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Introduction:  The  hamstring  tendons  (gracilis  and  semitendinosus)  are  often  used  as  an  autograft  for
anterior  cruciate  ligament  (ACL)  reconstruction.  Healing  of  this  graft  involves  a  slow  biological  process
called  ligamentization.  To  encourage  this  process,  some  authors  have  proposed  preserving  the insertion
of the  hamstring  tendons.
Hypothesis:  Leaving  the tibial  insertion  of the  hamstring  tendons  intact  will  provide  better  early  biological
incorporation  and  superior  tibial  mechanical  fixation  resulting  in  various  clinical  advantages.
Materials  and methods:  In  January  2022,  a systematic  literature  review  was  carried  out independently  by
two authors  of  the Medline,  PubMed  and  Embase  databases.  The  keywords  used  were  “pedicular”  or  “pedi-
cled” or  “preservation  of  tibial  attachment”  or  “hamstring  tibial  insertion”  AND  “ACL  reconstruction”.  Each
author’s  data  was  analyzed  separately.
Results:  Sixteen  articles  were  analyzed.  Preserving  the  hamstring  tibial  insertion  during  ACL  reconstruc-
tion  improves  the  graft’s  biological  incorporation  during  the  initial  postoperative  phase  according  to
clinical  studies  with  MRI  analysis  and  provides  a mechanical  advantage  at the  graft’s  tibial  attachment
according  to biomechanical  studies  (construct  up  to 65%  stiffer).  There  was  no difference  in the clinical
and  functional  scores  when  compared  to the  conventional  technique  in  which  the hamstring  tendons  are
detached  from  their  tibial  insertion.
Discussion:  The  main  conclusion  of  this  systematic  literature  review  was  that  preserving  the  hamstring

tibial  insertion  during  ACL  reconstruction  appears  to improve  the  graft’s  ligamentization  with  biological
and  mechanical  advantages  relative  to detaching  the  hamstring  tendons.  The clinical  and  functional
results  were  comparable  to other  techniques.  Prospective  studies  with  large cohorts  are still  needed  to
confirm these  findings.
Level of evidence:  IV; Systematic  review  of  literature.

©  2023  Elsevier  Masson  SAS.  All  rights  reserved.
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1. Introduction

Reconstruction of the anterior cruciate ligament (ACL) is a
common procedure [1] whose functional outcomes can still be
improved [2,3]. This procedure can be done with an autograft to
encourage the initial ligamentization or biological incorporation

[4,5]. The most commonly used grafts are the hamstring tendons
(gracilis – G and semitendinosus – ST) harvested over their dis-
tal tibial insertions [6,7]. In the literature, the functional outcomes

∗ Corresponding author at: Département de Chirurgie Orthopédique, Polyclinique
de Bordeaux Nord, 15/35, rue Claude Boucher, 33000 Bordeaux, France.

E-mail address: noaillesthibaut@yahoo.fr (T. Noailles).

A
t
q

h
a
s
t

https://doi.org/10.1016/j.otsr.2023.103556
1877-0568/© 2023 Elsevier Masson SAS. All rights reserved.

Please cite this article as: T. Noailles, C. Toanen, L. Geffroy et al., Prese
with an autograft: Systematic literature review, Orthop Traumatol Su
ppear comparable, no matter which type of graft is used [3,8–10].
arvesting the hamstring tendons is easier to do and causes less
orbidity than harvesting the patellar tendon [11,12] and their use

llows some flexibility in which surgical technique will be utilized
STG, short ST4 graft [13], combined ACL + ALL [anterolateral liga-

ent] graft using the STG [14,15]). However, the failure rate after
CL reconstruction with a hamstring tendon appears to be higher

han when the patellar tendon is used [16,17], but similar to the
uadriceps tendon [9,10].

Some authors advocate for leaving the tibial insertion of the

amstring tendons intact [18–21]. Similar to preserving the lig-
ment ACL remnant [22,23], the aim is to maintain the vascular
upply of the graft that remains pedicled [24]. Besides, the graft’s
ibial fixation is a weak point of the construct during ligament

rving the hamstring tendon insertion during ACL reconstruction
rg Res, https://doi.org/10.1016/j.otsr.2023.103556
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Fig. 1. Flow chart summarizing the select

reconstruction [25]. Preserving the tibial insertion of the hamstring
tendons make double tibial fixation possible: original tendon fixa-
tion [26] and interference screw fixation [27]. And from a practical
viewpoint, preserving the tibial insertion helps to avoid acciden-
tally dropping the graft and limits the number of manipulations
needed for a multiple bundle preparation [28].

While the advantages of this technique have been described,
particularly in a 2015 literature review by Ruffilli [19], the impact
on clinical results, functional scores and knee laxity have not been
fully described. The objective of this systematic literature review
was to answer the following question: Is preserving the tibial
insertion of the hamstring tendons during ACL reconstruction a
biologically, clinically, radiologically and biomechanically relevant
technique? The hypothesis was that this technique has biological,
clinical, radiological and biomechanical relevance.

2. Materials and methods

2.1. Search strategy

The structure of this review followed the recommendations
on systematic reviews of literature and meta-analyses [29,30].
The objectives, analytic methods and inclusion criteria were
determined before collecting data by following the PRISMA recom-

mendations. In January 2022, a bibliographic search of the PubMed,
Medline, CINAHL, Cochrane, and Embase databases was done. The
MeSH terms used were “pedicled” or “pedicular” or “preservation of
tibial attachment” or “hamstring tibial insertion” AND “ACL recon-
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 articles according to PRISMA guidelines.

truction” for search 1 (S1), search 2 (S2), search 3 (S3) and search
 (S4), respectively.

The initial selection of articles based on the title and abstract was
arried out by two of the authors (TN, AH) independently. If there
as disagreement about the status of an article, the two authors
iscussed it to come to a consensus. A second filtering step was
pplied by reading the entire article and reviewing the reference
ist of each selected article to make sure that no article on this topic
ad been overlooked. The selected studies (1) had no time limit on
he publication date, (2) were written in either English or French,
3) had an abstract available online.

.2. Inclusion criteria

Included were all the articles that reported histological, biolog-
cal, mechanical, technical, radiological and functional data of ACL
econstruction performed with a hamstring graft with preserved
ibial insertion, including anatomical, biomechanical and clinical
tudies (case series and comparative studies).

.3. Exclusion criteria

Technical notes and systematic literature reviews were
xcluded from the analysis.
.4. Article selection

Search strategies S1, S2 and S3 (Fig. 1) identified 33 articles,
hich were screened based on their title and abstract to yield 9
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Table 1
Articles selected for the final analysis.

Authors
Year of publication

Type of study Number of patients Average follow-up
(months)

Outcomes Main findings

Papachristou et al. [35]
2007

Animal study
Prospective
Comparative

39 (rabbits):
− 30 attached
– 9 detached

3 At 3, 6, 12 weeks:
−  Histological progression
of graft

− No avascular necrosis at 3 weeks
–  Architecture and cellularity preserved at 12
weeks

Liu  et al.
2018

Animal study
Prospective
Comparative
Randomized

64 (rabbits):
− 32 attached
– 32 detached

6 At 3, 6, 12, 24 weeks:
−  Histological progression
of graft
−  Osseointegration
− Mechanical strength
− Laxity

− No avascular necrosis at 3 and 6 weeks
− Earlier appearance of Sharpey fibers (3 vs. 12
weeks)
−  Better integration in tibial tunnel at 6, 12
and 24 weeks
− Less tibial tunnel widening at 6 weeks*
− Better mechanical strength at 12 and 24
weeks*
−  Better control over laxity at 24 weeks *

Bahlau  [27]
2019

Cadaver study
Comparative

10 (cadavers):
− 5 attached w/o
screw
− 5 attached
w/screw
−  5 detached
w/screw‡

0 − Load to failure − Load to failure 33% higher (attached w/o
screw vs. detached) (ns)
− Load to failure 25% higher (attached w screw
vs.  attached w/o screw) (ns)
– Load to failure 65% higher (attached vs.
detached w/screw)*

Santos  et al. [36]
2020

Cadaver study
Comparative

23 (cadavers):
− 11 attached w/o
screw
− 12 detached
w/screw

0 − Mechanical strength − Native fixation was better (force, elongation,
tension, rigidity)*

Ali  et al. [37]
2006

Observational
Retrospective

74 patients 64 − Lysholm score
−  Tegner score
– KT-1000

− Lysholm = 79.2 ± x
− Tegner = 5.9 ± x
−  � laxity = 1.43 mm ± 3.86

Buda  et al. [38]
2008

Observational
Prospective

28 patients 25.8 − IKDC
– MRI

− MRI  between 15 and 40 months: 80% Howell
stage 1
−  Positive correlation between graft
appearance and functional outcomes*

Sinha  et al. [26]
2018

Observational
Prospective

79 patients 24 − Lysholm score
−  Tegner score
– KT-1000

− Lysholm = 96.8 ± 2.4
− Tegner = 5.87 ± 0.67
− � laxity = 0.13 mm ± x

Bahlau  et al. [21]
2019

Observational
Prospective

21 patients 30 − Lysholm score
−  IKDC
− KT-1000
– Isokinetic testing

− Lysholm = 95 ± 8
− IKDC = 91 ± x
− � laxity = 2 mm ± 1.2
−  Isokinetic testing at 12 months: quadriceps
deficit 16%, hamstring deficit 12%

Gupta  et al. [39]
2021

Observational
Prospective

25 patients 14 − Lysholm score
−  Tegner score
– MRI

− MRI  at 8 and 14 months: Faster graft
integration at tibia than femur (evaluated by
signal intensity at bone/tendon interface)*
– Positive correlation between graft
integration and functional outcomes*

Favreau  et al. [40]
2020

Observational
Retrospective

14 patients
(repeat rupture)

45 − Lysholm score
−  IKDC
− Tegner score
– KT-1000

− Lysholm = 91.8 ± x
− IKDC = 85.5 ± x
−  Tegner = 5.5 ± x
−  � laxity = 2.5 mm ± x

3
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Table 1 (Continued)

Authors
Year of publication

Type of study Number of patients Average follow-up
(months)

Outcomes Main findings

Ruffilli et al. [41]
2016

Observational
Prospective
Comparative
randomized

40 patients:
− 20 attached†
– 20 detached

24 − IKDC
− Tegner score
– MRI

− IKDC †  = 91.6 ± x (ns)
− Tegner †  = 6.4 ± x (ns)
−  MRI  at 6 months:
Better ligamentization (evaluated by intensity
of  intra-articular graft signal)*
Comparable integration (evaluated by absence
of synovial fluid at bone/tendon interface)

Liu  et al. [42]
2018

Observational
Prospective
Comparative
randomized

37 patients:
− 18 attached †
– 19 detached

24 − Lysholm score
− IKDC
− Tegner score
− KT-1000
– MRI

− Lysholm †  = 88.9 ± 4.6 (ns)
−  IKDC †  = 88.4 ± 4.6 ((ns)
−  Tegner †=  5.9 ± 0.9 (ns)
−  � laxity †  = 1.4 mm  ± 0.8 (ns)
− MRI  at 6 and 12 months: Better
ligamentization (evaluated by intra-articular
SNQ)*
− MRI  at 2 years: SNQ comparable
intra-articular portion (ns)

Zhang  et al. [43]
2020

Observational
Prospective
Comparative
randomized

37 patients:
− 18 attached†
– 19 detached

60 − Lysholm score
− IKDC
− Tegner score
− KT-1000
– MRI

− Lysholm †  = 87.3 ± 6.6 (ns)
−  IKDC †  = 86.4 ± 6.2 (ns)
−  Tegner †  = 5.8 ± 0.7 (ns)
− � laxity †  = 1.4 mm  ± 1 (ns)
−  MRI  at 6 and 12 months: Better
ligamentization (evaluated by intra-articular
and tibial/femoral tunnel SNQ)*
−  MRI  at 5 years: SNQ comparable
intra-articular portion and tibial/femoral
tunnels (ns)

Gupta  et al. [44]
2020

Observational
Prospective
Comparative
randomized

160 patients:
− 80 attached†
– 80
bone-tendon-bone

24 − Lysholm score
− WOMAC  score
–  KT-1000

− Lysholm †  = 96.1 ± 5.81 (ns)
−  WOMAC  †  = 3.3 ± 2.76 (ns)
– � laxity †  = 2.23 mm ± 1.6 (ns)

Grassi  et al. [45]
2021

Observational
Prospective
Comparative
randomized

20 patients:
− 10 attached†
– 10 detached

18 − KOOS Score
−  KT-1000
– MRI

− MRI  at 18 months †:  80% Howell stage 1
−  MRI  at 4 and 18 months:
SNQ comparable for intra-articular portion (ns)
Less edema in graft (evaluated as presence of
fluid in graft)*
Better SNQ in tibial tunnel*
Less tibial tunnel widening*
− Functional outcomes and knee laxity
comparable between groups (ns)
−  No correlation between graft appearance
and functional outcomes (ns)

Lang  et al. [46]
2022

Observational
Prospective
Comparative
consecutive

120 patients:
− 60 attached†
– 60 detached

0 − Operative time
– Complications

− Operative time†  = 30.8 min ± 2.8 (ns)
– Complications†  = 3.3% conversion to
conventional technique (detached hamstring)

Numerical values of the main results are given as mean ± standard deviation. Abbreviations: ns: no significant difference; IKDC: International Knee Documentation Committee; WOMAC: Western Ontario and McMaster Universities
Osteoarthritis Index; KOOS: Knee Injury and Osteoarthritis Outcome Score; SNQ: signal to noise quotient. � = difference between healthy and operated knee; ‡  = from the first group; †  = attached hamstring graft; * = significant
difference  with p < 0.05.

4
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articles. The S4 strategy identified 132 records from which 5 arti-
cles were selected. Four articles appeared in one or more of the
searches. Ten articles were added after reviewing the reference list
of the selected articles. Thus, 24 articles (9 + 5 + 10) had their full
text reviewed for eligibility. Four technical notes [18,20,31,32] and
one review of literature [19] were excluded. Three other articles
were excluded because they did not provide new data related to
the hypothesis of this systematic review [24,33,34]. In the end, 16
articles were included in the final analysis (Table 1).

The clinical results reported in the articles selected for the
analysis consisted of validated knee-specific scores and knee lax-
ity measurements. The scores used were all subjective functional
outcomes: Lysholm, Tegner, IKDC (International Knee Documenta-
tion Committee), KOOS (Knee Injury and Osteoarthritis Outcome
Score) and WOMAC  (Western Ontario and McMaster Universities
Osteoarthritis Index). The residual postoperative laxity was  mea-
sured with the KT-1000® to produce an objective measurement of
side-to-side differences between the healthy and operated knee in
millimeters (mm)  [47].

3. Results

3.1. Technical aspects and feasibility

Lang [46] reported a 97% success rate when using an attached
hamstring graft. The failures were due to the tendon graft being too
short, which required it to be detached from its tibial insertion. The
operating time for these two techniques appeared similar.

3.2. Biological aspects and ligamentization

In a rabbit model, Papachristou [35] reported that the avascu-
lar necrosis phase had disappeared when the tibial insertion was
preserved. This finding was confirmed by Lui , who also reported
that Sharpey fibers developed more quickly at the tendon–bone
interface.

3.3. Clinical analysis

The clinical and knee laxity results were comparable to standard
techniques with no increase in the complication rate [21,37,41–44].
These findings were confirmed during revision surgery cases in a
retrospective study by Favreau [40].

3.4. Imaging (MRI) findings

The graft’s appearance on MRI  was correlated to the clinical
scores postoperatively [38,39]. Maturation and bone integration in
the tunnels was faster with an attached hamstring graft during the
first 2 years postoperative [41,42,44,45].

3.5. Biomechanical aspects

In 10 cadaver knees, Bahlau [27] found that the failure strength
of hamstring grafts was 33% higher when the tibial insertion was
preserved without an interference screw versus detached ham-
string graft fixed with an interference screw. Adding an interference
screw helped to increase the failure strength of attached grafts by
another 25%. Santos had similar findings [36] in terms of load, elon-
gation, tension and stiffness, and this was confirmed in a rabbit
model .
Sinha [26] provided clinical support based on 79 ACL recon-
structions with the hamstring graft in which the original tendon
insertion was the only tibial fixation. At 2 years’ follow-up,
the functional outcomes were satisfactory. No re-rupture or
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athological laxity (side-to-side difference on KT-1000®: 0.13 mm)
as  reported.

. Discussion

ACL reconstruction with a hamstring graft in which the tibial
nsertion is preserved is mechanically and biologically appropriate

ithout specific complications. This was an original study consist-
ng of a systematic literature review with new data that was not
ncluded in the 2015 literature review by Ruffilli [19]. However, it
as several limitations: broad selection criteria, varied study types
ith numerous biases and few randomized prospective studies

41–45].
In France, an autograft is the most common choice when doing

CL reconstruction. As an alternative, an allograft can be used to
educe the morbidity related to harvesting and postoperative pain
48,49]; however the re-rupture rates are higher [5,7,50].

For better ligamentization in the immediate postoperative
hase, some authors recommend preserving the ligament remnant
51,52] and leaving the tendons attached at their tibial insertion
24]. In 1997, Kim [31] was  the first to reconstruct the ACL using
amstring tendons in which the tibial insertion was preserved.
ince then, this technique has regularly been used for primary
econstruction [19] and for revision ACL surgery [40]. The ligamen-
ization phase can last up to 3 years [53] and is characterized – on
he histological front – by avascular necrosis of the graft in the first

 months, hypocellularity and chaotic reorganization of collagen
bers [54,55]. Rich vascularization from the inferior medial genic-
lar artery is found at the distal tibial insertion of the hamstring
endons. This vascularization becomes sparser along the tendon.
ver this insertion, mechanoreceptors are present (Ruffini and
acini corpuscles) like the ones found in the original ACL [56,57].
reserving the tibial insertion of the hamstring tendons helps to
void the initial avascular necrosis phase and yields better histo-
ogical scores at the tendon/bone interface, which improves the
raft’s ligamentization and its mechanical properties [35]. No signs
f necrosis or hypocellularity were found during the various stages
f graft maturation, contrary to detached hamstring tendons in
hese studies.

This is confirmed in MRI  studies, where the maturation of grafts
ith an intact tibial insertion is better at the level of the tunnels

39,43,45] and the intra-articular portion [41–43,45]. Maturation
ccurs over the first 2 years postoperative, then slows down [41,43],
ith the graft’s appearance being comparable between intact and
etached tendons at 2 years [42] and 5 years [43] postoperative.
hen the clinical results were poor, the graft was  not visible or con-

inuous, with heterogenous intensity signals and intra-ligamentous
ystic formations in the tunnels [38]. But not all studies have found

 correlation between the clinical outcomes and graft maturation
n MRI  [45].

The clinical outcomes and knee laxity more than 2 years after
CL reconstruction with attached hamstring tendons [21,26,37] are
omparable to reconstruction with detached hamstring tendons
42,43], and reconstructions with bone-tendon-bone autografts
44]. From a surgical point of view, preserving the tibial insertion
s validated in the literature for primary [19] and revision proce-
ures [40], with a need to detach the tendons in only 3% of cases
46]. This technique allows for double tibial fixation, which pro-
ides higher primary pull-out strength [27,36] and prevents one
rom accidentally dropping the graft.
. Conclusion

Leaving the hamstring tendons attached at the tibial inser-
ion during ACL reconstruction helps to avoid the initial avascular
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necrosis phase for better ligamentization, it increases the pull-out
strength due to the second tibial fixation and ensures faster and
longer lasting graft maturation based in MRI  analysis over time.
The clinical and functional outcomes are like other ACL reconstruc-
tion techniques described in the literature with excellent feasibility
(97%).
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