

ration using the MFT was shorter than other su-

turing techniques such as the Krackow and Whip-

stitch techniques. 

Clinical relevance: The MFT suture could be used

for graft set-up with the main advantage of reduc-

ing the time required in comparison with other su-

ture techniques.

KEY WORDS: fiberwire, grasping tendon, krackow su-

ture, modified finger-trap, suture tendon, suturing tendon,

whipstitching.

Introduction

In the last two decades, an increase in the use of
hamstring grafts for several surgical ligament recon-
struction procedures has been observed. In fact, au-
togenous gracilis and semitendinosus tendons are
the first choice of many orthopaedic surgeons when
reconstructing the anterior and posterior cruciate liga-
ments1-3. Because of low site morbidity, hamstring
has started to be used in other surgical procedures
such as coracoacromial ligament reconstruction, ul-
nar collateral ligament reconstruction of the elbow
and rotator cuff repair4-7. During ligament reconstruc-
tion, the free ends of the tendon are usually sutured
to secure and handle the tendon during harvest and
to apply tension to the graft during final fixation with
an interference screw8. Furthermore, a suture passed
along the tendon allows an easier graft tunnel trans-
fer and insertion into a bone tunnel, specifically when
a retrograde graft tunnel transfer is required. To date,
several suturing techniques have been proposed for
graft preparation9-11. Krackow stitch, the baseball
stitch and the whipstitch are the most well known su-
ture techniques used by surgeons during ligament re-
constructions12. They consist in passing the suture
with a different configuration through the tendon us-
ing a needle. Although these suture techniques are
effective, potential disadvantages have been reported
such as possible damage to the integrity of the ten-
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don and permanent viscoelastic elongation of the
graft due to slippage of the suture within the tendon
tissue13,14. Furthermore, passing a suture through the
tendon is relatively time-consuming and it could in-
crease the duration of the surgery11. For these rea-
sons, different Authors advocate the use of grasping
suture techniques rather than locking suture tech-
niques11, 14-17. The most known grasping suture tech-
nique is represented by the modified finger-trap
(MFT) suture. Following the MFT technique, a suture
is tied over the graft with a criss-cross suture pattern,
allowing the surgeon to constrict the graft when ten-
sion is applied to the sutures. In order to prevent slip-
page of the crosshatch suture from the end of the
tendon graft during loading, an additional final rolling-
hitch suture is applied11. Main advantages of this su-
ture technique are represented by an increase in the
surface area of the suture-tendon interface and the
no violation of the graft itself by needle and sutures.
Furthermore, the MFT represents a potentially faster
approach for graft preparation. Even MFT-graft con-
struct has been already studied and compared with
other suture techniques, to our knowledge no data is
present regarding the merit of the MFT to reduce the
surgical time of graft preparation11,18. The aim of the
present study was to compare the operative time for
graft preparation during a ligament reconstruction us-
ing different techniques for graft suturing. The Au-
thors hypothesized that the MFT technique may pro-
vide a shorter operative time for graft preparation
when it was compared to other tendon suture tech-
niques.

Materials and methods

For this study, flexor profundus tendons were har-
vested from fresh pig hind-leg trotters. The choice of
porcine tendons was based on their immediate avail-
ability, smaller size and lowcost. Tendons were cut to
the same length close to the distal osseous insertion
in order to obtain a tendon length of 10 cm. No ten-
dons used presented degenerative or pathologic
changes. At this point, all tendon grafts were immedi-
ately wrapped in a normal saline soaked cloth and
stored at -20° C until testing. Then tendons were
thawed at room temperature and kept moist to pre-
vent drying, being sprayed with saline solution during
testing. Tendons were fixed in a custom-designed
workstation that allows optimizing and standardizing
the graft positioning before its suture. Three different
suture techniques were investigated: the Krackow
stitch (K), the Whipstitch (W), and the Modified Fin-
ger-Trap suture (MFT). No. 2 braided non-absorbable
sutures (Ticron, Tyco, Waltham, MA) were used in all
cases. Tendons were sutured following different tec-
niques starting at 10 mm from the distal free end of
the tendon. According to the Krackow and Whipstitch
techniques, a suture was passed through the tendon
using a round-bodied needle over a distance of 30
mm, with 5 suture throws performed on each sample
and leaving a pitch between the suture throws of 5

mm. According to the MFT technique, the suture was
wrapped five times around the tendon over a distance
of 30 mm. The suture was then tightened and rein-
forced with a final rolling stitch, leaving a 1 cm dis-
tance from the end of the tendon (Fig. 1).
The time required to perform a complete suture on
each tendon was measured using a chronometer. In
order to standardize the method, a countdown was
used to signal the surgeon the beginning of the
recorded time. Further, the time was stopped at the
end of each test when the surgeon completed the
tightening of the suture following the last throw or
rolling stitch. Measurements of time required for
graft preparation were taken by 5 independent ex-
aminers with different levels of training. Specifically,
three were defined as expert surgeons (two or-
thopaedic surgery chief residents, and a high
trained Orthopaedic Surgeon) and two were defined
as inexpert surgeons (2 orthopaedic surgeons dur-
ing their 1st year of residency). Intraobserved re-
peatability was evaluated by having each examiner
measure the time used for graft suturing on 3 sepa-
rate occasions being a minimum of 2 weeks apart to
prevent recall bias. 
All research was conducted ethically according to in-
ternational standards19.

Statistical analysis

The first 6 measurements of each examiner and of
each group of sutures were excluded from statistical
analysis to avoid arousal responses associated with
startle of the study. Data was analysed with SPSS
statistical software, version 11.0 (SPSS, Inc., Chica-
go, IL). Descriptive statistics, including means and
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Figure 1.  Three different suture techniques were investi-
gated: the Krackow stitch (K), the Whipstitch (W), and the
Modified Finger-Trap suture (MFT).
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standard deviations, were performed for each suture
group and for each examiner. Differences of time re-
quired for graft preparation between examiners were
analysed using a paired Student’s test. A significance
level of p < 0.05 was used for the study. Further, the
interobserver and intraobserver reliability was calcu-
lated using intra-class correlation coefficients (ICC)
with two-way random effects. A measurement was
considered reliable and excellent if the ICC was high-
er than 0.7520.

Results

A total amount of 450 measurements was collected.
The mean time required for graft preparation follow-
ing the Krackow technique was 69.1 seconds ± 18.3
SD (range 31.8-120). The Whipstitch technique took
an average of 59.9 seconds ± 21.2 SD (range 27-93).
The MFT suture required a mean of 29.3 seconds ±
11.4 SD for completing the suture (range 21.6-33)
(Tab. I). Statistical differences between means were
noted among three suture techniques (MFT vs K p <
0.05; MFT vs W p < 0.05; W vs K p < 0.05). In all ex-
aminers the time required to complete the MFT su-
ture was significantly less than the other suture tech-
niques (p < 0.05). This was independent from the lev-
el of experience of the surgeon. Further, the Krackow
suture required a longer surgical time for graft prepa-
ration than the Whipstitch and the MFT sutures (p <
0.05). Results of measurements of single examiners
are described in Table II. The ICC for the experi-
enced examiners ranged from 0.69 to 0.75, indicating
fair to excellent reproducibility, whereas the ICC for
inexperienced examiners was slightly lower than the
average agreement among all examiners and ranged

from 0.61 to 0.66. Intraobserver intraclass correlation
coefficients for each examiner ranged from 0.72 to
0.83.

Discussion

The main result of the present study is that low oper-
ative time is needed to complete a MFT suture in a
single limb porcine tendon model. Further, time re-
quired for graft preparation using the MFT was short-
er than other suturing techniques such as the Krack-
ow and Whipstitch techniques.
During ligament reconstructive surgery, usually the
graft is prepared for the final implantation 10,21, 22. In
this phase, the graft is sutured proximally and distally
in order to obtain correct graft diameter size required
for its tunnel transfer. Further, suturing the graft is
needed to allow a correct graft handle during its fixa-
tion. Generally, an assistant performs this procedure,
while the surgeon assesses the joint arthroscopically
and prepares bone tunnels. However, the surgeon
has to complete the suture of the graft by itself if the
tendon is stripped after its bone detachment and in
case of unavailability of an assistant surgeon. In
these cases, trying to obtain a quicker way to secure
the graft could be helpful to reduce the overall
surgery time. To our knowledge, any prior study has
investigated the operative time requested for graft
preparation during a ligament reconstruction. In this
study we found that the MFT represents a valid alter-
native to other suturing techniques reducing the time
of graft set-up. Specifically, the time required for graft
preparation using the MFT was shorter than the
Krackow and Whipstitch techniques in a porcine ten-
don model. Further, it was found that the Krackow
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technique requires more time when it was compared
to the MFT and the Whipstitch techniques. However,
in this study just a tendon limb was sutured according
different techniques and results obtained not com-
pletely reflect the surgical time required for graft
preparation. In fact, in the clinical setting both tendon
limbs are sutured and during knee ligament recon-
struction two tendons (gracilis and semitendinousus)
are employed. In this circumstance the time for graft
preparation could exponentially increase. On the ba-
sis of the results of the current study, it is reasonable
to assume that the MFT could be used for graft set-
up with the main advantage of reducing the time re-
quired in comparison with other suture techniques.
A non-requiring of stitch needle represents another
advantage of the MFT. In fact, this decreases the
technical demands for tendon handling, decreasing
the risk of needle-stick injury to the surgeon or assis-
tant. In addition, it eliminates the risk of breaking the
tendon graft or suture strands in the sewing
process11. Different biomechanical studies analyzed
the merits of MFT. Su et al. observed that after 200
loading cycles, tendons sutured following the MFT
technique presented less elongation than tendons su-
tured following the Krackow and the locking Speed
Whipstitch techniques11. Further, significant differ-
ences were note across all suture groups in terms of
load to failure values, highlighting the biomechanical-
ly superiority of the MFT over other suturing tech-
niques. This could be probably provided by a large
contact area between the tendon and the thread sur-
face, limiting the suture slippage over the tendon.
Hong et al. evaluated the effect of the number of su-
ture throws on biomechanical characteristics of the
suture-tendon construct for 3 currently suture config-
urations (MFT, Krackow stitch, locking Speed Whip).
In this study it has been seen that there were no sig-
nificant differences in elongation after cyclic  loading
and load to failure among 3 different suture throws (3
vs 5 vs 7 throws) for the 3 types of sutures investigat-
ed (MFT, Krackow stitch, locking Speed Whip)18. In
order to homogenize the samples, just n.5 suture
throws were evaluated in this study for each suture
group. In fact, five crosshatch interlacing sutures in
the MFT suture group were used to correspond to the
5-loop stitch in the Krackow and Whipstitch configura-
tions. Further, this is the number of throws described
for the original MFT technique11.
The present study has some limitations. At first,
porcine tendons were used in place of human ten-

dons. However, the use of porcine tendon allows a
reproducible model for in vitro testing. Further, Au-
thors believe that their lower cost and wide availabili-
ty justified their use in present study. Second, time
required for graft preparation does not completely re-
flect the ability of other surgeons. In fact, the skill to
perform a single surgical procedure could vary
among surgeons. Third, just one tendon limb was su-
tured on each test. Indeed, time requested for graft
set-up could be different if 2 tendons are sutured to-
gether or if the tendon is triple or quadruple. In these
cases the time for graft preparation could increase in-
dependently from the suture technique used. 

Conclusion

Low operative time is required to complete a MFT su-
ture in a porcine tendon model. The MFT suture
could be used for graft set-up with the main advan-
tage of reducing the time required in comparison with
other suture techniques.

Conflict of interests

The manuscript has been reviewed and approved by
all co-Authors. The Authors certify that the paper has
not been published (in part or in full) or submitted for
publication elsewhere. We certify that each of the Au-
thors has given a substantial contribution so as to
qualify to the authorship. All Authors have disclosed
all financial support for this work and other potential
conflict of interests.

References

1. Lyman S, Koulouvaris P, Sherman S, Do H, Mandl LA, Marx
RG. Epidemiology of anterior cruciate ligament reconstruction:
trends, readmissions, and subsequent knee surgery. J Bone
Joint Surg Am. 2009;91:2321-2328.

2. Bait C, Denti M, Prospero E, Quaglia A, Orgiani A, Volpi P.
Posterior cruciate ligament reconstruction with “all-inside”
technique: a technical note. Muscles Ligaments Tendons J.
2015;4:467-740.

3. Tudisco C, Bisicchia S, Cosentino A, Chiozzi F, Piva M. Knee
stability, athletic performance and sport-specific tasks in non-
professional soccer players after ACL reconstruction: compar-
ing trans-tibial and antero-medial portal techniques. Muscles
Ligaments Tendons J. 2015;5:175-180.

Muscles, Ligaments and Tendons Journal 2016;6 (2):236-240 239

Surgical time for graft preparation

Table II. Data presented as mean ± standard deviation. Values expressed in seconds.

MLTJ 2-2016 4b_.  08/09/16  12:19  Pagina 239



4. Simonian PT, Harrison SD, Cooley VJ, Escabedo EM, Dene-
ka DA, Larson RV. Assessment of morbidity of semitendi-
nosus and gracilis tendon harvest for ACL reconstruction. Am
J Knee Surg. 1997;10:54-59.

5. Hallam P, Bain GI. Repair of chronic distal biceps tendon rup-
tures using autologous hamstring graft and the Endobutton. J
Shoulder Elbow Surg. 2004;13:648-651.

6. Van Riet RP, Bain GI, Baird R, Lim YW. Simultaneous recon-
struction of medial and lateral elbow ligaments for instability
using a circumferential graft. Tech Hand Up Extrem Surg.
2006;10:239-244.

7. Yoo JC, Ahn JH, Yoon JR, Yang JH. Clinical results of single-
tunnel coracoclavicular ligament reconstruction using autoge-
nous semitendinosus tendon. Am J Sports Med. 2010;38:950-
957.

8. Arneja S, McConkey MO, Mulpuri K, et al. Graft tensioning in an-
terior cruciate ligament reconstruction: a systematic review of
randomized controlled trials. Arthroscopy. 2009;25:200-207.

9. Krackow KA, Thomas SC, Jones LC. A new stitch for ligament-
tendon fixation. Brief note. J Bone Joint Surg Am. 1986;68:
764-766.

10. Charlick DA, Caborn DN. Technical note: alternative soft-tis-
sue graft preparation technique for cruciate ligament recon-
struction. Arthroscopy. 2000;16:E20.

11. Su WR, Chu CH, Lin CL, Lin CJ, Jou IM, Chang CW. The mod-
ified finger-trap suture technique: a biomechanical comparison
of a novel suture technique for graft fixation. Arthroscopy.
2012;28:702-710.

12. Sakaguchi K, Tachibana Y, Oda H. Biomechanical properties
of porcine flexor tendon fixation with varying throws and stitch
methods. Am J Sports Med. 2012;40:1641-1645.

13. Hoher J, Scheffler SU, Withrow JD, et al. Mechanical behavior
of two hamstring graft constructs for reconstruction of the an-

terior cruciate ligament. J Orthop Res. 2010;18:456-461.
14. Krappinger D, Kralinger FS, El Attal R, Hackl W, Haid C. Mod-

ified Prusik knot versus whipstitch technique for soft tissue fix-
ation in anterior cruciate ligament reconstruction: a biome-
chanical analysis. Knee Surg Sports Traumatol Arthrosc.
2007;15:418-423.

15. Martin DK, Falworth MS. Anterior cruciate ligament graft
preparation: a new and quick alternative to the whipstitch.
Arthroscopy. 2007;23:326.e1-e3.

16. WittsteinJ, Wilson B, Garrett WE, Toth A. Hamstring graft
preparation using a needleless suture loop. J Surg Orthop
Adv. 2011;20:142-144.

17. Hong CK, Chang CH, Chiang CH, Jou IM, Su WR. Hamstring
graft preparation using a modified rolling hitch technique.
Arthrosc Tech.2014;3:e321-324.

18. Hong CK, Lin CL, Chang CH, Jou IM, Su WR. Effect of the
number of suture throws on the biomechanical characteristics
of the suture-tendon construct. Arthroscopy. 2014;30:1609-
1615.

19. Padulo J, Oliva F, Frizziero A, Maffulli N. Muscles, Ligaments
and Tendons Journal. Basic principles and recommendations
in clinical and field science research: 2016 update. MLTJ.
2016;6 (1):1-5.

20. Shrout PE, Fleiss JL. Intraclass correlations: uses in assessing
rater reliability. Psychol Bull. 1979;86:420-428.

21. Camarda L, Pitarresi G, Moscadini S, Marannano G, Sanfilip-
po A, D’Arienzo M. Effect of suturing the femoral portion of a
four-strand graft during an ACL reconstruction. Knee Surg
Sports Traumatol Arthrosc. 2014;22:1040-1046.

22. Lubowitz JH, Ahmad CS, Anderson K. All-inside anterior cruci-
ate ligament graft-link technique: second-generation, no-inci-
sion anterior cruciate ligament reconstruction. Arthroscopy.
2011;27:717-727.

Muscles, Ligaments and Tendons Journal 2016;6 (2):236-240240

L. Camarda et al.

MLTJ 2-2016 4b_.  08/09/16  12:19  Pagina 240


