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Abstract
Background: The aim of the present study was to evaluate the functional outcomes of arthroscopic 
Anterior Cruciate Ligament (ACL) reconstruction using Sironix knee devices.
Methods: All the subjects were consented telephonically for the study purpose. Demographic data, surgery 
details and other baseline characteristics of the subjects who underwent ACL reconstruction surgery 
between January 2019 to July 2022 were collected from the medical records. Primary objective of the 
study was to assess the functional outcomes using International Knee Documentation Committee (IKDC) 
and Modified Cincinnati Rating System (MCRS) questionnaires. Secondary objectives were to assess 
the pre- and post-surgery activity levels using Tegner Activity Score (TAS) and quality of life evaluation 
using Quality of Life (QoL) subscale from Knee Injury and Osteoarthritis Outcome Score (KOOS) score. 
ACL reconstruction failure rate, adverse device effects and surgery-related adverse events information 
was collected.
Results: A total of 44 subjects completed the study. The mean (SD) age was 34.5 (±11.4) years. Mean 
(SD) total duration of follow-up was 16 (±7) months. Out of 44 subjects, 35 (79.5%) did not have any 
comorbid conditions. Mean (SD) of total IKDC score of all enrolled subjects was 85.9 (±7.5) out of 100 
and mean (SD) of MCRS questionnaire was 94.5 (± 6.8) out of 100. Mean (SD) of TAS before injury was 
7.9 (±0.9) and current status was 5.2 (±1.04) out of 10. Mean (SD) values of quality of life subscale of 
KOOS score was 88.5 (± 9.2) out of 100. There were no reconstruction failures and adverse device effects 
reported in this study.
 Conclusion: Considering remarkable results in all the functional assessment scores and no incidence of 
reconstruction failures, this study concludes that ACL reconstruction surgery using Sironix knee devices 
as safe and effective method.

Keywords: Anterior cruciate ligament, international knee documentation committee, modified cincinnati 
rating system, functional outcomes
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INTRODUCTION
ACL is an important stabilizing ligament of the knee that is frequently 
injured by athletes and trauma victims [1]. In India, the ACL incidence 
of overall age groups is 68.6 per 1,00,000 person-years, as per a 2014 
study [2]. 86.5% of knee injuries in India were related to sports [3]. 
Other than sports injuries, a study conducted in a rural tertiary care 
hospital claimed that road traffic accidents as the biggest culprit for ACL 
injuries [4].

Anterior Cruciate Ligament (ACL) is one of the four major ligaments 
of the knee joint [5]. The ACL is divided into two functional bundles, 
the anteromedial and posterolateral bundles, which work together to 
optimize its restraining function throughout the range of knee motion 
[6]. ACL is a very important ligament for maintaining the stability of the 
knee joint. ACL complete tear can lead to a highly unstable knee joint, 
incapacitating the patient [7].

The principal goal with every ACL reconstruction is to provide a stable 
initial graft fixation to allow tendon-to bone healing and incorporation 
within the tibial and femoral tunnels. The modern era of arthroscopy 
assisted ACL reconstruction has seen the emergence of several graft 
fixation techniques and devices available to the orthopaedic surgeon 
[8]. ACL fixation devices must provide strength and stiffness sufficient 
for rehabilitation and activities of daily living until biologic fixation 
has taken place. The surgeon must outweigh the pros and cons of the 
different ACL graft fixation devices before deciding which device to use 
for a particular patient [9].

Different types of ACL graft fixation techniques used are interference 
screws, suspensory fixation loops and cortical buttons. On the femoral 
side, a method is used in which sutures forming an anchor and a loop 
are integrated. Two types of devices are used here, an Adjustable-Loop 
Device (ALD) and a Fixed-Loop Device (FLD), by which the loop length 
can and cannot be adjusted, respectively, after the anchor has been 
flipped [10]. Interference screw fixation remains an effective technique 
in Bone- Patellar Tendon-Bone (BPTB) ACL reconstruction [11]. When 
a tendon is fixed to the femoral side, the use of interference screws has 
been shown to be highly successful and reproducible technique with 
excellent long-term outcomes [12]. At present, titanium is the most 
common material used for this class of devices. Titanium screws provide 
high initial fixation strength and promote early integration into the bone 
[13]. Anterior Cruciate Ligament (ACL) injuries are also associated with 
meniscal lesions and frequently involve the posterior horn of the lateral 
meniscus [14]. During ACL reconstruction, tears of the lateral meniscus 
posterior root are found in up to 14% of the patients [15].

However, there’s a dearth of data on functional outcomes after ACL 
reconstruction in Indian population. Therefore, the hypothesis of 
this study was to assess the functional outcomes using standardized 
questionnaires from the present real-world data after ACL reconstruction 
surgery.

DEVICE DESCRIPTION
Helysis® PLDLA-BTCP Interference screw: These screws are made up of 
PLDLA-BTCP material [poly (L-co-DL lactic acid) and Beta Tricalcium 
phosphate]. The screws are intended for fixation of soft tissue to bone 
(Fig.1).

Helysis® Titanium Interference screw: These are made up of titanium 
material. Titanium is considered as the most biocompatible metal due 
to its resistance to corrosion from bodily fluids, bio-inertness, capacity 
for osseointegration and high fatigue limit. The screws are intended for 
fixation of soft tissue to bone (Fig. 2)

Proloop™ - Adjustable Loop UHMWPE suture titanium button: This 
device consists of titanium button and Ultra-High Molecular Weight 
Polyethylene (UHMWPE) suture adjustable loop. It is intended for 
fixation of soft tissue to bone (Fig. 3).

Surestitch™ All Inside Meniscal Repair Implant: This consists of two 
PEEK non-absorbable implants, pre-tied with USP #2-0 Non- absorbable 
UHMWPE suture and preloaded into a needle delivery system (Fig. 4).

MATERIALS AND METHODS 
STUDY DESIGN

This was a retrospective study to assess the functional outcomes 
after arthroscopic ACL reconstruction procedure using Sironix knee 
devices. All the enrolled subjects were consented before the telephonic 

Fig. 1. Helysis® PLDLA-BTCP Interference screw

Fig. 2. Helysis® Titanium interference screw

Fig. 3. Proloop™ - Adjustable Loop UHMWPE suture titanium button

Fig. 4. Surestitch™ All inside meniscal repair implant
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interview for the study purpose. Data of subjects who underwent ACL 
reconstruction surgery between January 2019 to July 2022 was taken 
into consideration. Demographic details, medical/surgical history 
details, and ACL reconstruction surgery details were collected from the 
subject medical records. Primary outcome of this study was to assess the 
functional outcomes using IKDC and MCRS questionnaires. Secondary 
outcomes include TAS questionnaire to evaluate pre- and post-surgery 
activity level and quality of life subscale of KOOS questionnaire to assess 
the quality-of-life post-surgery and assessment of ACL reconstruction 
failure rate. Adverse device effects and surgery-related adverse events 
information was gathered telephonically along with medication details.

This clinical investigation was conducted in compliance with the ICH 
GCP E6 R2 2016 (Step 4), Guidance for Good Clinical Practices (GCP), 
New Drugs and Clinical Trials 2019, Medical Devices Rules (MDR-
17 & Amendment Rules, 2020), Declaration of Helsinki (Taipei 2016) 
and ISO 14155-2020. The CTRI registration number for this study is 
CTRI/2022/11/047428.

Male/female subjects aged ≥ 18 years and ≤ 60 years at the time of 
surgery, subjects who had undergone arthroscopic ACL reconstruction 
procedure between Jan 2019 to July 2022 and subjects who were willing 
to provide written informed consent (in case of a physical visit to the 
site) or verbal informed consent (in case of a telephonic visit) were 
included in the study. Subjects who had suffered traumatic injury to the 
operated knee post ACL reconstruction procedure and subjects who 
were not willing to attend the follow-up were excluded from the study.

INTERPRETATION OF SCORES
International Knee Documentation Committee (IKDC): The IKDC 
questionnaire is a knee-specific patient-reported outcome measure. It is 
a subjective scale that provides patients with an overall function score. 
The questionnaire looks at 3 categories: symptoms, sports activity, and 
knee function. Scores are obtained by summing the individual items, 
then transforming the crude total to a scaled number that ranges from 
0 to 100. This final number is interpreted as a measure of function 
with higher scores representing higher levels of function. The IKDC 
subjective knee form score can be calculated when there are responses 
to at least 90% of the items (i.e., when responses have been provided for 
at least 16 items) [16].

Modified Cincinnati Rating System (MCRS): The MCRS questionnaire 
consists of 12 questions, 8 of which are included in the summary score. 
These scored questions cover the domains of pain, swelling, function 
and activity level. The total score is calculated as the sum of all questions 
responses, higher scores representing the best/excellent knee function, 
and lesser scores representing the worst/poor knee function [17].

Tegner Activity Scale (TAS): Tegner activity level scale is a scale that 
aims to provide a standardized method of grading work and sporting 
activities. Tegner activity level scale is a graduated list of activities of 
daily living, recreation, and competitive sports. The patient is asked to 
select the level of participation that best describes their current level 
of activity and that before injury on a scale of 0 to 10. Zero represents 
disability because of knee problems and 10 represents participation in 
higher level activities [18].

Knee Injury and Osteoarthritis Outcome Score (KOOS): The KOOS is 
a valid, reliable, and responsive self-administered instrument that can 
be used for short-term and long-term follow-up of several types of knee 
injury including osteoarthritis. A modified version, knee-related quality 
of life is taken up for this study to assess the quality of life in patients 
after ACL reconstruction surgery. Higher scores represent the best 
quality of life and lower scores represent the poor quality of life [19].

STATISTICAL METHODS
Demographic measurements, medical history and surgery details 
were summarized descriptively. The primary endpoint of this study 
was functional outcomes using IKDC and MCRS questionnaires 
summarized using n, mean, median, standard deviation, minimum and 
maximum. Secondary endpoints of this study were TAS and quality of 

Population Overall
Screened 44

Enrolled, n (%)
Yes 44 (100.0)

Table 2. Demographics and other baseline characteristics.

Demographic Characteristics Overall (N=44)
Age (years)
N 44
Mean 34.57
SD 11.43
Median 34
Min; Max (19.00, 57.00)
Gender, n (%)
Female 8 (18.2)
Male 36 (81.8)
Race, n (%)
Asian 44 (100.0)
Medical condition, n (%) Overall (n = 44)
NA 35 (79.5%)
Diabetes mellitus 4 (9.1%)
Hypertension 2 (4.5%)
Appendectomy 1 (2.3%)
Asthma 1 (2.3%)
Ear polyp removal 1 (2.3%)
Hypothyroidism 1 (2.3%)
ORIF with K-wires fracture of 5th finger 1 (2.3%)

* NA - Not applicable; ORIF – Open reduction and internal fixation; SD - 
Standard deviation

*Medical condition represents mixed data with one subject had both 
diabetes mellitus and ear polyp removal. Another subject had both 
hypothyroidism and asthma

life subscale of KOOS score summarized as n, mean, median, standard 
deviation, minimum and maximum. ACL reconstruction failure rate 
was summarized descriptively. The adverse device effects (if any) were 
summarized as the number and percentage of the subjects with adverse 
events as well as the number of events.

RESULTS
In this study, 44 subjects satisfying all the eligibility criteria were 
enrolled. The disposition of subjects was summarized in Table 1. The 
mean (SD) age was 34.5 (± 11.4) years. The number of males were 36 
(81.8%) and females were 8 (18.2%) in the study. Out of 44 subjects, 35 
(79.5%) did not have any comorbid conditions, followed by 4 (9.1%) 
had diabetes mellitus and 2 (4.5%) had hypertension. Demographic and 
surgery details were summarized in Table 2. Total mean (SD) duration 
of follow-up was 16 (±7) months.

Out of 44 subjects, 41 subjects received titanium interference screws of 
different dimensions on both femoral and tibial ends, 2 subjects had 
adjustable loop button on femoral side and titanium interference screw 
on tibial end, only 1 subject got PLDLA- BTCP interference screw on 
both femoral and tibial ends and 7 subjects had received all-inside 
meniscal repair devices. Disposition of the devices was summarized in 
Table 3.

Mean (SD) value of total IKDC score was 85.9 (±7.5) and MCRS 
score was 94.5 (± 6.8). Mean (SD) values of TAS before injury was 7.9 
(± 0.9) and current status was 5.2 (±1.04). Mean (SD) value of 
quality-of-life subscale of KOOS score was 88.5 (± 9.2). Summary 
of all the scores were represented in Table 4.
There was no significant association observed between the IKDC 
and MCRS scores with respect to type of implant used and 
duration of follow-up as presented in Table 5.

Table 1. Disposition of subjects.
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DISCUSSION
This study results had shown certainly good post-operative functional 
outcomes pertaining to the standardized questionnaires. Majority of the 
enrolled subjects were males [36 (81.8%)]. Most of them [35 (79.5%)] 
did not have any comorbid conditions.

In this study, 41 subjects received titanium interference screws on 
both femoral and tibial ends and 2 subjects received adjustable loop 
button on femoral side and titanium screws on tibial side. The use of 
adjustable-loop devices has increased to compensate for the micro-
movement due to cortical suspensory fixation [20]. A recent study states 

Table 5. Association of mean IKDC & MCRS Scores with type of implant and duration of follow-up.

Type of the Implant Number of subjects, n Mean IKDC Score Mean MCRS Score
Helysis® titanium interference screw on both femoral and tibial ends 41 87.4 94.9
Surestitch™ - All inside meniscal repair implant 7 86.5 94
Proloop™ - Adjustable loop button on femoral end and Helysis® titanium interference 
screw on tibial end 2 85.8 94.6

Helysis® PLDLA-BTCP interference screw on both femoral and tibial ends 1 87.4 93.9
Duration of follow-up Overall N (%)
< 6 months 1 (2.2) 60.9 70
6 months to 1 year 11 (25) 86.3 94.7
1 year to 2 years 25 (56.8) 85.9 94.5
>2 years 7 (15.9) 87.2 94.9
Mean (SD) of Total duration of follow-up (in months) 16 (7)

*IKDC - International Knee Documentation Committee; MCRS - ; PLDLA BTCP - poly (L-co-DL lactic acid) and beta tricalcium phosphate; SD – standard deviation

Name of the Implants Overall N=44 
n (%)

Femoral

Helysis® Interference Screw- Titanium

41 (93.2)

Helysis® ACL Screw-Titanium 9 mm×25 mm 15 (34.1)

Helysis® ACL Screw-Titanium 8 mm×25 mm 12 (27.3)

Helysis® ACL Screw-Titanium 7 mm×25 mm 10 (22.7)

Helysis® ACL Screw-Titanium 10 mm×25 mm 4 (9.1)

Proloop™ Adjustable Loop Button – 60 mm 2 (4.5)

Helysis® Interference Screw - PLDLA BTCP 9mmX30mm 1 (2.3)

Tibial

Helysis® Interference Screw- Titanium

43 (97.7)

Helysis® ACL Screw-Titanium 10 mm×30 mm 12 (27.3)

Helysis® ACL Screw-Titanium 8 mm×25 mm 7 (15.9)

Helysis® ACL Screw-Titanium 9 mm×30 mm 7 (15.9)

Helysis® ACL Screw-Titanium 10 mm×25 mm 6 (13.6)

Helysis® ACL Screw-Titanium 9 mm×25 mm 6 (13.6)

Helysis® ACL Screw-Titanium 10 mm×30 mm 2 (4.5)

Helysis® ACL Screw-Titanium 7 mm×30 mm 1 (2.3  )

Helysis® ACL Screw-Titanium 7 mm×25 mm 1 (2.3)

Helysis® ACL Screw-Titanium 8 mm×30 mm 1 (2.3)

Helysis® Interference Screw – PLDLA BTCP 10mmX25mm 1 (2.3)

Meniscus

Sure Stitch™ - All inside meniscus repair implant 7 (15.9)

* ACL – Anterior cruciate ligament; PLDLA BTCP - poly (L-co-DL lactic acid) and beta 
tricalcium phosphate

Table 3. Disposition of implants.

Characteristics Overall (N=44)
Total IKDC Score
Mean 85.96
SD 7.54
Median 89.7
Min; Max (60.90, 93.10)
95% CI for Mean (83.67, 88.26)
Total MCRS Score
Mean 94.55
SD 6.87
Median 96.5
Min; Max (70.00, 100.00)
95% CI for Mean (92.46, 96.63)
Tegner Activity Score
Level: Before Injury
Mean 7.93
SD 0.9
Median 8
Min; Max (6.00, 9.00)
95% CI for Mean (7.66, 8.21)
Level: Current
Mean 5.27
SD 1.04
Median 6
Min; Max (3.00, 7.00)
95% CI for Mean (4.96, 5.59)
Quality of life subscale of KOOS score
Mean 88.53
SD 9.25
Median 93.8
Min; Max (56.30, 93.80)
95% CI for Mean (85.72, 91.34)
*CI – Confidence Interval; IKDC - International Knee Documentation Committee; 
KOOS - Knee Injury and Osteoarthritis Outcome Score; MCRS - Modified Cincinnati 
Rating System Questionnaire; 
SD – Standard Deviation

Table 4. Summary of IKDC, MCRS, Tegner activity score and quality of life 
subscale from KOOS.

that interference screw fixations have the advantage of reducing graft 
movement in the tunnel and synovial fluid influx and tunnel widening 
with interference screws was less than that with cortical suspensory 
fixation [21].

Primary objective was to assess the functional outcomes utilizing IKDC 
and MCRS questionnaires. Mean (SD) of IKDC score was 85.9 (±7.5) 
elucidating progress in symptoms, sports activity, and function post-
surgery. Similar results found in a study comparing titanium and PEEK 
interference screws in which post-operative IKDC scores were 90 (± 
8.9) and 89 (± 9.1) respectively indicating no significant differences 
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between both [22]. Another study reported post-operative IKDC scores 
as 75.3 ± 17.4 and 80.5 ± 13.6 in the groups comparing adjustable-loop 
and interference screw fixation [23].

Substantial results were achieved with mean (SD) values of 94.5 (± 6.8) 
for MCRS questionnaire indicating excellent knee function. Similar 
results found in a study evaluating Single Bundle (SB) and Double 
Bundle (DB) ACL reconstruction with different techniques, scores were 
90 in SB and 91 in DB postoperatively [24]. Another study of primary 
ACL reconstruction using biodegradable screws showed MCRS score as 
92.9 (± 6.0) at 2-year post-operative follow-up [25].

Mean (SD) values of Tegner activity scale before injury was 7.9 ( ± 0.9) 
and current status was 5.2 ( ± 1.04) and that shows notable return to 
pre-injury activity levels in the daily living, recreation, and competitive 
sports. Equivalent results found in a study comparing functional 
outcomes in isolated Posterior Cruciate Ligament (PCL) group and 
combined ACL & PCL group with titanium interference screws, in 
which pre- injury to post-injury Tegner activity scores at 5 years follow-
up in both groups were 6.83 to 6.23 and 6.72 to 5.82 respectively [26].

A favourable outcome with mean (SD) value of quality-of-life subscale of 
KOOS score obtained was 88.5 (± 9.2) representing better quality of life 
post-surgery. Similar results found in a study which showed improved 

quality of life in asymptomatic patients post ACL reconstruction was 
81.8 [27].

There were no adverse device effects and reconstruction failures 
observed in this study. Contrast to this, a study from the Multi-center 
Orthopedic Outcomes Network (MOON) consortium found that a 
4.4% graft re-tear rate which was positively associated with factors like 
younger age, type of the graft used (autograft or allograft), concomitant 
meniscal injuries or sport played [28], which we could not analyse in this 
study. Further studies investigating the factors effecting reconstruction 
failures such as type of ACL ruptures, types of meniscal lesions, tunnel 
widening, bone ingrowth etc. needs to be evaluated.

Limitations in the study include small sample size, retrospective nature 
and heterogenous reconstruction techniques. No comparison of the 
pre- and post-operative scores also bears as a limitation for the study.

CONCLUSION
Considering remarkable results in all the functional assessment scores 
and no incidence of reconstruction failures, this study concludes that 
ACL reconstruction using Sironix knee devices as safe and effective 
method. In addition, prospective studies with comprehensive clinical 
and functional evaluation need to be taken into account.
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