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stabilisation were included in this study. Patients were 
evaluated for anterior/posterior laxity; range of motion and 
patient reported outcome measures. Adverse events and re-
operations were noted. Failure was defined as AP Transla-
tion >3 mm, re-rupture or conversion to ACL reconstruc-
tion. Minimum follow-up was 24 months. Univariate and 
multivariate regression models were utilized to determine 
predictors of failure.
Results An overall complication rate of 15.1% was noted 
comprising 9.5% (n = 25) re-ruptures, 4.1% (n = 11) per-
sistent instability, and 1.5% (n = 4) > 10° fixed flexion 
deformity. Two factors were identified as negative predic-
tors of failure: (1) pursuit of competitive sport activities 
with a Tegner pre-injury score >7 (Odds Ratio (OR) 4.4, 
CI 1.2–15.9, p = 0.02) and (2) mid-substance ACL rupture 
location (OR 2.5, 1.1–5.7, p = 0.02). When neither of those 
risk factors occurred the failure rate was limited to 3.9%.
Conclusions Correct patient selection and narrowing of 
indications are necessary to maintain high success rates 
of the procedure. Mid-substance ACL ruptures and a high 
pre-injury sports activity level are two predictors of inferior 
outcome.
Level of evidence  II.

Keywords Dynamic intraligamentary stabilisation 
(DIS) · Anterior cruciate ligament (ACL) · Rerupture · 
Predictive factors

Abbreviations
ACL  Anterior cruciate ligament
DIS  Dynamic intraligamentary stabilisation
PROM  Patient reported outcome score
IKDC  International knee documentation committee
ROM  Range of motion
LOM  Loss of motion

Abstract 
Purpose Primary repair of the anterior cruciate liga-
ment (ACL) has regained interest of clinicians with recent 
development of novel repair techniques. Dynamic intra-
ligamentary stabilisation was introduced in an attempt to 
promote healing by shielding cyclic loads acting upon the 
ACL during the healing phase. The aim of this study was to 
identify negative factors likely to influence success of this 
procedure.
Methods Between 2009 and 2014, 264 patients with an 
acute ACL rupture undergoing dynamic intraligamentary 
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Introduction

Anterior cruciate ligament (ACL) reconstruction gained 
recognition as the gold standard of treatment for ACL tears, 
since it became evident that the ACL has a poor healing 
capacity [12]. The results of ACL reconstruction super-
seded those of primary repair, leading to the abandonment 
of primary repair techniques and a steep increase in the vol-
ume of ACL reconstructions performed worldwide [12].

Due to the drawbacks of reconstructive techniques, 
including donor site morbidity, deteriorated proprioception, 
and a residual higher risk of developing osteoarthritis com-
pared to the normal population, ACL research was contin-
ued and intensified with focus on novel ligament preserving 
strategies and tissue engineering approaches [8].

A new treatment method for acute ACL tears was 
recently introduced, based on the concept of dynamic intra-
ligamentary stabilisation (DIS) [2]. The main principle 
relies on approximation of the two ACL ends and shield-
ing cyclic loading resultant to natural knee movement act-
ing upon the ACL during the initial healing period [4]. 
The first published results show promising clinical out-
comes and patient satisfaction, although the re-rupture rate 
was between 6.5% [1] and 8% [7] over a 1–2 year period, 

therefore, slightly higher than the rates reported for ACL 
graft reconstruction in the long term [3].

Indications have to be critically reviewed and refined to 
reduce clinical failure of the DIS procedure. The aim of this 
study was to identify factors likely to influence the outcome 
of DIS. It was hypothesized that a higher likelihood of fail-
ure is presumable in (1) patients with a mid-substance tears 
[5] and (2) in patients perusing competitive sports with a 
high demand of ACL function.

Materials and methods

Patients presenting with an acute ACL rupture between 
2009 and 2014 were considered for this study, given that 
the criteria listed in Fig. 1 were fulfilled. Instrumented ante-
rior posterior laxity measurements (KT-1000 arthrometer, 
MEDmetric Corporation, San Diego, California, USA), as 
well as patient reported outcome measures (Tegner scores) 
and rupture pattern were all collected pre-operatively. Fol-
low-up evaluations included instrumented laxity measure-
ment and range of motion (ROM). KT-1000 assessment 
was repeated three times and the mean value used for fur-
ther analysis.

Fig. 1  Flowchart showing the 
process of patient allocation Enrollment

All ACL ruptures 2009 2014 
available for DIS

Included  
No previous knee ligament surgery
Clinical and radiological confirmation of a complete ACL tear
Surgical treatment within 3 weeks after injury
Follow up of at least 24 months postoperatively
Complete clinical and personal information preoperatively
Written consent of agreement to participate in the study

Excluded
Chronic ruptures
Patients aged  < 18 years

Allocation

Follow up

Analysis

All ACL ruptures treated with DIS 
technique between 2009 2014, n=268

Incomplete Follow up (n=4)

Analysed  (n= 264)
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Surgical technique

A detailed description of the surgical procedure was pre-
viously published [4]. In brief, the patient was placed in 
supine position and the knee fixed in a dynamic leg holder 
with a tourniquet applied. The ruptured ACL was sutured 
and stabilized with a polyethylene wire fixed by means of 
transosseus sutures on the femoral side using a flip anchor 
and on the tibial side within a spring-screw implant (Liga-
mys™, Mathys Ltd Bettlach, Switzerland). Postoperatively, 
full weight bearing was allowed using a brace for the first 
week. For patients with meniscus injuries, partial weight 
bearing was requested for 6 weeks. Strength training began 
in the third week, and sports training was started 10 weeks 
postoperatively.

Endpoints

Failure was defined as re-rupture, instability (positive pivot 
shift or ΔAP Translation>3  mm) or conversion to ACL 
reconstruction. Re-ruptures were confirmed via clinical 
and radiological examination. Further complications which 
were not considered endpoints included loss of motion 
(LOM) and a fixed flexion or extension deformity of >10°.

Identifying exposure variables

A key challenge was to decide on a set of exposure vari-
ables that give a good prediction of the outcome. Since DIS 
is a recent technique, potential factors influencing outcome 
have not yet been observed beside a high complication rate 
occurring in mid-substance tears [5]. It was decided to use 
a stepwise selection procedure to identify potential factors 
based on the magnitude of the p value (p value<0.05) to 
include in the study. To define predictive factors precisely, 
age was categorized into four groups. Tegner score was 
also parted into two categories, where the threshold was set 
at 7 to differentiate competitive from recreational sports, 
with the exception being recreational football and skiing 
included in the competitive group.

Ethical approval

Study approval was obtained from the ethical commis-
sion of Bern, Switzerland (KEK-BE 253/2014). Informed 
consent according to Swiss laws was signed by all patients 
before enrolment.

Statistical analysis

Descriptive data were shown in mean ± standard devia-
tion, percentage or in case of the Tegner score with median 
(interquartile range). Univariate analysis was performed by 

means of the Chi-squared test for binary, logistic regres-
sion for numerical variables, and Wilcoxon rank-sum test 
for Tegner score. The threshold in univariate analysis was 
set at a p value <0.05. After identifying potential predic-
tors, multivariate logistic regression analysis was used. A 
p value of <0.05 was considered statistically significant. 
Post-hoc power analysis reviewed the power of the study to 
be 0.7, given an alpha of 0.05 for the sample size. Statistics 
was performed using Stata, version 14.1. Software (Stata-
Corp, Texas, USA).

Results

Re‑rupture and instability

Thirty-six (13.6%) patients presented with either a trau-
matic re-rupture (n = 25, 9.5%) or persistenting instabil-
ity (n = 11, 4.1%) 7.1 ± 11.3 months postoperatively, of 
which 27 were converted to ACL reconstruction and 9 were 
treated conservatively.

Univariate analysis revealed three potential risk fac-
tors, including age, mid-substance ACL tears type, and 
pre-injury Tegner score, as shown in Table 1. All three fac-
tors were subsequently included in the multivariate analy-
sis to allow for adjustment resulting in the identification 
of the two significant negative predictors of DIS failure 
(Table 2; Fig. 2): (1) Tegner pre-injury score >7 (OR 4.4, 
CI 1.2–15.9, p = 0.02) and (2) mid-substance ruptures (OR 
2.5, 1.1–5.7, p = 0.02).

Overall complication rate

The total complication rate was 15.1% comprising 9.5% (n 
= 25) re-ruptures, 4.1% (n = 11) persisting instability and 
1.5% (n = 4) extension deficit. All the patients with a sig-
nificant extension deficit required arthroscopic debridement 
to improve ROM. The hardware removal rate was 35%, at 
8.3 ± 4.9 (mean ± SD) months postoperatively.

Discussion

The most important finding of this study reveals two factors 
acting as determinants of poor outcome after ACL repair 
using the DIS technique. These were mid-substance ACL 
rupture location and a high pre-injury sports activity level.

The initial reports of DIS repair techniques demon-
strated promising short-term success rates. It was, however, 
also stated that the outcome of the technique showed slight 
inferiority to ACL reconstruction [9].

Given the low reported failure rates of ACL recon-
struction, in the long term [9, 13], it is of fundamental 
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importance when considering any new technique to warrant 
a procedure that is at least as effective as the comparable 
gold standard. The consequence this has on the DIS tech-
nique is reflected in the necessity for narrowing indications, 
highlighting the need for identifying patients likely to ben-
efit most from the procedure to pertain high success rates.

The findings of this study underline the inferiority of 
surgical outcome after DIS in patients with a high pre-
injury sport activity level preforming pivoting or competi-
tive sport activities, with failure rates reaching 19%. This 
group is also considered at high risk for graft failure after 
ACL reconstruction [6, 11]. However, the fact that DIS 

Table 1  Patient’s 
characteristics analysed with 
univariate analysis

Total, n (%) Cohort without 
re-rupture

Cohort with re-rupture p value

Patient characteristics
 Age (years) 30.8 ± 12.2 32.1 ± 12.3 22.7 ± 8.1 <0.01
  10–19 years 21% 0.6% 41.7% <0.01
  20–29 years 33.5% 32.2% 41.7% n.s
  30–39 years 16% 17.2% 8.3% n.s
  >40 years 29.7% 33% 8.3% <0.01

 Female 41.3% 43% 30.6% n.s
 Height (cm) 173.9 ± 0.1 173.7 ± 0.1 175.4 ± 0.1 n.s
 Weight (kg) 74.9 ± 15.5 74.8 ± 15.6 75.9 ± 14.5 n.s
 BMI 24.4 ± 3.7 24.4 ± 3.8 24.6 ± 3.4 n.s

Injury pattern
 ACL rupture location
  Proximal 77.3% 80.3% 58.3% 0.01
  Mid-substance 20.5% 17.5% 38.9% 0.01
  Tibial 2.3% 2.2% 2.8% n.s

 Meniscus lesion
  None 31% 31.6% 27.8% n.s
  Medial 13.3% 13.6% 11.1% n.s
  Lateral 37.9% 37.7% 38.9% n.s
  Both 17.8% 17.1% 22.2% n.s

 Ligamentous lesion
  None 81.1% 80.7% 83.3% n.s
  MCL 13.3% 14% 8.3% n.s
  LCL 5.3% 5.3% 5.6% n.s
  Multiple ligaments 8% 7.9% 8.3% n.s

 Muscle lesion 3.4% 3.9% 0% n.s
Clinical examination
 Flexion deficit 27.9° ± 27.4° 28.2° ± 27° 26.1° ± 30.3° n.s
 Extension deficit 2.1° ± 5.5° 2.1° ± 5.5° 1.9° ± 6.1° n.s
 Joint effusion
  None 5.4% 5.1% 6.9% n.s
  Light 15.1% 16.6% 6.9% n.s
  Severe 79.6% 78.3% 86.2% n.s

 Pos. Lachman Test 97% 97.2% 96.8% n.s
Clinical scores
 Tegner score 7 (IQR 3–10) 7 (IQR 3–10) 8 (IQR 7–9) 0.01
  Tegner <7 28.8% 32.3% 8.6% <0.01
  Tegner ≥7 71.2% 67.7% 91.4% <0.01

Operation
 Time from accident to OP (days) 11.7 ± 10 11.7 ± 10.2 12.2 ± 8.7 n.s
 OP Time (min) 80.4 ± 38.6 80.2 ± 38.1 81.3 ± 41.7 n.s
 Duration of hospital stay (days) 4 ± 3.8 4.1 ± 3.9 3.8 ± 3.1 n.s
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repair carries a slightly higher overall failure rate allows for 
re-consideration of the suitability of this patient group, as 
candidates for the procedure.

Due to the heterogeneous morphology in ACL tear 
patterns, outcome varies for proximal and true mid-sub-
stance ACL tears [10]. The vascularity of the proximal 
region is known to be best. Furthermore, the DIS tech-
nique involves microfracturing of the femoral footprint 
prior to fixation of the ACL; these two factors constitute 
explanatory theories to the improved outcome in proxi-
mal ACL ruptures. Mid-substance ruptures on the other 
hand involve disruption of the synovial sheath, and 
mandate ligament-to-ligament healing, thereby creating 

incomparable primary circumstances. This may in turn 
account for differences in the biological healing process, 
which subsequently affects sufficient restoration of sta-
bility. A previous study by Evangelopoulos et  al. dem-
onstrated improved outcome of mid-substance ruptures 
treated with a collagen scaffold membrane during DIS 
repair [6].

Any ligament preserving treatment modality would 
provide several advantages, including preservation of 
proprioceptive tissue, containment of the multiple bundle 
morphology, and sparing of the drawbacks of graft har-
vesting. Considering the two factors of rupture location 
and activity level during setting the indications for DIS 
repair would allow of an increase in the overall success 
rate of the procedure to >90% in the short term. Long-
term results would still, however, have to be awaited.

Therefore, the results of this study are of clinical rel-
evance when considering potential candidates for the 
DIS procedure. Based on the results, the ideal candidate 
for the procedure is a patient pursuing recreational sport 
activities suffering a proximal ACL rupture. On the other 
hand, the worst candidate for the procedure is a patient 
pursuing competitive sport activities suffering a mid-sub-
stance ACL rupture.

There are several limitations of this study needing 
emphasis. The stepwise variable selection process in 
regression models with a p value <0.05 gives an over 
optimistic view; hence, the p values will be too small, 
confidence intervals too narrow, and the proportion of 
variance too high. Accessorily, the study can only pro-
vide short-term results, although considering the recent 
technique; no long-term results can yet be yielded.

Table 2  Multivariate model showing predictive factors for re-rupture 
for DIS

Variable Adjusted 
odds ratio

95% CI p value

Lower Upper

Age (years)
 <20 years 1.8 0.7 4.3 n.s
 20–30 years 1.0
 30–40 years 0.8 0.5 1.3 n.s
 >40 years 0.3 0.1 1.1 n.s

ACL rupture location
 Proximal 1.0
 Mid-substance 2.5 1.1 5.7 0.02
 Tibial 3.9 0.3 45.1 n.s

Tegner score
 Leisure sports 1.0

Competitive sports 4.4 1.2 15.9 0.02

Fig. 2  Plot showing the failure 
rate based stratified by subgroup
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Conclusions

The study shows that appropriate patient selection is crucial 
in DIS ACL repair. A higher complication rate in highly 
active patients performing competitive or pivoting sport 
activities, or in patients with a mid-substance ACL tear is 
to be expected. Considering these factors during patient 
selection for DIS repair is likely to result in an improved 
overall success of this procedure.
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