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Abstract

Introduction The aim of this study was to assess the differential laxity after reconstruction of the anterior cruciate ligament
(ACL) by the TLS® technique using a single tendon, the semitendinosus in four-strand graft, compared with the hamstring
technique which uses both the gracilis and semitendinosus. We hypothesised that this surgical technique would provide
post-surgical differential laxity measurements at least as good as those of the hamstring technique.

Materials and methods We carried out a prospective monocentric study on patients undergoing unilateral anterior cruciate
ligament repair between December 2014 and June 2016. All patients were followed up for at least 12 months. The series
compares 61 patients operated on using the TLS® technique by the same surgeon, with 33 patients operated on using the
hamstring technique by a second surgeon. The main objective of the study was to compare the post-operative differential
laxity, measured using the KT1000, between the two techniques.

Results There was no significant difference in the patients’ epidemiological characteristics and pre-operative scores between
the two groups. Average pre-operative differential laxity was 6.5 mm=2.1 (min 3; max 12) in the TLS group and 6.4 mm +2.0
(min 0; max 11) in the hamstring group, with no statistically significant difference. The average post-operative difference
in laxity was —0.1 mm+ 1.9 (min — 5; max 4) in the TLS group and 0.3 mm + 2.0 (min —7; max 5) in the hamstring group.
Again, no significant difference was observed between groups.

Discussion This study demonstrates a level of post-operative differential laxity control using TLS comparable with that of
the ACL reconstruction technique using a hamstring graft with preserved tibial insertion.

Level of evidence II, prospective cohort study.

Keywords Anterior cruciate ligament - Laxity - Tape Locking Screw (TLS®) - ST4 - Hamstring graft

Introduction

In 2011, Collette described a surgical technique for ACL
reconstruction using a single tendon (the semitendinosus)
called “short” or ST4 autograft [1]. It was fixed with two
TLS® 7-mm braided polyethylene terephthalate tapes, allow-
ing a 500 N pretension of the four-strand semitendinosus
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graft, and two specific tibial and femoral TLS® interference
screws, inserted using the outside-in method [1]. This pre-
tension means the graft requires less stretching post-opera-
tively than can often be needed with standard grafts [2-7].
The short grafts are made possible since it has been
proven that a short insertion into the bone tunnels is possible
[8,9].In 2011, Lubowitz showed that this technique offered
the advantage of blind tunnels, preserving both femoral and
tibial bone stocks, and required less tendon damage by spar-
ing the gracilis that in turn reduces the muscle deficit in
the flexor muscles occurring when a combined semitendi-
nosus and gracilis graft is taken [10-13]. Nevertheless, this
technique is the subject of some controversy [14], notably
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regarding its tibial fixation system, which remains to be
optimised.

In theory, the main disadvantage of this technique is that
the graft size is chosen arbitrarily (between 45 and 65 mm
depending on patient gender and size) with no prior knowl-
edge of the intra-articular length actually required for any
given patient. If the length of the blind tunnels is insufficient,
this means it is theoretically impossible to adjust the graft
tension satisfactorily when fixing it. Apart from the practi-
tioners who developed this technique, few evaluation studies
have been performed, and its medium-term results are not
yet widely published.

This study’s objective was to compare post-operative
differential laxity using this technique with the differential
laxity using the hamstring technique. Evaluation of laxity
was done over at least 12 months post-operatively using the
KT1000 arthrometer. Its secondary objectives were to com-
pare the functional results and the short-term complications
of the two techniques.

The hypothesis was that the results obtained with this
single-tendon surgical technique would be at least equiva-
lent in terms of laxity to those of the traditional hamstring
technique.

Materials and methods
Population

An independent, monocentric observational prospective
study was carried out between December 2014 and June

2016 with the agreement of the patients or their legal repre-
sentatives. Inclusion criteria were the presence of a unilat-
eral ACL rupture (confirmed by MRI) with clinical instabil-
ity despite correct rehabilitation; pre-operative assessment
by KT1000 arthrometer (MedMetric, San Diego, CA, USA)
identifying a translation of at least 3 mm compared with the
contralateral knee [15]; and no history of surgery to either
knee. Pre-operative parameters analysed were age, gender,
BMLI, sporting activity, presence of a bone bruise on the
MRI, concomitant meniscus damage and the presence of
a pre-operative pivot shift. The ST4 cohort consisted of 69
patients operated on by a surgeon who only performs the
ST4 technique. The second cohort consisted of 37 patients
operated on by a surgeon who only performs the hamstring
technique. The epidemiological characteristics of the two
cohorts are summarised in Table 1. Eight patients in the
ST4 group were lost to follow-up (n=61), and four in the
hamstring group (n=233).

Surgical technique

The TLS® surgical technique followed the short, four-strand
semitendinosus graft technique described by Colette and
Cassard in 2011 [1]. Graft length was 50 mm for 15 patients
and 55 mm for the other 46 patients. Average graft diameter
was 9.5 mm=+ 0.9 (min 7; max 11). The graft was tight-
ened within the joint using the artifice of “the sardine box”
(Fig. 1). The hamstring surgical technique with preserved
tibial insertion was performed as reported by Saragaglia
[16]. All grafts in this group had a length of 120 mm. Aver-
age graft diameter was 8.6 mm+0.7 (min 7; max 10). No

Table 1 Population

oF ST4 (n=61) ST-G (n=33) p value
characteristics: average
[interval] and % of total Age (years) 31.7+13.7 [14-70] 32.9+ 12 [18-53] 0.66
population Gender
Male 49 (80%) 22 (67%) 0.22
Female 12 (20%) 11 (33%)
BMI (kg/m?) 242+4.4 245+3.7 0.76
Average follow-up 19.3+6.3 [12-30] 17.7+6.3 [12-32] 0.24
Knee operated on
Right 37 (61%) 13 (39%) 0.08
Left 24 (39%) 20 (60%)
Circumstances of accident
Sport 45 (74%) 26 (79%)
Daily life 16 (26%) 7 (21%)
Clinical pivot shift 36 (59%) 12 (36%) 0.06
Meniscus damage on MRI 26 (43%) 20 (60%) 0.15
Medial meniscus 18 (30%) 9 (27%)
Lateral meniscus 5 (8%) 6 (18%)
Both menisci 3(5%) 5(15%)
Bone bruise on MRI 54 (88%) 14 (42%) <0.01
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Fig.1 Artifice of “the sardine box.” Source: Operative technique
TLS® FH Orthopedics (with permission)

lateral tenodesis was performed. The maximum tension of
the graft was obtained manually with the knee flexed at 20°
after 10 cycling repetitions. Eleven patients in each group
also underwent meniscectomy or meniscal suture during
the operation. Both groups had the same rehabilitation pro-
gramme. Physiotherapy commenced the day after surgery
with full weight-bearing. The objective was to regain a com-
plete range of knee joint motion, firstly in extension and
subsequently in flexion. Proprioception training was initi-
ated after 3 months. Sporting activities without pivot were
permitted at 6 months, and unrestricted sporting activities
were allowed from ninth month onwards.

Evaluation

The principal criterion was the measurement of sagittal dif-
ferential laxity. All patients were preoperatively examined
under anaesthesia by the lead surgeon. Anterior laxity in 15°
flexion was measured using the KT 1000 arthrometer follow-
ing the maximum manual Lachman test. The same evalua-
tion (without anaesthesia) was performed at the 12-month
follow-up visit. A differential laxity of 3 mm or less was
considered satisfactory [17]. All patients were re-examined
by their surgeon during follow-up visits at 4, 6, 12 and
24 months post-surgery. Additional visits could be under-
taken as required, for example in case of complications.
The secondary criteria consisted of frequency of post-
operative complications (thromboembolism, re-rupture,
meniscus damage, cyclops syndrome, complex regional pain

syndrome (CRPS)), time off sport and subjective evaluation
using the IKDC, Lysholm and Tegner scores. Each patient
completed these scores at the final follow-up visit.

Surgical details, peri- and post-operative complications
and any revision surgery were noted in the patient files dur-
ing the follow-up visits and upon review by an independent
examiner.

Statistical analysis

Results were analysed using the SPSS® (SPSS Ins, Chicago)
statistics software. The Gaussian distribution was verified
using the Shapiro—Wilk test. Equality of variance was evalu-
ated using both Fisher’s f test and Levene’s test in order to
measure the conditions of homoscedasticity demanded for
parametric testing. The significance threshold chosen was
p <0.05. Initial analysis was descriptive, expressed in terms
of mean, median and standard deviation. A comparative
analysis was subsequently performed with matched Student
t tests and power analysis. The number of subjects necessary
was calculated using a Bayesian approach, with an initial
alpha risk of 0.05. A minimum of 32 patients was calculated
to objectify a post-operative differential laxity of <3 mm.

Results
Laxity

Mean pre-operative differential laxity was 6.5 mm+2.1 (min
3; max 12) in the TLS group and 6.4 mm + 2.0 (min 0; max
11) in the hamstring group. Mean differential post-operative
laxity was —0.1+1.9 (min —5; max 4) in the TLS group
and 0.3 mm = 2.0 (min —7; max 5) in the hamstring group.
No significant difference between groups was observed pre-
or post-operatively. 92% of patients presented a differential
laxity of less than 3 mm (in certain cases less than the con-
tralateral knee) in the TLS group, compared with 97% in the
hamstring group.

Complications

In the TLS group, complications were noted in 13% of
cases. Three patients (4.9%) were diagnosed with cyclops
syndrome and re-operated on at 8, 9 and 12 months after
the initial surgery. Two out of 3 had 5 degrees of flexion,
and the remaining patient had 10 degrees. The graft diam-
eters in these cases were either 10 mm (z=2) or 9 mm.
Two patients had a medial meniscus lesion following the
ligamentoplasty and were re-operated at 3 and 12 months,
respectively. One patient developed CRPS at 2 months. Two
clinical re-ruptures (3.3%) confirmed by MRI were found at
12 and 18 months post-surgery.
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Complications were noted in 3 patients (9.1%) in the
hamstring group. One re-rupture occurred at 11 months. One
patient presented a medial meniscus lesion at 22 months.
Finally, one patient was re-operated on at 3 months for a
femoral interference screw not enough introduced that
extended beyond the external cortical bone resulting in a
windshield wiper effect.

Functional evaluation

A comparison of pre- and post-operative functional scores
is shown in Table 2. Patients recommenced a sporting activ-
ity (in-line movements only) after an average of 6.1 months
post-surgery in the TLS group and 7.1 months in the ham-
string group (p =0.04).

Discussion

The TLS technique appears to offer good results at 1-year
follow-up in terms of differential laxity. This outcome was
equivalent to that of the hamstring technique, confirming the
original hypothesis.

The first limitation of this study is that the design was nei-
ther randomised nor controlled (2 surgeons, each dedicated
to 1 technique for 1 group of patients); thus, a possible bias
may exist. Secondly, the observers were not independent and

Table 2 Functional scores

were, in addition, the surgeons responsible for each inter-
vention. Patient auto-evaluation was, however, used for the
IKDC, Lysholm and Tegner scores. Another possible source
of bias is that pre-operative measurement of anteroposterior
laxity was obtained under anaesthesia by the surgeon using
the KT1000 laximeter, whilst laxity measurement at follow-
up was recorded in the clinic by an independent examiner.
However, Sernert et al. [18] have shown that this measure-
ment is very reproducible with little intra- or inter-observer
variation and is not significantly influenced by anaesthesia.
Furthermore, the KT1000 remains the reference examination
in clinical practice, used either as a diagnostic aide (differ-
ential laxity >3 mm) or for follow-up [17].

The TLS technique entails using a larger diameter graft
(+ 0.9 mm) than the hamstring technique; however, this does
not offer any improvement in mean differential laxity, nor
an increase in graft diameter linked with a lower incidence
of re-rupture, as shown by the 3.2% incidence in the TLS
group, compared with the 3.0% in the hamstring group.
These results are comparable with the 3.5% described by
Lewis et al. [19] over 921 operations using the patellar ten-
don or the hamstring tendons. However, this study showed
a high prevalence of cyclops syndrome (4.9%) in the TLS
group, higher than that described by Robert et al. [20] using
the same technique. Graft size does not seem to be the cause
[21], and the bone tunnels were correctly positioned [22].

The risk of over-tensioning is probably increased with the
TLS® technique since the mechanical device employed to
determine the right positioning and the tension on the graft
is more powerful than the manual tension used in the ham-

ST4 (n=61) ST-G (n=33) p value string technique. Sherman explains that high tension applied
in flexion can increase the risk of flexion contractures [23].
Pre-surgery The differential laxity observed in this study for the
Lysholm 4.0£12.9 42.6+ 145 0.32 TLS technique (92% <3 mm) is comparable with the other
Tegner 6.2+1.5 6.1+1.6 0.71 . . . .
common short graft techniques described in the literature
IKDC 39-7x122 0.6+ 144 054 (Table 3) [1, 20, 24-27]. Robert et al. reported 83% of laxity
Post-surgery <3 mm [20] and Lewis 77% [19]. Other studies evaluating
Lysholm 935498 93.9£70 08 four-strand semitendinosus ACL reconstruction techniques
Tegner 43+14 55+1.8 <0.01 .
have shown that laxity appears to be less well-controlled
IKDC o42+112 937473 043 when endobutton fixation is used. Bressy et al. [24] reported
Table 3 Literature review
Year No. of patients Post-operative differential ~ Fixation system IKDC Lysholm
laxity (A) in mm
Collette et al. [1] 2011 134 1.5-3.7 TLS NC NC
Robert et al. [20] 2011 74 1.9 TLS 92 94
Orfeuvre et al. [25] 2018 61 -0.1 TLS 94.1 95.5
Lubowitz et al. [26] 2015 43 1.1 Endobutton 83.8 NC
Bressy et al. [24] 2016 35 2.8 Adjustable endobutton 71.8 79.6
Schurz et al. [27] 2016 79 1.7 Adjustable endobutton 89.7 93.1

NC non-communicated
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poor control of differential laxity with an endobutton, 46% of
patients presenting a residual laxity of >3 mm. It is possible
that the difference observed in our study (92 vs. 46%) is due
to the tape fixation system used in the TLS technique. The
similarity in differential laxity between TLS, patellar tendon
and hamstring tendon techniques has already been reported
in the meta-analysis conducted by Poehling-Monaghan et al.
in 2017 [28].

Regarding the IKDC, Lysholm and Tegner functional
scores, our results are comparable with those previously
published. In the TLS group, the Lysholm score rose from
41 to 95.5 points, with no statistically significant difference
compared with the hamstring group, which is coherent with
the improvement in knee stability following the surgery. In
a literature review looking at patellar tendon and hamstring
tendon ligamentoplasties, Lewis et al. [19] found a Lysholm
score higher than 85 points in seven of eight studies, whilst
for Poehling-Monaghan et al. [28] the score was higher than
81 points in 7 studies. The same is true for improvement
in mean IKDC score, where an improvement in the func-
tional knee score is reported following surgery [19, 28].
This is concordant with our results (increase from 39.7 to
94.1 points) in the TLS group. This score correlates with a
healthy knee in a population of 25-34-year-old Americans
(score of 94 points) [29]. For return to sporting activity,
there was a reduced level of activity at 1 year in both groups.
Notarnicola et al. [30] with a 13-month follow-up reported
similar results in 80 amateur athletes who had a pre-oper-
ative Tegner score of 6.9 points and a post-operative score
of 3.9 points. In a study by Hetsroni et al. [31] where young
fit patients were followed for 5-10 years, a high level of
sporting activity prior to surgery and an early stabilisation
of the knee allowed a better return to the previous level of
activity. The reduction in activity level we observed could
be explained by the medium-term follow-up, meaning that
patients had not yet reached their level of activity prior to
injury. The Tegner score at 1 year in the hamstring group
is significantly better than that in the TLS group. Patients
reached their previous level of sporting activity more quickly
in the hamstring group than in the TLS group.

Conclusion

This study demonstrates that the TLS® technique offers a
post-operative differential laxity control comparable with
the ACL reconstruction technique using the hamstring ten-
dons with preserved tibial insertion. The re-rupture rate
is also equivalent. A higher incidence of surgical revision
for cyclops syndrome was found in the TLS group. Strong
tension is recommended for the classical hamstrings graft
technique, whereas a lower tension is sufficient for the TLS
technique as the graft and fixations are stiffer.
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