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Abstract
Purpose: Suspensory devices are extensively used in the management of anterior cruciate ligament (ACL) tear. They
include fixed- and adjustable-loop devices. There are only a few studies comparing the efficacy of these two devices
in the available literature. Therefore, the aim of this study is to compare clinical outcomes between the adjustableloop device (group I) and fixed-loop device (group II).
Materials and methods: This was a prospective randomized study. Both groups were equivalent in demographic,
preoperative, and intraoperative variables. Twenty-three patients underwent femoral side graft fixation with adjustable-loop and 20 with fixed-loop devices. Four patients were lost to follow-up. Assessment of clinical outcome was
done with International Knee Documentation Committee (IKDC) score, Lysholm score, and knee stability tests (Lachman test and pivot shift test). Patient evaluation was performed preoperatively and finally postoperatively 2 years after
surgery.
Results: Postoperative IKDC scores of group I and II were 91.9 ± 3.6 and 91.5 ± 3.6, respectively, and Lysholm scores
were 91.0 ± 3.6 and 91.4 ± 3.5, respectively, after 2 years; however, the difference in the outcomes was statistically
insignificant (p > 0.05). Twenty patients (87%) in group I and 17 patients (85%) in group II had a negative Lachman
test (p = 0.8). Twenty-two patients (95.7%) in group I and 19 patients (95%) in group II had a negative pivot shift test
(p = 0.9).
Conclusion: ACL reconstruction with fixed- and adjustable-loop suspensory devices for graft fixation gives equivalent and satisfactory clinical results.
Level of evidence: 1.
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Introduction
Arthroscopic anatomic reconstruction is the preferred
surgical option for anterior cruciate ligament (ACL)
tears [1]. Normal knee kinematics and knee stability are
restored with ACL reconstruction. Its foremost intent is
to impart a strong graft fixation initially so that tendonto-bone healing and graft integration can take place
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inside bony tunnels. The fixation should be able to provide enough strength to prevent slipping under the effect
of repeated loading and progressive loosening during
the initial postoperative phase. Common femoral graft
fixation options comprise compression and suspensory
devices [2]
Cortical suspensory fixation is considered an ideal
model of femoral fixation. It is extensively used worldwide [3]. One such fixed-loop device is EndoButton
(EB) CL (Smith & Nephew Inc., Andover, MA, USA).
Additional drilling of the femoral tunnel is required so
that the button comes out of the lateral femoral cortex.
This leaves some part of the socket devoid of graft where
graft motion can take place. This can further lead to the
widening of the tunnel and jeopardize graft incorporation inside the tunnel [3]. Moreover, anatomical tunnel
creation can sometimes result in short tunnel length and
inadequate graft length inside the bone [4]. To address
these shortcomings, second generation adjustable suspensory loop fixation devices were innovated TightRope
(TR) (Arthrex Inc., Naples, FL, USA). These devices do
not require over-drilling. Their loop can be tightened and
adjusted according to the tunnel length during the surgical process, thereby decreasing the possibility of bungee
cord effect [3, 5, 6].
However, recent biomechanical studies have shown
a considerable amount of loosening in adjustable-loop
devices, which may affect clinical results after ACL
reconstruction [3, 4, 7–9]. Until now, only a few randomized studies have compared clinical results of these
devices following reconstruction with hamstring graft [6,
10–12]. The available body of literature suggests a lack
of sufficient evidence to recommend the use of fixed or
adjustable suspensory fixation devices [13]. High-quality randomized studies are desired to formulate suitable guidelines regarding selecting the type of cortical
suspension devices. Our study aimed to compare clinical results between fixed- and adjustable-loop devices
in terms of knee scoring systems and laxity assessment.
It was hypothesized that the clinical outcome of fixedloop devices (FDL) would be better than adjustable-loop
devices (ADL).

Materials and methods
This was a prospective study of patients who presented
to our hospital outpatient department/arthroscopy and
Sports clinic from November 2016 to October 2018 with
an ACL tear. Patients were diagnosed with ACL tear
based on positive history of knee instability and knee laxity on clinical examination, supported by magnetic resonance imaging (MRI) evaluation.
Inclusion criteria consisted of patients between 18 and
50 years of age with ACL rupture or ACL rupture with
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meniscus injury presenting with knee instability. The
exclusion criteria consisted of patients with severe osteoarthritic changes (Kellgren and Lawrence grades 3 and 4)
[14] in the knee joint, any prior intra/extraarticular ligament surgery, patients with intra- or extraarticular ligament injury other than an ACL injury, and ACL injury
associated with intraarticular fracture.
In our study, 47 patients with complete ACL tear were
included for anatomical arthroscopic single-bundle
reconstruction with quadrupled hamstring graft (semitendinosus and gracilis). Patients were then distributed
to respective groups depending upon computer-based
randomization (Fig. 1). In group I, adjustable-length loop
device TR, and in group II fixed-length loop device EB
was used for femoral side fixation and a bioabsorbable
screw was used on the tibial side. Approval for the study
was granted from the institutional ethics committee,
and informed consent was taken from all patients. Four
patients were lost to follow-up (one in group I and three
in group II), hence 43 patients were available for the final
analysis (23 in group I and 20 in group II). Demographic,
preoperative, and intraoperative parameters were comparable between the two groups (Table 1).
A senior knee surgeon did all the surgeries, and a tourniquet was used in all cases. After confirming an ACL
tear arthroscopically, ipsilateral hamstring tendons were
harvested. Partial meniscectomy was done in all cases of
meniscal tear, and meniscal repair was not done in any of
the cases. A femoral tunnel was prepared after hyperflexing the knee through the anteromedial portal. Thereafter, the tibial tunnel was created with the help of tibial jig
keeping an angle of 55°. The circumference of the femoral tunnel was guided by the thickness of the quadrupled
hamstring graft. It was fixed on the femoral side either
with EB or TR depending upon randomization. Additional drilling of the femoral tunnel by 10 mm more than
the expected intraosseous graft length was done only in
the EB group, while it was not required in the TR group.
Interference screw (bioabsorbable screw) was used for
fixation of graft in the tibial tunnel in both the groups
[10, 15]. Recycling of the knee was done 20 times to get
rid of any residual graft creep. Under the direct arthroscopic vision, the ACL was probed to assess laxity. Retensioning was done by pulling the alternating white strands
until the ACL graft was fully taut and completely seated.
Examination of ACL in flexion and extension was done
to ensure graft tautness and femoral notch impingement
[16].
On the second postoperative day, patients were allowed
to bear weight as tolerated with the help of crutch/walker,
with gradual flexion of knee started aiming to achieve 90°
of flexion until 3 weeks, and were discharged on day three
with home physiotherapy recommendation. Patients
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Fig 1 Flowchart showing randomization of patients into two groups

were given a knee immobilizer for 4 weeks, and then the
brace was discontinued according to the patient’s comfort. Sports activity was performed after 6–8 months.
Functional results were evaluated by two independent
observers who were blinded to the type of device used,
through International Knee Documentation Committee

(IKDC) scoring and Lysholm scoring [17]. Lachman tests
and pivot shift tests were used to evaluate knee stability [18, 19]. Measurement of the quadriceps wasting was
done at a point taken 15 cm proximal to the superior pole
of patella [20]. The assessment was done 2 years after
surgery.
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Table 1 Demographic parameters and preoperative functional assessment
Group I

Group II

p-Value

23

19

0.3a

0

1

26.7 ± 5.9 (18–40)

26.5 ± 8.3 (16–50)

Gender
Male
Female
Age (years)
Time from injury to surgery (months)
Side involved

8.5 ± 8.7 (2–36)

9.9 ± 15.2 (1–72)

Right

12 (52.1%)

11 (55%)

Left

11 (47.9%)

09 (45%)

Normal

15 (65.2%)

9 (45%)

Tear

8 (34.7%)

11 (55%)

18 (78.2%)

15 (75%)

0.9b
0.7b
0.6a

Medial meniscus
0.2a

Lateral meniscus
Normal
Tear
Femoral tunnel length (mm)
Graft diameter(mm)
Quadrupled graft length (mm)
Graft length in femoral tunnel (mm)

0.8a

5 (21.8%)

5 (25%)

39.2 ± 4.0 (33–45)

40.9 ± 3.2 (34–45)

0.1b

89.6 ± 8.2 (80–110)

93.5 ± 6.0 (80–100)

0.1b

8.4 ± 0.6 (8–10)

24.3 ± 1.7 (20–25)

8.3 ± 0.6 (7–9)

0.5b

24.5 ± 1.5 (20–25)

0.6b

Group I = adjustable-loop device, Group II = fixed-loop device; values expressed as mean with standard deviation in parentheses, range and percentages in brackets
a

Fisher’s exact test, bunpaired Student’s t test

SPSS software, version 20.0 (IBM Corp., Chicago)
was utilized for the statistical assessment. The unpaired
Student’s t test (b) and the paired t test (c) were applied
for continuous data, while the Fisher’s exact test (a) was
applied for categorical data. Statistical significance was
considered for a p value < 0.05. Sample size was calculated based on the IKDC score, the primary endpoint of
this study [21, 22]. The follow-up IKDC score of groups I
and II were postulated as 86.5 ± 6.5 and 77.5 ± 13, respectively, which was taken from a study done earlier by
Tsoukas et al. [23] For a power of 0.8 and alpha value of
0.05, the calculated sample size was 22. To retain power
of 80%, we took the same sample in both fixed- and
adjustable-loop groups.

Results
Demographic data and preoperative functional scores of
the study patients were analyzed (Table 1). Both groups
were analogous with respect to preoperative scores.
All patients were clinically examined preoperatively
through the Lachman test and pivot shift tests (Table 2).
In group I, 6 patients (26%) had positive Lachman
grade 2 and 16 patients (69.7%) had positive grade 3,
whereas in group II, 5 patients (25%) had grade 2 and
14 patients (70%) had grade 3 instability (p = 0.9). Pivot
shift test was grade 2 in 13 patients (56.5%) and grade 3
in 8 patients (34.8%) in group I; however, in group II it
was grade 2 in 11 patients (55%) and grade 3 in 7 (35%)

patients (p = 0.9). Preoperative IKDC scores of group I
and group II were 56.3 ± 8.1 (40.2–66.7) and 52.6 ± 8.7
(40.2–66.7) (p = 0.2), respectively, and Lysholm scores
in groups I and II were 54.6 ± 4.8 (44–67) and 56.1 ± 3.9
(48–62), respectively (p = 0.3). The average wasting of
quadriceps was 1.7 ± 0.9 cm in group I and 1.8 ± 0.9 cm
in group II (p = 1.0).
Final clinical and functional assessments of all
patients were done 2 years after the surgery. There were
three patients in each group who had positive Lachman grade 1 (p = 0.8); however, pivot shift grade 1 was
present in one patient in each group (p = 0.9) (Table 3).
Postoperative (Table 4) Lysholm scores in groups I
and II were 91.0 ± 3.6 (82–95) and 91.4 ± 3.5 (82–96),
respectively (p < 0.001), and postoperative IKDC scores
in groups I and II were 91.9 ± 3.6 (86.2–97.7) and
91.5 ± 3.6 (87.4–96.6), respectively (p < 0.001). The average wasting of quadriceps was 1.0 ± 0.6 cm in group I
and 1.1 ± 0.6 cm in group II (Table 4) (p < 0.001).
The mean IKDC score, Lysholm score, and thigh
circumference increased significantly after surgery (p < 0.05) in their respective groups (Table 4).
However, on comparing the changes in IKDC score
(p = 0.3), Lysholm score (p = 0.5), and thigh circumference (p = 0.9) between the two groups, the difference
was not statistically significant (Table 3). Superficial
infection was seen in three patients (one patient in
group I and two patients in group II) and were treated
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Table 2 Preoperative clinical assessment
Group I

Group II

p-Value

Grade 0

0 (0%)

0 (0%)

0.9a

Grade 1

1 (4.3%)

1 (5%)

Grade 2

6 (26%)

5 (25%)

Grade 3

16 (69.7%)

14 (70%)

Grade 0

0 (0%)

0 (0%)

Grade 1

2 (8.7%)

2 (10%)

Grade 2

13 (56.5%)

11 (55%)

Grade 3

8 (34.8)

7 (35%)

56.3 ± 8.1 (40.2–66.7)

52.6 ± 8.7 (40.2–66.7)

Lachman test

Pivot shift test

IKDC score
Lysholm score

54.6 ± 4.8 (44–67)

Index thigh atrophy (cm)

0.9a

56.1 ± 3.9 (48–62)

1.7 ± 0.9 (01–04)

0.2b
0.3b
1.0b

1.8 ± 0.9 (01–04)

Group I = adjustable-loop device, Group II = fixed-loop device, IKDC = International Knee Documentation Committee, values are expressed as mean with standard
deviation in parenthesis, range, and percentages in brackets

Table 3 Postoperative clinical assessment at 2 year
Group I

Group II

p-Value

Grade 0

20 (87%)

17 (85%)

0.8a

Grade 1

3 (13%)

3 (15%)

Grade 2

0 (0%)

0 (0%)

Grade 3

0 (0%)

0 (0%)

Grade 0

22 (95.7%)

19 (95%)

Grade 1

1 (4.7%)

1 (5%)

Grade 2

0 (0%)

0 (0%)

Grade 3

0 (0%)

0 (0%)

35.7 ± 9.0

38.9 ± 8.8

Lachman test

Pivot shift test

Change in IKDC score
Change in Lysholm score
Change in thigh circumference wasting (cm)

36.4 ± 5.5
0.7 ± 0.8

35.3 ± 5.2

0.7 ± 0.8

0.9a

0.3b
0.5b
0.9b

Group I = adjustable-loop device, Group II = fixed-loop device,
IKDC = International Knee Documentation Committee, values expressed as
mean with standard deviation in parentheses, range, and percentages in bracket

conservatively. There was no graft failure, and the range
of motion was full (0–140°) in both groups.

Discussion
Most of the patients were initially in instability grades
2 and 3, as assessed by pivot shift and Lachman tests,
which indicated reconstruction. Knee stability was
restored in most patients as 87% in group I and 85% in
group II tested negative on the Lachman test. Similarly, a
negative pivot shift test was observed in 95.7% of group I
and 95% of group II. Ahn et al. [11] reported 72.7% negative Lachman tests in the fixed-loop device group and
88.2% in the adjustable-loop device group. Furthermore,
they found 81.8% negative pivot shift test in the fixedloop device group and 88.2% in the adjustable-loop
device group. Choi et al. [6] found a negative Lachman
test in 70.1% of the fixed-loop device group and 82% in
the adjustable-loop device group, and a negative pivot
shift test in 74.6% of the fixed-loop device group and 80%

Table 4 Functional assessment in both groups
Group I

IKDC score
Lysholm score
Thigh circumference
wasting (cm)

Group II

Preoperative

Postoperative

p-Value

Preoperative

Postoperative

p-Value

56.3 ± 8.1 (40.2–66.7)

91.9 ± 3.6 (86.2–97.7)

< 0.001C

52.6 ± 8.7

91.5 ± 3.6 (87.4–96.6)

< 0.001C

54.6 ± 4.8 (44–67)

91.0 ± 3.6 (82–95)

< 0.001C

56.1 ± 3.9

91.4 ± 3.5 (82–96)

< 0.001C

1.7 ± 0.9 (01–04)

1.0 ± 0.6 (0–2.5)

< 0.001C

1.8 ± 0.9 (01–04)

1.1 ± 0.6 (0–02)

< 0.001C

(40.2–66.7)
(48–62)

Group I = adjustable-loop device, Group II = fixed-loop device, values are expressed as mean, with standard deviation in parentheses, range, and percentages in
brackets, C = paired t-test
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in the adjustable-loop device group. Boyle et al. [24] did
not find any patient with a positive Lachman test or pivot
shift test in either group. Our results were comparable
to the studies mentioned above, probably because all the
authors used hamstring autograft and similar types of
cortical suspension devices.
Significant improvement was noted in functional outcomes in the form of Lysholm and IKDC scores in both
groups (Table 4). Sheth et al. [13] found Lysholm scores
of 94.23 and 94.32 in fixed and adjustable groups, respectively. They also found an IKDC score of 92.03 in the
fixed and 92.16 in the adjustable group. Ranjan et al.
[10] reported an equal Lysholm score of 91.8 in both
the groups, whereas they had found the IKDC score as
being 85.2 in the fixed and 84.3 in the adjustable group.
Ahn et al. [11] identified IKDC scores of 79.43 in the
fixed-loop device and 78.6 in the adjustable group. Choi
et al. [6] found Lysholm scores of 92.6 in the fixed-loop
device and 94.3 in the adjustable-loop device group. Our
observations matched with the studies mentioned above,
as all our patients followed institutional physiotherapy
protocol.
Short femoral tunnel length is a critical issue of the
Anteromedial (AM) portal technique, especially when
using a fixed-loop device. In a cadaveric study on a Western population, the average femoral tunnel length using
the anteromedial portal method was 30.5 mm [25]. Furthermore, five subjects had less than 30 mm femoral
tunnel length. In these cases, fixed-loop device use can
be compromised because of the short graft length within
the femoral tunnel. Many alternative techniques have
been suggested to overcome this issue and secure adequate femoral length during the operation. Some authors
reported that knee flexion with an anteromedial portal
technique can yield a longer femoral tunnel; therefore,
the knee joint’s hyperflexion during the femoral tunnel
drilling could avoid a short femoral socket [26, 27]. Other
investigators proposed using a curved femoral guide and
a flexible reamer that assists in making the adequate femoral tunnel length without hyperflexion [28, 29]. Since we
created a femoral tunnel by drilling carefully with hyperflexion of the knee, we did not encounter any patient with
a femoral tunnel less than 30 mm.
Some in vitro studies indicate that adjustable devices
are biomechanically inferior to fixed devices. In one biomechanical analysis, the authors found increased displacement of the adjustable loop due to slippage of the
device when tested under cyclic and pull to failure loading [8]. In another biomechanical study, the authors
noticed a momentous lengthening in a loop (> 3 mm)
during cyclic testing because of suture [4]. Other investigators also found similar results in their biomechanical studies [7, 9]. One researcher observed a significant
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difference between the two devices during the displacement testing of individual devices; however, testing the
construct with porcine bone and bovine tendon did not
show any significant difference in displacement between
the two devices [3]. Despite these facts, some authors
could not appreciate any noteworthy difference between
the two devices regarding knee stability and graft failure
[10, 24]. Other investigators did not observe any notable
difference in tunnel widening and clinical results between
the two devices using hamstring grafts [6, 12]. In our
study, functional results and knee laxity assessment at
last follow-up were statistically not different in either the
adjustable- or fixed-loop groups. Our findings correlate
with many in vivo studies; however, it is one of the few
randomized studies conducted in this context.
Biomechanical studies and their findings usually do
not match with clinical studies. The laboratory studies
can never provide a situation that can accurately simulate biomechanical and physiological loads of the adjustable loop at the femoral fixation site. Moreover, in vitro
specimens are built to replicate physiologic loads, which
is seldom applicable in a clinical scenario. Furthermore,
the laboratory-based studies can never recreate the complicated forces subjected to an adjustable device in vivo
[10].
There are a few limitations to the study. Firstly, knee
stability was assessed by subjective methods, and an
arthrometer was not used. Secondly, tunnel widening was
also not measured. Thirdly, there are minor differences
between FDL and ADL in terms of surgical techniques,
which can only be established with more objective data.
Finally, the sample size was limited, and prolonged follow-up could not be done.

Conclusions
The authors did not find a significant clinical difference
between the two groups. Fixed- and adjustable-loop suspensory devices are reasonably efficient for fixing femoral side grafts in arthroscopic ACL reconstruction, and
give equivalent outcomes. This study confirmed that
lengthening associated with adjustable-loop devices in
biomechanical studies may not be relevant in clinical settings. More randomized studies with a larger sample size
and longer follow-up are warranted to corroborate our
findings.
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