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Abstract

Purpose Dynamic intraligamentary stabilization (DIS) has
been introduced as a new technique to repair the torn ante-
rior cruciate ligament (ACL) and to restore knee joint kin-
ematics after an acute ACL tear. Aim of the present study
was to compare the early post-operative activity, restoration
of gait pattern and functional results after DIS in compari-
son with primary ACL reconstruction (ACLR) for acute
ACL tears. It was hypothesized that functional results,
post-operative activity and changes in gait pattern after DIS
are comparable to those after ACLR.

Methods Sixty patients with acute ACL tears were
included in this study and underwent either DIS or ACLR
with an anatomic semitendinosus autograft in a randomized
manner. Patients were equipped with an accelerometric
step counter for the first 6 weeks after surgery in order to
monitor their early post-operative activity. 3D gait analy-
sis was performed at 6 weeks and 6 months after surgery.
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Temporal-spatial, kinematic and kinetic parameters were
extracted and averaged for each subject. Functional results
were recorded at 6 weeks, 6 months and 12 months after
surgery using the Tegner activity scale, International Knee
Documentation Committee score and Lysholm score.
Results Patients who underwent DIS showed an increased
early post-operative activity with significant differences at
week 2 and 3 (p = 0.0241 and 0.0220). No significant dif-
ferences between groups were found for knee kinematic
and kinetic parameters or the functional scores at any time
of the follow-up. Furthermore, the difference in anterior
tibial translation was not significantly different between the
two groups (n.s.).

Conclusion Early functional results and changes in gait
pattern after DIS are comparable to those of primary
ACLR. Therefore, ACL repair may be an alternative to
ACLR in this cohort of patients.

Level of evidence 1.

Keywords ACL tear - ACL repair - Dynamic
intraligamentary stabilization - ACL reconstruction - Gait
analysis

Introduction

Dynamic intraligamentary stabilization (DIS) has been
introduced as a new technique to repair the torn anterior
cruciate ligament (ACL) and to restore knee joint kinemat-
ics after an acute ACL tear. The torn ACL is reattached to
its femoral insertion site and the knee is held continuously
in a posterior drawer position during the healing period by
a dynamic spring fixed in the proximal tibia. Early bio-
mechanical and clinical results after this procedure were
promising. Henle et al. [10] published clinical results of
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278 patients treated with DIS and found excellent func-
tional scores and a high patient satisfaction. However, pri-
mary ACL reconstruction (ACLR) using tendon autografts
or allografts is still the standard procedure to treat these
injuries. Although good functional results can be achieved,
ACLR is associated with complications such as re-tears,
particularly in young and active patients, and the periopera-
tive morbidity is increased if a tendon has to be harvested
[2, 21, 23]. Therefore, ACL-preserving restoration of knee
joint stability has always been attempted.

Furthermore, it is well known that ACL tears and recon-
structions lead to abnormal knee joint biomechanics dur-
ing gait. In particular, in the sagittal plane, changes in knee
kinematics and moments have to be expected and may be
associated with early development of posttraumatic arthri-
tis [7]. Surgical intervention therefore must aim to restore
physiologic knee kinematics.

So far, there are only case series reporting results of
DIS. Aim of the present study was therefore to compare
the early functional results after DIS with those after ACL
reconstruction in a prospective randomized study. It was
hypothesized that functional results, knee joint stability,
early post-operative activity measured by a step counter
and changes in gait pattern after DIS are comparable to
those after ACLR.

Materials and methods

In 2014 and 2015, 62 patients with acute ACL tears were
included in this study. Only those patients were included
who presented with an acute (<3 weeks) isolated ACL
tear. Patients with concomitant lesions of the menisci and
collateral ligaments were excluded due to its influence on
the post-operative rehabilitation protocol. Similarly, those
patients with previous knee injuries on both the affected
and contralateral knee were also excluded. Two patients
had to be excluded after a previously undetected meniscus
lesion that had to be fixed during surgery. Therefore, 60
patients were finally followed.

Patients were allocated to undergo either DIS (Ligamys,
Mathys Medical, Bettlach, Switzerland) or ACLR with an
anatomic semitendinosus autograft by block randomiza-
tion. A sealed envelope prepared by an assistant who was
not involved in the study was opened in theatre just before
surgery (for sample size calculation see “statistical analy-
sis). The demographics of the two groups are illustrated in
Table 1.

Surgical technique

All operations were performed within 21 days after the
injury (Table 1). Under general anaesthesia and with
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Table 1 Demographic data of the two intervention groups

DIS (n = 30) ACLR (n = 30)
Age (years) 282 (SD 11.4) 29.1(SD 12.0)
Gender (female/male) 15/15 8/22
Affected knee (1/1) 16/14 13/17
BMI (kg/m2) 22.8 (SD 1.7) 24.8 (SD 2.0)
Smokers/non-smokers 2/28 3/27
Interval injury to surgery (days) 15.2 (SD 4.5) 16.3 (SD 5.0)
Pre-injury Tegner activity scale 6.1 (SD 1.6) 6.2(SD 1.9)

DIS dynamic intraligamentary stabilization, ACLR anterior cruciate
ligament reconstruction

perioperative antibiotic prophylaxis, patients were placed
in a supine position. The DIS procedure was performed
according to the technique described by Kosters al. [11].
Anatomic single-bundle ACL reconstruction was per-
formed using a four-stranded semitendinosus autograft
[18].

After both procedures, the knee was placed in a knee
immobilizer for 4 days. Afterwards, patients underwent a
brace-free rehabilitation programme. Full weight bearing
was allowed after 2 weeks, and range of motion was not
limited. Quadriceps and hamstrings strength training was
started using closed chain knee exercises. Intensive pro-
prioceptive exercises were initiated after 3 weeks. Running
was allowed after 6 weeks. Pivoting and competitive sports
were allowed after at least 5 months but only after prior
clinical examination and return-to-sports testing.

Follow-up examinations

Patients were evaluated clinically at the date of primary
presentation and inclusion in the study and at 6 weeks,
6 months and 12 months after surgery. At every time point,
the Tegner activity scale, International Knee Documenta-
tion Committee (IKDC) score and Lysholm score were
recorded. Patients’ satisfaction with the surgical outcome
was evaluated using a visual analogue scale with 10 points
indicating a complete satisfaction.

Anterior tibial translation of the affected and the non-
injured contralateral knees was assessed at 30 degrees flex-
ion using a Rolimeter (Aircast, Neubeuern, Germany) at
6 months and 12 months after surgery.

Furthermore, patients were equipped with a light-weight
accelerometric step counter (StepWatch Activity Monitor,
Modus Health, Washington DC, USA) for the first 6 weeks
after surgery in order to monitor the early post-operative
activity of the patients. The number of gait cycles was
recorded continuously in 1-min intervals during the wak-
ing hours. The weekly mean was determined for each of
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the 6 weeks and compared between the two intervention
groups.

3D gait analysis

3D gait analysis was performed at 6 weeks and 6 months
after surgery. A six-camera system (60 Hz, Cohu cameras,
Motion Analysis Corporation, Santa Rosa, CA, USA) and
two strain-gauge force plates (600 Hz, AMTI, Watertown,
MA, USA) were used for three-dimensional movement
analysis. Twenty-five reflective markers were fixed to every
patient according to the Helen Hayes marker set. Patients
walked at self-selected speed across the force plates and
repeated trials were stored for further analyses (EVA 5.2,
Expert Vision and Orthotrak 4.1, Motion Analysis Corpo-
ration). Temporal-spatial, kinematic and kinetic param-
eters were extracted and averaged for each subject. The
results were statistically analysed for significant differences
between the affected limb and the healthy contralateral
limb, between groups and between the two time points.

IRB approval was obtained prior the study by the ethics
board of the University of Miinster (2013-414-£-S).

Statistical analysis

A power analysis was performed prior to the study.
28 patients were to be included per group based on an
expected mean difference in anterior tibial translation of
3 mm (regarded as clinically significant), a standard devia-
tion of +2 mm and an estimated loss to follow-up of 15%
(¢ = 0.05, B = 0.8). The difference in anterior tibial trans-
lation measured with the Lachman/Rolimeter test was cho-
sen for the power analysis because of its high sensitivity
and diagnostic accuracy [12, 16].

In case of multiple testing, the Bonferroni correction
was used to adjust the level of significance. The Friedman
test was used to analyse differences in score results within
one group at the four different time points during follow-up
(prior to the injury, 6 weeks, 6 months, 1 year). Differences
in gait parameters within the group were assessed using the
Wilcoxon-signed-rank test whereas the Mann—Whitney U
test was used to evaluate differences between the two inter-
vention groups.

Results

Functional results

The mean Tegner activity scale prior to the injury was 6
(range 4-10) in both groups (Table 1). The results for the

Lysholm and IKDC scores are summarized in Table 2.
Whereas there were significant differences within the two
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Table 2 Results for the Lysholm and IKDC scores (for exact p val-
ues see text and supplemental material)

Lysholm IKDC

DIS (SD) ACLR (SD) DIS (SD) ACLR (SD)
Pre-injury  97.0(5.4) 939(169) 94.1(9.9)  95.8(11.8)
6 weeks 72.5(19.3) 78.0(16.6)  59.7(14.3) 64.8(12.8)
6 months 87.6 (16.0) 88.5(12.4) 79.6(11.1) 74.5(20.5)
1 year 89.8(11.0) 89.9(155) 857(12.4) 84.8(194)

DIS dynamic intraligamentary stabilization, ACLR anterior cruciate
ligament reconstruction, /KDC International Knee Documentation
Committee score, SD standard deviation
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Fig.1 Number of gait cycles (weekly mean) within the first 6 post-
operative weeks. Although the number of gait cycles was higher in
the DIS group throughout the 6 weeks, a significant difference was
only found for weeks 2 and 3. DIS dynamic intraligamentary stabili-
zation, ACLR anterior cruciate ligament reconstruction

groups between the 6-week, 6-month and 1-year follow-
up, no significant differences could be found between
the two groups (for exact p values see supplemental
material).

The difference in anterior tibial translation between
the injured and the contralateral knee was 7.6 mm in the
DIS group and 8.4 mm in the ACLR group prior to the
intervention. At the 12-month follow-up, this difference
decreased to 1.7 mm in the DIS group and 1.4 mm in the
ACLR group. Again, this difference was not significant
(n.s.).

Patient satisfaction at the final follow-up was 8.8/10 (SD
1.4) in the DIS group and 9.1/10 (SD 1.5) in the ACLR

group.

Step counter

The number of gait cycles increased continuously from
week 1 to week 6 in both groups. Early post-operative
activity was slightly higher in the DIS group at every week
(Fig. 1). However, a statistically significant difference was
only found for week 2 and 3 (p = 0.0241 and p = 0.0220).



Knee Surg Sports Traumatol Arthrosc (2018) 26:374-380

377

Gait analysis

The results of the gait analysis are illustrated in Figs. 2, 3
and Table 3. In general, a persisting limitation of gait per-
formance could be seen at the 6-week follow-up and an
improvement could be observed in most of the knee-related
parameters in both groups from the 6-week to the 6-month
follow-up.

With respect to the temporal-spatial parameters, a sig-
nificant improvement was seen in both groups with an
increased gait velocity (DIS +5%, p = 0.002; ACLR +6%,
p = 0.017) and step length (DIS +4%, p = 0.003; ACLR
+3%, p = 0.042).

For the knee kinematics, a significant improvement of
both groups was seen most clearly in an increased range
of motion during the stance phase and swing phase (Knee
ROMI: DIS +48%, p = 0.002; ACLR +23%, p < 0.001.
Knee ROM2: DIS +27%, p < 0.001; ACLR +19%,
p <0.001).

The kinetic parameters also revealed an improved func-
tion with more dynamic vertical ground reaction forces as
indicated in higher force peaks during weight acceptance
and push-off and a lower minimum during mid-stance
(Max1: DIS 45%, p < 0.001; ACLR 45%, p = 0.002. Min:
DIS —7%, p < 0.001; ACLR —3%, p < 0.022. Max2: DIS
+5%, p < 0.001; ACLR +4%, p < 0.001).

However, statistically significant differences between
the DIS and the ACLR group could not be observed for any
parameter at any time.

Discussion

The most important finding of the present study is that no
significant differences could be observed between the DIS
and ACLR group with regard to all parameters assessed
during gait analysis and to the outcome scores as well as to
the anterior tibial translation. Analysis of the data collected
with the step counter even revealed a higher early post-
operative activity in the DIS group. Thus, DIS can provide
results that are comparable to ACLR within a short post-
operative follow-up period.

The DIS represents an innovative technique for ACL-
preserving restoration of anterior knee stability after an
acute ACL tear. In the past, several efforts have been made
in order to suture and reattached the torn ACL [14, 15, 17,
20]. However, functional results of suture repair were not
very satisfying. In 1992, Pissler et al. described a technique
of augmented suture repair. After repair of the torn ACL
using sutures as described by Marshall, they used a syn-
thetic device in order to augment the repaired ACL and to
provide biomechanical stability during the healing process
[17]. Although patients’ satisfaction was high, only 51% of
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Fig. 2 Knee kinematics in the sagittal plane at 6 weeks and
6 months. Again, no significant differences were found between the
two groups (see also Table 2). DIS dynamic intraligamentary stabi-
lization, ACLR anterior cruciate ligament reconstruction, max/_
KneeFIlx maximum knee flexion during stance, min_KneeFIx mini-
mum knee flexion during stance, max2_KneeFIx maximum knee
flexion during swing
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Fig. 3 Vertical ground reaction force at 6 weeks and 6 months (see
also Table 2). DIS dynamic intraligamentary stabilization, ACLR
anterior cruciate ligament reconstruction, max/_grf ground reaction
force peak at weight acceptance, min_gfr ground reaction force at
mid-stance, max2_grf ground reaction force peak at pre-swing, BW
body weight

the patients returned to their pre-injury activity level. Fur-
thermore, a mean difference in anterior tibial translation
of 2.4 mm between the injured and the contralateral side
remained. A similar technique, ligament bracing, was intro-
duced recently for operative treatment of knee dislocations
and has also been used for acute ACL repair [8, 9, 26]. So
far, no reports on functional results after internal bracing of
acute ACL tears exist.

One major disadvantage of the augmented repair tech-
niques described above is the rigid fixation that does not
take the length change of the ACL during knee flexion—
extension into account. Lubowitz found an intraarticular
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Table 3 Results of the gait

: Condition — DIS 6-week  ACLR DIS 6-month ACLR p value p value

analysis at 6 weeks and 6-week 6-month

6 months
Parameter | Mean SD Mean SD Mean SD Mean SD  DIS ACLR
Gait velocity (cm/s) 1242 132 1188 169 130.7 143 1253 150 0.002 0.017
Step length (cm) 678 48 665 67 702 48 683 6.5 0.003 0.042
Stance phase (% GC) 61.2 1.3 612 1.5 608 2.1 61.6 1.8
Swing phase (% GC) 38.8 1.3 388 1.5 383 1.8 380 13 0.022
Step width (cm) 94 1.8 107 25 9.7 1.7 109 23
Knee flexion max1 (°) 215 65 211 55 180 6.0 17.8 49 0.007 0.005
Knee flexion min (°) 12.2 6.5 9.9 5.0 4.3 5.5 4.2 5.0
Knee flexion max2 (°) 545 66 541 109 580 72 569 53 0.009
Knee ROM 1 (°) 93 4.1 11.1 46 138 49 137 39 0.002 0.0002
Knee ROM 2 (°) 423 105 441 11.6 537 92 527 6.2 0.0001 0.0005

Knee flexion max] maximum knee flexion during stance, knee flexion min minimum knee flexion during
stance, knee flexion max2 maximum knee flexion during swing, knee ROM1 knee range of motion during
stance, knee ROM?2 knee range of motion during swing, DIS dynamic intraligamentary stabilization, ACLR
anterior cruciate ligament reconstruction, SD standard deviation

length change of the graft after anatomic ACLR of 6.7 mm
between 120° and 0° degrees of flexion [13]. The DIS
implant, that is equipped with a spring within the tibial
monobloc, allows for an 8-mm elongation of the intraar-
ticular polyethylene suture and therefore incorporates the
non-isometric kinematic behaviour of the ACL. Thus, with
the DIS, the knee pulled into a posterior drawer position
with a constant preload during full range of motion. In a
previous biomechanical study, we demonstrated that knee
joint kinematics after DIS were comparable to those of the
ACL-intact knee under simulation of Lachman- and Pivot-
shift tests [22].

The first clinical results of the DIS technique were
promising and could be confirmed with additional studies
with larger cohorts of patients and longer follow-up times
[3, 4, 10, 11]. However, no study compared the functional
results of this relatively new technique to ACLR so far. The
present study demonstrated similar results in a short-term
follow-up period when compared to ACLR using autolo-
gous hamstring grafts. Although the results are comparable,
a longer follow-up is required in order to allow for evident
conclusions with regard to functional results, knee joint sta-
bility and rate of recurrence. Henle et al. [10] reported a
recurrence rate of approximately 4% in 197 patients treated
with DIS who were followed for at least 6 months. Re-rup-
tures occurred between 106 and 740 days post-operatively.
In addition, three patients of the same cohort presented
with a subjective giving way as a sign of insufficient heal-
ing but did not undergo revision surgery. Thus, the rate
of recurrence seems to be slightly increased when com-
pared to ACLR. Andernord et al. [1] analysed data from
the Swedish national knee ligament register and found a
2-year revision rate of 1.8% in a cohort of 16,930 patients.
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Féltstrom et al. [5] reported of a 4.3% revision rate within
5 years after the index procedure. It has yet to be investi-
gated in further studies whether DIS can maintain its good
results over a long-term follow-up period or will be associ-
ated with an increased failure rate over time.

With regard to the gait analysis, similar changes in gait
patterns could be found for the two intervention groups. It
is well known from other studies, that ACL reconstruction
leads to changes in knee joint kinematics and moments [6,
7,24, 25].

As shown in this study, gait patterns normalize over
time. While patients in both group showed limited knee
flexion angles and lower ground reaction forces 6 weeks
after the surgery, these parameters return to almost physi-
ologic values at the 6-month follow-up. However, some
deficits still persist at that time. This is in accordance with
results of a study of Roewer et al. [19] who found still
asymmetric knee angles, knee moments, and knee power
profiles during gait analysis performed 6 months after
ACLR in non-copers after an ACL tear. Similarly, Gokeler
et al. [6] concluded from a systematic review that return to
normal gait after ACLR can take up to 5 years after the sur-
gical intervention if it fully recovers at all. Although per-
sistent alterations in gait patterns are suspected to be a risk
factor for the development of posttraumatic osteoarthritis,
no study confirmed this causality yet.

Conclusion
In this prospective randomized trial, patients who under-

went DIS for an acute ACL tear showed comparable func-
tional results and knee joint stability in the short-term
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follow-up when compared to patients who had primary
ACLR. Changes in gait patterns were also similar in both
group and normalized over time. The only significant dif-
ference was a higher early post-operative activity level in
the DIS group as recorded by a step counter. It has yet to be
determined whether the results after DIS remain compara-
ble to those of primary ACL after longer follow-up periods.
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