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in a high risk of two‑stage ACL reconstruction:
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Abstract
Purpose: Dynamic Intraligamentary Stabilization (DIS) is a technique for the repair of acute anterior cruciate ligament
(ACL) injuries. The purpose of this study was to investigate the potential challenges of ACL reconstruction (ACLR) following failure of DIS.
Methods: A retrospective analysis of patients with failure of primary ACL repair performed with DIS was undertaken.
Failure was defined as abnormal knee laxity (positive Lachman and/or pivot shift) and/or severely restricted range
of motion. Medical and surgical records were reviewed and preoperative standard anteroposterior and lateral X-rays
were assessed.
Results: Between July 2015 and May 2022, 10 patients (3 males, 7 females, median age 28 years, range 18–52 years)
with failure of DIS were referred to and surgically treated at a single centre. In four patients, single-stage ACLR was
performed following the removal of the tibial monoblock. In six patients, arthrofibrosis and excessive tibial tunnel enlargement following the removal of the monoblock prevented single-stage ACLR. These patients underwent
arthroscopic arthrolysis and tibial tunnel bone grafting as a first-stage revision procedure.
Conclusion: In the present case series, single-stage ACLR was performed in only four (40%) of ten patients following failure of ACL repair with DIS. Arthrofibrosis and excessive tibial tunnel enlargement following the removal of the
monoblock prevented single-stage ACLR in six (60%) patients. It is important for clinicians to inform patients that, in
the event of failure of ACL repair with DIS, they may run a high risk of undergoing two-stage ACLR.
Level of Evidence: Level IV, Case Series.
Keywords: Anterior cruciate ligament reconstruction, ACL, ACL repair, Dynamic Intraligamentary Stabilization, Failure,
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Introduction
An anterior cruciate ligament (ACL) tear is a common
injury, which can lead to knee instability, interfering with
sports and activities of daily living. ACL injuries can be
treated both conservatively and surgically. In the event
of surgical treatment, anatomical ACL reconstruction
(ACLR) is accepted as the gold standard [1, 2]. However,
in an attempt to reduce graft morbidity and preserve the
proprioceptive function of the native ACL, there has
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been increasing interest in ACL repair in recent years
[3–7]. Dynamic Intraligamentary Stabilization (DIS) has
been proposed as an alternative treatment for the repair
of acute proximal ACL tears [8]. The technique is based
on trans-osseous suture ACL repair with a dynamic
internal brace using a supportive spring-screw mechanism, which maintains posterior tibial reduction through
range of motion, theoretically reducing cyclic loads on
the ACL during the healing phase [9]. The device is commercially available under the name Ligamys© (Mathys
AG, Bettlach, Switzerland). Several studies, conducted
by the developers, have reported the restoration of knee
laxity, excellent clinical outcomes and a return to the preinjury activity level after DIS [8–12]. Studies conducted
by other authors have, however, reported contrasting
results. At a one-year follow-up, Meister et al. [13] found
a re-tear rate of 15% and a re-operation rate of 35% due to
re-tear or arthrofibrosis. Osti et al. [14] found an overall
complication rate (including re-rupture or non-healing,
repeat arthroscopy due to meniscus tears, cyclops syndrome, restricted range of motion, arthrofibrosis, implant
interference) of 57.9% at a one-year follow-up. Moreover,
the authors reported persistent anterior side-to-side laxity of ≥ 3 mm in 49.1% of cases. Finally, a recent study
based on 57 patients who underwent DIS after an acute
proximal ACL rupture revealed a five-year survival rate
of 70%, which dropped to 56% for patients active in competitive sports before the injury [15]. Nevertheless, there
is a lack of literature evaluating the potential challenges
of ACLR following failure of ACL repair with DIS. The
purpose of this study was to review the difficulties related
to ACLR following failure of DIS in a series of patients
referred to our institution. It was hypothesised that, in
most cases, single-stage ACLR would be difficult to perform following failure of ACL repair with DIS.

Materials and methods
The patients included in this case series are part of our
ACL clinical pathway. They gave their written informed
consent to grant us permission to use their medical
data gathered during their treatment. The project has
received the approval of the National Ethics Committee for Research (N°201,101/05). Data acquisition and
storage were notified to the National Data Protection
Committee.
Patients with failure of primary ACL repair with DIS
performed elsewhere and referred to Centre Hospitalier
de Luxembourg (Luxembourg) were identified. Failure
was defined as abnormal knee laxity (positive Lachman
and/or pivot shift) and/or severely restricted range of
motion. All the revision procedures were performed
by the same senior surgeon (RS). Medical and surgical records were reviewed and preoperative standard
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anteroposterior and lateral X-rays were assessed. The
radiological assessment was performed by an orthopaedic
knee surgeon (RC). Femoral tunnel position was assessed
according to the Bernard and Hertel grid method [16].
The centre of the femoral tunnel aperture was identified
on lateral X-rays and its location was reported as percentages of the sagittal width (from posterior to anterior)
of the femoral condyle and height (from superior to inferior) of the intercondylar fossa. The tibial tunnel position
was assessed using the Staubli and Rauschning method
[17]. The centre of the tibial tunnel aperture was identified on lateral X-rays and its location was reported as a
percentage of the anteroposterior length of the tibial plateau. In addition, the distance from the tip of the monoblock to the tibial plateau was measured on lateral X-rays
and reported in millimetres.

Results
Between July 2015 and May 2022, 10 patients (3 males
and 7 females, median age 28 years, range 18–52 years)
referred to our institution for failure of primary ACL
repair with DIS underwent surgery. In four patients, a
single-stage ACLR was performed following the removal
of the tibial monoblock. In six patients, due to arthrofibrosis and excessive tibial tunnel enlargement following
the removal of the monoblock, arthroscopic arthrolysis
and tunnel bone grafting were performed as a first-stage
revision procedure. Patient characteristics and preoperative radiographic measurements are reported in Table 1.
A brief description of each case is given below.
Patient 1

A 32-year-old male twisted his knee while playing rugby
about six months prior to presentation. Four years
before, he underwent ACL repair with DIS. At the clinical examination, he had full range of motion (ROM)
and positive Lachman and pivot-shift tests. The patient
wished to return to his previous sport (rugby) and ACLR
was therefore recommended. Preoperative anteroposterior and lateral X-rays showed the correct position of the
femoral and tibial tunnels (Fig. 1). He underwent singlestage ACLR with a quadriceps tendon-bone autograft
and medial meniscus resection. Diffuse synovitis was
found during arthroscopic examination. Due to the large
(11 mm) tibial bone defect following the removal of the
monoblock, the tendinous part of the graft was inserted
in the femoral tunnel and the bone plug was inserted in
the tibial tunnel. The graft was fixed on both sides with
bioabsorbable interference screws.
Patient 2

A 27-year-old male presented with persistent knee
pain and activity limitation about 10 months after he
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Table 1 Patient characteristics and preoperative radiographic measurements

ACLR Anterior cruciate ligament reconstruction, DIS Dynamic Intraligamentary Stabilization
ªBernard and Hertel grid method
β

Staubli and Rauschning method

Fig. 1 Preoperative anteroposterior (a) and lateral (b) X-rays before implant removal

underwent ACL repair with DIS. He had a five-degree
extension deficit, a negative Lachman test but a positive pivot-shift test. Due to activity limitations and a
wish to return to football, ACLR was recommended.
Arthroscopy revealed femoral tunnel malposition
(anterior placement). Arthroscopic arthrolysis was performed and the tibial monoblock was removed. The
patient underwent single-stage anatomical ACLR with
a quadriceps tendon-bone autograft and lateral meniscus repair.

Patient 3

A 23-year-old male presented with effusion, pain and
instability following a knee injury that occurred a few
days before while playing football. He underwent ACL
repair with DIS 1.5 years before presentation. At the
clinical examination, he had positive Lachman and pivotshift tests. The tibial monoblock was removed and the
patient underwent single-stage bone-patellar-tendonbone autograft ACLR and repair of a medial meniscus
ramp lesion.
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Patient 4

A 47-year-old female who injured her ACL and underwent ACL repair with DIS one year before presentation.
She complained of knee pain and instability. At the clinical examination, she had a severe (30 degrees) extension
deficit and a positive Lachman test. The patient underwent arthroscopic arthrolysis due to generalised synovitis
and arthrofibrosis (Fig. 2 a-b) and the removal of the tibial monoblock. The large tibial bone defect, which measured 15 mm in diameter, was bone grafted with a femoral
head allograft. At the end of the procedure, the patient
had an ROM of 0–140 degrees. A computed tomography
scan performed four months after surgery showed the
osteointegration of the bone graft within the tibial tunnel. She was scheduled for an ACLR in a second stage,
but, due to other medical issues, she did not undergo
surgery.
Patient 5

A 33-year-old female who underwent ACL repair with
DIS six months before and presented with knee pain and
functional impairment. She had severely restricted ROM
(10–60 degrees) and swelling. A synovial fluid examination showed no sign of infection. The patient underwent
arthroscopic arthrolysis due to pronounced arthrofibrosis and removal of the tibial monoblock. The large tibial
bone defect (12 mm diameter) was bone grafted with a
femoral head allograft. The patient had an ROM of 0–140
degrees at the end of the procedure. She complained
of persistent instability at the follow-up appointments
(4, 7 and 12 months postoperatively) and an ACLR was
recommended. However, the patient moved abroad and
continued her treatment elsewhere.
Patient 6

A 20-year-old female presented with knee pain and significant functional impairment. She underwent ACL
repair with DIS seven months before presentation.
She had knee effusion, significant muscle atrophy and
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restricted ROM (10–100 degrees). Preoperative X-rays
showed a significant malposition of the femoral tunnel. Moreover, the endobutton had not flipped over the
femoral cortex (Fig. 3). The patient underwent two-stage
ACLR. An arthroscopic arthrolysis due to generalised
synovitis and arthrofibrosis and the removal of the tibial
monoblock was performed in the first stage. Arthroscopy
confirmed femoral tunnel malposition. The large tibial
bone defect, which measured 15 mm in diameter, was
bone grafted with a femoral head allograft. At the end of
the procedure, the patient had an ROM of 0–140 degrees.
An ACLR with hamstring tendons was performed seven
months later, following the complete osteointegration of
the bone allograft.
Patient 7

A 29-year-old female presented with knee pain and instability. She underwent ACL repair with DIS 2.5 years
before presentation. She had an ROM of 0–90 degrees
and a positive Lachman test. During arthroscopic examination, scar tissue formation in the intercondylar notch
was found and debrided. Following the removal of the
tibial monoblock, the patient underwent single-stage
quadriceps tendon-bone autograft ACLR. A concomitant
lateral meniscus root repair and medial meniscus ramp
lesion repair were performed.
Patient 8

An 18-year-old female presented with knee pain and
swelling. She underwent ACL repair with DIS about
four months before presentation and had an ROM of
15–80 degrees. Arthroscopy revealed a rupture of the
ACL and generalised arthrofibrosis. The femoral tunnel was located in a non-anatomic, anterior position.
The removal of the tibial monoblock left a large (12 mm
diameter) bone defect (Fig. 4), which was bone grafted
with a femoral head allograft. The patient is under follow-up to evaluate ACLR in a second stage.

Fig. 2 a-b Intraoperative arthroscopic pictures showing arthrofibrosis in the anterior compartment
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Fig. 3 Preoperative anteroposterior (a) and lateral (b) X-rays before implant removal showing significant malposition of the femoral tunnel and
improper position of the endobutton which had not flipped over the femoral cortex

Fig. 4 Intraoperative picture showing measurement of the enlarged
(12 mm diameter) tibial tunnel after removal of the monoblock

Patient 9

A 27-year-old female who underwent ACL repair with
DIS prior to presentation. She had knee pain, a positive
Lachman test and an ROM of 0–50 degrees. At arthroscopy, the ACL was partially torn and generalised arthrofibrosis was present. Extensive arthrolysis was performed.
The removal of the tibial monoblock left a bone defect of
10–11 mm, which was bone grafted with a femoral head
allograft. The patient was followed up for about four years.
At the latest follow-up, she complained of subjective instability and had positive Lachman and pivot-shift tests. An
ACLR was recommended, but the patient refused treatment due to her inability to pause her work as a cleaner.
Patient 10

A 52-year-old female presented with pain in her knee
such that normal walking was significantly limited. She

underwent ACL repair with DIS about four months
prior to presentation. Her ROM was 30–80 degrees.
Arthroscopic arthrolysis due to generalised arthrofibrosis was performed. Arthroscopy also revealed a cyclops
lesion, which was debrided together with the ACL remnant and the polyethylene wire. The removal of the tibial monoblock left a bone defect of 12 mm, which was
bone grafted with a femoral head allograft. At the end
of the procedure, the patient achieved an ROM of 0–110
degrees. She is under follow-up to evaluate a possible
ACLR in a second stage.

Discussion
The most important finding in this case series was that
single-stage ACLR was performed in only four (40%) of
ten patients following failure of ACL repair with DIS.
Arthrofibrosis and excessive tibial tunnel enlargement
following the removal of the monoblock prevented single-stage ACLR in six (60%) patients. These patients
underwent arthroscopic arthrolysis and tibial tunnel
bone grafting as a first-stage revision procedure.
DIS has been proposed as a technique for ACL repair
to overcome the issue of cyclic loading of the repaired ligament during the healing phase [4]. The developers also
suggested the addition of Steadman’s microfracturing
technique [18] to further improve the healing response
of the ACL. However, independent research groups have
reported a high risk of complications such as re-tears/
non-healing, arthrofibrosis and re-operations [13, 14],
as well as a relatively low overall survival rate [15]. Senftl
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et al. [19] evaluated 105 patients who underwent DIS at
a median follow-up of 21 months. The authors reported
that 16.3% of the patients had insufficient functional
stability and required subsequent ACLR. Younger age
(< 24 years), a Tegner score of more than 5 and postoperative side-to-side laxity of > 2 mm have been associated with an increased likelihood of ACL revision surgery
after DIS [20]. Despite the reported high complication
and failure rate with this technique, there is a lack of literature evaluating the potential challenges of ACLR following failure of DIS.
Knee arthrofibrosis is a known complication after
ACL repair with DIS [13, 14, 21] and was a factor which
prevented single-stage ACLR in the present case series.
Häberli et al. [21] hypothesised that the reduced range
of motion could be due to excessive scar tissue formation at the ACL repair site. Ateschrang et al. [22] performed a diagnostic arthroscopy six months after DIS
and found that scar tissue formation in the notch was
common, which the authors attributed to microfracture
of the ACL femoral footprint. Another potential reason
related to arthrofibrosis with DIS might be the polyethylene wire which is left within the joint. Other ACL
repair techniques [6, 7, 23] did not report problems such
as restricted range of motion or arthrofibrosis. However,
in the present case series, arthrofibrosis and restricted
range of motion might be also related to technical errors.
Some of the patients presented with femoral tunnel malposition and/or monoblock malposition (protruding into
the joint), which might have contributed to the development of these complications. Moreover, information
about preoperative and postoperative rehabilitation after
ACL repair was not available. This might also have potentially affected the development of knee arthrofibrosis.
The large tibial bone defect following the removal of
the monoblock was the other factor which prevented
single-stage ACLR in the present case series. The bulky
monoblock used for DIS might be a major downside of
this ACL repair technique. According to the developers
[21], one of the main advantages of ACL repair with DIS
is that, in the event of revision surgery, ACLR would be
performed as a single-stage procedure with no need for
bone grafting. However, in many (60%) cases in the present series, the bone defect left following the removal of
the monoblock was too large to perform a single-stage
ACLR and required bone grafting. The diameter of the
tibial tunnel usually became larger than the 10 mm
monoblock after debridement of the fibrotic tissue which
developed at the metal-bone interface. It might be argued
that a possible option to reduce the future risk of twostage ACLR would be to remove the bulky tibial monoblock and bone graft the tibial tunnel routinely after
ACL repair with DIS. This hardware stabilises the knee,
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reducing anterior tibial translation only temporarily during ACL healing [20]. Moreover, previous studies have
reported that the hardware is removed anyway in a significant (40-62.3%) number of patients due to local discomfort [19, 20, 24].
This study is important as it is, to the authors’ knowledge, the first report describing the surgical challenges
following failure of ACL repair with DIS. Patients should
be informed that there is a high risk of two-stage ACLR
in the event of failure of ACL repair with DIS. This is
because of the arthrofibrosis and/or the large tibial bone
defect resulting from the removal of the monoblock.
The main limitation of this study is the small number of patients. ACL repair with DIS is a technique that
is rarely used in our geographical area. All the patients
included in this series underwent ACL repair with DIS
elsewhere and were referred to our institution because of
postoperative problems or new trauma. Some information about the primary surgery (location of ACL injury,
time from injury to surgery, preoperative ROM/effusion,
pre- and postoperative rehabilitation) was not available.
However, the aim of this study was not to describe the
results or complications of ACL repair with DIS but
instead to evaluate the surgical challenges in the event of
revision of a failed DIS. Finally, this case series represents
a single-centre and single-surgeon experience. It might
be argued that the decision not to perform a single-stage
ACLR was dependent on the operating surgeon and was
then potentially biased. However, this decision was based
on well-known principles of ACL surgery. Full knee
extension should be achieved before ACLR [25, 26] and
bone grafting is recommended with a tunnel diameter of
10–15 mm [27].

Conclusion
In the present case series, single-stage ACLR was performed in only four (40%) of ten patients following failure of ACL repair with DIS. Arthrofibrosis and excessive
tibial tunnel enlargement following the removal of the
monoblock prevented single-stage ACLR in six (60%)
patients. It is important for clinicians to inform patients
that, in the event of failure of ACL repair with DIS, they
may run a high risk of undergoing two-stage ACLR.
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