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Original Article

IntRoductIon
Anterior cruciate ligament (ACL) tears are very commonly 
seen in military soldiers of any country because of the heavy 
involvement either in active combat, military training, or in 
sports. Anterior knee instability associated with rupture of 
ACL is a disabling clinical condition, especially for young 
soldiers. Surgical reconstruction of ACL injuries is required 
to reduce pain, maintain stability, limit further loss in the joint 
structure, and function and early return to duty. Untreated torn 
ACL will result in progressive symptomatic instability leading 
to recurrent injury, damage to the menisci, articular cartilage, 
and early osteoarthritis.[1,2]

The treatment option for ACL tear is solely surgical, and 
reconstruction of the ACL is very crucial in maintaining the 

structural and functional stability of the joint movement and 
maintains the static and dynamic equilibrium of knee joint.

Hamstring or patellar tendon autografts are preferred as the 
chances of rejection are minimal. Problems with extensor 
mechanism of the knee, loss of motion, patellar fracture, 
and development of chronic anterior knee pain with the 
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bone-patellar-tendon-bone autograft, prompted surgeons 
to seek other graft materials for use in ACL reconstruction. 
Semitendinosus and gracilis (Hamstring) tendon represent 
an alternative autograft donor material that is used for ACL 
reconstruction to overcome the postoperative issues associated 
with a patellar tendon graft.[3]

The main aim for early ACL reconstruction is to restore 
normal or near normal stability in the knee, restore the level 
of function, limit the loss of joint function, prevent further 
injury or more damage to other knee structures, and early 
return to work.

The aim of this study is assessing the functional outcome of 
arthroscopic-guided ACL reconstruction using quadrupled 
hamstring	tendon	graft	(QHTG)	and	femoral	side	graft	fixation	
using ACL TightRope and evaluate its complications.

MateRIals and MetHods
This prospective study was conducted by the Department of 
Orthopedics, Jalandher hospital, Punjab, India, and Naval 
Hospital, Colaba, Mumbai, 400005, India, from September 
2010 to December 2015 after obtaining Institutional Ethics 
Committee’s approval.

All patients who were young soldiers, aged 19–40 years, with 
a history of repeated and episodic knee instability, without 
evidence of clinical or radiological degenerative changes 
in the knee joint, and underwent arthroscopic-guided ACL 
reconstruction using QHTG (Semitendinosus and Gracilis) 
were	 included	 in	 the	 study.	The	 diagnosis	was	 confirmed	
radiologically, which included an X-ray and magnetic 
resonance imaging (MRI) scan.

Inclusion criteria
ACL tear with or without meniscus tear within 9-month 
postinjury.

Exclusion criteria
a. Patients with ACL tear in the age groups <19 and above 

40 years
b. Partial tear of ACL
c. ACL tear older than 9 months
d. Posterior cruciate ligament tear
e. Bilateral ACL ruptures
f. ACL tears with associated injuries of tibial or femoral 

condyles
g. ACL tear with tricompartmental osteoarthritis of knee joint
h. Revision ACL reconstructions were excluded from the 

study.

Preoperatively, all patients underwent preanesthesia checkup 
and were accepted as American Society of Anesthesiologists 
Grade 1.

Ligament laxity was assessed using Lachman’s test 
(0–4+ grades),[4] anterior drawer’s test,[5] and pivot shift 
test.[6] The range of motion of the operated knee was noted and 
compared	with	the	contralateral	knee.	Knee	flexion	strength	

(hamstring power) was assessed using Medical Research 
Council (MRC) grading muscle power after harvesting the 
semitendinosus and gracilis tendon graft.[7]

Majority of the patients (206) were operated by a single 
surgeon, and remaining patients (94) were operated along 
with another surgeon (co-author). All patients were operated in 
supine position under spinal anesthesia. First, semitendinosus 
and gracilis hamstring tendon was harvested, and quadrupled 
graft was prepared and kept under tension. ACL tear was 
confirmed	by	arthroscopic	evaluation;	partial	meniscectomy	
was done if a large tear was found, we did not repair any 
meniscus in our study as all tears were in mid-substance 
and in the avascular area. If any associated chondral lesion, 
osteoarthritic changes were seen or chondromalacia patella 
was detected during arthroscopic evaluation; such patients 
were excluded from the study. Femoral and tibial tunnels were 
made using the standard technique.

We tried to keep tibial tunnel exit position in the posteromedial 
portion of the ACL footprint also to keep the tibial tunnel 
inclined posteriorly toward the Blumensaat’s line on a full 
extension to prevent graft-notch impingement. After deciding 
these points, the ACL tibial guide was set to an angle of 55° and 
placed medial to the center of the remaining tibial stump of 
the native ACL through an anteromedial portal just medial to 
the patellar tendon. The guide wire was then passed, and the 
tibial tunnel was created with a cannulated drill.

The femoral tunnel was positioned with the 7- or 8-mm “over 
the top” femoral guide and a guide wire with eyelet was passed 
through	an	anteromedial	portal.	The	knee	was	then	hyperflexed	
at up to 120°–130° before drilling the lateral femoral condyle. 
The center of the tunnel was marked depending on the graft 
size (normally 8–9 mm diameter and 25-mm depth), and a 
remaining posterior wall of 2–3 mm was recommended. This 
femoral insertion site represents an anatomical position between 
the anatomical anteromedial and posterolateral tunnel positions 
at the 2 o’clock position on a left knee and the 10 o’clock 
position on a right knee. After passing the graft in both tibial 
and	femoral	tunnels,	the	femoral	end	was	fixed	by	flipping	the	
ACL TightRope endobutton. After securing femoral end graft 
end was held, and about 25–30 cycles of knee movement were 
done	 (flexion/extension)	 then	 tibial	 end	was	 secured	with	 a	
bioabsorbable	screw	by	keeping	knee	flexed	at	30°.	Finally,	
isometry, graft tension, and graft impingement were tested.

Postoperatively, intravenous Teicoplanin 400 mg once daily 
for 2 days was given, and the suture was removed on 14 days. 
Postoperative ACL rehabilitation protocol was followed for 
all patients.

All patients were evaluated at an interval of 3, 6, 12,18, and 
36 months to assess their progress. The standard protocol of 
Lysholm knee scoring system was used for the evaluation 
of the results of surgery during follow-up. Subjective and 
objective evaluations were performed; latter included ligament 
laxity (assessed using Lachman’s test, anterior drawer’s test, 
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and pivot shift test), comparison of a range of motion of the 
operated	knee	with	the	contralateral	knee,	and	knee	flexion	
strength (hamstring power, assessed using MRC grading).

All patients were subjected to four phases (I–IV) of intense 
rehabilitation,[8] starting from 3rd postoperative day till 
4–8 months, to restore the function and stability of the joint, 
gait, pain reduction, and restore and enhance the strength and 
endurance through active physiotherapy.

This was a time-bound clinical study. Data were captured 
on Microsoft Excel worksheet and analyzed. Descriptive 
statistics, frequency tables, mean, standard deviation (SD), 
and percentage were used to portray the results.

Results
Three hundred patients were included in the study; all 
underwent unilateral arthroscopic ACL reconstruction using 
hamstring autograft. All patients completed their follow-up 
visit at 3, 6, 12, 18, and 36 months.

All patients were young male in the study, with an average age 
of 26.5 (19-40) years [Table 1].

The right knee was affected in 234/300 (78%) patients, and 
the left knee was affected in 66/300 (22%) patients. Only 
19/300 (6%) patients in our study had isolated ACL tears, and 
the rest had associated meniscal injuries [Table 2].

Preoperatively, all participants had a positive anterior drawer 
and pivot test, 4+ score of Lachman test. All patients had 4/5 
muscle strength, and the limitation of the range of motion in 
all patients was <10°.

The	mean	±	SD	Lysholm	score	at	3,	6,	12,	18,	and	36	months	
was	86.11	±	9.21,	87.86	±	12.40,	91.67	±	7.32,	98.19	±	3.53,	
and	98.25	±	2.17,	respectively.

At 3-month follow-up, all 300 (100%) patients had negative 
anterior drawer test and had negative Lachman test. At 
6 months, three (1%) patients had 1+ laxity, and only two 
patients had 2 + laxity. At the 12th month, Lachman test was 
negative in 295 (98%) patients [Table 3].

Lachman test, anterior drawer, and pivot shift test postoperatively 
at the 18th month was the same as the 12th month.

289 patients regained full range of movement at the end of the 
18th month. However, among 300 patients, only 289 patients 
were available for followed-up until 3 years, the other eleven 
patients lost follow-up because of change of their posting place. 
Among the 289 patients, all had negative Lachman, and none 
had positive pivot shift test.

At the 1st year, ten patients had Grade 1 laxity. Five patients had 
grade 1 Lachman, two patients had Grade 1 anterior drawer, 
and three patients had positive pivot shift.

These patients at 1-year follow-up had no instability while 
walking or during activities such as running or climbing up 
and down stairs.

At 3-month follow-up, 129 patients (43%) had a 5/5 grade 
(MRC) power in hamstring muscles, and in 171 patients (54%) 
had a 4/5 grade power. Postoperative complications were 
seen in 15 patients; anterior knee pain (5/300), tunnel 
widening (4/300), and infection (3/300 were the frequent 
complications, which were managed accordingly [Table 4].

dIscussIon
Reconstruction of ACL tear has been performed with various 
structures, of which hamstrings offers advantages because 
of anatomical position and strong structure, faster recovery, 
less pain with joint movements, and cosmetically, it is more 

Table 1: Distribution according to age

Age group Number of 
patients (%)

19-22 58 (19)
23-26 49 (16)
27-30 98 (32.6)
31-34 66 (22)
35-40 29 (9.6)
Total 300

Table 2: Distribution of knee injuries

Knee injury Number of 
patients (%)

Isolated ACL tear 19 (6)
ACL tear + medial meniscus tear 111 (37)
ACL tear + lateral meniscus tear 72 (24)
ACL tear + medial and lateral meniscus tears 98 (32)
Total 300
ACL: Anterior cruciate ligament

Table 3: Postoperative Lachman test, anterior drawer, and 
pivot shift test

Postoperative 
period

Lachman test 
(number of 
patients)

Anterior drawer 
test (number of 

patients)

Pivot shift 
test (number 
of patients)

At the 3 month Negative 300 Negative 300 300
Grade 1+ 0 Grade 1+ 0 0
Grade 2+ 0 Grade 2+ 0 0
Grade 3+ 0 Grade 3+ 0 0
Grade 4+ 0 0

At the 6 month Negative 296 Negative 296 298
Grade 1+ 03 Grade 1+ 01 02
Grade 2+ 01 Grade 2+ 02 0
Grade 3+ 0 Grade 3+ 01 0
Grade 4+ 0 0

At the 12 
month

Negative 295 Negative 298 293
Grade 1+ 05 Grade 1+ 02 03
Grade 2+ 01 Grade 2+ 0 02
Grade 3+ 0 Grade 3+ 0 01
Grade 4+ 0 0
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acceptable to the patient. The studies have recommended 
this procedure,[9] it is the most adopted technique, and the 
application of this procedure is increasing.

All patients were men in most of the studies[10] have documented 
male preponderance though females are at a higher risk.[11] In 
our study, the mean age was 26.5 years. It could be attributed 
to the active involvement of this age group in sports activities; 
it may also be attributed to the riding of two wheelers for 
commuting in the study region.

Sports and trauma are the well-established and documented 
causes of ACL tears. Military training and sports accounted for 
76% patients in our study. All soldiers had unilateral ACL, and 
the incidence of associated medial meniscal tears was more 
than the lateral meniscus tears the current study. Associated 
meniscal injuries were seen in the other studies as well,[12] but 
unlike our patients, the lateral meniscal injuries (46.88%) were 
more frequent in them.[13]

In our study, all soldiers had a positive pivot and anterior 
drawer test, and Lachman score of 4+ indicating complete 
ACL	tear	clinically,	further	confirmed	by	MRI.	All	patients	had	
decreased muscle strength (4/5) and range of movement (<10°) 
before surgery, which improved subsequently postsurgery.

We have used Lysholm test for subjective evaluation of ACL 
reconstruction. Our study has documented a gradual increase 
in the score from 88.17 to 98.58, indicating improvement. 
The previous studies also documented similar observations of 
improvement in Lysholm score postoperatively.[14]

Lachman test is the most sensitive maneuver for eliciting 
the ACL tear in an acute setting, when the knee is swollen 
and painful, in which considerable knee motion is painful 
to be tolerated. We have operated on acute ACL tears after 
10–14 days of injury once the acute phase has subsided. All 
patients had 4+ score before surgery and negative in 98.3% 
of patients at 1-year follow-up.

All our patients had decreased, or restricted range of movement 
preoperatively, and a full range of motion was attained in 
all patients after 3 months of surgery because of supervised 
physiotherapy. Postoperatively, six patients in our study had 
positive pivot shift.

There was a significant improvement in hamstring muscle 
strength at long-term follow-up with good rehabilitation 

program even after both the tendons were used for the 
graft.

We	did	not	observe	a	significant	difference	in	the	Lachman	
score, hamstring test, and range of motion after 12 months of 
follow-up.

The usual complications of ACL reconstruction are DVT, 
infection, bleeding, injury to nerves and/or vessels, graft failure, 
swelling, pain, instability, knee stiffness, hamstring-related 
issues, and foreign body reactions secondary to screws 
and	 buttons.	 Superficial	 infection	was	 the	most	 common	
postoperative complication seen in various studies. Studies 
have noted less anterior knee pain with the use of hamstrings 
graft compared to bone patella tendon graft.[15]

Harvesting of hamstring (semitendinosus and gracilis) tendon 
weakened the ACL agonists, which resulted in initial less 
hamstring power and also mild laxity patterns in the initial 
6 months of the postoperative period. Regaining hamstring 
power negated the mild laxity pattern in the postoperative 
follow-up period. Knee stability was restored postoperatively 
in our soldiers, and they all resumed their military duty.

Anterior knee pain (1%) and tunnel widening (1%) were 
more frequently reported complications in our patients. In 
five	patients,	pain	over	the	anterior	part	of	the	leg	persisted	
up to 8 months postoperatively; the reason could not be found 
out in our patients. We managed this pain with nonsteroidal 
anti‑inflammatory	drugs	and	physiotherapy.	Heijne	et al. have 
concluded that mild anterior knee pain is associated with good 
clinical outcome.[16]

In the study by Nag and Gupta, it was shown that ACL 
fixation	with	ACL	TightRope	has	a	good	result	with	minor	
complications.[17] Wise et al.[18] showed that variable loop 
button	is	better	 than	fixed	loop	button,	which	also	supports	
our outcome of surgery.

Graft failure was noted in only one patient; however, we have 
managed him with relook arthroscopy and regrafted him after 
3 months, and this soldier has shown improvement over 1 year.

In our study, we observed that the proximal femoral 
ACL TightRope (Arthrex, USA) and distal bioabsorbable 
interference	screw	provided	good	primary	ACL	graft	fixation,	
which enabled immediate negation of anterior drawer and 
pivot shift tests and hence is one of the good choices for ACL 
graft	fixation.

conclusIon
ACL	TightRope	 is	 an	 excellent	 femoral	 side	 graft	 fixation	
device, which provides an option for further tightening the graft 
even	after	the	tibial	end	fixation	is	done	if	the	surgeon	feels	
it is needed. We can now conclude that autologous ipsilateral 
quadrupled hamstring tendon graft is a good graft choice in 
arthroscopic	ACL	reconstruction	and	graft	fixation	using	ACL	
TightRope	 for	 the	 femoral	 end	fixation	 and	 bioabsorbable	
interference	screw	fixation	at	the	tibial	end	give	an	excellent	

Table 4: Postoperative complications

Nature of the complication Number of patients
Infection 03
Anterior knee pain 05
Dislodgment of tibia screw 01
Tunnel widening 04
Graft failure 01
Knee stiffness 01
Total 15
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result with minor complications. This implant has adjustable 
length loops that can be tightened intraoperatively. This 
property of ACL TightRope makes it a better and a robust 
fixation	device.	ACL	rehabilitation	protocol	concentrating	on	
regaining hamstring power is essential to the success of ACL 
reconstruction surgery.
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