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Abstract

Purpose Dynamic intraligamentary stabilization (DIS) is
recognized as a ligament preserving technique for the treat-
ment of acute anterior cruciate ligament (ACL) injuries.
The aim of this study was to assess the integrity and mor-
phology of the recovered ACL after DIS repair.

Methods The cohort comprised 47 patients with an acute
proximal ACL rupture undergoing DIS repair. All patients
underwent diagnostic arthroscopy after a minimum postop-
erative interval of 6 months for semi-quantitative evalua-
tion of ACL integrity, function and scar tissue formation.
Tegner, Lysholm and International Knee Documentation
Committee (IKDC) scores as well as objective anteropos-
terior (ap) translation were assessed at 6 weeks, 3-, 6- and
12 months postoperatively.

Results  Full restoration of the ACL volume was affirmed in
30 (63.8%) patients and two-third restoration in 13 (27.7%).
Hypertrophic scar formation was observed in 23 (48.9%)
patients. Forty-four patients (93.6%) demonstrated suffi-
cient ACL tensioning intraoperatively upon anterior stress.
At final follow-up, the median Tegner activity level was 5.5
(3-10), Lysholm and IKDC scores were 100 (64—100) and
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94 (55-100) points, respectively. The mean ap-translation
differed from the normal knee by 2.1 + 2.2 mm. Deficient
ACL recovery was noted in four patients (8.5%), none of
which required secondary reconstructive surgery.
Conclusion The results demonstrate that clinical recovery
of ACL function after DIS repair is resultant to both res-
toration of ACL volume and scar tissue formation. Factors
influencing the degree of scar tissue formation need further
investigation to enable future attempts of guiding a bal-
anced biological healing response.

Level of evidence 1V.

Keywords Dynamic intraligamentary stabilization -
Stabilisation - Ligamys - ACL - Repair - Reconstruction -
Rupture - Tear - ACL reconstruction

Introduction

Restoration of the functional anatomy of a torn anterior
cruciate ligament (ACL) defines the primary goal of surgi-
cal treatment [3, 4].

Historic reports of primary fixation techniques demon-
strated high failure rates, subsequently leading to the shift
of principle towards ACL reconstruction. The concept of
ACL reconstruction gained recognition as an effective sur-
gical procedure, allowing it to occupy a spotlight position
as the surgical gold standard till our current time [1, 6, 15].

However, renewed interest in preserving the native ACL
was recently perceived in the field of sports traumatology,
in an attempt to eliminate donor site morbidity and preserve
maximum proprioceptive tissue [11, 13, 17]. One proposed
technique named dynamic intraligamentary stabilization
(DIS) was introduced in the year 2013, based on the the-
ory that failure of earlier reported historic primary repair,
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was resultant to the rigid form of applied suture fixation,
which based on recent findings, is expected to fail under
cyclic loading during natural knee motion [12, 13]. There-
fore, a dynamic form of fixation was proposed and devel-
oped [12]. Initial reports of the concept of DIS are promis-
ing, though these were all based on clinical assessment of
ACL function [5, 7, 8, 13, 14]. Macroscopic assessment of
the recovered ACL after this procedure was not performed.

The aim of this study was to objectify integrity and
assess morphology of the ACL after DIS repair.

It was hypothesized that functional recovery of the ACL
is resultant to scar tissue formation.

Materials and methods

Patients presenting with an acute ACL rupture between
March 2014 and April 2016 underwent DIS repair based on
previously recommended indications (Fig. 1) [13, 14]:

e Clinical and radiological confirmation of an ACL rup-
ture.

Acute rupture within a 21-day post-injury time period.
Rupture location within the proximal third of the ACL.
Active patients with a pre-injury Tegner score of >4.
Age > 18 years.

Study inclusion criteria were:

| Surgical ACL treatments between March 2014 and April 2016 I

Operation indications for DIS:

- Acute ACL injury

- Closed growth plates

- Side-to-side difference of more than 5 mm anteroposterior translation
- ACL rupture located in the proximal third of the ligament

- Sport active patients, who gave consent to DIS surgery

l | If indications did not fit: | Cn=464> | ACL reconstruction |

@ | Patients with ACL injury and treatment with DIS (03/2014 - 04/2016) |

Patients with implant removal and diagnostic arthroscopy |
Subjective + objective outcomes:

I— | 6-week follow-up
Tegner score

— I 3-month follow-up ” MRI | Lysholm score ~
VAS patient satisfaction
IKDC subjective assessment
— | 6 - MRI
I 6-month follow-up ” | IKDC objective assessment
Side-to-Side AP translation (KT1000)

Inclusion criteria: Implant removal in
combination with diagnostic arthroscopy

— I 12-month follow-up ” MRI |

'— | Arthroscopic evaluation:

- Notch side effects: hypertrophic scarification

+ Quality of healed ACL: volume, tissue scarification
« Intra-articular AP translation

Fig. 1 Patient recruitment, inclusion criteria, data collection and
overview of the complications

@ Springer

e Informed written consent.

e Hardware removal and re-arthroscopy at a minimum of
6 months from the DIS repair procedure.

e Follow-up of 12 months from the index procedure.

Patient demographics

The study group consisted of 47 knees in 47 patients. There
were 27 male and 20 female patients with a mean age of
277 + 9.0 years. Mean time from injury to surgery was
16.5 + 6.5 days. ACL disruption patterns included: 17 sin-
gle bundle, 27 double bundle, 2 triple bundle and 1 multi-
lacerated (>4 strands) injuries. Concomitant injuries were
present in 22 patients: 13 sustained a lesion of one meniscus
and 1 patient of both menisci, 2 presented a combined lesion
of one meniscus and a chondral lesion of the femoral con-
dyle, 3 sustained a medial collateral ligament (MCL) injury
and 3 patients demonstrated combined injuries of the menis-
cus and MCL. All 6 lesions of the MCL were augmented
during surgery, as previously described by Ateschrang
et al. [2]. Meniscal lesions were either sutured or partially
resected. The mean surgical time was 62 + 16 min.

Surgical DIS technique—index procedure

All DIS repair procedures were performed by a single sur-
geon (AA), as previously described [13]. The Ligamys™
(Mathys Ltd Bettlach, Switzerland) fixation device was
applied in all patients and tension chosen between 60 and
80 N (Fig. 2) [16].

Postoperative treatment

In the case of no concomitant injury, the knee was immo-
bilized in full extension for 4 days after surgery. Active
physiotherapy and controlled muscle strengthening exercise
were begun at the fifth postoperative day with no restriction
of range of motion (ROM). Cycling and jogging were per-
mitted at 6 and 10 weeks, respectively. Return to sport was
permitted 6 months after surgery.

Functional and clinical assessment

Knee function was evaluated at 6 weeks, 3-, 6- and
12 months postoperatively. Outcome assessment encom-
passed the following measures: Tegner-, Lysholm-, subjec-
tive International Knee Documentation Committee (IKDC)
assessment scores, visual analogue scale for patient satis-
faction (0 = completely dissatisfied, 10 = completely sat-
isfied) and objective IKDC evaluation. Anterior laxity was
measured using the KT-1000 arthrometer (MEDmetric,
San Diego, CA, USA) at 30° of flexion and 30 1b (133 N)
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Fig. 2 ACL repair with DIS
(left) and healed ACL after
removal of the tibial spring-
screw implant (right)

anterior force. The injured and the uninjured knee were
both measured three times, and a mean difference was cal-
culated (ap-translation).

Radiographic assessment

MRI was performed using a 1.5 T system (Achieva,
Philips, Best, Netherlands) with a dedicated extremity knee
coil (8 channel). The MRI sequences included a coronal
T1-weighted spin echo, a coronal STIR, a sagittal interme-
diate-weighted fast-spin echo with fat suppression, an axial
intermediate-weighted fast-spin echo with fat suppression
and a sagittal 3D T1-weighted fast-field echo with water
excitation (WATS). MRI investigations were conducted
3-, 6- and 12 months postoperatively. Evaluation included
assessment of ACL reattachment, integrity and secondary
meniscal or cartilaginous damage.

Arthroscopic evaluation and implant removal

Removal of the implant (Ligamys™) and arthroscopic evalu-
ation of the joint were performed after having obtained writ-
ten consent and in conjunction with either a clinical indi-
cation (n = 1, late-onset surgical site infection) or patient
request (n = 46). The volume, consistency, tension-building
ability and stability of the ACL were evaluated arthroscopi-
cally. The volume of the ACL was semi-quantitatively evalu-
ated by one surgeon (AA) with respect to the percentage
of its original volume: 100%, 75%, 50% or less than 25%.

The consistency of the ACL was semi-quantitatively graded
based on the extend of scar tissue formation: grade 0 = no
scar tissue formation, grade 1 = small scar tissue formation
(£25% scare tissue of the original ACL), grade 2 = medium
scar tissue formation (>25-75% scare tissue of the original
ACL) and grade 3 = pronounced scarification of the ACL
with only marginal ACL ligament structure (>75% scar tis-
sue of the original ACL). Scarification of the notch was also
graded for demonstrative purposes (Fig. 3): grade 0 = no
scarification, grade 1 = occupying one-third of the notch,
grade 2 = occupying two-thirds of the notch and grade
3 = hypertrophic scarification of the entire notch.

The tibial bone defect after device removal was filled
with an allogenic cancellous bone graft.

Definition of failure

Failure was defined as the presence of any of the follow-
ing: (1) a side-to-side ap-translation of more than 5 mm
[10] and (2) restoration of <50% of the native ACL volume
upon arthroscopy.

This study was approved by the institutional review
board of the Eberhard Karls University of Tiibingen and
was given the ID number 431/2013BO1.

Statistics analysis

Skewed data were presented as median (range). Nor-
mally distributed data were presented as mean + standard

@ Springer



592

Knee Surg Sports Traumatol Arthrosc (2018) 26:589-595

Fig. 3 Classification of notch scarification (grade 1: blue, grade 2
blue and green, grade 3: blue, green and red)

Table 1 Subjective scores and patient satisfaction [median (min. to max.)]

deviation (minimum to maximum). Calculations were per-
formed using JMP® (SAS Institute Inc., JMP®, Version
13.0.0, Cary, NC, USA).

Results
Functional and clinical assessment

Subjective outcome measures are illustrated in Table 1,
demonstrating a continuous improvement of scores
throughout the follow-up interval.

Objective outcome measures are illustrated in Table 2,
showing clinical recovery of joint stability, as well as the
expected loss of device tension with subsequent increase in
ap-translation throughout follow-up.

Arthroscopic evaluation of ACL consistence
and integrity

Results of the semi-quantitative arthroscopic grading are
illustrated in Fig. 4. Full volume restoration of the ACL
with little scar tissue formation and no scarification of the
notch was present in >50% of patients. Intraoperative ante-
rior stress testing demonstrated sufficient ACL tensioning
in 93.6% (n = 44) of patients with 2.5 + 1.2 mm (0-5 mm)
ap-translation. Three patients showed an insufficient

Score Pre-injury 6-week follow-up 3-month follow-up 6-month follow-up  12-month follow-up
Tegner score n=47 n =45 n=45 n=47 n=232

6 (1-10) 3(0-9) 3(0-9) 4(1-9) 5.5 (3-10)
Lysholm score n=47 n=45 n=44 n=47 n=732

100 (88-100) 80 (27-100) 88 (35-100) 95 (45-100) 100 (64-100)
IKDC subjective assessment  n =47 n=44 n=44 n=47 n=232

100 (85.06-100)  57.47 (28.74-94.25)  78.16 (32.18-95.40)  86.21 (49.43-100)  93.68 (55.17-100)
Patient satisfaction (VAS) n=45 n=44 n=47 n=32

8 (4-10) 8 (5-10) 9 (5-10) 9 (5-10)

Table 2 Scores and objective
knee evaluation [mean + SD
(min. to max.)]
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Score 6-week follow-up 3-month follow-up ~ 6-month follow-up 12-month follow-up
IKDC objective n =46 n=44 n=44 n=31
assessment
A 2 (4.3%) 8 (18.2%) 11 (25.0%) 13 (41.9%)
B 10 21.7%) 19 (43.2%) 25 (56.8%) 14 (45.2%)
C 9 (19.6%) 6 (13.6%) 5 (11.4%) 2 (6.5%)
D 25 (54.3%) 11 (25.0%) 3(6.8%) 2 (6.5%)
Side-to-side n=45 n=43 n=44 n=232
ap-translation 0.1 + 1.8 09+2.0 1.6 +1.9 2.1+22
(KT 1000) (=7t05) (—=6t05) (=2t07) (=2to09)
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Hypertrophic scar
formation in the notch

Grade 0: 51.1%

Grade I: 28.8%

Grade II: 8.5%

Grade lll: 10.6%

Volume restoration
of the ACL

100% vol.: 63.8% 7

Scar tissue formation |
of the ACL

Grade 0: 17.0%

Fig. 4 Arthroscopic semi-quantitative morphological grading of the
recovered ACL. The consistency of the ACL: grade 0 = no scar tis-
sue, grade 1 = small scar tissue formation (<25% scare tissue of the
original ACL), grade 2 = medium scar tissue formation (>25-75%
scare tissue of the original ACL), grade 3 = pronounced scarification
of the ACL with only marginal ACL ligament structure (>75% scar

tension build-up as well as increased ap-translation during
arthroscopy (Table 3).

Secondary intra-articular findings upon re-arthroscopy
included one fraying and one bucket handle tear of the
posteromedial meniscal horn. The bucket handle tear was
a concomitant primary injury, showing no signs of healing
after primary meniscal repair.

The polyethylene cord was free of tension in all patients.
Stability after implant removal was not compromised.

50% vol.: 8.5%

Grade II: 23.4%

tissue of the original ACL). Scarification of the notch: grade 0 = no
scarification of the notch, grade 1 = one-third, grade 2 = two-third
and grade 3 = hypertrophic scarification of the entire notch. # Wind-
shield wiper effect of the polyethylene cord acting as a healing obsta-
cle

Radiographic assessment

MRI exams showed corresponding findings to arthros-
copy regarding secondary joint injuries and ACL integrity,
showing one new onset posteromedial meniscal fraying.
The supplementary material provides MRI captions of the
recovered ACL with corresponding arthroscopic images in
a series of patients.

Table 3 Illustration of postoperative anterior—posterior (ap) side-to-side translation upon arthroscopic evaluation as well as postoperative scores

(at 12-month follow-up) in patients suffering failure of the DIS procedure

Patient Gender Age Pre-injury ACL volume Ap-translation re- Tegner 12 m Lysholm 12 m IKDC 12 m
Tegner recovery (%) arthroscopy (mm)

1 Male 22 7 50 2 7 100 98

2 Male 27 7 50 8 7 100 94

3 Male 20 6 75 6 100 98

4 Female 20 9 50 7 10 100 94
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Failures and complications

No intraoperative complications were encountered. Post-
operative complications included 1 hemarthrosis, 1 lung
embolism, 1 late-onset infection, 1 traumatic re-rupture
occurring 9 months after surgery during play, and 4 cases
of insufficient ACL recovery. Two of the patients with
insufficient ACL recovery were clinically detected upon
6-month follow-up (ap-translation > 5 mm) and 2 patients
were only detected upon arthroscopic evaluation showing
less than 50% restoration of ACL volume. Despite insuffi-
cient ACL recovery, all 4 patients reported high subjective
knee functional scores as seen in Table 3.

Discussion

The most important finding of this study was that the clini-
cal stability achieved after DIS repair of the ACL was asso-
ciated with recovery of ligament integrity with various
degrees of scarification.

The temporary function of the DIS fixation system has
been noted in previous reports referring to the return of
natural anterior posterior play after gradual loss of device
tension [13]. This could be substantiated by results from
this study, confirming macroscopic integrity of the ACL
and proving that device removal does not compromise ACL
function. The recovered tension-building ability of the
ACL should compensate for the progressive loss of device
function. Any case of non-healing would therefore gradu-
ally become apparent while loss of tension takes place.
Therefore, it would be reasonable to assume that failures
would be expected as the device loosens within the first 6
postoperative months.

A frequent finding abundant in one third of patients
undergoing DIS repair is partial loss of ACL volume. This
did not necessarily result in clinical instability. A likely
explanation for this observation is the windshield wiper
effect of the polyethylene cord, which could have acted as a
healing obstacle, reducing the capacity of the ACL remnant
to re attach to its femoral footprint (Fig. 4). A two-canal
fixation method could address this issue in the future.

Intra-articular scar tissue formation in the notch region
also represents a common finding, which may hypotheti-
cally be associated with the mandatory step of femoral foot-
print microfracturing during the DIS procedure. Based on
the arthroscopic joint evaluation performed in this study, the
degree of scar tissue formation in the notch could vary from
minor to complete. Although scar tissue volume did not result
in clinical symptoms in any of the patients in this series, pre-
vious studies demonstrated association with impingement
and loss of the arc of motion, necessitating a second arthro-
scopic procedure for scar tissue reduction [9, 13].
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Considering the results of this study and the increasing
evidence from prior studies dealing with ACL preservation,
excessive biology leads to hypertrophic scar formation,
whereas lack of biology leads to failure of the procedure.
This in terms underlines the significance of tissue engi-
neering approaches that could guide the biological healing
response. Primary promising reports of collagen membrane
application alongside DIS repair have been recently pub-
lished, demonstrating improvement of outcome [9]. Only
a combined approach appreciating both biomechanics and
biology would lead to higher success rates in ligament pre-
serving surgery.

The limitations of this study include the semi-quantita-
tive nature of the analysis, which despite allowing for com-
parison of qualitative data remains investigator dependent.
A further limitation is the short follow-up, which does not
influence the primary research question regarding ACL
scarification and recovery, but would provide further valu-
able knowledge regarding secondary joint degeneration and
stability in case of longer follow-up. Furthermore, it can be
assumed that early arthroscopic evaluation involving reduc-
tion of visible hypertrophic scar tissue and screw removal
could have both prevented complications and improved
clinical results beyond the true effects of the primary index
procedure.

Conclusion

The results of this study indicate that the clinical stabil-
ity achieved with DIS repair of the ACL was associated
with true recovery of the ligament integrity with various
degrees of scar tissue formation. Removal of the device did
not compromise ACL function. Further tissue engineering
approaches to help guide the biological healing response.

Supplementary material

A sample of 16 intraoperative arthroscopic captures taken
during the index procedure as well as during follow-up re-
arthroscopy, with corresponding follow-up MRI scans, are
available as supplementary material alongside the online
version of this article. * A patient in which two-canal fixa-
tion method was applied, to prevent the windshield wiper
effect of the polyethylene cord.
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