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Summary

Introduction: the anterior cruciate ligament (ACL)
reconstruction with pes anserinus tendons has
been increasingly used throughout the last years.
Although less invasive compared to other autolo-
gous grafts, a reduction of internal rotation and
flexion strength after gracilis and semitendinosus
harvesting has been reported. Harvesting one
tendon instead of two from the pes anserinus can
reduce the deficit of the knee flexor strength and
improve the functional recover without weakening
the reconstructed ligament.
Methods: Forty-five (45) patients who had ACL re-
construction with triple semitendinosus graft
(ST3) have been compared with other 45 similar
patients who had ACL reconstruction with double
gracilis-semitendinosus tendons (GST). Patients
have been evaluated at a minimum of 12 months
after surgery: IKDC scale, KT-1000, One Leg Hop
Test for the objective stability; Isokinetic test for
the strength; Tegner scale, Lysholm and IKDC
Subjective Evaluation Form for the function. 
Results: no differences have been detected be-
tween the groups for the objective item assessed.

Male patients’ subjective IKDC score was statisti-
cally better for the ST3 group. Recreational soc-
cer players showed a higher Lysholm and subjec-
tive IKDC score in ST3 group compared to GST
group. There was no difference regarding the re-
turn to sport. 
Conclusion: ST3 guarantees the same objective
knee stability compared to a GST. It is a viable
option for ACL reconstruction that allows a better
preservation of patient’s anatomy and a less inva-
sive harvesting surgery.
Level of evidence: III b, case control study.

KEY WORDS: anterior cruciate, triple semitendinosus,
graft, reconstruction.

Introduction

Recently, the “pes anserinus” tendons, particularly
the gracilis and the semitendinosus, are amongst the
most frequently used grafts in primary anterior
cruciate ligament reconstruction1,2; one of the main
reasons is the pain reduction and minor anterior knee
discomfort in comparison to patellar tendon (BTB)3-5.
Since the hamstrings muscles contribute to knee
flexion and internal rotation of the thigh, several
Authors hypothesized that harvesting these tendons
may cause a strength reduction in knee flexion6,7,
especially in the deepest angle of flexion8. Therefore,
the use of a single tendon for graft preparation has
been proposed especially for those athletes who
require the highest levels of flexion strength and a
faster recovery9. 
The aim of this study was to compare the clinical and
functional results in primary ACL reconstruction using
graft prepared with the semitendinosus alone, in a
tripled configuration (ST3) and a doubled gracilis-
semitendinosus graft (GST). Primary endpoints
evaluated were: objective stability, muscle strength
recovery, subjective stability, global knee function
and return to sport.

Materials and methods

Among the 239 patients operated for ACL reconstruc-
tion from 2012 to 2014, 45 patients had a ST3 graft.
These 45 patients were compared with a control
group of 45 patients that underwent ACL reconstruc-
tion in the same period of time with GST; the patients
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have been selected to be homogenous in terms of
age, sport, associated lesion, and activity level. The
inclusion criteria for both groups have been: primary
ACL reconstruction, absence of other ligamentous in-
juries, no previous anterior cruciate ligament recon-
struction on contralateral knee, athletes either com-
petitive and non-professional. Figure 1 summarizes
the construction of the two groups.

Surgical Technique 

Grafts preparation
Through a 3-5 cm oblique incision in the skin
projection of pes anserinus tendons the gracilis and
semitendinosus tendons were identified and prepared
for harvesting. In the GST control-group both tendons
were harvested individually and then measured and
prepared on the back table. The two structures were
duplicated to form a bundle of fours layers; the
proximal end was sutured for 3 cm with a thin
resorbable wire and the four distal tails were sutured
separately with differently colored resorbable wires.
Finally, a strong non resorbable wire was finally

inserted in the proximal end to allow the positioning
of the graft. In the ST group only the semitendinosus
tendon was harvested and prepared after
measurement. The tendon was folded into three
strands, forming a proximal end formed by a loop that
contains one of the two extremities, while the distal
end was composed by the other extremity and a
distal double stranded loop. As well as the GST graft,
the extremities were first united for 3 cm with
resorbable thin wire and a non resorbable strong wire
was placed to allow the traction of the graft. The
distal ends were sutured respectively for traction and
traction-union with a non-absorbable strong wire.
According to surgical technique, the minimum
semitendinosus length necessary to construct the
triple semitendinosus is 240 mm. Figure 2 shows the
preparation of the tendons. 

Graft positioning
For both groups, the tibial tunnel was positioned with
a 55° angle to the coronal plane and 30° angle to the
tibial axis. The femoral tunnel was drilled with the
trans-tibial technique. In all 90 cases, the femoral
fixation was performed with the RigidFix®
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Figure 1. Selection of the two groups.



(DePuySyntes) transverse fixation system. Tibial fixa-
tion required the use of a system with bio-resorbable
screw with shell (BIOINTRAFIX®, DePuySyntes). The
tibial and femoral tunnel diameters reflect the thick-
ness of the graft: these measurements were collected
and compared between the two groups. 

Clinical evaluation

Objective stability 
It has been assessed during the routine follow-up
controls (12-30 months, mean follow-up: ST3 group:
22.6 ± 7.7 moths; GST group 23.0 ± 7.3 months).
Clinical examination was executed according to IKDC
Knee Ligament Evaluation Form (IKDC). The side-to-
side difference in antero-posterior laxity was
measured with the Arthrometer KT-1000 (MEDmetric,
San Diego, CA). The One-Leg-Hop Test was per-
formed to evaluate the dynamic stability and the level
of confidence in the operated knee. 

Muscle strength recovery 
The isokinetic test, was applied bilaterally at the sixth
month postoperatively using the Biodex multi-joint
system (Biodex®, Shirley, NY), with the patient seat-
ing at the angular speed of 90°, 180° and 240° per-
second. Test was performed five times for each an-
gular speed and the best result was considered. The
test analyzed strength deficit of operated limb in knee
flexion and extension expressed as Peak of Torque
(NxM). Deficit was expressed as a percentage In-
volved/Non-Involved Limb: the “+” sign indicates a
deficit in strength muscle in the Involved limb, while a
“-” sign indicates a deficit in strength muscle in the

non-Involved limb.

Return to sport and subjective stability
Tegner scale, Lysholm and IKDC Subjective Evalua-
tion Form have been used during the clinical evalua-
tion to assess the activity level, the sensation of sta-
bility and the global knee function. 

Compliance with Ethical Standards 
Patients gave their consent, the study was authorized
by the local Institutional Revision Board (IRB) in ac-
cordance with the ethical standards.
The Authors declare that the study meets the ethical
standards of the journal MLTJ10. 

Statistical Analysis
The collected data were processed with STATA®
12.0 (StataCorp, Texas). To analyze normally distrib-
uted quantitative variables it has been performed the
parametric t-Student test. For the nonparametric test
it was used the Mann-Whitney U-test. Differences
were considered significant if p-value was < 0.05.

Results

Table I shows the characteristic of ST3 group and
control GST group. There was no difference in terms
of sex, age, height, weight, BMI and practiced sports
and associated lesion between the two populations.

Tunnel diameters
In the ST3 group the mean intraoperative tibial tunnel
diameter was 8.7 ± 0.9 mm, while in the GST groups
was 8.4 ± 0.8 mm; the mean intraoperative femoral

Muscles, Ligaments and Tendons Journal 2017;7 (4):562-570564

L. Drocco et al.

Figure 2. ST3 preparation. 1) Doubled
part: a) non resorbable wire (caliber 2) for
tibial traction (single extremity) and trac-
tion and union (doubled extremity); 2
tripled part: c) 3 cm with resorbable wire
(caliber 2-0) d) non re-absorbable wire for
traction of the graft (caliber 2 or armed
wire). The minimum length of the harvest-
ed tendon necessary to construct the
triple semitendinosus (ST3) is 240 mm.



diameters were: 8.2 ± 0.8 mm for the ST3 group and
8.3 ± 0.8 mm for the GST group. No statistically sig-
nificant difference was assessed between the two
groups in intraoperative tunnel diameters (tibial tun-
nel p = 0.16, femoral tunnel p = 0.55). 

Objective Stability
IKDC (Lachman and pivot-shift), side-to-side
differences in antero-posterior laxity (KT-1000), dy-
namic stability (One-Leg-Hop) and IKDC class did not
reveal any significant difference. Table II shows the
results of some IKDC items and the final IKDC class. 

Muscle strength recovery
Isokinetic test analysis (Tab. III) did not show any
difference in extension or flexion at any speed. A
trend of minor peak of torque’s deficit in ST3 group
can be observed throughout the flexion, in
comparison to the GST group (no statistical
differences). A strong dispersion of the data was
noted inside each group as confirmed by the high
values of standard deviation. 

Return to sport and subjective stability
Tegner activity level was 7,2±1,3 for ST3 group and
6,9±1,4 for the GST control group before injury and
6,2±1,6 for the ST3 group and 5,9±1,2 for the GST
group after surgery: no significant statistical differ-
ence between the two groups. A significant difference
arose in preinjury Tegner score respect to the post
surgery Tegner score for both groups (ST3: p =
0,007; GST: p = 0,0004). 
Table IV reports the Lysholm and IKDC Subjective
scores: no statistical difference between the ST3 and
GST. A statistical significant difference was observed
subdividing the patients for sex and sport partook:
male patients had a better IKDC Subjective score in
the ST3 group. A significant improvement in the ST3
group was also recorded for soccer players in terms
of IKDC and Lysholm scores. 
During the clinical assessment just one case of prob-
ably re-tear in all 90 patient was documented: a fe-
male patient in ST3 group, with symptoms of instabili-
ty and, marked Pivot-Shift and a KT-1000 side-to-side
difference of 6-10 mm.
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!
  ST3 GST p 

Patients 45 45  

Sex (Male) 34 (76%) 27 (60%) 0.13 

age [years]  29.5±10.0 27.7±9.0 0.44 

weight [Kg]  71.2±10.9 69.7±13.7 0.61 

height [cm]  174.6±7.1 172.08±10.01 0.23 

BMI 23.3±2.8 23.2±2.9 0.94 

ASSOCIATED LESION   U-test 

Medial meniscal tear 26 23  

Partial meniscectomy 11 9  

Meniscal repair 15 14  

Lateral meniscal tear 9 10  

Partial meniscectomy 6 6  

Meniscal repair 3 4  

Other liesion 0 2  

No other lesion 13 12  

   0,94 

SPORT     U-test 

Soccer 18 (40%) 18 (40%)  

Ski 12 (26.7%) 8 (17.8%)  

Basket 3 (6.67%) 1 (2.3%)  

volleyball 0 (0%) 8 (17.8%)  

Others 12 (26.7%) 10 (22.2%)  

      0.75 

Table I. Distribution of sports partook and demographic and anthropometric characteristics of the two groups.
“Others” sport include (Rugby, Martial Arts, Tennis, Running). ST3, tripled semitendinosus; GST, gracilis + semi-
tendinosus; BMI, body mass index; Data are reported in mean±SD.



Discussion

The main finding of this study is that ST3 graft guar-
anteed the same objective stability compared to GST
graft. In addition, ST3 showed better scores in terms
of subjective stability and strength in flexion for some

patients. Return to sport and activity level, have been
the same for both grafts. Nevertheless, the activity
level was not always restored to the pre-injury level,
like already reported in the literature11-13. In addition,
these results suggested that the mean thickness of
the two type of graft did not differ significantly. 
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Clinical evaluation ST3 GST p 

Lachman test   0.77 

1-2mm 22  26  

3-5mm 21 19  

6-10mm 2 0  

>10mm 0 0  

Pivot shift   1 

Equal 13 12  

Slight 31 32  

Marked 1  0  

Gross 0  0  

KT-1000   0.76 

1-2mm 22 20  

3-5mm 21 23  

6-10mm 2  2  

>10mm 0  0  

One Leg Hop Test   1 

90-100% 37  29   

76-89%  6 14  

50-75%  2  2  

<50%  0  0  

Final Evaluation    0.88 

A 7   6   

B 30 33  

C 8  6  

D 0  0   

!

Table II. Test for objective stability. Final results of the IKDC form: A: “normal”; B: “Nearly Normal”; C: “Abnormal”,
D: “Severe Abnormal”. ST3, tripled semitendinosus; GST, gracilis + semitendinosus.

   
 

 
 

!

Extension                                 ST3                                              GST                   p 

90°/s 15.9±15.3 23.9±12.5 0.12 

180°/s 11.3±10.3 15.4±9.7 0.27 

240°/s 10.6±11.3 18.4±12.5 0.08 

Flexion                                      ST3                                             GST                   p         

90°/s  3.8±15.2 9.3±22.7 0.45 

180°/s -1.6±11.3 3.3±23.9 0.48 

240°/s -6.2±29.3 5.5±27.1 0.25 

Table III. Percentage Involved/Uninvolved of Isokinetic strength deficit in the different angular speed performed.
Data are reported in mean ± SD. ST3, tripled semitendinosus; GST, gracilis + semitendinosus.



The graft choice, either the semitendinosus alone or
both gracilis and semitendinosus, set in different con-
figurations, is an important concern for primary ACL
reconstruction and, although discussed by several
Authors, the results tend to be different from study to
study9,14-21. Karagiannidis tested the maximal isomet-
ric contractions of the knee flexors 1 year after ACL
reconstruction with an ST tendon graft in 8 cases and
8 matched controls and found that ACL reconstruc-
tion has an effect on ST muscle belly but effect on
force generation capacity is rather limited22. A retro-
spective study conducted by Ardern14 did not prove
any difference in terms of objective knee stability,
subjective scores, isometric and isokinetic strength at
two years from the surgery. Barenius15 confirmed the
absence of any significant difference related to ACL
reconstruction with hamstrings tendons comparing
the one-tendon technique to the two-tendons tech-
nique. Tashiro20 did not show any difference analyz-
ing the clinical outcomes comparing the use of the
quadrupled semitendinosus and the use of the tripled
gracilis and semitendinosus. However, patients from
the GST group suffered a significant isokinetic
strength deficit in flexion in comparison to ST group
at six months postoperatively. The same study de-
scribed an isokinetic strength deficit at the deepest
angle of flexion, for both groups, but more obvious in
GST groups at 18 months postoperatively. Adachi23

demonstrated that harvesting semitendinosus and
gracilis, compared to semitendinosus alone and allo-
graft, can induce a loss of muscle strength at the
deep flexion angle. Other Authors9, 19, 24 proved a re-
duction in internal rotation strength when the gracilis
was harvested. In a recent meta-analysis, Sharma25

concluded that the additional harvest of the gracilis
contributed to isokinetic strength loss at 60°/s and to
isometric strength loss at 90° and at 105-110° of flex-
ion without other clinical variation. Table V summa-
rizes the principal results of the previous studies.
This study has various limitations. It is a retrospective
study with a limited number of patients and its struc-
ture did not allow the comparison between clinical
and instrumental preoperative data and the postoper-
ative ones. Isokinetic test was executed at the sixth
month postoperatively, not measuring the internal ro-
tation strength. The isokinetic test would have to be
repeated in prone position in order to evaluate the
strength with the deepest degree of flexion. The inter-
nal rotation strength, according to some Authors26,
can be affected by regeneration of tendons. There-
fore, it would have been interesting to know whether
leaving the gracilis tendon function intact, internal ro-
tation force increased. Unfortunately, this study can-
not answer to this question. The study does not allow
consideration about the fixation efficacy and the be-
havior of the tunnel in the long period. While Zysk re-
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Subjective Forms 3ST GST p 

Lysholm  90.7±12.9 87.1±9.7 0.19 

Male (34;27) 92.3±10.4 89.2±8.5 0.26 

Female (11;18) 
91.0±9.6 

 
84.1±10.7 0.16 

Soccer (18;18)  97.7±3.8 87.0±9.6 *0.002 

Ski (12;8)                                                   92.7±9.2 85.8±15.3 0.29 

Others (12;10) 84.4±16.3 85.0±8.7 0.93 

IKDC  85.3±16.0 78.9±14.5 0,08 

Male (34;27) 87.1±11.0 81.2±12.2 *0.04 

Female (11;18) 87.1±13.3 75.6±17.2 0.13 

Soccer (18;18) 91.4±7.9 79.6±12.9 *0.006 

Ski (12;8) 87.2±13.2 82.6±8.4 0.46 

Others (12;10) 77.2±22.1 64.0±17.4 0.21 

 

Table IV. Results of Lysholm scale and subjective IKDC Form (Basketball and volleyball were not analyzed for the
low number of participants). Data are reported in mean ± SD. ST3, tripled.



ported unsatisfactory results of the tripled semitendi-
nosus with the Endobutton fixation on the femoral
side due to a high incidence of bone tunnel enlarge-
ment27, Barber supported the effectiveness of Bio-
screw fixation of the tripled semitendinosus-cancel-
lous bone graft ACL reconstruction28 and Srinivas re-
ported that femoral tunnel and tibial tunnel widening
varies with different methods of fixation29. Finally, the
level of the return to sport could have evaluated with
more specific tests30. 
This study slightly differs from the above mentioned
studies because a tripled semitendinosus graft has
been used instead of a quadrupled tendon graft
(4ST). One of the limits of 4ST is the need of a sub-
stantial length of the tendon15. ST3 procedure re-
quires a minimum of 80mm for the prepared harvest,
corresponding to a minimal length of 240mm for the
tendon. This is commonly reached in the population
and therefore a wide application of this type of graft is

possible. Concerns about the graft resistance are
weak: the mechanical resistance of the tripled semi-
tendinosus graft, was already demonstrated by Sta-
pleton, who compared the initial biomechanical prop-
erties of currently accepted reconstruction methods,
included the ST3, tested using lower extremity cadav-
eric specimens. All grafts showed similar initial ab-
solute strength and the values were adequate for
ACL reconstruction with safety31. Fabbri biomechani-
cally tested three different graft configurations and
showed that the tripled configuration had sufficient
biomechanical characteristics to withstand the loads
experienced during early rehabilitation32. 

Conclusions

The tripled semitendinosus graft is a valid option in
primary ACL reconstruction: it is potentially less inva-
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Authors Year Study Design Cohort Type of graft Clinical evaluation Difference in Strength 
recovery 

Segawa  
et al. 

2002 Prospective chort, 
level 2  

62 3ST/4ST vs 
2GST 

No difference in CO  Reduced in 2 GST group 

Tashiro  
et al. 

2003 RCT, level 1 85 4ST vs 3GST No difference in 
stability and activity 
level 

Reduction in isokinetic 
strength   in 3GST group 
Reduction in torque at 70° 
and 110° flexion in 3GST 
group    

Gobbi  
et al. 

2005 RCT, level 1 97 4ST vs 2GST No difference in CO 
and self-evaluation 
score 

Isokinetic strength loss in 
Internal rotation in 2GST 
group  

Ardern  
et al. 

2010 Retrospective cohort 
study, level 3 

50 4ST vs 2GST No difference in 
clinical evaluation 

No differences   

Yosmaoglu  

et al. 

2011 Prospective chort, 
level 2  

46 ST vs GST  

 

No in side-to-side 
difference in anterior 
tibial translation   

Higher side-to-side  
difference in knee flexor 
torque in GST at 60°/s 

Barenius  
et al. 

2013 Retrospective cohort 
study, level 3 

20 4ST vs 2GST No difference in 
stability and CO 

No differences  

Inagaki  
et al. 

2013 Prospective chort, 
level 2  

120 Double-Bundle 
technique:  
4ST vs 2GST 

No difference in CO 
and subjective score 

No differences   

Karimi  
et al. 

2015 RCT, level 1 119 4ST vs 2GST No difference in 
stability and CO 

No differences   

Kentel  
et al. 

2015 Retrospective cohort 
study, level 3 

60 2ST vs GST vs 
Control Group 

Not assessed No strength differences. 
Influence of gracilis  
harvest in the deep internal
shin-rotation torque. 

Sharma  
et al. 

2016 Systematic Review  
of level I-III studies, 
level III 

12 
studies 

ST-harvest vs 
GST-harvest 
(Various folding) 

No difference in 
stability and CO 

Active knee flexion loss. 
Reduced strength at 60°/s  
in GST groups    

Table V. Results of the literature concerning the muscle strength in hamstring graft selection. ST, semitendinosus;
GST, gracilis + semitendinosus; 2, double; 3, tripled; 4, quadrupled; CO, clinical outcomes; °/s , degree per second;
RCT, randomized controlled trial.



sive and does not lead to any statistically significant
disadvantage compared to the harvesting of the two
tendons. Moreover, saving the gracilis tendon is
sometimes associated with a minor deficit of strength
in flexion. 
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