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Abstract

Purpose The aim of this study is to investigate clinical and magnetic resonance imaging (MRI) outcomes after anterior
cruciate ligament (ACL) repair using the suture tape augmentation (STA) technique.

Methods This prospective interventional case series included 35 patients who underwent STA ACL repair and were all
followed up for 2 years. The ACL rupture was between 4 and 12 weeks old and per-operatively confirmed repairable. The
International Knee Documentation Committee (IKDC), and Lysholm and Tegner scores were collected together with return
to work (RTW), return to sport (RTS), re-rupture, and re-intervention rate. Lachman testing was performed and ACL healing
was evaluated on MRI using a grading scale based on the ACL’s morphology and signal intensity with grade 1 representing
good ACL healing and grade 3 representing poor ACL healing.

Results The number of patients who returned to their pre-rupture level for IKDC, Lysholm, and Tegner scores at 2 years
of follow-up are 17/26 (65.4%), 13/25 (52.0%), and 18/27 (66.7%) patients, respectively. Median RTW and RTS periods
were 5.5 weeks (range 0-32 weeks) and 6 months (range 2—22 months), respectively. The Lachman side-to-side difference
decreased significantly (P <0.001) to less than 3 mm after surgery and remained stable. Four patients [11.4%, 95% CI (3.2,
26.7)] suffered from a re-rupture and three other patients [8.6%, 95% CI (1.8, 23.1)] needed a re-intervention for another
reason than re-rupture. MRI follow-up of 31 patients showed overall grade 1 ACL healing in 14 (45.2%) patients, grade 2
ACL healing in 11 (35.5%) patients, and grade 3 ACL healing in 6 (19.4%) patients. A higher risk of re-rupture was associ-
ated with grade 3 ACL healing at 6 months post-operatively and a pre-operative Tegner score of > 7.

Conclusion This study shows that treatment of the acute, repairable ACL with the STA technique leads to a stable knee and
favorable patient-reported outcome measures (PROMs). However, the re-rupture rate of 11.4% within the 2-year follow-up
is a concern.

Level of evidence 1V.

Keywords Anterior cruciate ligament - Anterior cruciate ligament rupture - Anterior cruciate ligament repair - Anterior
cruciate ligament preservation - Suture tape augmentation - Suture tape reconstruction - Internal bracing
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Introduction

In the 1970’s and 80’s, repair techniques were performed
to treat anterior cruciate ligament (ACL) ruptures. These
open repair techniques were abandoned after disappoint-
ing 5-year follow-up outcomes and ACL reconstruction
became the gold-standard treatment [10, 32]. The intro-
duction of several novel ACL repair techniques in the last
decade has led to renewed interest in acute primary ACL
repair [15, 22, 30, 32].

Van der List et al. reported that arthroscopic ACL
repair techniques were safe, with failure rates of 7-11%,
no complications, and functional outcome scores of > 85%
of maximum scores [32]. Bucci et al. also reported that
current literature on ACL repair reports better outcomes
than in the past and subjective patient-reported outcome
measures (PROMs) following ACL repair are not inferior
to PROMs after ACL reconstruction [5].

One of the most published ACL repair techniques is the
Dynamic Intraligamentary Stabilization (DIS) technique.
The first publications by the DIS developer group con-
firm the healing capacity of the ACL and report excellent
patient satisfaction and re-rupture rates of 2.9 and 10% [7,
15]. More recent publications from independent research-
ers show re-rupture rates up to 20% at 2-year follow-up
and failure rates of 30% at 5-year follow-up [3, 37].

The Suture Tape Augmentation (STA) technique is a
repair technique that preserves the native ACL and pro-
vides a secondary stabilizer to reinforce the repaired ACL
during the healing phase [17, 42]. Preservation of the
native ligament and its proprioceptors contributes to the
feedback on position and dynamic stability of the knee,
which improves rehabilitation after surgery [17, 24, 25,
30]. The STA technique is less-invasive compared to ACL
reconstruction as graft harvesting morbidity is avoided,
and the 3.5 mm bone tunnels drilled for the STA technique
are less than half the size of bone tunnels needed for ACL
reconstruction [17, 25, 32].

Currently, literature on STA ACL repair is not extensive.
Two STA ACL case series report promising results in terms
of an increase in PROMs and re-rupture rates of 4.8 and
1.5%. However, both studies do not compare postopera-
tive data with pre-rupture data and lack a clinical as well
as magnetic resonance imaging (MRI) follow-up [17, 22].
A retrospective study by Ortmaier et al. on sports activity
states that short-term outcomes after STA ACL repair and
ACL reconstruction are comparable, and that STA treatment
enables sports activity and provides a sense of well-being
similar to that of classic ACL reconstruction [36].

To the best of our knowledge, no independent prospective
clinical results, longitudinal MRI follow-up, or risk factors
for re-rupture on STA ACL repair have been reported yet.

The purpose of this study was to investigate clinical
results, re-rupture risk factors, and MRI outcomes, 2 years
after primary ACL repair with the STA technique. The
hypothesis was that STA ACL repair would lead to an
acceptable re-rupture rate around 6% and good clinical out-
comes in terms of PROMs and knee stability.

Materials and methods
Patient recruitment

This prospective case series was approved by the insti-
tutional review board of the Antwerp University Hospi-
tal (B300201525523) and written informed consent was
obtained from all study participants. Patients with a proxi-
mal or mid-substance bundle ACL rupture between 4 and
12 weeks old at the moment of surgery were recruited for
treatment with the STA technique. Patients with an acute
ACL rupture of less than 4 weeks old were recruited for
treatment with DIS in a different study. Per-operative evalu-
ation of good ACL tissue quality and sufficient contact
between the stumps were vital inclusion criteria and deter-
mined whether the ACL was suitable for repair. Patients who
were not active in sports and therefore could be treated with
a conservative treatment, or patients who had multi-ligament
injuries, excluding medial collateral ligament or anterolat-
eral ligament lesions, or fractures that could compromise
rehabilitation were not included.

Seventy-two patients presented at the Antwerp Univer-
sity Hospital between 2015 and 2017 with an acute ruptured
ACL of less than 12 weeks old. Thirteen patients were pre-
operatively excluded for not meeting inclusion and exclusion
criteria. Fifteen patients were treated within 4 weeks with
DIS and 44 patients were allocated to be treated with the
STA technique. Seven of these 44 patients were per-oper-
atively excluded due to a non-repairable ACL rupture and
two patients refused to be followed up. This prospective case
series thus includes the first 35 consecutive patients treated
with the STA technique at the Antwerp University Hospital
who were all followed up for 2 years (Fig. 1).

The mean age (SD) of the study population was 32.8
(9.7) years and ranged from 18 to 54 years, and 18 (51.4%)
patients were female.

Study design

Pre-rupture and postoperative PROMs after 6, 12, and
24 months were collected via questionnaires completed
during consultation. The International Knee Documen-
tation Committee (IKDC), Lysholm, Tegner, and Visual
Analogue Scale (VAS) satisfaction scores were collected
[13, 41]. Time between the surgery and return to work
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Fig.1 CONSORT flow diagram
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(RTW), time between the surgery and return to sport
(RTS), re-intervention, and re-rupture data were collected,
as well. Patients who suffered from re-rupture were sub-
sequently treated with ACL reconstruction and further
excluded from analysis of study results. Lachman testing
was performed using a Rolimeter (Aircast, Neubeuern,
Germany) to measure the anterior—posterior knee laxity
difference between the injured and contralateral knee [19].
Clinical failure was defined as Lachman test of >3 mm
difference between the injured and contralateral knee in
combination with a subjective feeling of instability. All
patients were asked to undergo MRI follow-up at 6, 12,
and 24 months post-operatively. Imaging was performed
on a commercially available, clinical whole-body 3 T MRI
system (Magnetom Prisma Fit, Siemens Healthcare, Erlan-
gen, Germany). A dedicated phased-array knee-coil with
15 receiver channels and 1 transmission channel (Quality
Electrodynamics, Mayfield Village, OH, USA) was used.
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A radiologist with 20 years of experience in musculo-
skeletal radiology interpreted all images, blinded to the
patient’s clinical information. ACL healing on MRI was
evaluated and categorized based on the ACL’s morphol-
ogy and signal intensity, as follows: grade 1: well-defined,
straight, continuous, normal-sized ACL with signal inten-
sity similar to or only slightly higher than that of the pos-
terior cruciate ligament (PCL); grade 2: normal sized (or
slightly thickened) continuous, straight ACL demonstrat-
ing a high signal compared to that of the PCL; and grade
3: an ill-defined, irregular ACL that is thinned or not dis-
cernible [23, 40]. The ACL healing grade was defined per
time point and an overall healing grade was determined for
each patient with two or three postoperative MRI images
based on the evolution of the ACL’s healing process over
time during follow-up. For the test-retest reliability, we
calculated a weighted kappa and found a very good reli-
ability of 0.85 [95% CI (0.71, 0.98)] [29].
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Surgical technique

The surgical technique has previously been described by
Heusdens et al. [17]. Proximal and mid-bundle ACL ruptures
were repaired using the STA technique (InternalBraceTM
Ligament Augmentation Repair, Arthrex Inc., Naples, FL).
After inspection of the ACL stump, a 3.5 mm tibial tun-
nel was drilled, ending at the center of the ACL footprint.
A looped suture (FiberLink®, Arthrex Inc., Naples, FL)
was placed through the distal ACL stump. At the femoral
attachment, two-to-four microfracturing holes were made to
enhance healing of the ACL. The femoral tunnel was drilled
from the center of the femoral footprint inside out, with the
knee fully flexed. A suture shuttle and the looped suture
were passed through the femoral tunnel. A femoral but-
ton, loaded with a high-strength tape (FiberTape®, Arthrex
Inc., Naples, FL), was flipped on the femoral cortex and the
high-strength tape was advanced in the femoral tunnel. The
high-strength tape was fixed in extension in the tibia with a
bone anchor (SwiveLock®, Arthrex Inc., Naples, FL). The
ruptured ACL fibers were gently tensioned with the looped
suture to approximate the distal stump to the femoral foot-
print with the knee in 90° of flexion. The looped suture was
tied on the femoral button with appropriate tension on the
ACL.

Postoperative rehabilitation

The postoperative rehabilitation protocol could be compared
to an accelerated ACL reconstruction protocol. Patients were
allowed full weight-bearing with crutches as required dur-
ing the first weeks. Physical therapy focused on early range
of motion, muscle control, and restoration of function. This
was facilitated by the limited pain and swelling, allow-
ing accelerated early phase rehabilitation. Patients were
allowed to perform pivoting sports if the knee had a full
range of motion, no effusion, upper leg muscular circumfer-
ence > 90%, and a single leg hop test>90% [17].

Statistical analyses

A post hoc sample size calculation was performed, indicat-
ing that to obtain a 95% confidence interval of width 16%
around the acceptable re-rupture rate of 6%, a total of 34
patients were needed. The goal of this study was to recruit
all possible patients during a 2-year period and explore the
findings. IKDC, Lysholm, VAS satisfaction scores, and the
Lachman difference were presented as mean with standard
deviation (SD) and Tegner score as median with range at
the different time points. A linear mixed model including
time (categorical variable) as a fixed effect and individual
as a random intercept was fitted for each of the outcomes. In
case of a significant time effect, post hoc testing was done

comparing each of the considered time points to the pre-
rupture (pre-operative) values on one hand, and the con-
secutive time points on the other hand. Raw and corrected
P values using the Bonferroni—-Holm correction for multi-
ple testing were reported. The mixed model was corrected
for age and gender by adding these factors, one by one, to
the model. Return to pre-rupture level was defined, respec-
tively, for the IKDC, Lysholm, and Tegner scores. A return
to pre-rupture level was considered for the IKDC score if the
current score was higher than or equal to the IKDC score
pre-rupture minus 10 points [20]. A return to pre-rupture
level was considered for the Lysholm score if the current
score lay within the same range or a higher range as the
pre-rupture score, assuming the following ranges: < 65 poor,
65-83 fair, 84-90 good, and > 90 excellent [33, 41]. For the
Tegner score, a return to pre-rupture level was considered
when the current score was the same as or higher than the
pre-rupture score [20, 41]. Median times to reach the pre-
rupture level were calculated for each of these scores with
95% confidence intervals. For RTW and RTS, Kaplan—Meier
curves were produced, and median RTW and RTS with 95%
confidence intervals were reported. For each time point
during follow-up, the proportion of patients with different
grades of ACL healing on MRI were reported. The ACL
re-rupture rate was expressed as a proportion with 95% con-
fidence interval (using exact Clopper—Pearson method). The
association between the occurrence of re-rupture and the
type of rupture, grade of ACL healing on MRI 6 months
postoperative, pre-operative Tegner score (<7 versus>7),
and age (<25 versus > 25) on re-rupture was evaluated using
a Fisher’s exact test. Results were considered significant if
P <0.05. All analyses were performed with SPSS statistics
(IBM, version 21) and R 3.5.2 (R core team, 2018) except
the mixed model, which was done in SAS 9.4 (SAS Institute,
Cary NC).

Results
Patient and surgical characteristics

The patient population of this study consists of non-elite
athletes from various sport levels, with pre-rupture Tegner
scores ranging from 1 to 9, and a median Tegner score of 6.
Pre-rupture, 9/33 (27.3%) patients were performing heavy
physical work, 10/33 (30.3%) patients light physical work,
and 14/33 (42.4%) patients sedentary work, and the working
category of the two remaining patients is unknown.
Twenty-two (62.9%) patients had one or more additional
procedures together with the STA surgery (Table 1). The
overall mean (SD) surgery time was 91 (21) min. The mean
(SD) surgery time of the patient group (n=22) that under-
went additional procedures during primary intervention was
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Table 1 Additional procedures during primary surgery

Additional procedure Num-
ber of
patients

Medial meniscus suture 9

Lateral meniscus suture 7

Partial medial meniscus resection 5

Partial lateral meniscus resection 2

Medial collateral ligament repair 4

Anterolateral ligament repair 1

102 (18) min and of the patient group (n=13) without addi-
tional procedures was 73 (11) min.

Clinical outcomes during 2-year follow-up

Mean scores (SD) of IKDC, Lysholm, and VAS satisfac-
tion at different time points during follow-up are reported
in Table 2 together with the mean (SD) Lachman side-to-
side difference in millimeters and median Tegner (range).
The Lachman side-to-side difference remained <3 mm
post-operatively for all patients and no clinical failure was
observed, except for those suffering from re-rupture. A lin-
ear mixed model with time as fixed effect showed signifi-
cant effects over time for all these measurements (P <0.001),
except for VAS satisfaction (n.s.) which can be expected,
since there are no pre-operative data available about patient
satisfaction. Comparing the two-sided 95% CI for the dif-
ference between IKDC score at 24 months post-operatively
and pre-rupture [15.1, — 4.7] to a non-inferiority margin of
10 IKDC points showed no non-inferiority after 24 months
compared to the pre-rupture level. When correcting the lin-
ear mixed model for age and gender, we found a signifi-
cant effect of these variables on the reported Tegner scores
(P=0.012 and P=0.041, respectively). On average, there is
a decrease in Tegner score of 1 point per 10 years [95% CI
(= 1, — 0.2)], and on average, this score is 1 point [95% CI

(— 2, — 0.04)] lower for women compared to men (time esti-
mates were similar in the unadjusted and adjusted models).
(Supplementary Table 1).

The proportions of patients who returned to their pre-
rupture level for IKDC, Lysholm, and Tegner scores at dif-
ferent time points during follow-up are reported in Table 3.
The median times to return to the pre-rupture level were
24 months [95% CI (17.8, 30.2)], 6 months [95% CI (3.2,
8.8)], and 12 months [95% CI (5.6, 18.4)] for the IKDC,
Lysholm, and Tegner score, respectively. The median RTW
period was 5.5 weeks [95% CI (4.4, 6.6)], ranging from O
to 32 weeks, and is represented in Fig. 2. The median RTS
period was 6 months [95% CI (4.6, 7.4)], ranging from 2 to
22 months, and is represented in Fig. 3.

MRI, re-intervention, and re-rupture

The proportion of patients for the different grades of ACL
healing per time point is presented in Table 4. Cross-tabu-
lation of the ACL healing grades showed that ACL healing
grade did not change between 1 and 2 years of follow-up for
the 20 patients who fully completed their MRI follow-up.

Three (8.6%) patients had a second surgery. One patient
was treated for a medial meniscus rupture in combina-
tion with arthrofibrosis. The second patient suffered from
arthrofibrosis and a cyclops lesion. The third patient was
treated for an extension deficit that was caused by an overly
tight FiberTape® (Arthrex, Inc., Naples, FL). These prob-
lems were solved after the re-intervention.

Table 3 Proportion of patients who returned to their pre-rupture level
at different time points during follow-up

Outcome 6 months 12 months 24 months

IKDC 6/31 (19.4%) 11/25 (44.0%) 17/26 (65.4%)
Lysholm 13/27 (48.1%) 13/26 (50.0%) 13/25 (52.0%)
Tegner 11/32 (34.4%) 11/27 (40.7%) 18/27 (66.7%)

IKDC International Knee Documentation Committee Score

Table 2 Outcome measures

. ) . : Scale Pre—ruptured Pre-operative 6 months 12 months 24 months
at different time points during
follow-up® Lachman difference (mm)® 3.7 (2.1 0.7 (1.7) 0.7 (1.1) 1.0(1.2)
IKDC* 94.8 (9.2) 75.0 (13.8)  81.6(12.1) 85.3(13.2)
Lysholm 93 (14) 85 (12) 85 (11) 86 (10)
Tegner 6 (1-9) 4.5 (2-8) 5(1-8) 6 (1-9)
VAS satisfaction - - 8(1) 8(2) 9(1)

“Lachman difference, IKDC score, Lysholm score, and VAS satisfaction score are reported as mean (SD).
Tegner score is reported as median (range)

Lachman testing was performed using a Rolimeter. Measured side-to-side differences are reported in mm

¢IKDC International Knee Documentation Committee Score

dPre-rupture data were collected via questionnaires during pre-operative consultation
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Fig. 3 Kaplan-Meier curve of the time to event with the return to
sports as event and time of surgery as time 0. Nr at risk below the fig-
ure is the number of patients not returned to sports at the given time
points

Four other patients (11.4%) suffered from re-rupture. One
patient had a motorcycle accident 7 months post-operatively
which resulted in an ACL re-rupture. Two patients experi-
enced the re-rupture while playing soccer at 9 and 13 months
post-operatively and one patient while dancing 22 months
post-operatively. These patients were subsequently treated
with an ACL reconstruction and further excluded from anal-
ysis of study results. Significance between type of rupture

Table 4 Number of patients with different grades of ACL healing on
MRI at different time points during follow-up

6 months 12 months 24 months Overall
Patients 35 28 23 31
Grade 1 0 (0.0%) 11 (39.3%) 13 (56.5%) 14 (45.2%)
Grade 2 30 (85.7%) 11 (39.3%) 7 (30.4%) 11 (35.5%)
Grade 3 5 (14.3%) 6 (21.4%) 3 (13.0%) 6 (19.4%)

Data are reported as number (percentage)

(proximal or mid-bundle), age, pre-operative Tegner score,
and grade of ACL healing on MRI 6 months post-operatively
and re-rupture are reported in Table 5.

Discussion

The most important findings of this study are that treatment
with the STA ACL repair technique leads to a stable knee
and favorable PROMs. However, four (11.4%) patients of
our study cohort experienced a re-rupture within the 2-year
follow-up. Analysis of risk factors for re-rupture showed that
patients with a pre-operative Tegner score of >7 and with
grade 3 ACL healing on MRI 6 months post-operatively
have a higher chance of re-rupture.

Longitudinal MRI follow-up shows healing of the ACL
between 6 and 12 months. The healing status remained
unchanged between 12 and 24 months post-operatively in
our study, suggesting that the repaired ACL does not fur-
ther heal after one year post-operatively. Similar findings
have been described in a study after ACL repair with DIS
[16]. However, in a non-longitudinal MRI study, van der
List et al. describe different results after ACL repair with a
hyper-intense repaired ligament within 1 year, and a signal
similar to that of the intact PCL only after 2 years [31]. Van
Dyck et al. performed a Diffusion Tensor MRI (DTI) study
on 14 patients treated with the STA technique. DTI results
are different from conventional MRI, as DTI provides infor-
mation about tissue microstructure and its degree of organi-
zation by quantifying water diffusion. Their findings suggest
that healing of the ACL is incomplete at 24 months post-
operatively [6]. We observed overall poor ACL healing on
MRI in six (19.4%) of our study patients during the 2-year
follow-up. Mid- to long-term MRI follow-up could contrib-
ute in determining the ACL repair healing time and potential
clinical consequences. In addition, we observed a significant
association between grade 3 ACL healing at 6 months post-
operatively on MRI and re-rupture (P =0.006). Postopera-
tive MRI grading as a possible predictor for re-rupture after
ACL repair has not been described before and needs to be
further investigated.
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Table 5 Association between

; No Re-rupture Re-rupture % Re-rupture within P value
type of rupture, ACL heahpg on group Fisher’s
MRI 6 months post-operatively, exact test
age, pre-operative Tegner score,
and occurrence of re-rupture Proximal rupture 26 3 103 (n.s.)

Mid-bundle rupture 5 1 16.7

Grade 1 healing 0 0.0 0.006%
Grade 2 healing 29 1 33

Grade 3 healing 3 60.0

Age<25 7 3 30.0 (n.s.)
Age>25 24 1 4.0

Tegner pre-op <7 19 0 0.0 0.035%
Tegner pre-op>7 12 4 25.0

P <0.05

Only two other STA ACL repair case series on adults,
from the developer of the STA technique, have been pub-
lished. They reported re-rupture rates of 1.5% and 4.5 [17,
22]. The re-rupture rate of 11.4% in this case series is rather
high. The learning curve that comes with new techniques
could be a possible explanation for this re-rupture rate. Also,
patient selection could have influenced the re-rupture rate
as patients with proximal and mid-bundle ruptures were
included, while recent literature on other ACL repair tech-
niques states that mid-substance ruptures are less suitable
for repair and have a higher complication rate [8, 9, 34, 39].
Achtnich et al. and Jonkergouw et al. found similar results
regarding failure after ACL repair using suture anchors with
failure rates of 15% and 10.7%, respectively [1, 24]. Ahmad
et al. conclude that there is evidence for the potential space
of ACL repair in the decision tree for individualized treat-
ment, and the best outcome will be in hands of the best
patient selectors [2].

A quick rehabilitation was observed in this case series
with a median RTW of 5.5 weeks (range 0-32 weeks) and
median RTS of 6 months (range 2—22 months). Patients
were only allowed to return to their pivoting sports if
the knee had a full range of motion, no effusion, upper
leg muscular circumference >90%, and a single leg hop
test>90% [17]. Groot et al. describe a general RTW of
11 weeks after ACL reconstruction [12]. Lai et al. reported
that most elite athletes RTS between 6 and 13 months after
ACL reconstruction, which is less time than reported for
non-elite athletes [28]. The healing phases of the repaired
ACL differs from the ACL reconstruction ligamentiza-
tion phases, and therefore, the rehabilitation period could
be different, as well [40]. The quick rehabilitation in our
study could be explained by the less-invasive STA tech-
nique and the preservation of the native ACL with its
proprioceptors. ACL reconstruction does not preserve the
native ligament with its proprioceptors which could lead
to overloading of the ACL graft or loss of confidence in
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the knee [4, 11, 22, 25]. Kiapour et al. state that preserva-
tion of the native ACL with its proprioceptors may lead
to more normal joint mechanics and a decreased risk for
post-traumatic osteoarthritis [25].

The proportion of study patients who returned to their
pre-rupture level for IKDC, Lysholm, and Tegner score
increased over time to 65.4, 52.0, and 66.7%, respectively,
but it needs to be noted that some patients who reached their
pre-rupture level within 1 year lost this level again at 2 years.
This is also observed after ACL reconstruction [20]. Ardern
et al. report that less than 50% of patients RTS at their pre-
rupture level after ACL reconstruction [4]. Ohsawa et al. on
the other hand report that 64.6% of patients return to their
pre-rupture level of Tegner score after ACL reconstruction,
which is similar to the proportion observed in this study
[35].

Risk factors for a re-rupture with the STA technique
have not previously been described for adults. For DIS
repair, young age and a high level of sport activity have
been found to influence the risk of failure [2, 3, 14, 26, 27].
This case series with four patients who experienced a re-
rupture suggests a higher risk on re-rupture for patients with
a pre-operative Tegner >7 (P =0.035) and for patients with
grade 3 ACL healing on MRI at 6 months post-operatively
(P=0.006). In this study, the risk on a re-rupture for patients
younger than 25 years did not reach significance (P=0.061).
As patient selection is emphasized for ACL repair, further
investigation is needed [2].

The re-intervention rate of 20% in this STA ACL repair
cohort study is similar to the re-intervention rate reported in
other studies. Rousseau et al. observed a surgical re-inter-
vention rate of 28% in their cohort of 958 ACL reconstruc-
tion patients [38]. Two randomized-controlled trials com-
paring ACL DIS repair versus ACL reconstruction report
an overall re-intervention rate of 25.6% and 29.5% in the
ACL DIS repair groups versus 22.5% and 33.3% in the ACL
reconstruction groups [20, 26].
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This study has several limitations. First, the sample size
is relatively small, as the goal of this study was to recruit
all possible patients during a 2-year period and explore
the findings. We realize that a sample of 35 patients is
not adequate to prove non-inferiority of 24 months to pre-
rupture or the estimate percentage returned to pre-rupture
level in a very precise way due to lack of power. Also
the results on the effect of patient characteristics on the
clinical outcomes or the analysis of the risk factors for re-
ruptures are only explorative in this relative small sample
and need further investigation. However, results in this
study can serve as a pilot to guide future sample size cal-
culations. Second, as this study is a case series, no direct
comparison can be made between the STA technique and
reconstruction surgery or other repair techniques. Hence,
high-quality large randomized clinical trials with longer
follow-up comparing ACL repair techniques and ACL
reconstruction are needed [18, 21]. Third, patients were
recruited at one center, which could bias the representa-
tiveness of our study population. Fourth, a learning curve
could have influenced the results as patients included in
this case series are the first patients who have been treated
with the STA technique by two surgeons.

To the best of our knowledge, this is the first case series
which presents independent prospective clinical results,
longitudinal MRI follow-up, and risk factors for re-rupture
on STA ACL repair. Patients with Tegner > 7 have a higher
chance on re-rupture. A strict patient selection could con-
tribute in decreasing the re-rupture rate. Further studies with
a long-term follow-up will have to show if modern ACL
repair can be a “game changer” or if history will repeat itself
[10].

Conclusion

This study shows that treatment of the acute, repairable ACL
with the STA technique leads to a stable knee and favorable
PROMs. However, the re-rupture rate of 11.4% within the
2-year follow-up is a concern.
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