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Abstract

Purpose: Study is designed to analyze the postoperativeoougcof arthroscopic ACL reconstruction with quadedp
semitendinosus tendon autograft fixed in femoranal using tight rope and in the tibial tunnel gsisuture disc.
Methods: A prospective study on a continuous series of l@fepts, operated for ACL rupture, using the same
technique, from September 2010 to March 2(R&ults. The longest follow-up was at 24 months. At 2 yesiofv-up
the mean International Knee Documentation Comm(tii€BC 1999)evaluation score revealed that 63.7% &aormal
overall grade A. The mean Lysholm score improvermfr59.4 to 92.4 at follow-up. The improvement ir thmb
symmetry index by single hop test was statisticalbynificant. Laxity assessment at 12 months sho8#&2% had a
grade 0 or 1 Lachman laxity with a hard end pdpattients had no motion deficit and the knee wdslesia deep flexion
and retained their strength during internal rotataf the kneeConclusion: a quadrupled semitendinosus graft was
adequate in order to be used alone as a four-sgeadtl and to get a minimum length and thicknessdor graft
construct. This enhanced our post-operative reitativin by contribution to stability in deep flexicand retaining the
strength during internal rotation of the kneesltost effective to use atightropeat the femordl @&md suture disc at the

tibial end as compared to an aperture fixation byoacrew.

Keywords: ACL reconstruction, suspensory fixation, suturscdiquadrupled semitendinosus graft, gracilis tando

sparing.

I ntroduction

Anterior cruciate ligament rupture is the most caonm
knee ligament injury. It is estimated that morentha
200,000 ACL reconstructions are performed annually
the United States and the incidence of ACL injwy i
roughly one in 3,000 per year [1]. There have been
significant technical advances during recent dezdde
treat ACL insufficiency and many studies have
documented the successful results of contemporary
arthroscopic ACL reconstruction [2].The bone—patell
tendon-bone (BPTB] graft is considered as a gold
standard as it has the least measurable laxitytia@d
fastest graft incorporation with lowest failure ad8].
However, there are several postoperative disadgagta
of the BPTB graft, which include anterior knee pain
guadriceps weakness and extension deficit. Thetuse
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the semitendinosus and gracilis (STG) tendons is
becoming the choice method in anterior cruciate
ligament (ACL) reconstruction. This graft, with fou
strands of STG tightened identically, presents the
advantage of having a mechanical resistance
theoretically superior to the mechanical resistamica
tendon from the patellar ligament with a minimum
width of 10mm [4, 5]. During the last decade, thkas
been an increased use of hamstring tendon (HT)
autografts [6]. Suspensory methods (that is, forati
outside the tunnel) and aperture methods (by
interference screw close to the origin and insejtiof

the autograft fixation have been described, with
aperture fixation resulting in increased stiffnegshe
construction compared with the suspensory methad.Th
femoral fixation of the STG tendons using an
endobutton appeared to be reliable as well as
sufficiently resistant and rigid [7]. However acdimg

to Adam et al[8]after suture disc fixation of a
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quadrupled tendon graft the construct had a loimeal
stiffness and the graft slipped out of the bonenélirat
lower loads. Interference screw fixation of tendpafts
is preferable to suture disc fixation.

Our study is designed to analyze the postoperative
outcome of arthroscopic ACL reconstruction with
quadrupled semitendinosus tendon autograft fixed in
femoral tunnel using TightRope and in the tibiairtel
using suture disc.

Material and Methods

This was a prospective study on a continuous sefies
110 patients operated for ACL rupture, using thmesa
technique, from September 2010 to March 2013.

All of the above mentioned authors were the opegati
surgeons. Arthrex - ACL TightRope® and suture disc
were used.

The exclusion criteria were a previously operatedek
associated meniscal tears, ligament reconstruation
the contralateral knee, as well as observed chbndra
lesions that could modify the postoperative
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rehabilitation protocol (grade 1l or IV cartilagins
lesions).

In all acute cases of ACL injury, patients wereated
with long knee brace for three weeks following whic
ACL reconstruction was planned after bone oedema
subsided. Out of 110 patients 4 patients didn’poesl

to follow up and 4 patients didn’t follow rehaldliton
protocol so were excluded from study. During thaeé
weeks’ period patient received preoperative
physiotherapy exercises. The minimum follow-uphaf t
clinical assessment was two years with mean follpw
of 36 months. This series included 102 patientth @i
mean age of 26 years (range all cases: 12—56 years)
with 78 men and 12 women. Nature of injury in 48
patients was due to sports related injuries. Roaffid
accidents being the cause for ACL tears in 37 pttie
and rest15 patients’ sustained injury due to otiagises
like slip and fall Majority of our patients, 56 tfiem
fell into competitive lifestyle like joggers, athés
followed by sedentary lifestyle (33 patients) redt
them were into farming (11 patients). Our pre aodtp
operative protocol was similar to that of aperture
fixation.

Pre-operative assessment: The pre-operative assessment included detailedorhisand physical examination,
radiographs of the involved knee. Lachman tesgratdrawer test and Mc Intosh Pivot shift testavesed for testing
ACL. The Pivot shift test was performed under amesia. The results were graded as 0 (negative)2t+and 3 +

positive. Other tests performed routinely includlee Varus and Valgus stress tests, Mc Murray’s tssterior drawer
test and the Reverse Pivot shift test. Radiograptisded the standing AP view of both the kneedvaitlateral and

notch views of the affected knees. MRI of the imeadl knee was taken in all the cases.

\

Fig.1: MRI showing ACL tear.

Fig.2: MRI showing ACL tear

Arthroscopic technique: After induction of anesthesia, supine position withper thigh tourniquet. Clinical tests

performed under anesthesia.
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Fig 3: Lachman test

Initial diagnostic arthroscopy performed via anteteral and anteromedial ports. Vertical incisiobhoat 3cm
anteromedially on proximal tibia starting 3-4cm tdisto joint line and 3-4cm medially to tibial tulesity. A
Semitendinosus graft used, the gracilis tendonsgased in all the cases.Semitendinosus tendontis harizontal and
lies below gracilis. It is pulled with curved clarapd snared with a braided suture, dissectionezhpioximally up the
thigh. The insertion end of the tendon is held withibond suture and the surrounding fibrous exben®leased and the
procured. ACL graft master used for pretensioning aontrol of tendon (fig.4). The overall length tbe tendon is
measured.

Fig.4: ACL graft master Fig.5: Tightrope

construct was 8mmin male and 7mm in female patients
Femoral tunnel preparation is done through low gdiac
anteromedial port with knee in maximum flexion
(>120degree). Entry point was attained by a 45 ekegr
micro fracture pilot awl. The graduated guide piasw
advanced so that it exits the femoral cortex thmeoil
tunnel length to be reamed was measured and then
calculated according to the length of the graftenat.

We found the average femoral length to be 3.5cms.

The tendon is looped in half to make double strahd
equal length. Place a double Krackow-type whipistitc
in free end of each tendon with No. 5 Ethibond maitu
Tightrope was used in all cases (fig.5) with theilde
stranded graft looped further to create a totafooir
strands and graft size measured with the tendemn. st
guadrupled semitendinosus graft was used in all the
cases with a minimum length of 6.5cms and a
maximum of 7.5cms. The minimum thickness our graft

Fig.6: Suture retriever through tibial tunnel pulling tB#hibond out
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Using the appropriate diameter reamer, the femoral
tunnel is reamed based on graft size. A no.5 Etidbo
suture was attached to graduated guide pin is gasse
through anteromedial portal to the femoral tunnel
exiting lateral aspect of thigh. Tibial guide pldce
taking the ACL footprint, which is anterior and nied
to the anterior horn of the lateral meniscus in the

Fig.7: Endobutton entering femoral tunnel

The length of the tunnel is marked on the preparatt
by a 3-0 vicryl suture.Under arthroscopic visudima
in the joint, once the marked line reaches therieage
of the femoral tunnel (fig.7, fig.8), then counteaction

is given where the endobutton flips at the outerdeal
cortex and it is confirmed by giving traction. There
white shortening loop is pulled in a synchronized
manner so that the graft is gradually pulled irte t

Fig.9: Suture disc
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midline, the medial tibial spine, the PCL as refieee
points. Guide pin passed and cannulated reameripver
as determined by the prepared graft diameter size.
Using suture retriever (fig.6) through tibial tuhnke
other end of Ethibond was pulled out and secureteo
pre-tensioned graft with the endobutton attached
tightrope and this is pulled out of the femoralrtah so
that the thread is out of the thigh.

Fig.8: Marked line reaches inner edge of the femoral tunne

femoral tunnel. The length of the graft in the feaio
tunnel was reached at 2 cms, intra-articular lenggdls
2cms and in the tibial tunnel 2cms of the graft was
maintained. When tension is placed on the graffis, t
knee is taken through approximately 15 to 20 cyoles

p)
complete flexion and extension. This helps to aligm
grafts, will tension the sutures, and removes kaeksof
the graft, tests for impingement between the grafid
bony structures.

Fig.10: Tightening the knots around the disc

The tibial side of the graft was fixed in 20 degoédknee flexion with a suture disc which was haeler the tibial tunnel
by passing the ethibond suture threads througlsuh@e disc and tightening the knots around the dig.9, fig.10). If
some amount of laxity were to be present aftertifixg it was additionally tightened by further ttiao on the white
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shortening loop in a synchronized manner so thagthft is gradually pulled into the femoral tunriéhe joint is cleared
off the debris by thorough an arthroscopic lavageaft harvest site is sutured in layers with n® @icryl. Skin closed
with ethilon sutures or skin staples. Compressimmdiage dressing done and long knee extension apgdied.

Rehabilitation: Long knee brace was given for three weeks afteyesy with gradual to partial weight bearing wiltet
brace. Range of motion of the knee and isometriscieuexercises were started the day after the tiperand gradually
progressed on the basis of closed kinetic chainceses. Knee flexion of more than 90° and walkinighviull weight
bearing was allowed 15 days postoperatively.

‘1 I

Fig.11: Knee flexion Fig.12: Knee extension

Indoor cycling and swimming were permitted after wieeks and running after 12 weeks. High demandtipig sports
activities were allowed after approximately 12 nient

Results

All the patients were examined at 3, 6, 12, andridhths after surgery as well as at the latestviellp. The clinical
assessment involved the number of operative rengsémd complications at the longest follow-up, dbgective criteria
of the International Knee Documentation Committk®C 1999)[9] and lysholm and gillquist knee scoring
system[10],Limb Symmetry Index scored by single hegp test done at 6 month(LSI score)[11], laxitgessment by
Lachman test at 12 months. The median hospital istagur series was 4 days with a range of 3-5 d&®mnal
anaesthesia was used in all of our cases. The tileariaken for surgery was 94.5 minutes with valwegying from 70
to 130 minutes

Fig.13: Postoperative radiograph

At two-year follow-up the mean IKDC evaluation seavas revealed. The full IKDC assessment showddbthpatients
(63.7%) had a normal overall IKDC grade (A). Thenaéning patients35 (34.3%) were graded as “neastynal” (B).
No joint was “abnormal” or “severely abnormal” (deaC or D).
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The mean Lysholm score was 92.4 at follow-up imprbfrom 59.4 preoperatively. 72 patients (70.6%j)ewated as
very good (91-100 points), 14(13.7%) as good (84pdiits) and 14(13.7%) as fair (65 to 83 pointshndl was

assessed as poor (<65 points).

According to the subjective questionnaire (SQ)ghisfaction with the operative result was. 76 gydt (74.5%) were
very satisfied (SQ, 0-1) and 24(23.5%) were sa&tib{iSQ 2-3) with the result of the operation. Neves dissatisfied

(SQv 4_5)

Single hop test done after surgery had the followiesults. LS| scores were calculated at 6 morities aurgery. LSI
scores improved postoperatively with mean of 8(6696.32 comparative to preoperative scores withmaoé&0.19 SD

5.45 with a p value of < 0.001 which is statistigaignificant.

Postoperative laxity assessment was done at 12hsiafiter surgery. 89(87.2%) patients had a grade D Lachman
laxity with a hard end point. Three (2.9%) patiestisewed grade 3 Lachman laxity.

Range of motion was compared with the contralatemak. At the final follow-up 75(73.52%) patientdhno motion
deficit and the knee wasstable in deep flexion r@tained their strength during internal rotatiorthaf knee. 14(13.72%)
patients had isolated flexion deficit of 10 degreetess. 10(9.8%) patients had isolated extendéditit of 5 degrees or
less. 3(2.98%) patients had both flexion and extendeficits at the final follow-up

Discussion

ACL reconstruction surgery is one of the most commo
procedures in sports traumatology [12]. The sedectif

the graft depends on the surgeon’s preference land t
available tissues. Among the autogenous tissues, th
most commonly used grafts are currently the patella
tendon and the quadrupled hamstrings. Calay in
their study concluded that ACL reconstruction using
quadrupled fold semitendinosus tendon autograft
provides excellent clinical outcome, patients naimt
pre injury activity without episodes of reinjure$3].
Leo et al reported that the technique of ACL
reconstruction using quadrupled fold semitendinosus
tendon autograft for ACL reconstruction using the
Endobutton for femoral fixation has been used fero
ten years with no known instance of fixation fadur
[14]. Fixation techniques outside the tibial tun(el.,
staples and interference screw fixation) requiat the
grafts exit the tibial tunnels for a certain distar{15].

In our study with suture disc only a quadrupled
semitendinosus graft was used in all the cases avith
minimum length of 6cms and a maximum of 7.5cms
and we found it adequate for our suspensory firatio
thus avoiding the necessity of an additional giscil
tendon graft. Stergiesal concluded that the length of
semitendinosus tendon, is usually inadequate iarcal

be used alone as a four-strand graft [16]. Othatiss
also have reported the use of semitendinosus and
gracilis grafts to have good results [17,18,19}, their
fixation method varied unlike ours where we onlgdis
suspensory fixation by suture disc. A Gobbi
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recommended using only one tendon whenever possible
because the semitendinosus alone seem to have an
advantage over the semitendinosus and gracilis
construct with regard to internal rotation weakness
following harvest of two tendons. Furthermore,
preservation of gracilis tendon offers stability deep
flexion and internal rotation strength and proteotsn
further ACL injuries [20]. According to Vernod al,

the use of semitendinosus tendon alone is adedquate
almost all cases and the rate of insufficiency éor
guadrupled reconstruction is only one in 300 caseb

is almost always the result of improper graft hatve
[21]. The minimum thickness our graft construct was
8mm and 7mm in male and female patients
respectively. The average diameter of the normal AC
is 11mm; therefore, a graft of minimum thickness of
7mm is recommended [22,23,24]. The thicker the graft
is the stronger and stiffer the graft will be. The
biomechanical properties of the graft are certainly
affected by its diameter. Soft tissue grafts masoal
have a tendency to cause tunnel widening [25,26].
However, this is unknown to be a function of thét so
tissue graft if used with a suspensory fixation, [28].

In the present study we have not assessed the asove
we never re-scoped and none of our cases required a
revision reconstruction.

Konget al concluded that Endobutton femoral fixation

showed good results comparable to those of crass pi
fixation in hamstring ACL reconstruction [7]. The

increased elongation to cyclical loading in theuseit
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disc group indicates that there is more chance of
residual laxity of graft fixed with suture disc [8]
However, biomechanical testing of fixation by
interference screws has shown failures of fixation
during cyclical loading of the hamstring constr{29,

30]. Adam Fet al noted that hamstring graft fixation
with bioscrew and suture disc displayed less #ffn
and early graft motion compared to patellar tendon
grafts fixation. Moreover, for a hamstring graft,
aperture fixation makes the graft construct more
anatomic for tibial fixation and it offers greatiffness
and less graft motion inside the tibial tunnel henc
interference screw fixation of tendon grafts isferable

to suture disc fixation [8]. In this study 73.52%dhno
range of motion deficits, 83.33% of patients had no
flexion deficits. 87.2% of patients had a grader0Olo
Lachman laxity at 12 months post-surgery; howewer i
our study laxity didn't affect the functional outve.
Our mean lysohim score improved from 59.4
preoperative to 92.4 postoperatively. In S Planatsi
2009 series with a mean follow-up time of 51 months
the Lysholm score improved from a mean preoperative
value of 72.1 to mean value of 94.1 at the findibfe-

up [31].Considerable improvement was found in LSI
scores from mean of 50.19(SD 5.45) to 80.69(SD)6.32
which was found to be statistically significant..54%

of the patient were satisfied with the operation as
assessed by  subjective  questionnaire (SQ
scoring).IKDC scoring was normal in 63.7 % cased an
in rest 34.3% cases it was near normal.

Complications included superficial wound infection
which developed in two (1.2%) out of 102 patients a
the tibial fixation site. Both the cases were mamhg
with antiseptic dressings and oral antibioticsfaweek.

36 (35.2%) patients complained of humbness over the
anterior aspect of leg. In a study by Spieeal areas of
sensory change over the front of the knee were
identifiable in 50% of the patients and of thes&486
demonstrated sensory changes in the distributicheof
infragenicular branch of the saphenous nerve [32].

Conclusion

In our study we used a quadrupled semitendinosus
graft; the gracilis tendon was spared in all theesaWe
found it adequate in order to be used alone aug fo
strand graft and to get a minimum length of 6cms,
minimum thickness of 8mm in males and 7mm in
females for our graft construct. This enhancedpmst-
operative rehabilitation by contribution to statyilin
deep flexion and retaining the strength during rimaé
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rotation of the knee. We found it cost effectiveuse
atightrope at the femoral end and suture disceatiktial

end as compared to an aperture fixation by a baescr
As discussed the incidence of laxity in our stuslyery
minimal nevertheless laxity didn’t affect the fuiocial
outcome. Our results were good with suspensory
fixation at tibial end contrary to the previousdits.
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