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Abstract Hamstring graft (HG) used in anterior cruciate
ligament (ACL) reconstruction undergoes a biological
modification process called “ligamentization” in the early
postoperative period that proceeds through three different
phases: an early graft-healing phase with central graft
necrosis, a phase of proliferation, and finally, a ligamen-
tization phase toward the properties of the intact ACL. The
fastening of this process could result in more aggressive
rehabilitation protocols as well as faster sport resumption.
A recent literature supports the preservation of HG tibial
attachment in order to enhance “ligamentization” process.
Aim of this literature review is to describe all the tech-
niques described that spare HG tibial insertion and the
obtained results in order to evaluate evidence that would
substantiate the maintenance of HG tibial insertion in ACL
reconstruction. A search was performed using the follow-
ing keywords “ACL reconstruction” in combination with
“hamstrings,” “hamstrings insertion,” “tibial insertion,”
“ligamentization,” and “over the top”; 18 articles were
found to be relevant. Among these, eight randomized
clinical trials (RCTs) were found. The RCT analyzed
presented a high number of biases regarding the analyzed
topic, thus making impossible to draw definitive evidences
to validate HG tibial insertion sparing in ACL recon-
struction. Despite the satisfactory results in many clinical
series and the promising results in anatomic and animal
studies, well-designed prospective clinical trials with large
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cohort of patients associated with MRI evaluation are
mandatory to assess the beneficial effects of HG attach-
ment preservation in ACL reconstruction.
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Introduction

A wide range of grafts is available for anterior cruciate
ligament (ACL) reconstruction. In recent years, a huge
number of studies supported the use of biological grafts,
mainly because of their potential remodeling and integra-
tion into the joint [1]. Bone—patellar tendon—bone graft
(BTBP) has been considered for many years the gold
standard in ACL reconstruction. Despite its biomechanical
characteristics in terms of strength, the high rate of re-
ported donor site pathology prompted the search for other
autologous graft sources [2-6]. Hamstring tendon graft
(HG) showed a high regenerative potential resulting in
lower donor site morbidity with respect to BTBP [7-9]. HG
also showed biomechanical features similar to those of the
native ACL presenting also characteristics of strength,
length, and versatility that make it suitable for different
reconstructive procedures [10].

A wide number of different surgical procedures using
hamstrings are described in the literature for ACL recon-
struction. The majority of these procedures require the
detachment of HG from their tibial insertion [11]. The
detached graft is inserted through the bony tunnels or
sockets, and once fixed it undergoes a remodeling process
at two different sites: an intra-tunnel graft incorporation
and an intra-articular graft remodeling, often referred to as
“ligamentization” [12].
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The “ligamentization” process has been widely inves-
tigated in a more extensive way in the animal model with
respect to the human model due to obvious ethical con-
cerns. Despite the paucity of studies dealing with this topic,
it seems that graft ligamentization proceeds through three
different phases: an early graft-healing phase with central
graft necrosis and hypocellularity and no detectable
revascularization of the graft tissue, followed by a phase of
proliferation, the time of most intensive remodeling and
revascularization, and finally a ligamentization phase with
characteristic restructuring of the graft toward the proper-
ties of the intact ACL [12].

The possibility to fasten the ligamentization process
remains a hot topic for sports medicine surgeons; in fact
it could result in a reduction in the detrimental effects of
the graft necrosis (and revascularization process) on the
mechanical properties of the graft. This could therefore
permit the adoption of more aggressive rehabilitation
protocols with subsequent earlier sports resumption.
Some attempts to enhance this process have been de-
scribed, such as native ACL remnant preservation and
platelet-rich fibrin or bone marrow-derived cell admin-
istration at the time of ACL reconstruction, but even
though is a promising evidence that these procedures
may represent a synergic factor in acquiring a quicker
graft maturity with respect to traditional ACL recon-
struction, there is no definitive proof of clinical outcome
enhancement in ACL surgery [13-16].

Some authors based on anatomic and animal studies
proposed to spare the semitendinosus and gracilis tendons
tibial insertion in ACL reconstruction in order to maintain
tendons vascular supply, therefore enhancing the “liga-
mentization” process [1, 17].

Aim of this paper is to review the current literature to
describe all the reported techniques that spare HG tibial
insertion and the obtained results in order to substantiate
the maintenance of HG tibial insertion in the treatment of
anterior cruciate ligament ruptures.

Materials and methods
Research strategy

A search was performed using the keywords “ACL re-
construction” in combination with “hamstrings,” “ham-
strings insertion,” “tibial insertion,” “ligamentization,”
and “over the top.” The following databases were assessed
on January 2015: PubMed (http://www.ncbi.nlm.nih.gov/
sites/entrez/); Ovid (http://www.ovid.com); Cochrane Re-
views (http://www.cochrane.org/reviews/); and Google
Scholar. All journals were considered, but only English
papers were taken into account. Two authors (AR and FT)
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read the abstracts and excluded the articles that were
considered unrelated to the topic of the study. When the
abstract was not available, the title of the paper was used to
judge its relevance. A cross-referencing process was used
to find further relevant publications from the retained ar-
ticles. From a total number of 1,054 retrieved articles, after
abstract or title page evaluation, 18 articles dealing with the
searched topic were evaluated. Among these articles, one
was an anatomic study, one was an animal model study,
two were technical tips, six were clinical case series, and
eight were randomized clinical trials (RCTs). Unfortu-
nately, the published RCTs were not dealing only with HG
tibial preservation but presented severe biases, thus making
impossible to perform a systematic review.

Results

A report of available clinical RCTs is reported in Table 1.

Marcacci et al. reported their clinical results at 6.4-year
follow-up in a case series of 50 athletes operated by HG-
spared insertion ACL reconstruction with over the top
femoral route and extra-articular plasty. According to the
IKDC objective score, 92 % of the knees were rated as
normal or nearly normal. Arthrometric evaluation showed
an anterior displacement less than 3 mm with respect to the
contralateral side in the 76 % of patients. Mean Tegner
score at follow-up was 8.1. Isokinetic test for evaluation of
muscular impairment showed no deficit with respect to
quad and hamstring muscles [18].

Zaffagnini et al. in their comparative prospective study
evaluated three different ACL reconstructive techniques at
5-year follow-up. The three techniques analyzed were
BPBT, four-strand hamstrings without tibial HG insertion
preservation, and HG-spared insertion ACL reconstruction
with over the top femoral route and extra-articular plasty.
The study demonstrated that single HG plus extra-articular
plasty achieved subjective score significantly higher with
respect to the other groups as well as shorter time for sport
resumption. In addition, the single HG plus extra-articular
plasty showed lower tibial tunnel widening with respect to
the disinserted four-strand HG [19].

Buda et al. [20] used HG graft with tibial insertion
preservation and over the top femoral route in the treatment
of ACL partial lesions. Patients have been evaluated at
3 months, 1 and 5 years showing good or excellent results
in 95.7 % of the treated cases.

Zaffagnini et al. compared two different techniques with
HG insertion sparing at 3-year follow-up: the double-
bundle procedure with over the top passage and femoral
tunnel, and the single-strand HG plus extra-articular plasty.
Double-bundle group showed significantly better results in
terms of IKDC score, arthrometric analysis by means of
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KT-2000, activity-rating scale, and time to return to sport.
No tunnel enlargement was observed in both groups [21].

Papachristou et al. compared two procedures with dou-
ble tibial tunnel and single femoral tunnel. In one group,
HG was harvested detaching their tibial insertion but
maintaining the central continuity of the tendons, while in
the other group the semitendinosus was harvested in the
same fashion, and the gracilis was harvested maintaining
its tibial insertion. Patient evaluation was carried out at
19.05-month follow-up. No differences were observed
between the two groups [22].

Buda et al. reported the results of an MRI study in the
treatment of ACL partial lesion by over the top HG recon-
struction with preservation of tibial attachment. Twenty-
eight patients were evaluated by MRI at 25.8-month follow-
up. Tunnel widening was present in six cases. Graft ap-
peared to be continuous in 25 patients (Yamato grade I). The
intra-articular and intra-tunnel portion of the graft was
normal in 20 patients (Howell grade I). Tibial attachment of
HG had a normal appearance in 26 patients [23].

Marcacci et al. described the results of HG-spared in-
sertion ACL reconstruction with over the top femoral route
and extra-articular plasty in 54 athletes at 5- and 11-year
follow-up. According to IKDC score, results were excellent
or good in 90.7 % of the patients at final follow-up. A side-
to-side difference over 5 mm was observed in only one
patient at final follow-up. The onset of arthritic changes
was only evident in patients who underwent concomitant
meniscectomy [24].

Zaffagnini et al. [25] compared 8-year minimum follow-
up BPTB reconstruction versus tibial-inserted HG recon-
struction with over the top route and femoral tunnel
showing better functional results and lower degenerative
changes in HG group.

Zaffagnini et al., using a surgical navigation system
dedicated to kinematic assessment, compared the standard
clinical laxities and pivot shift tests in the operating room
following ACL reconstruction by means of double-bundle
anatomic technique with HG tibial detachment and single
preserved insertion HG with over the top passage and ex-
tra-articular plasty. The results were similar in static knee
laxity, but anatomic double-bundle reconstruction better
restored the dynamic behavior of the knee [26]. The same
device was employed in another study comparing non-
anatomic double-bundle reconstruction with HG insertion
preservation and double-bundle anatomic reconstruction
with HG detachment. No differences were observed in both
static and dynamic laxities between the two groups except
for a larger preoperative to postoperative difference in
anterior—posterior tibial plateau displacement of the medial
and lateral compartments during the internal-external ro-
tation test at 30° of flexion in the non-anatomic double-
bundle group. It has been reported that non-anatomic
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double-bundle reconstruction required significantly lower
mean surgical time with respect to the other groups [27].

Verdano et al. compared HG reconstruction with tibial
insertion preservation over the top route and extra-articular
plasty versus four-strand free HG obtaining comparable
satisfactory results in both groups [28].

Buda et al. described their original technique to perform
an anatomic ACL single-bundle reconstruction maintaining
the tibial insertion of HG. The preliminary results of a case
series of 57 patients evaluated at 16 & 2.5-month follow-
up showed encouraging clinical results regarding subjec-
tive and objective outcomes [29].

Another paper by Buda et al. [30] compared two dif-
ferent HG insertion-sparing techniques in the treatment of
ACL partial lesions without any significative difference
between the two groups at 5-year follow-up.

The most recent report available in the literature con-
cerning tibial HG attachment preservation is related to a
case series of 21 professional soccer players operated by
non-anatomic double-bundle ACL reconstruction followed
by patient-tailored rehabilitation. The procedure permitted
a faster sport resumption (return to official matches
186 + 53 days after surgery) with respect to the other case
series available in the literature and dealing with top-level
athletes allowing 95 and 62 % of the professional male
soccer players to return to the same sport activity 1 and
4 years after surgery, respectively [31].

Discussion

The available literature is insufficient to draw definitive
conclusions upon HG tibial insertion preservation. In par-
ticular, the available RCTs deal with different reconstruc-
tive techniques as well as different fixation methods [19,
21, 22, 25, 28, 30]. No prospective RCTs were found
comparing two ACL reconstructive procedures with ham-
strings using the same technique and fixation methods and
differing only for HG attachment preservation or avulsion.

However, the philosophy of graft insertion maintenance
aimed to enhance graft ligamentization appears to be
fashionable. In particular, Zaffagnini et al. in their ana-
tomic study demonstrated that PES tendon insertion is well
vascularized and richly innervated and that these morpho-
logical features continue along the length of the tendons
[17]. The preserved innervation of the tendons can enhance
the proprioceptive recovery after ACL surgery acting as the
mechanoreceptors present in the native ACL according to
Shultz et al. [32]. The continuity of tendon vascularization
should be important in maintaining tendon viability pre-
venting the phase of graft necrosis, thus permitting to ob-
tain a faster ligamentization. The maintenance of
semitendinosus tendon viability by sparing its distal
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attachment has been demonstrated in the rabbit model by
the histologic study of Papachristou et al. [1].

The techniques described in the literature preserving HG
insertion showed extremely satisfactory results in all the
reported case series. In particular, the results reported at
more than 5-year follow-up appear to be in line or even
slightly better with respect to revision rate compared with
the results of the Danish registry for knee ligament re-
constructions [33].

Unfortunately, it was impossible to determine the effective
contribution of HG insertion maintenance on these results.
We found only one available study that evaluated HG re-
construction with spared insertion by means of MRI. Unfor-
tunately, the MRI was taken at a mean of 25.8-month follow-
up, making difficult to evaluate the early phases of liga-
mentization process. However, the authors reported a high
percentage of normal signal graft both in the tibial tunnel and
in the intra-articular passage deposing for a complete
maturation from the tendon tissue to a ligament-like tissue
[23]. Another indirect sign of early graft integration may be
represented by the absence of osteolysis or tunnel widening
after ACL reconstruction with inserted HG. Marcacci et al.
reported no significant tunnel enlargement at 11-year follow-
up although the fixation points of the chosen reconstruction
(single-strand HG plus extra-articular plasty) were distant to
the intra-articular margin of the reconstruction. Clatworthy
et al., L’Insalata et al., and Tsuda et al. have shown that tunnel
enlargement after ACL reconstruction may be the result of
windshield wiper or bungee effects associated with graft
fixation distant to the joint. Marcacci et al. stated that the lack
of significant tunnel enlargement at any point in their study
may be the result of early graft incorporation and/or inte-
gration into the tunnel, as the fixation sites of the graft were
distant relative to the joint [24, 34-36].

The same finding is evinced by the comparative study by
Zaffagnini et al. in which lower tunnel enlargement with
respect to four-strand HG group was observed in patients
operated by single-strand inserted HG plus extra-articular
plasty [19].

It has been noticed that the preservation of HG attach-
ment presents some undoubted advantages. First of all, the
length and versatility of the HG associated with the de-
velopment of new fixation devices permit the surgeon to
choose among several different reconstructive procedures
based on its preference and background. Inserted HG can
be used in non-anatomic techniques adopting the femoral
over the top route eventually associated with a lateral ex-
tra-articular plasty over the Gerdy’s tubercle, in anatomic
single-bundle techniques drilling the femoral socket both
from the AM portal and with a trans-lateral approach and
even in double-bundle techniques (double tibial tunnel and
femoral tunnel, single tibial tunnel with over the top route
and femoral tunnel, double tibial tunnel and double femoral

socket) [18-29, 31, 37]. The preservation of HG is suitable
also to fix ACL partial lesions [20, 23, 30]. Secondarily,
most of the techniques described require only two staples
to complete the reconstructive procedure resulting in a
dramatic reduction in costs [24]. Finally, it has to be con-
sidered that distally inserted HG does not need the tibial
fixation which is commonly achieved by means of inter-
ference screws with reduction in costs as well as hardware-
related complications on the tibial side.

On the other hand, the available literature does not allow
to draw definitive conclusions about the HG tibial attach-
ment preservation in ACL surgery. There are too many
confounding biases in the RCTs available which make it
difficult to determine the effective usefulness of HG inser-
tion sparing after ACL reconstruction. In order to determine
the efficacy of the investigated procedure, the focus should
be directed toward the early phase of graft remodeling.
Differently from the animal model, the adoption of seriate
biopsies raises unacceptable ethical concerns on humans.
For these reasons, the best tool available to determine the
proceeding of graft ligamentization seems to be represented
by MRI. Figueroa et al. [38] described a useful scoring
method aimed to evaluate graft morphology and character-
istic which may be useful to properly assess the graft evo-
lution in the first 612 months. Randomized prospective
well-designed comparative studies evaluating by MRI the
early phases of graft biology are therefore mandatory in
order to validate the beneficial effects of this procedure.

Conflict of interest The authors declare that they have no conflict
of interest.

References

1. Papachristou G, Nikolaou V, Efstathopoulos N, Sourlas J,
Lazarettos J, Frangia K, Papalois A (2007) ACL reconstruction
with semitendinosus tendon autograft without detachment of its
tibial insertion: a histologic study in a rabbit model. Knee Surg
Sports Traumatol Arthrosc 15(10):1175-1180 Epub 2007 Jul 11

2. Abe S, Kurosaka M, Iguchi T, Yoshiya S, Hirohata K (1993)
Light and electron microscopic study of remodeling and
maturation process in autogenous graft for anterior cruciate
ligament reconstruction. Arthroscopy 9:394-405

3. Arnoczky SP, Tarvin GB, Marshall JL (1982) Anterior cruciate
ligament replacement using patellar tendon. An evaluation of
graft revascularization in the dog. J Bone Jt Surg 64A:217-224

4. Clancy WR Jr, Rajesh GN, Rosemberg TD (1981) Anterior and
posterior cruciate ligament reconstruction in rhesus monkeys.
J Bone Jt Surg 63A:1270-1284

5. Frank C, Amiel D, Woo SL-Y et al (1985) Normal ligament
properties and ligament healing. Clin Orthop 196:15-25

6. Noyes FR, Butler DL, Grood ES et al (1984) Biomechanical
analysis of human ligament grafts used in knee-ligament repairs
and reconstructions. J Bone Jt Surg 66A:344-352

@ Springer



92

Musculoskelet Surg (2015) 99:87-92

10.

11.

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

2

. Nikolaou VS, Efstathopoulos N, Wredmark T (2006) Hamstring
tendons regeneration after ACL reconstruction: an overview.
Knee Surg Sports Traumatol Arthrosc 15(2):153-160

. Fu HF, Bennett HC, Ma CB, Menetrey J, Lattermann C (2000)
Current trends in anterior cruciate ligament reconstruction. Part
II: operative procedures and clinical correlations. Am J Sports
Med 28(1):124-130

. Kohn D, Sander-Beuermann A (1994) Donor-site morbidity after

harvest of a bone-tendon-bone patellar tendon autograft. Knee

Surg Sports Traumatol Arthrosc 2:219-223

Marcacci M, Molgora AP, Zaffagnini S, Vascellari A, Iacono F,

Presti ML (2003) Anatomic double-bundle anterior cruciate

ligament  reconstruction  with  hamstrings.  Arthroscopy

19(5):540-546

Speziali A, Delcogliano M, Tei M, Placella G, Bartoli M, Menghi

A, Cerulli G (2014) Fixation techniques for the anterior cruciate

ligament reconstruction: early follow-up. A systematic review of

level 1 and II therapeutic studies. Musculoskelet Surg
98(3):179-187

Janssen RP, Scheffler SU (2014) Intra-articular remodelling of

hamstring tendon grafts after anterior cruciate ligament recon-

struction. Knee Surg Sports Traumatol Arthrosc 22(9):2102-2108

Papalia R, Franceschi F, Vasta S, Di Martino A, Maffulli N,

Denaro V (2012) Sparing the anterior cruciate ligament remnant:

is it worth the hassle? Br Med Bull 104:91-111

Song G-Y, Zhang H, Zhang J (2013) The anterior cruciate liga-

ment remnant: to leave it or not? Arthroscopy 29:1253-1262

Del Torto M, Enea D, Panfoli N, Filardo G, Pace N, Chiusaroli

M. (2014) Hamstrings anterior cruciate ligament reconstruction

with and without platelet rich fibrin matrix. Knee Surg Sports

Traumatol Arthrosc [Epub ahead of print]

Figueroa D, Figueroa F, Calvo R, Vaisman A, Ahumada X,

Arellano S (2015) Platelet-rich plasma use in anterior cruciate

ligament surgery: systematic review of the literature. Arthroscopy

[Epub ahead of print]

Zaffagnini S, Golano P, Farinas O, Depasquale V, Strocchi R,

Cortecchia S, Marcacci M, Visani A (2003) Vascularity and

neuroreceptors of the pes anserinus: anatomic study. Clin Anat

16(1):19-24

Marcacci M, Zaffagnini S, Iacono F, Vascellari A, Loreti I, Kon

E, Presti ML (2003) Intra- and extra-articular anterior cruciate

ligament reconstruction utilizing autogeneous semitendinosus

and gracilis tendons: 5-year clinical results. Knee Surg Sports

Traumatol Arthrosc 11(1):2-8

. Zaffagnini S, Marcacci M, Lo Presti M, Giordano G, Iacono F,

Neri MP (2006) Prospective and randomized evaluation of ACL

reconstruction with three techniques: a clinical and radiographic

evaluation at 5 years follow-up. Knee Surg Sports Traumatol

Arthrosc 14(11):1060-1069

Buda R, Ferruzzi A, Vannini F, Zambelli L, Di Caprio F (2006)

Augmentation technique with semitendinosus and gracilis tendons

in chronic partial lesions of the ACL: clinical and arthrometric

analysis. Knee Surg Sports Traumatol Arthrosc 14(11):1101-1107

Zaffagnini S, Bruni D, Russo A, Takazawa Y, Lo Presti M,

Giordano G, Marcacci M (2008) ST/G ACL reconstruction:

double strand plus extra-articular sling vs double bundle, ran-

domized study at 3-year follow-up. Scand J Med Sci Sports
18(5):573-581

Papachristou G, Sourlas J, Plessas S, Papachristou K (2008)

Arthroscopic ACL reconstruction with delta plasty: an innovative

approach with hamstrings’ transfer and double tibial tunnel. Knee

Surg Sports Traumatol Arthrosc 16(4):420-426

Buda R, Di Caprio F, Giuriati L, Luciani D, Busacca M, Giannini

S (2008) Partial ACL tears augmented with distally inserted

hamstring tendons and over-the-top fixation: an MRI evaluation.

Knee 15(2):111-116

Springer

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Marcacci M, Zaffagnini S, Giordano G, lacono F, Presti ML
(2009) Anterior cruciate ligament reconstruction associated with
extra-articular tenodesis: a prospective clinical and radiographic
evaluation with 10- to 13-year follow-up. Am J Sports Med
37(4):707-714

Zaffagnini S, Bruni D, Marcheggiani Muccioli GM, Bonanzinga
T, Lopomo N, Bignozzi S, Marcacci M (2011) Single-bundle
patellar tendon versus non-anatomical double-bundle hamstrings
ACL reconstruction: a prospective randomized study at 8-year
minimum follow-up. Knee Surg Sports Traumatol Arthrosc
19(3):390-397

Zaffagnini S, Signorelli C, Lopomo N, Bonanzinga T,
Marcheggiani Muccioli GM, Bignozzi S, Visani A, Marcacci M
(2012) Anatomic double-bundle and over-the-top single-bundle
with additional extra-articular tenodesis: an in vivo quantitative
assessment of knee laxity in two different ACL reconstructions.
Knee Surg Sports Traumatol Arthrosc 20(1):153-159

Zaffagnini S, Marcheggiani Muccioli GM, Signorelli C, Lopomo N,
Grassi A, Bonanzinga T, Nitri M, Marcacci M (2014) Anatomic and
nonanatomic double-bundle anterior cruciate ligament reconstruc-
tion: an in vivo kinematic analysis. Am J Sports Med 42(3):708-715
Verdano MA, Pedrabissi B, Lunini E, Pellegrini A, Ceccarelli F
(2012) Over the top or endobutton for ACL reconstruction? Acta
Biomed 83(2):127-137

Buda R, Ruffilli A, Vannini F, Parma A, Giannini S (2013)
Anatomic anterior cruciate ligament reconstruction using distally
inserted doubled hamstrings tendons. Orthopedics 36(6):449-453
Buda R, Ruffilli A, Parma A, Pagliazzi G, Luciani D, Ramponi L,
Castagnini F, Giannini S (2013) Partial ACL tears: anatomic
reconstruction versus nonanatomic augmentation surgery.
Orthopedics 36(9):e1108—e1113

Zaffagnini S, Grassi A, Marcheggiani Muccioli GM, Tsapralis K,
Ricci M, Bragonzoni L, Della Villa S, Marcacci M (2014) Return
to sport after anterior cruciate ligament reconstruction in pro-
fessional soccer players. Knee. 21(3):731-735

Schultz RA, Miller DC, Kerr CS, Micheli L (1984) Mechanore-
ceptors in human cruciate ligaments. A histological study. ] Bone
Jt Surg Am 66(7):1072-1076

Lind M, Menbhert F, Pedersen AB (2012) Incidence and outcome
after revision anterior cruciate ligament reconstruction: results
from the Danish registry for knee ligament reconstructions. Am J
Sports Med 40(7):1551-1557

Clatworthy MG, Annear P, Bulow JU, Bartlett RJ (1999) Tunnel
widening in anterior cruciate ligament reconstruction: a
prospective evaluation of hamstring and patella tendon grafts.
Knee Surg Sports Traumatol Arthrosc 7:138-145

L’Insalata JC, Klatt B, Fu FH, Harner CD (1997) Tunnel ex-
pansion following anterior cruciate ligament reconstruction: a
comparison of hamstring and patellar tendon autografts. Knee
Surg Sports Traumatol Arthrosc 5:234-238

Tsuda E, Fukuda Y, Loh JC, Debski RE, Fu FH, Woo SL (2002)
The effect of soft-tissue graft fixation in anterior cruciate liga-
ment reconstruction on graft-tunnel motion under anterior tibial
loading. Arthroscopy 18:960-967

Zaffagnini S, Marcheggiani Muccioli GM, Bonanzinga T, Nitri
M, Grassi A, Marcacci M (2013) Anatomic double-bundle ante-
rior cruciate ligament reconstruction leaving hamstrings tibial
insertion intact: technical note. Musculoskelet Surg 97(1):39-43
Figueroa D, Melean P, Calvo R, Vaisman A, Zilleruelo N, Fig-
ueroa F, Villalén I (2010) Magnetic resonance imaging eval-
uation of the integration and maturation of semitendinosus-
gracilis graft in anterior cruciate ligament reconstruction using
autologous platelet concentrate. Arthroscopy 26(10):1318-1325



	Preservation of hamstring tibial insertion in anterior cruciate ligament reconstruction: a review of the current literature
	Abstract
	Introduction
	Materials and methods
	Research strategy

	Results
	Discussion
	References




