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SUMMARY
Background. There are several fixation techniques and devices available for ACL 
reconstruction, which differ significantly in their efficacy. There are no studies in the 
literature comparing femoral transfixation pins (Rigidfix) and adjustable loop (Rigid-
loop) devices. We compared the outcomes of these devices in our study. 
Methods. A retrospective observational cohort study was done between November 
2017 and June 2019. Of the total 95 cases, initial 47 patients had undergone graft fixa-
tion with Rigidfix and the subsequent 48 underwent fixation with Rigidloop. Clinical 
and functional evaluation of these patients was done at one-year follow-up and the 
results were compared. 
Results. The two groups were homogenous demographically. Though better outcome 
and functional scores were noted in the Rigidfix group, these observations were not 
statistically significant. Two Rigidloop cases had side to side difference in KT-1000 
reading of > 5 mm with a fair outcome. 
Conclusions. Fixation of the hamstring autograft on the femoral side using Rigidfix 
cross pin and Rigidloop adjustable suspensory devices provide statistically compara-
ble stability. The Lysholm grading and IKDC-2000 functional scores between both 
the groups were similar at one-year follow-up and hence can be used interchangeably 
intraoperatively if a need arises without any consequences.
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BACKGROUND
The outcome of ACL reconstruction can be influenced by 
many factors like the experience of the surgeon, graft charac-
teristics, orientation of the bony tunnels, technique of drill-
ing the femoral tunnel (transtibial or transportal), graft fixa-
tion technique, postoperative rehabilitation protocol and 
period of assessment (confounding variables) (1). Over the 
past few decades, as the understanding of the anterior cruci-
ate ligament (ACL) reconstruction techniques changed, so 
did the choice of graft and fixation devices (2-5). Hamstring 
autograft has emerged as the preference of most surgeons 
over the years (2). An ideal graft fixation device should 
be strong enough to avoid failure, stiff enough to restore 
knee stability and secure enough to avoid slippage (1, 6-8). 

It’s preferable that it is magnetic resonance imaging (MRI) 
compatible and if it’s bioabsorbable then it will allow easy 
revision (8, 9). 
The search for this ideal graft fixation device has led to the 
discovery of several newer implants and techniques over 
the years, but still, there is no accepted gold standard (2, 8, 
10). Again, there are several implants available in the market 
acting by the same fixation principle which differs significant-
ly in their efficacy as proven by various studies (2, 4, 6, 11).

PURPOSE OF THE STUDY
Literature comparing the outcome of fixation techniques 
using femoral transfixation pins and adjustable suspenso-
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ry loops is sparse. Moreover, as per our knowledge, there 
are no studies in the literature comparing Rigidfix (femo-
ral transfixation pins by Depuy Mitek, USA) and Rigid-
loop (adjustable loop by Depuy Mitek, USA) devices. 
Only one similar study was found, done by Zehir et al., 
which compared the outcome between Translig (transfix-
ation pins) and ToggleLoc (adjustable loop) devices (12). 
This study had some stark limitations like variable femoral 
tunnels and inconsistency in graft fixation devices used at 
the tibial end. In our study, we compared the outcomes of 
Rigidfix and Rigidloop fixation devices by addressing these 
limitations. We hypothesized that both Rigidfix and Rigid-
loop will provide similar clinical and functional outcomes. 
Our primary objective was to compare anteroposteri-
or and rotational instability. We used Lachman’s test and 
KT-1000 for measuring AP instability. The pivot shift test 
and hop limb symmetry index assessed the rotational insta-
bility. Lysholm score and IKDC-2000 scoring were used to 
evaluate the functional outcome which was our secondary 
outcome measure. 

MATERIALS AND METHODS
A retrospective observational cohort study was done 
between November 2017 and June 2019. Institutional Ethi-
cal Committee (IEC NO: 19/2018) clearance was obtained 
and study protocol was as per STROBE guidelines. Data of 
skeletally mature patients who underwent ACL reconstruc-
tion from November 2017 to June 2018 were collected and 
patients were divided into two groups based on the femoral 
fixation technique. A total of ninety-five cases were iden-
tified after applying the inclusion-exclusion criteria. There 
were 47 patients who underwent graft fixation at the femo-
ral side with Rigidfix and 48 patients who underwent fixa-
tion with Rigidloop. To minimize the effect of the multiple 
confounding variables, all cases in our study were operat-
ed by a single surgeon who was equally adept in both the 
fixation techniques. The graft characteristics and tunnel 
creation were also standardized by using single bundle 
quadrupled hamstring autologous graft and tunnels were 
created using the transportal technique in both groups. In 
all patients, the tibial fixation was achieved using an Intra-
fix (Depuy Mitek) screw with sheath. All patients under-
went the same rehabilitation protocol and were clinically 
and functionally evaluated at one year after the index proce-
dure. Patients who had concomitant collateral or posteri-
or cruciate ligament injury, tibial plateau avulsion fractures, 
bilateral ACL injuries and those undergoing revision ACL 
procedures were excluded from this study. Clinical outcome 
was evaluated by Lachman, pivot shift and single-leg hop 
test. For the single- legged hop test, the subjects stood on 

the leg to be tested, hopped and landed on the same limb. 
The distance hopped was measured from the tip of the great 
toe of one step to the other step of the same foot and record-
ed in centimetres. Single hop for distance was quantified as 
hop limb symmetry index (LSI) which was expressed as 
the percentage of the longest ‘involved’ limb hop distance 
divided by the longest ‘uninvolved’ limb hop distance 
(13). KT-1000 arthrometer readings were also taken for an 
objective measure of anteroposterior translation of tibia. 
KT-1000 arthrometer values, were recorded at 20 lbs and 
side to side difference was calculated (values expressed as 
operated - healthy knee difference). The side to side differ-
ence was calculated to neutralize the laxity, if at all, in the 
uninvolved knee. These values were categorized into three 
groups: < 3 mm, 3-5 mm, and > 5 mm side to side difference 
(4, 14). Functional performance was assessed by Lysholm 
knee scoring scale and IKDC-2000 subjective knee evalu-
ation score. Lysholm knee scoring scale comprises of eight 
parameters for evaluation (15). The maximum possible knee 
function score is 100. The outcome scores were graded as 
excellent (> 90), good (84-90), fair (65-83) and poor (< 65). 
IKDC-2000 subjective evaluation has 10 questions and 18 
responses (16). The total score which ranges from 0 to100 
was calculated as (sum of individual item score/87) x 100.

STATISTICAL METHODS 
Statistical analysis was done in IBM® SPSS version 25 soft-
ware. Demographic data were presented using descriptive 
statistics. Categorical variables such as clinical test grades 
(Lachman and Pivot shift tests), Lysholm knee score and 
KT-1000 arthrometer measurements were analyzed using 
Chi-square or Fisher’s exact test where appropriate. Contin-
uous variables of hopped limb symmetry index (LSI) and 
IKDC-2000 scores were analyzed by independent sample t 
test. The difference in mean IKDC-2000 scores between the 
groups was calculated using the one-way ANOVA test. In all 
these analytics, the P-value of < 0.05 was considered statis-
tically significant. P-value was calculated with a 95% confi-
dence interval and an alpha error of 5%. Power analysis was 
done from Open Epi, Version 3, open-source calculator.

RESULTS
All patients were analyzed at 1-year from index procedure. 
Our study groups were comparable with respect to key 
demographic and constitutional variables (table I).
Clinically, patients in Rigidfix group showed greater antero-
posterior stability in comparison to those in Rigidloop 
group, as noted by the Lachman grading and KT-1000 read-
ings (table II). However, this difference was not statistical-
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ly significant. (P = 0.22 and P = 0.56 respectively). In our 
study, we had 2 patients in Rigid loop group with KT-1000 
differential (side to side) displacement of > 5 mm which was 
considered as the failure of graft fixation.  
On a similar line, grade 1 positive pivot shift was observed 
in 3 patients of Rigidfix group and 10 patients of Rigid-
loop group. However, this difference was statistically 
insignificant (P-value = 0.07). None of the patients from 
either group had grade 2 or 3 Pivot shift (table II). Also, 
the average hop limb symmetry index (LSI) scores for 
both groups were similar (table II) and not significant 
statistically (P = 0.72). The differences in the Lysholm 
knee scoring scale between the two groups were insignif-
icant (P = 0.18) (table II). We had 4 poor outcomes as 
per the Lysholm grading in the Rigid loop group. Mean 
IKDC-2000 scores between both the groups were similar 
(table II). 
Patients who had meniscal injuries, irrespective of the fixa-
tion technique had an overall significantly worse IKDC-
2000 score. Patients in Rigidloop group had significantly 
worse IKDC-2000 scores when associated with meniscal 
injuries (table II). We had 2 failures as per the KT-1000 
measurements which were > 5 mm side to side difference. 
Both the patients had fair outcome in Lysholm grading. 
One of them demonstrated grade 1 laxity on Lachmann’s 
and pivot shift test while the other showed grade 1 laxity 
on Lachmann’s and grade 0 on Pivot shift test. 
Our study had a sample size of 47 and 48 in each group. 
The upper limit of reference value for excellent and good 
outcome in Tegner Lysholm Knee scoring scale is 100 
and 90 respectively. Presuming that two groups would 
show a difference of 10 points and with the standard 
deviation of 16 (difference of upper and lower end of the 
range), our study had the power of 86.12% with an alpha 
error of 5%. 

DISCUSSION
We noted that the static and dynamic stability tests and func-
tional outcome scores did not show statistically significant 
difference on using Rigidfix or Rigidloop for anchoring the 
hamstring graft in the femoral tunnel. It takes around 3-6 
months for complete osteointegration of the hamstring graft 
to the host bone. This ‘weak link period’ is the time during 
which we allow unrestricted weight-bearing, full range of 
motion and early return to strenuous day-to-day activities 
(2, 17). It is at this critical phase that the graft fixation device 
is required to provide secure anchorage until biological fixa-
tion (graft integration into the host) takes place (14). There-
fore, it is extremely important that the fixation device being 
used should provide adequate stability to the graft to with-
stand the forces which are being generated during the accel-
erated postoperative rehabilitation programs employed 
these days (1, 4, 10). 
Three types of fixation techniques are practised worldwide, 
namely aperture fixation (direct fixation – e.g., interference 
screw), cortico-cancellous transfixation (e.g., cross pins) and 
cortical suspensory fixation (indirect fixation – e.g., fixed 
and adjustable loops with button) (3, 8, 18). Each of these 
techniques have their own advantages and disadvantages 
(1, 19). Many studies are available in literature which has 
compared these different fixation techniques and devices 
(2, 10, 20, 21). However, there is still no consensus about 
the best fixation technique and the market is flooded with 
several types of fixation devices (4, 10). 
The working length of the graft is between the two points 
of its fixation in the tibial and femoral tunnels. A shorter 
working length by means of an intra-tunnel fixation will be 
more stiff and provide better stability than when the graft is 
fixed outside the tunnel which increases the working length 
(3, 8). Interference screw which gives adequate initial 
stability can become loose, damage the hamstring graft and 

Table I. Demographic distribution and comparison of both the groups. 

Parameter
Fixation technique

Total P-value
Rigidfix Rigidloop

Number 47 48 95 -

Mean age (years) 33.02 ± 8.8 32.9 ± 9.5 33 ± 9.1 0.98

Male:Female 37:10 40:8 77:18 0.60

Right:Left 21:26 24:24 45:50 0.68

Common mode of injury 
Fall:RTA:Sports Injury

13:19:15 15:21:12 28:40:27 0.78

Meniscal injuries 
(number of cases)

8 15 23 0.08

RTA: Road Traffic Accident



65Muscles, Ligaments and Tendons Journal 2021;11 (1)

S. Vijayan, S. M. Cherukuri, M. S. kulkarni, et al.

increase the risk of posterior blowout with resultant fail-
ure of fixation (12). Cortico-cancellous pins give adequate 
graft fixation but have issues related to breakage, migra-
tion and prominence and minimal tunnel widening (2, 3, 
8, 19, 22). Suspensory devices (fixed and variable loops) 
have issues related to longitudinal and sagittal graft motion 
(bungee and windshield wiper effect respectively) within 
the tunnel leading to widening of the tunnel and loosen-
ing of the fixation (7, 19, 23). Tunnel widening is report-
ed to be greater on the femoral side than on the tibial side 
(21). Yet another contention for the adjustable loop design 
is loop lengthening occurring due to loosening of the knot 
(1, 6, 7, 10, 12, 14). Graft motion can lead to extravasa-
tion of synovial fluid between graft and bone tunnel and 
increase the cytokine levels within the knee which could 
further delay the tendon-bone healing (2, 19, 23). Volume 
rendered 3D imaging modality is considered superior than 
plain radiographs, MRI and SPECT (Single Positron Emis-

sion Tomography) scan in evaluating bone tunnel widening 
after ACL reconstruction (24, 25). 
Eajazi et al. (17) compared the three basic techniques of 
graft fixation and found that cortico-cancellous method 
provided the optimal fixation and stiffness. The weakest 
fixation was with the cancellous device and cortical suspen-
sion device demonstrated variable mechanical behaviour. 
Rigidfix (Depuy Mitek, Raynham, MA) uses two pins across 
the graft and the femoral tunnel and creates a bulge in the 
graft. It reduces the risk of posterior tunnel blow out and 
decreases the windshield wiper effect as it fixes the graft 
horizontally preventing mobility between graft pins (8, 
17). The resistance which is distributed along the surface 
between the device and the bone depends on the osse-
ous density and length of the lever arm (17). Angel et al. 
and Basad et al. demonstrated that cross pin fixation when 
compared to Endobutton provided superior anteroposteri-
or stability as measured with KT-1000 (18). However, Price 

Table II. Comparison of clinical and functional outcome of both the groups.

Clinical test Grading
Fixation technique

Total P-valueRigid fix
(n = 47)

Rigid loop
(n = 48)

Lachmann’s test

Grade 0 38  35 73

0.22Grade 1   9  11 40

Grade 2   0    2   2

KT-1000 values at 20 lbs side to side 
difference

< 3 mm  36   34  70

0.563-5 mm  11   12  23

> 5 mm    0     2    2

Pivot shift test
Grade 0  44   38   82

0.07
Grade 1    3   10   13

Hop limb symmetry index 84.26 ± 11.85 85.19 ± 13.65 0.72

Lysholm Score

Excellent
(> 90)

38    37  75

0.18

Good
(84-90)

1      0     1

Fair
(65-83)

8      7    15

Poor
(< 65)

0      4      4

IKDC-2000 scores 89.52 ± 11.82 84.30 ± 15.45 0.068

IKDC-2000 scores with 
Meniscal injury

85.09 ± 13.22 69.33 ± 16.34
74.81 ± 16.86 0.023

IKDC-2000 scores without 
Meniscal injury

90.43 ± 11.48 91.10 ± 9.00 90.74 ± 10.35 0.78

P-value (comparison of IKDC-
2000 score with or without 
Meniscal injury)

        0.315 0.000 0.000
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et al. and Basad et al. found no significant difference in the 
clinical and functional outcome between the two groups 
(18, 26). In our study, the majority of patients in the Rigidfix 
group had excellent anteroposterior stability as evidenced 
by the negative Lachman test (38/47 or 80%) and objec-
tive KT-1000 arthrometer readings (36/47 or 77%). Nine-
ty-four percent (44/47) of the patients had restored rota-
tional stability as seen by a negative pivot shift test and there 
were no patients with grade II or III pivot shift in the Rigid-
fix group. The dynamic stability of the affected limb was 
restored to nearly 85% of the normal limb as indicated by 
the hop limb symmetry index. At the end of one-year post-
op, more than 90 percent (38/47) of patients were noted 
to have an excellent functional outcome. Asik et al., Nebe-
lung et al. and Choi et al. reported femoral tunnel widen-
ing in patients with broken or dislocated cross pins (9, 22, 
27). However, it did not affect the functional outcome. They 
were not able to give a valid reason for the occurrence of 
the tunnel widening though they felt it was due to improper 
graft-bone healing (22).
Many authors had compared fixed and adjustable loop 
suspension devices (6, 7, 14). Boyle et al. found no signifi-
cant difference in the postoperative knee stability between 
the groups and commented that adjustable loop devices do 
not clinically loosen during rehabilitation (14). Transportal 
technique creates more anatomical tunnel in the femur, but 
has the risk of producing shorter tunnel. The fixed loop 
devices leave a dead space in the tunnel which is occupied 
only by the loop. In contrast, the adjustable loop devices 
allow to pull greater length of the graft into the tunnel and 
thereby negates the dead space. This achieves more graft-
host bone contact and better osteointegration, especially 
in the shorter tunnels (14). In vitro studies comparing the 
biomechanical properties between the two cortical suspen-
sion devices showed that both devices can withstand the 
forces developed during rehabilitation, but the adjustable 
loop shows mild elongation without clinical significance (6, 
28). In our study, we saw that 23% of the patients (11/48) in 
the Rigidloop group had grade I Lachmann and 4% (2/48) 
had grade II Lachmann laxity. We presume that the recur-
rence of laxity might have occurred due to the elastic elon-
gation of the graft or the variable loop device as mentioned 
in the in vitro studies. Similar results were seen in objective 
measurements using KT-1000 arthrometer also. We had 2 
patients in Rigid loop group who had side to side difference 
in KT-1000 values > 5 mm suggestive of failure due to graft 
elongation/slippage. They both had grade 1 Lachmann’s, 
grade 1 and grade 0 pivot shift, and Lysholm grading of fair 
and IKDC-2000 scoring of 56. However, despite clinical 
evidence of an increase in laxity, the functional outcomes 
were excellent at one-year follow-up which was observed 

by other authors as well (14). Eighty percent of the patients 
(38/48) had restored rotational stability as seen by a nega-
tive Pivot shift test. There were no patients with grade II or 
III pivot shift. Hop limb symmetry index showed a mean of 
85% in this group. 
Some authors have also compared the variable loop devic-
es manufactured by different companies as these devices 
use different loop locking mechanisms (11). The Zip loop 
(Biomet) and Tightrope (Arthrex) rely on a finger trap lock-
ing mechanism where one end of the adjusting suture is 
spliced through the centre of the other suture end. When 
a load is applied in the opposing direction, the finger trap 
collapses around the inner suture, trapping it in place. Small 
micromotions can gradually disengage the collapsed finger 
trap and loosen the locking mechanism. In contrast, the 
Rigidloop device has a one-way sliding lock that wedges into 
the metal implant and resists disengagement. The tighter the 
knot is cinched, the better is the performance. Failure of 
this mechanism will occur if the knot is left loose (11). The 
knot-based design outperformed the finger trap designs in 
both cyclic displacement and strength (11).
After a thorough literature search, we found that there were 
no studies which had compared Rigidfix (a cortico-can-
cellous transfixation device) with Rigidloop (an adjustable 
suspensory loop with button). A similar study was done by 
Zehir et al., where they compared ToggleLoc with ZipLoop 
and Translig transverse cross pin devices (12). Although 
insignificant, the KT-1000 arthrometer revealed slightly less 
anterior sliding in Translig group than that in the ToggleLoc 
group (P > 0.05). On the contrary, in our study although 
statistically insignificant, Rigidfix seemed to provide better 
anteroposterior stability as evidenced by the results of the 
Lachman and KT-1000 arthrometer readings. Addition-
ally, we noted that the rotational and dynamic stability as 
measured by the pivot shift test and hop limb symmetry 
index were comparable among the groups. As reported in 
their study, we also observed that the Lysholm and IKDC 
functional scores between our groups (Rigidfix and Rigid-
loop) were comparable. Our study confirmed the hypoth-
esis that both Rigidfix and Rigidloop devices provide 
equally good clinical and functional outcomes at 1-year 
follow-up period.
During the analysis, we observed that irrespective of the 
technique (Rigidfix or Rigidloop), the patients with isolated 
ACL injuries had significantly better IKDC scores compared 
to those with concurrent meniscal injuries (table II). It was 
noted that patients in Rigidloop group had greater worsen-
ing of these scores. However, the statistical significance of 
the poorer IKDC score noted in the patients with menis-
cal injuries in the Rigidloop group was not assessed due to 
the small sample size. Similarly Lysholm score differences 
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between those with meniscus and those without meniscal 
injuries were not calculated due to insufficient sample size 
in each category.
Rigidfix gives cortico-cancellous fixation whereas Rigid-
loop gives cortical fixation. Though they works by a differ-
ent mechanism at different locations of the femoral tunnel; 
the clinical and functional outcomes were comparable with 
both these devices. This is contrary to the outcome reported 
in few of the biomechanical and clinical studies (3, 8). This 
can be explained based on the varying supraphysiological 
loads applied and different biomechanical set up in the in 
vitro studies at which these devices fail (4, 7, 14). The phys-
iological load during rehabilitation which will be acting for 
a limited period, i.e, 3 to 6 month postoperatively during 
which healing of the graft takes place, will be within the 
tolerance limit of these devices (6, 8).
One of the implications of this study is that Rigidfix and 
Rigidloop can be used interchangeably without any 
compromise in the outcome. Various causes for intraop-
erative on-table failure of cortico-cancellous and cortical 
devices have been reported in the literature like pin break-
age, blowout of posterior and lateral cortex of the femoral 
tunnel, eccentric placement of crosspins, sinking of button 
and failure of loop, suture or button (4, 7, 8, 29). With mini-
mal modification in the technique, the surgeon can decide 
intraoperatively to use either of the methods if the need aris-
es without worrying about the final outcome. This has been 
our experience in few of the earlier cases which prompted 
us to conduct this study. 

Strength of the study
There have been no studies in the English literature which 
have compared the results of graft fixation in the femo-
ral tunnel using the cortico-cancellous transfixation with 
adjustable loop devices uniformly. In our study, all cases 
were performed by a single senior surgeon who is well 
versed in performing both techniques and we have tried 
to standardize the patient characteristics, tunnel creation 
method, graft preparation, graft length inside the femoral 
tunnel, graft fixation on the tibial side and post-operative 
rehabilitation protocol so that the confounding factors are 
minimized. Our study was adequately powered to detect a 
1-grade difference in the Lysholm scoring system.

Limitations
Our study had a few limitations. No postoperative radiolog-
ical analysis of the distal femur was done to look for tunnel 
characteristics (obliquity, widening) and graft lengthening 
(23). The latter two are known complications of suspenso-

ry fixation devices. Studies have shown no effect of tunnel 
widening on the outcome (21, 23). Hence we did not find it 
necessary to assess the tunnel characteristics during follow 
up. Secondly, ours was a short-term study and therefore 
the long-term effect of ACL reconstruction in preventing 
further meniscal injuries and cartilage damage and thereby 
early degenerative arthritis could not be commented. Also, 
the long-term effect of partial meniscectomy in combina-
tion with ACL reconstruction on the function of the knee 
could not be assessed. Long term follow-up studies are 
required to assess the effect of these interventions. Third-
ly, ours being a retrospective study, preoperative functional 
scores were not available. Ideally, a randomized controlled 
study would acquire these baseline scores against which 
the post-operative functional scores can be compared to 
analyze the effect of surgical intervention.
In view of significant worse functional outcome seen with 
patients who had concomitant meniscal injury irrespective 
of the fixation technique, further studies are required. As 
we had less number of cases of meniscal injuries and as it 
was not our objective we refrain from drawing a conclusion 
on this finding. High-quality randomised controlled stud-
ies which a have high number of cases and uniform surgi-
cal techniques with long term functional outcome can give 
verdict regarding the effect of concomitant meniscal injuries 
on ACL reconstruction. The study was conducted accord-
ing to the journal’s guidelines (30).

CONCLUSIONS
In view of the similar outcome which we observed in prima-
ry and secondary objectives of our study, we accepted the 
null hypothesis. Hence we conclude that Rigidfix and Rigid-
loop have a similar clinical and functional outcome at the 
end of the 1 year and can be used interchangeably if an 
introperative need arises without any consequences.
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