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Abstract
Background. Anterior cruciate ligament (ACL) reconstruction is the prevailing procedure in cases of ACL 
rupture.

Objectives. To assess the long-term safety of  implementing a synthetic ligament with the Ligament 
Advanced Reinforcement System (LARS) in primary reconstruction of the ACL.

Materials and methods. The retrospective analysis involved 403 patients who had undergone ACL re-
construction with the same results in clinical and functional assessments. The patients comprised 2 groups. 
In group I, a LARS graft was implemented, while in group II, an autograft was used. The Lachman test, 
anterior drawer test, pivot-shift test, Lysholm scale, IKDC 2000, pain posited to be experienced, the pos-
sibility of postoperative complications, the time required to return to work, and revision surgery were all 
considered and analyzed.

Results. The visual analogue scale (VAS) pain score in group I  ranged from 37.34 ±8.22 mm on day 
3 to 17.21 ±5.45 mm on day 28. In group  II, it  ranged from 64.72 ±10.20 mm on day 3 (p < 0.05) 
to 18.67 ±6.57 mm on day 28. The period of time taken to return to office work in group I was 7.04 ±1.82 weeks, 
and 9.21 ±1.75 weeks in group II (p < 0.05). The time taken to return to physical work in group I was 
20.50 ±2.91 weeks, and 21.12 ±3.12 weeks in group II. Postoperative scar and local complications were 
statistically less prominent in group I. The cost and number of revision surgeries were greater in the first group.

Conclusions. Reconstruction of the ACL using a synthetic graft such as LARS yields similar results to an auto-
graft in a cohort follow-up. Long-term results show a large number of revision surgeries when LARS is used. 
This method should be used with caution.
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Background

The  anterior cruciate ligament (ACL) is  recognized 
as the most regularly injured ligament in the human knee.1 
In the USA, the average frequency of ACL injury incidence 
numbers 200,000 cases per year.2 The injury most com-
monly occurs in individuals who are physically active and 
engage in dynamic sports.1 For patients seeking to return 
to such physical activity, the standard treatment for ACL 
injury is ligament reconstruction,3 followed by a postop-
erative physiotherapeutic procedure.4,5 Restoring knee 
stability is the goal of reconstruction, and in turn aims 
to reduce the risk of secondary injuries such as further 
damage to the menisci and degenerative osteoarthritis.6,7 
An analysis of epidemiological data points to an increase 
in the incidence of ACL ruptures and ensuing reconstruc-
tions.8 During the reconstruction, the torn ligament can 
usually be replaced with an autograft or allograft. Synthetic 
ligament usage is also a possible graft option. Autograft 
choices are the patellar, hamstring and quadriceps ten-
dons, while the allograft options consist of the quadriceps, 
patellar, Achilles, hamstrings, anterior and posterior tibi-
alis tendons, and the fascia lata.9–11 Truncated surgical and 
anesthesia time, fewer postoperative complications, lower 
chance of morbidity at the harvest site, quicker postop-
erative recovery, less incidence of postoperative arthrofi-
brosis, and a lower amount of postoperative pain experi-
enced are among the main advantages of allograft usage 
for ACL replacement.4,5 In contrast, autograft usage may 
lead to higher rates of re-rupture, have limited availability, 
delay the process of healing and ligamentization when 
compared to autografts, have a higher risk of transmitting 
disease, and result in greater overall costs.7,12,13 The syn-
thetic materials being used in ACL reconstruction were 
introduced in hope of improving the firmness and stabil-
ity of the graft after reconstruction, reducing instances 
of donor site morbidity, and eliminating the potential for 
disease transmission.14 That being said, the first artificial 
grafts were plagued by high rates of failure and synovitis 
reactivation,15 thus, with constantly advancing technology, 
new synthetic materials have been and are being developed 
for ACL reconstruction grafts.16 The emergence of syn-
thetic materials in ACL deficient knee treatment came 
at the beginning of the 20th century with the usage of silk 
and silver fibers. New synthetic materials being proposed 
for torn ACL replacements proliferated in the second half 
of the 20th century. These materials include Supramid®, 
Teflon® or Dacron®, Proplast®, carbon fiber graft, ABC 
graft, Kennedy-LAD®, Trevia, Leeds-Keio, Gore-Tex®, 
PDS®, EULIT®, and Polyflex®, Ligament Advanced Rein-
forcement System, and Ligament Advanced Reinforcement 
System (LARS)®.17,18 Artificial ligaments have piqued sur-
geons’ interest for all these years because of the optimism 
for grafts that are easily available and stronger than soft 
tissue “off-the-shelf” grafts, simplification of surgery, and 
avoidance of graft harvesting and donor site morbidity. 

However, most of the artificial grafts have been beset with 
high failure rates. One of the very few synthetic grafts gain-
ing widespread popularity has been LARS®. It is suggested, 
however, that the ligament not be considered a potential 
graft for primary reconstruction of the ACL, and should 
be treated as an alternative graft in special cases, so the op-
timal synthetic graft material remains controversial.19–21

Objectives

The aim of this study was to assess the long-term safety 
of implementing the LARS synthetic ligament in the pri-
mary reconstruction of the ACL.

Materials and methods

The reported study was a retrospective cohort study. 
The sample was composed of patients who had undergone 
primary ACL reconstruction at the Trauma and Ortho-
pedics Department of eMKaMED Hospital in Wrocław, 
Poland. Out of the 572 male patients treated from 2012 
to 2018 with a partial lesion of  the ACL involving an-
teromedial bundle damage requiring primary unilateral 
intra-articular ACL reconstruction, 403 patients homo-
geneous in terms of age and gender met the inclusion cri-
teria for the study. Group I consisted of 46 patients aged 
33.2 ±10.6 years who underwent primary unilateral ACL 
reconstruction of the knee using LARS graft; group II con-
sisted of 357 patients aged 29.4 ±16.5 years who underwent 
primary unilateral ACL reconstruction of the knee with 
the use of autograft.

The study was carried out in accordance with the prin-
ciples of the Declaration of Helsinki and was given ap-
proval by the Bioethics Committee of the Wroclaw Medi-
cal University. Each participant was informed of the aim 
of the study and the applied approach, and each signed 
to  indicate their informed consent for participation 
in  the  study. An additional goal of  the evaluation was 
to present the patient with the technique that was to be ap-
plied. The ACL capacity was analyzed with the 3 tests that 
are most frequently applied in clinical practice. The ortho-
pedic assessment dealt with the range of motion (ROM) 
in the knee joint and included the Lachman test, anterior 
drawer test and pivot-shift test. The analysis was combined 
with a subjective evaluation using the International Knee 
Documentation Committee (IKDC) 2000 and Lysholm 
scales. Special attention was focused on  complication 
and revision surgery. The follow-up was carried out over 
the course of 3 years.

The  first limb assessed was the  non-traumatic limb 
in order to evaluate its ROM and stability, and to make 
the patient familiar with the technique of the examination.

The examination was performed at 3, 7, 14 and 28 days 
post-surgery, and then at 12, 24 and 36 months post-surgery. 
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The ROM measurement of the knee was taken bilaterally 
using a standard goniometer. The inter-limb difference 
in anterior tibial dislocation taken from the Lachman test 
and anterior drawer test was judged normal (0; 0–2 mm), 
nearly normal (1+; 3–5 mm), abnormal (2+; 6–10 mm), 
or severely abnormal (3+; > 10 mm).22 Anterolateral ro-
tational knee stability was evaluated manually utilizing 
the pivot-shift test. The pivot-shift test was deemed nega-
tive when, referencing the ligament examination section 
of the 2000 IKDC, the anterolateral rotational dislocation 
of the tibia relative to the femur was equal in both lower 
limbs and positive when the difference between the limbs 
was judged + (glide), ++ (clunk) or +++ (gross). Moreover, 
early and late complications eventually requiring revision 
surgery were also analyzed.

Surgical technique

Each of the patients was operated on by the same team, 
employing the  same surgical technique and autograft 
(hamstring; Fig.  1) or  LARS (synthetic graft) (Fig.  2). 
The  graft was secured using the  Endobutton (Smith–
Nephew, Warszawa, Poland) on the femur and the Com-
posiTCP30 interference screw (Biomet, Warszawa, Poland) 
on the tibia. It was constructed using the “outside-in” tech-
nique with the aimer device.

Postoperative management

Postoperative management was carried out according 
to ACL reconstruction protocol over a period of 6 months.

Statistical analysis

Statistical analysis was interpreted using TIBCO Sta-
tistica™ (TIBCO Software Inc., Palo Alto, USA) and Mi-
crosoft Office Excel 365 Personal (Microsoft Corporation, 
Redmond, USA). As for characteristics of the sample and 
the survey of the knee “giving way”, as it  is colloquially 
referred to, the results of Lachman test, anterior drawer 
test and pivot-shift test were used and the number of pa-
tients (n) who obtained a given result in each group estab-
lished. The arithmetic mean (AM) and standard devia-
tion (SD) were calculated for the following parameters: 
active extension and flexion range in both the involved 
and the uninvolved leg (°), and the total scores obtained 
on the Lysholm scale (n points) and IKDC 2000 question-
naire. The Shapiro–Wilk test was conducted to determine 
the normality of distribution for the parameters. Statistical 
significance was set at p < 0.05.

The visual analogue scale (VAS) was applied on days 3, 
7, 14, and 28 post-surgery (VAS is a scaled ruler from 0 
to 100 mm with an accuracy of 1 mm). Complications were 
then noted (hematomas at the collection site and intra-
articular hematomas, skin sensation disturbances, pain 
in and around the back of the thigh). During the check-
ups at 12, 24 and 36 months post-surgery, complications 
were noted (skin sensation disturbance, pain in the back 
of the thigh).

Choosing of the type of transplant 
by the patient

After qualifying the patient for surgery on the basis 
of the abovementioned diagnostics and their acceptance 
of this method of treatment, the graft choice was explored 
with the patient. The ultimate decision as to the choice 
of graft, after the operating physician discussed the avail-
able options along with their benefits and drawbacks, was 
made by the patient.

Results

There was no statistical difference considering clinical 
examination and subjective and objective scales (i.e., Lach-
man test, anterior drawer test, pivot-shift test, Lysholm 
scale, and IKDC 2000 evaluation). Statistical differences 
were found when referring to return to work and to physi-
cal activity, and to resulting complications.

Patients after undergoing surgery utilizing LARS re-
turned more quickly to  work and physical activity. 
On the other hand, the main complications also concern 

Fig. 1. Right knee ACL reconstruction using autograft

Fig. 2. Right knee ACL reconstruction using LARS
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the LARS group. Revision surgery was performed much 
more often in the LARS group than in the autograft group 
(50% compared to 4.5%). Moreover, revision operations 
in the LARS group were much more difficult to perform 
due to the greater damage to the knee.

Functional assessment results

Within 24 months of the reconstruction of the ACL, 
the average total number of points obtained on the Lysholm 
scale in group I was 98.65 ±4.25 points. In group II, patients 
obtained an average of 97.42 ±4.28 points in the same period 
after the surgery (Fig. 3). Comparative analyses of the re-
sults of the functional assessment based on the Lysholm 
scale did not show statistically significant differences 
in the examined groups (p = 0.212).

Within 24 months of the reconstruction of the ACL, 
the average total number of points on the IKDC 2000 scale 
obtained in group I was 96.79 ±6.54 points. In group II, 
patients obtained an  average of  95.21  ±5.36  points 
in the same period since surgery (Fig. 3). Comparative 
analyses of the results of the functional assessment did not 
show statistically significant differences in the examined 
groups (p = 0.886).

Results of pain assessment

The  pain felt on  a  daily basis in  the  operated limb 
in group I can be interpreted as mild and at a maximum 
on the 3rd day post-operation (AM = 37.34 ±8.22 mm). 
A comparative inspection of  the  results of  the assess-
ment of the extremity of daily pain in the operated limb 
in group I exhibited statistically significant differences 
(p  ≤  0.001) between the  results acquired successively 
on postoperative days 3, 7, 14, and 28 (Fig. 4). The intensity 
of pain felt on a daily basis in the operated limb in group I 
was significantly lower (p ≤ 0.001) on postoperative day 7 
(AM  =  29.22  ±7.67  mm) than on  postoperative day  3 
(AM = 37.34 ±8.22 mm). Pain experienced also signifi-
cantly decreased (p ≤ 0.001) on the 14th postoperative day 
(AM = 20.67 ±6.66 mm) compared to the 7th postoperative 

day. The intensity of pain sensations in the operated limb 
on the 28th postoperative day (AM = 17.21 ±5.45 mm) was 
comparable to the pain experienced on the 14th day after 
surgery (p = 0.448). The pain experienced in the operated 
limb in group II on the 3rd postoperative day was moder-
ate in nature (AM = 64.72 ±10.20 mm). In the subsequent 
postoperative days, the values did not exceed 49.54 mm, 
and can therefore be considered mild pain. Compara-
tive analyses of  the  evaluation results of  the  intensity 
of pain experienced on a daily basis in the operated limb 
in group II, similarly to group I, showed statistically sig-
nificant differences (p ≤ 0.001) between the results ob-
tained successively on 3, 7, 14, and 28 days post-surgery 
(Fig. 4). The intensity of daily pain in the operated limb 
in group II significantly (p ≤ 0.001) decreased on day 7 
after the surgery (AM = 49.54 ±9.33 mm) when compared 
to day 3 after surgery (AM = 64.72 ±10.20 mm). Between 
days 7 and 14 post-surgery (AM = 32.42 ±8.20 mm), the in-
tensity of pain also decreased significantly (p ≤ 0.001). 
Pain felt in the operated limb on day 28 after the operation 
(AM = 18.67 ±6.57 mm) was significantly (p ≤ 0.001) less 
intense than on the 14th day after the operation. Com-
paring results of the assessment of the intensity of pain 
experienced daily in  the  operated limb showed that 
in group I, the level of pain was significantly lower than 
in group II (from p ≤ 0.001 to p = 0.28). A comparative 
analysis of the results obtained in both examined groups 
is shown in Fig. 4.

Results of the return to work evaluation

The patients from group I were able to return to office work 
significantly (p ≤ 0.001) earlier (AM = 7.04 ±1.82 weeks) than 
to physical work (AM = 20.50 ±2.91 weeks). In group II, 
patients were also able to return to office work signifi-
cantly (p ≤ 0.001) more quickly (AM = 9.21 ±1.75 weeks) 
than to physical work (AM = 21.12 ± 3.12 weeks) (Fig. 5). 
Patients from group I returned to office work significantly 
earlier (p ≤ 0.001) than patients from group II. The time 
necessary in order to return to physical work was similar 
in both groups (p = 0.904) (Fig. 5).

Fig. 4. Results of the assessment of the intensity of daily pain experienced 
in the operated limb in groups I and II on subsequent postoperative days

Fig. 3. Comparative analysis of the total number of points on the Lysholm 
scale and on the IKDC 2000 scale obtained in group I and group II
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Local postoperative complications

Skin hypoesthesia was not present in any of  the pa-
tients in group I. In contrast, it was present in 187 pa-
tients in group II, accounting for 52% of patients in this 
group. Symptoms of skin hypoesthesia subsided in less 
than 6 months after reconstruction of the ACL in 52% 
of the patients. Symptoms of skin hypoesthesia subsided 
within 12 months of surgery in 6% of the patients. No 
patients in group I complained of discomfort in the pos-
terior thigh of the operated limb. However, 84 patients 
from group II reported this symptom, which accounted for 
24% of the patients from this group. Thigh pain resolved 
in less than 1 month of reconstruction of the ACL in 88% 
of the patients. In the remaining 12% of patients, discom-
fort in the posterior thigh of the operated limb lingered for 
more than 12 months post-surgery. Twenty-four patients 
from group II had a hematoma at the graft site, which made 
up 6% of group II. Three out of 24 patients with hematoma 
received conservative treatment, and 1 patient out of the 4 
with hematoma required surgical intervention.

Late complications

Revision surgery in autograft group was required in 21 
cases (5.6%) because of: secondary instability (loosening 
graft) – 4 cases, secondary instability (graft rupture) – 14 
cases, arthrofibrosis – 2 cases, and joint infection – 1 case.

Revision surgery in LARS group was performed in 23 
cases (50%) because of: secondary instability (loosening 
graft) – 1 case, secondary instability (graft rupture) – 18 
cases, arthrofibrosis – 2 cases, joint infection – 1 case, 
synovitis – 2 cases, cartilage lesion – 2 case, and synovial 
cyst – 5 cases (Fig. 6–11).

Discussion

The  ACL reconstruction in  adults using the  LARS 
technique yields good results in short-term postopera-
tive observations. The main advantages are: the possibility Fig. 9. Synovitis

Fig. 8. Cartilage damage

Fig. 7. Partial LARS rupture after 12 months – synthetic components

Fig. 6. LARS rupture after 12 months
Fig. 5. Comparison of time taken to return to office work and to physical 
work in both groups
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of increased load on the limb in a shorter time compared 
to natural grafts, increased mechanical strength, no local 
complications related to graft collection, and overall lower 
cost than autograft.23–26 This was also confirmed in our 
research.27–29

Despite the  existence of  the  LARS technique since 
the 1990s, it  is a rarely performed procedure compared 
to natural transplants. There are also few long-term post-
operative follow-ups.25,26,30

The gold standard in ACL reconstruction is still recon-
struction with the use of autogenous transplant. The LARS 
method is intended for people who require revision recon-
structions, with limited possibilities of obtaining an autog-
enous transplant. It is not recommended for very young 
people. In our study, we also did not qualify such people 
for surgery. This technique is intended for elderly patients 
who want to quickly regain their fitness with the possibility 
of full load on the knee joint shortly after the procedure.31

One of the synthetic material grafts introduced in the 2nd 
half of the 20th century was a graft made of polyester, 
which evolved into a non-absorbable synthetic ligament 
device made of terephthalic polyethylene polyester fibers 
– LARS.32 It is intensively cleaned with the aim to remove 
potential machining residues and oils to further encour-
age soft tissue in-growth and reduce the risk of reactive 
synovitis. The LARS consists of 2 parts: an intra-articular 

part and an extra-articular part. The ligament intra-ar-
ticular portion/scaffold is built of multiple parallel fibers 
that are twisted at 90° angle.32 The part is composed of 2 
longitudinal external rotation fibers without transverse 
fibers, being designed as an imitation of ACL anatomic 
structure. The extra-articular part is waved using longitu-
dinal and transverse fibers with the aim to avoid ligament 
deformation. The short-term postoperative results of pa-
tients after ACL reconstruction with the use of LARS are 
very satisfying.33 A mean 2.5-year follow-up carried out 
by Dericks revealed encouraging results of treatment with 
the use of LARS.32 Also, a follow-up at a mean of 8 years re-
ported by Parchi et al. showed satisfying results reflected 
in no postoperative complication occurrences and only 1 
case of LARS rupture.34 On the other hand, the ten-year 
postoperative follow-up carried out by Tiefenboeck et al. 
revealed a lack of subjective satisfaction in ½ of patients 
treated with the use of LARS; thus, the authors suggested 
not to consider the ligament system as a potential graft for 
primary reconstruction of the ACL and to treat it as an al-
ternative graft in special cases.35 In our study, a very large 
number of revisions occurred after only 36 months.

Many studies have compared the results of ACL treat-
ment using autografts and the synthetic LARS ligament. 
The most frequently compared autograft is the four-fold 
hamstring transplant. Patellar ligament (B-PT-B) and 
quadriceps tendon (QT) grafts have been studied less 
frequently.35–39

Zhong conducted a four-year follow-up study on a group 
of  60  patients (32 autografts and 28 synthetic grafts). 
The  results were as  follows: the difference in anterior 
tibia translation (ATT) of the operated and healthy limbs 
was on average 2.4 ±0.5 mm for the natural graft and 
1.2 ±0.3 mm for the synthetic graft. A translation dif-
ference of more than 5 mm occurred in 3 patients oper-
ated on with hamstrings and in none in the LARS group. 
In terms of the IKDC 2000 rating, 87.5% of the hamstrings 
group and 92.9% of the LARS group achieved a normal 
or near-normal result. The mean values of the Lysholm 
scale were 92.1 ±7.9 and 94.6 ±9.2, and for the Tegner scale 
they were 6.2 ±1.6 and 6.6 ±1.8, respectively, for autograft 
and synthetic graft group. In the 4SGH (hamstrings) group, 
6.25% of respondents complained of a 5° flexion deficit 
in the operated knee joint, and 3.13% suffered complica-
tions due to arthrofibrosis. In the LARS group, no com-
plications related to limited ROM in the knee were ob-
served.36 In terms of the IKDC 2000 and Lysholm scale, 
the results are similar to the results of our research.

Bianchi in his eight-year meta-analysis of the effective-
ness of the 4SHG (25 patients) and LARS (25 patients) 
methods, assessed the occurrence of Lachman’s symptom, 
which was 56% for LARS and 24% for 4SHG, with the an-
terior drawer test at 68% for LARS and 16% for 4SHG.37

Xiaoyu and Yecheng compared the effectiveness of treat-
ing ACL lesions using the technique of transplantation 
from the patellar tendon (BTB) and LARS in independent 

Fig. 11. Synovitis after 24 months

Fig. 10. Partial LARS rupture after 24 months – synthetic components
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studies on groups of 62 patients (30 BTB and 32 LARS) 
and 50 patients (26 BTB and 24 LARS), with a four-year 
postoperative follow-up in both studies.38,39

All researchers, regardless of the type of material used 
as an autograft, draw the same conclusions: They empha-
size significantly better ligamentous stability of the knee 
in physical examinations of LARS groups. We did not 
see a similar relationship. At the same time, the cited re-
searchers describe the results of the IKDC 2000, Lysholm 
and Tegner tests, and subjective complaints about 
the knee joint without statistically significant differences 
in the compared groups. They write about significantly 
less pain and earlier stress on the limb in the LARS groups 
compared to the groups subjected to ACL reconstructions 
with the use of natural transplants. They note, however, 
that this effect is observed only in the early postoperative 
period up to 1 year (it is associated with the time of liga-
mentization – that is, reconstruction of natural grafts).36–40

Despite better results in the LARS treatment of ACL 
injuries, scientists agree that autograft augmentation 
remains the method of choice. They support this deci-
sion with a lack of documented long-term observations. 
The longest follow-up after the LARS procedure, which 
we found in the literature, was 11.6 years.24

In our opinion, such a  large number of revision sur-
geries and complications do not justify the use of  this 
method. To date, no published studies have directly com-
pared the results of ACL reconstruction treatment with 
the LARS technique and allografts.

Limitations

The most obvious drawback of this study is the short-
term follow-up. In the future, studies involving long-term 
follow-up with patients that have undergone fully super-
vised physiotherapeutic procedures and comprehensive 
clinical and functional evaluations need to be taken into 
account.

Conclusions

Currently, numerous studies are being conducted that 
emphasize genetic predisposition to cruciate ligament inju-
ries. The ACL “suture” techniques need additional testing 
and studies, and require much more scientific material. 
Research on the application of stem cells, scaffolds, plasma 
rich platelets, and xenografts are also breaking ground. 
These trends in the constant progression of ACL surgery 
will make way for a far more individualized method of op-
eration and treatment.

Reconstruction of the ACL using a synthetic graft such 
as LARS gives similar results as autograft in a cohort fol-
low-up. Long-term results show a large number of revision 
surgeries when using LARS. Using this method should be 
employed with caution.
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