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Prospective study of use of single bundle 6 fold graft
tendon for ACL reconstruction Clinical and functional
outcome with analysis of factors affecting outcome.
ORIGINAL ARTICLE

Parag K Sancheti1, Atul Patil1, Ashok K Shyam1,2, Rahul Jaju1

ABSTRACT
Background: Currently double, triple and quadruple grafts
are most commonly used. We hypothesize that by further
increasing the folds and using a six fold tendon graft will
improve outcome. Also a six fold graft will have a larger cross
sectional area and will be biomechanically more strong thus
improving the knee stability

Conclusion:
The present results show that increasing cross-sectional area
of hamstring tendons by using 6-strand graft can improve
knee stability and reflected by the patient’s activity in the
early clinical outcomes. However, there are no differences in
terms of subjective assessment.
Type of study: Prospective case series

Materials and Method:
A prospective cohort study was conducted between period of
June 2007 to December 2009. 153 patients undergoing ACL
reconstruction were screened and 78 patients fulfilling the
inclusion exclusion criteria were selected. Mean age at the
time of surgery was 30.62± 7.49 years (16 to 51 years).
Patients were followed for a period of 18 ± 2 months (14 to 19
months). At final follow up patients were evaluated using
IKDC scoring and lysholm scoring system.

Key words: ACL reconstruction, six fold tendon graft, IKDC
score and grade, Lysholm score

Introduction:
Anterior cruciate ligament (ACL) tear is one of the major knee
injuries throughout the world. 1, 2 Number of patients
undergoing ACL reconstruction has risen and more favourable
results have been obtained with the advances in arthroscopic
surgery and developments in ACL reconstruction equipment
and fixation devices 3, 4, 5. A number of graft types have been
developed in line with the developments in surgical
equipment. BTB (bone-tendon-bone) and hamstring
autografts are the most commonly used grafts of
choice today 6

Results:
Average post operative range of motion (ROM) in degree was
139.10 ± 3.58. At the mean time of 12 months follow-up,
evaluation of anterior-posterior knee laxity with standard
laxity test (anterior drawer and Lachmann test) show
significant decreasing knee laxity postoperatively. According
to IKDC grade system 70 patients were graded as A level and
8 patient as B level. Patients were evaluated with two scoring
system, IKDC subjective form (2000 edition) and modified
Lysholm score. Postoperative Lysholm score was improved
to 88.17 ± 4.43 than preoperative score 37.39 ± 3.58, and
IKDC score was improved to 87.53 ± 2.90 from preoperative
score of 34.35 ± 2.54. All the patients returned to their
preinjury activity level at the end of 6 to 8 months

ACL reconstruction using autografts is a method that has
consistently yielded positive and effective results7, 8. Graft
selection in an anterior cruciate ligament (ACL)
reconstruction is critical 9, 10, and 11. Graft selection is
dependent on the surgeon’s expertise, surgeon’s preference,
tissue availability, patient activity level, presence of co
morbidity, prior surgery, and patient’s preference 12. The bonepatellar tendon-bone (BPTB) and hamstring tendon autografts
are the most common grafts in ACL reconstruction9. The
BPTB autograft is frequently chosen because of its excellent
clinical results and high level of patient satisfaction after a
long term follow-up 7, 13. Some studies suggested that a harvest
of the central third of the patellar tendon might have
associated donor site morbidity, such as patellofemoral
osteoarthritis, patellar tendon shortening, loss of terminal
extension, and patellofemoral pain. 8, 14, 15. Recently there has
been an increase in the popularity of hamstring tendons as
autografts for ACL reconstructions, which can avoid harvest
site morbidity 9. In studies conducted in vitro, hamstring grafts
have been proven to be as strong as the original ACL16. But
some researchers have reported inferior stability in vivo
compared to BTB grafts 17, 18, 19
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Problems with the use of quadruple semitendinosus and
gracilis (STG) technique, are increased knee laxity, weakness
in deep flexion, the development of flexion deficit and an
increased risk of tunnel widening15, 20 21,22,23,24,25,26. Also these
grafts are of smaller size than the bone patellar bone grafts
and may cause wind shield wiper and bungee effects27, 28, 29 30.
Currently Double triple and quadruple grafts are most used
and we hypothesize that by further increasing the folds and
using a six fold tendon graft will decrease the incidence of
such complications. Also a six fold graft will have a larger
cross sectional area and will be biomechanically more strong
thus improving the knee stability 31, 32, 33. We used Six fold
semitendinosus and gracilis graft for ACL reconstruction and
present the clinical and functional outcome in this cohort
series.

Demographic distribution of patients (Table 1)

MATERIALS AND METHODS:
A prospective cohort study was conducted between period of
June 2007 to December 2009. Patients with ACL deficient
knee were screened. Patients with ACL tear who have
completed 6 weeks of conservative management and still
complain of instability while walking or running, episodes of
locking were selected to for ACL reconstruction. Patients with
associated grade 3 and Grade 4 medial collateral ligament and
lateral collateral ligament injury or avulsion fracture,
previously operated cases, ACL injuries associated with
fractures including avulsion fractures, associated posterior
cruciate ligament or posterolateral corner injury, grade 3 and
Grade 4 osteochondral defect, and patients suffering from
diagnosed prior knee pathology eg, stiffness, osteoarthritis
were excluded from the study. Informed consent was taken
from patients that fit the inclusion / exclusion criteria and
patients willing for assessment were included. This protocol
was reviewed and approved by an Independent Ethics
committee. 153 patients undergoing ACL reconstruction were
screened and 78 patients fulfilling the inclusion exclusion
criteria were selected. Out of 78 patients 71 were male patient
and 7 were female. Mean age at the time of surgery was
30.62± 7.49 years (16 to 51 years). Out of 78 patients, 23
(29.49%) had slip and fall, 39 (50.0%) had twisting injury
while playing, 16 (20.51%) had direct trauma. Mean injury
surgery interval was 10.30± 15.10 months (9 weeks to 230
weeks). Preoperative range of motion was 131.47±13.61° (80
to 140° ) (Table 1).

Figure1: Two fold of semitendinosus tendon and single fold of
gracilis graft made.

Figure 2: Graft folded in to six fold.

SURGICAL TECHNIQUE:
Standard anteromedial and anterolateral portals were taken.
Arthroscopic evaluation was done to look for other injuries
and to confirm ACL tear. After confirming complete ACL tear,
the semitendinosus and gracilis tendons were harvested
through a 5 cm longitudinal incision over the pes anserinus
semitendinosus and gracilis tendon were identified and
harvested with tendon stripper (Figure 1). The length of
semitendinosus tendon was ranging 30±2 cm (26 to 34 cm)
and gracilis tendon was 22 ±1.5 cm (17 to 28 cm). The grafts
were prepared to make 6-strand with vicryl No.1 sutures, and
Journal of Orthopaedics and Rehabilitation | January 2011 | Vol. 1 | Issue 1

Figure 3: Final sizing of the graft.

distally with Ethibond and sizing of the graft was done
(Figure2, 3). The mean length of the graft was 8.33±0.2 cm
(7.8-8.6 cm) and the mean diameter was 9.73±0.5 mm (9-11
mm). Tibial entry point was taken using tip aimer 6 to 7 mm
in front of PCL and tunnels were made. Tibial tunnel length
was between 30 to 40 mm. After tibial entry was made, then
femoral notch was cleared and prepared and resident’s ridge
and transverse ridge was identified for femoral entry. Femoral
16
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entry point was just behind the resident’s ridge and just
inferior to transverse ridge. Femoral entry point is again
confirmed through antero medial portal and then transtibial
drilling was done with knee in 90 degree of flexion or
otherwise tunnel was made through AM portal keeping 2 to 3
mm of bone behind. Average femoral tunnel length was
40mm±5mm (30 to 45 mm). Graft was fixed at femoral side
with endobutton CL and at tibial side with interference screw
(BioScrew).

Postoperative rehabilitation protocol and evaluation:
Postoperatively long knee brace was given for period of 3
weeks. Partial weight bearing started on second day with the
help of crutches and full weight bearing walking after 3
weeks. Gradual knee bending exercises and muscle
strengthening exercises were started from day 2. Follow-up
clinical and radiographic evaluations, including activity level,
subjective assessment, symptoms, range of motion, laxity, and
functional strength were performed every 14 days, 6 weeks,
3 months, 6 months and the end of first year. At final follow
up patients were evaluated using IKDC scoring and lysholm
scoring system which was done by independent data
collectors at our research department34, 35.

Figure 4

STATISTICAL DATA ANALYSIS:
Statistical data analysis done by using SPSS 17.0, Minitab
15.0 statistical softwares and MS-excel. To find the
significance in various parameters we have used 2
independent sample t-test, paired t-test 2 sample proportion
test, Wilcoxon sign rank test and Mann Whitney test. The
comparison analysed at 5% level of significance.

RESULTS:
The mean length of the graft was 8.33±0.2 cm (7.8-8.6 cm)
and the mean diameter was 9.73 mm (9-10 mm). Average post
operative range of motion (ROM) in degree was 139.10 ±
3.58. Patients were followed for a period of 12 ± 2 months
(11 to 19 months); no patients were loss to follow up. At the
mean time of 12 months follow-up, evaluation of anteriorposterior knee laxity with standard laxity test (anterior drawer
and lachman test) show significant decreasing knee laxity
postoperatively. Postoperatively out of 78 patients lachman
test and anterior drawer test was positive (grade 1) in only 3
patients and 1 patients respectively (Figure 4). Preoperatively
pivot shift test was positive in 70 pts and negative in 8,
postoperatively only 2 pts had positive and 76 had negative
pivot shift test (Figure 6). According to IKDC grade system
70 patients were graded as A level and 8 patient as B level
(Figure 7)

Figure 5

PATIENT SUBJECTIVE ASSESSMENT:
Patients were evaluated with two scoring system, IKDC35
subjective form (2000 edition) and Modified Lysholm score34.
Postoperative Lysholm score (Figure 8) was improved to
88.17 ± 4.43 than preoperative score 37.39 ± 3.58, and IKDC
score (Figure 9) was improved to 87.53 ± 2.90 from

Figure 6
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preoperative score of 34.35 ± 2.54. Similarly pain in terms of
VAS was also improved to 2.55 ± 0.76 from preoperative
score of 4.82 ± 1.85. Only 1 patient reported anterior knee
pain. All the patients returned to their preinjury activity level
at the end of 6 to 8 months (Table 2)
Table showing pre op and post operative results. (Table 2)

Figure 7

DISCUSSION:
During the past decade, there has been an increased use of
hamstring grafts with multiple strands to reconstruct the
anterior cruciate ligament 18, 16, 36, 37, 38. This trend is believed to
be related to improved fixation techniques and the perception
that hamstring grafts are associated with less morbidity than
patellar ligament grafts 18, 16, 36, 37, 38, 26, 39.

Figure 8

The results of ACL reconstruction depend on various factors
like preoperative activity level of the patient, muscle strength,
associated injuries, and postoperative rehabilitation.
Variations in operative techniques may also affect the
outcome, like use of different graft, single or double bundle
reconstruction and graft size 40. Single bundle ACL
reconstruction using tendon grafts has shown to have good
results by many investigators 41, 42. This study was conducted
to observe the outcomes using two different grafting
techniques namely 4 fold and 6 fold grafts.
Noyes et al43 reported that 14mm BPTB graft represents 168%
of ACL strength so, 9 or 10 mm BPTB graft would represent
approximately 120%of ACL strength. He also reported ST
represent 70 % of ACL strength so, doubling the graft will

Figure 9
Journal of Orthopaedics and Rehabilitation | January 2011 | Vol. 1 | Issue 1

18

3_Original Articles:Layout 1

1/12/2011

5:06 PM

Page 19

Sancheti PK et al.: Study of 6 fold tendon graft in ACL reconstruction.

produce 140% of ACL strength and a quadrupled construct
exceed around 250% of ACL strength and six fold will
definitely produce more than 300% of ACL strength. Thus
four strand and six strand construct are stronger than any of
the 10 mm BPTB graft and so six fold graft stronger than four
fold graft44.

There is no loss of hamstring strength in our series when it is
used as a graft material which corresponds to study conducted
by Lipscomb AB46 which demonstrated that confirms that
there is no significant loss of hamstring strength occurred
when the semitendinosus and gracilis tendons were used to
construct the ACL. Similarly study conducted by Cross MJ
47
and et al demonstrated apparent regeneration of the tendons
of the semitendinosus and gracilis muscles after their use for
anterior cruciate ligament reconstruction. Also the results
demonstrated that these tendons appear to regrow and are
probably functional.

Thickness of the graft also plays an important role in post
operative stability of the knee. Normally femoral attachment
of ACL is of 11 to 24 mm in diameter and tibial attachment is
around 11 mm (8 to 12 mm) 44. Generally a bone patellar bone
graft is of 10 mm diameter and 40 mm2 cross sectional area
and occupies 90% area of the ACL foot print. A single bundle
four fold Semitendinosus tendon graft is of diameter 8 to 9
mm and 60 to 70 mm2 cross sectional area occupies 1.5 times
of ACL foot print. Thus six fold graft of diameter 10 mm
(average 9 to 11 mm) will have more cross sectional area and
will occupy more surface area of ACL foot print and also has
more surface area for tendon to bone healing with less chance
of tunnel widening.

In our series, post operatively 1.28 % had positive anterior
drawer test, 3.84 % had lachman test, and 2.56 % had positive
pivot shift test respectively. Prodromos Chadwick 48 in his
study showed Average KT-1000 side-to-side difference was
0.44mm for 5 strand hamstring tendon vs. 1.0mm for 4 strand
hamstring tendon (p = 0.01). Also demonstrated that
reconstructed knee laxity increase of ≤1mm versus the normal
knee was found in 89% of 5 strand hamstring tendon vs. 66%
of 4 strand hamstring tendon (p = 0.03); of 2-3mm in 11% 5
strand hamstring tendon vs. 31% 4HS; of 4mm in 0% 5 strand
hamstring tendon vs. 3% 4 strand hamstring tendon; and of
>4mm in 0% 5 strand hamstring tendon and 4 strand
hamstring tendon. 5 strand hamstring tendon ACL
reconstruction had higher stability than a high stability 4
strand hamstring tendon. Similarly study conducted by Chen
et al40 demonstrated that 5.1% exhibited grade 2 or higher
ligament laxity with the anterior drawer test, and 6.1% had a
positive pivot shift in four fold hamstring group. Also Heijne
et al49 showed that Hamstring graft led to a larger laxity, 2.4
mm compared with patellar tendon graft, 1 year and 2.5 mm
and 1.5 mm, respectively, at 2 years (P = 0.05). Also 50 %
patient had + (glide) and 20 % had ++ (clunk) pivot shift test
at 1 year and 44.5 %had + and 24% had ++ at 2 years follow
up.

The average cross sectional quadruple hamstring graft
measures 7-9 mm in diameter and six fold graft measures 9 to
10 mm in diameter
Cross Sectional Area of Grafts (Table 3)59
Hamstring

Circular graft.
Tunnel Diameter
Area.

Patellar

Rectangular graft.
Rectangle area.

6mm = 28 mm2
7mm = 38 mm2
9mm = 64 mm2
10mm = 79 mm2

10mm X 3mm = 30 mm2

Since the cross sectoral area occupied by 4 fold and BPTB
graft is a fraction of that occupied by the original ACL,
instability can be a problem stability. To counter this few
technical principles are to be adhered. Finding and inserting
an isometric graft may decrease this problem. Also proper
tensioning of the graft is essential for this. Increasing the graft
thickness is another way of achieving the similar result.

The failure load of an evenly tensioned four-strand hamstring
tendon graft has been reported to be about 4,090 N50. This
exceeds that reported for a 10-mm patellar tendon graft (2,977
N)51 and an intact ACL (2,160 N) 52. The mean diameter of 6strand hamstring tendons in the present study is 9.54 mm,
which is larger than 8 mm of 4-strand hamstring tendon 53.
Theoretically, ultimate load to failure of the 6-strand
hamstring tendons should be higher corresponding to the
cross-sectional area.

In our study average diameter of 6 fold graft was 9.73 mm.
This should be able to achieve better stability. Theoretically,
ultimate load to failure of the 6-strand hamstring tendons
should be higher corresponding to the cross-sectional area.
Similarly study conducted by Laoruengthana 45 et al showed
average 6 fold diameter was 9.54(8-11 mm), and Aglietti 20
et al showed that average 4 fold diameter was 8 mm. Similarly
study conducted by Tohyama H37 demonstrated that anterior
cruciate ligament grafts fashioned using multiple-strand (six
and four strand) combinations of the semitendinosus and
gracilis tendons result in a cross-sectional area in comparison
to the 10 mm bone-patellar tendon- bone graft, which is an
important finding since cross-sectional area reflects the intraarticular volume of collagenous tissue.

From a biologic standpoint, it is well accepted that healing of
the tendon to bone is more difficult to achieve and requires
more time (usually eight to twelve weeks) than does healing
of bone to bone (usually four to six weeks) 54,55,56,57,58. The
factors that may determine the strength and stiffness of the
tendon-fixation device-bone complex after implantation are
the tendon graft-tunnel interface and the fixation device itself.
A recent study in dogs has demonstrated that pullout strength
was enhanced by increasing the length and the press-fit of the
tendon within the tunnel. With doubling the length of the
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tunnel, there was a 60% gain in terms of load to failure 52, 55.
Fixation is also influenced by the total contact area of thread,
which is determined by the outer diameter of the thread and
especially the length of the screw. Therefore, our patients in
the 6-strand hamstring group, the authors increased the
tendon-bone tunnel interface with the larger diameter graft
compared to 4-strand hamstring tendon.

2.
3.
4.

Limitation of study: All clinical test of stability were
performed by investigators and objective study using an
arthrometer is not done. Patients were consecutively selected
and no randomization was done. Follow up is short with at
least a two year follow up needed for comment on knee
osteoarthritis.

5.
6.

In conclusion, the present results show that increasing crosssectional area of hamstring tendons by using 6-strand graft
can improve knee stability and reflected by the patient’s
activity in the early clinical outcomes. Anterior cruciate
ligament reconstruction with hamstring tendons have less
donor-site morbidity resulting in less difficulty in kneeling,
which is more compatible to Asian life-style. However, there
are no differences in terms of subjective assessment.

7.
8.
9.
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