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Abstract
Purpose Dynamic intraligamentary stabilization (DIS) is a primary repair technique for acute anterior cruciate ligament 
(ACL) tears. For internal bracing of the sutured ACL, a metal spring with 8 mm maximum length change is preloaded with 
60–80 N and fixed to a high-strength polyethylene braid. The bulky tibial hardware results in bone loss and may cause local 
discomfort with the necessity of hardware removal. The technique has been previously investigated biomechanically; how-
ever, the amount of spring shortening during movement of the knee joint is unknown. Spring shortening is a crucial measure, 
because it defines the necessary dimensions of the spring and, therefore, the overall size of the implant.
Methods Seven Thiel-fixated human cadaveric knee joints were subjected to passive range of motion (flexion/extension, 
internal/external rotation in 90° flexion, and varus/valgus stress in 0° and 20° flexion) and stability tests (Lachman/KT-1000 
testing in 0°, 15°, 30°, 60°, and 90° flexion) in the ACL-intact, ACL-transected, and DIS-repaired state. Kinematic data of 
femur, tibia, and implant spring were recorded with an optical measurement system (Optotrak) and the positions of the bone 
tunnels were assessed by computed tomography. Length change of bone tunnel distance as a surrogate for spring shortening 
was then computed from kinematic data. Tunnel positioning in a circular zone with r = 5 mm was simulated to account for 
surgical precision and its influence on length change was assessed.
Results Over all range of motion and stability tests, spring shortening was highest (5.0 ± 0.2 mm) during varus stress in 
0° knee flexion. During flexion/extension, spring shortening was always highest in full extension (3.8 ± 0.3 mm) for all 
specimens and all simulations of bone tunnels. Tunnel distance shortening was highest (0.15 mm/°) for posterior femoral 
and posterior tibial tunnel positioning and lowest (0.03 mm/°) for anterior femoral and anterior tibial tunnel positioning.
Conclusion During passive flexion/extension, the highest spring shortening was consistently measured in full extension with 
a continuous decrease towards flexion. If preloading of the spring is performed in extension, the spring can be downsized 
to incorporate a maximum length change of 5 mm resulting in a smaller implant with less bone sacrifice and, therefore, 
improved conditions in case of revision surgery.
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DIS  Dynamic intraligamentary stabilization
ROM  Range of motion

Introduction

The current gold standard for treatment of anterior cruciate 
ligament (ACL) ruptures comprises arthroscopic resection 
of the ACL remnants and subsequent surgical reconstruc-
tion with the use of a tendon graft [4]. ACL repairs with 
static synthetic augmentations like bands made of Dacron, 
Gore-Tex or Trevira have led to poor clinical results in the 
past with high failure rates and high rates of non-infective 
synovitis [2, 7, 19]. More recent designs made of polyeth-
ylene terephthalate, specifically the Ligament Augmenta-
tion and Reconstruction System LARS, that includes some 
intrinsic elasticity due to its twisted design, showed lower 
failure rates of 2.6% and rates of non-infective synovitis of 
0.2% over a mixed follow-up between 22 and 95 months [2, 
18]. Recent studies also show that there is a potential for 
self-healing of a torn ACL if a beneficial healing environ-
ment is created [20, 24]. Dynamic intraligamentary stabi-
lization (DIS) combines Steadman’s healing response, i.e. 
microfracturing at the femoral footprint of the ACL [24], 
with a fully dynamic augmentation that preserves primary 
ACL repair [23]. For internal bracing of the sutured ACL, a 
high-strength polyethylene braid with a pre-assembled but-
ton is anchored to the femur and clamped to a preloaded 
spring system in a screw (Ligamys), which is fixated into the 
tibial head (Fig. 1). In contrast to static augmentations, the 
Ligamys device compensates for non-isometric positioning 
of bone tunnels and therefore maintains anterior tibial trans-
lation (ATT) low during knee motion [11]. When a knee 
movement puts a stress on the repaired ACL, the polyethyl-
ene braid is put under tension and the spring is compressed. 
The current spring-screw device has a diameter of 10 mm 
and a length of 30 mm. This size is primarily dictated by 
the dimension of the spring (8 × 22 mm) that enables a total 
of 8 mm length change. Because of its relatively large size, 
the tibial hardware leads to a corresponding bone loss and 
results in frequent hardware removals due to local discom-
fort [15]. The technique has been previously biomechani-
cally investigated [23]; however, the length change of the 
implant spring during motion of the knee joint is unknown. 
A smaller spring-screw device with less length change 
would reduce bone loss in the tibial head and potentially 
reduce the frequency of hardware removals.

Following previous investigators, knee joint kinematics, 
spring length, and tunnel distance as a surrogate for spring 
length were recorded with an optical measurement system 
in cadaveric knees [12, 14]. In a post-hoc computer simu-
lation, the influence of bone tunnel positioning on spring 
length change was then analyzed. We hypothesized that less 

than 8 mm spring length change is required for unrestricted 
passive motion.

Materials and methods

Specimens and preparation

Four Thiel-fixated entire and intact human cadaveric bodies 
were obtained with informed consent from the Institute of 
Anatomy of the University of Bern (Table 1). Specimens 
were warmed up at room temperature overnight before test-
ing. Femurs and tibiae of the specimens were marked with 

Fig. 1  Principle of dynamic intraligamentary stabilization. A 
10 × 30 mm spring-screw-device in the tibial head is fixed to a high-
strength polyethylene braid [8]

Table 1  Donor overview

Gender Age in years Height in m Weight in kg

Female 68 1.65 55
Female 61 1.74 70
Female 93 1.60 60
Male 83 1.65 45
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four fiducial screws each. The screws were inserted into the 
great trochanter, the femoral shaft, the medial and lateral 
epicondyle, the tibial tuberosity, the tibial shaft, and the 
medial and lateral malleolus. Then, a computed tomogra-
phy (CT) scan of the whole lower body was acquired to 
ensure intra-osseous positioning of the screws and exclude 
specimens with signs of osteoarthritis or preexisting ACL 
ruptures. One knee joint was excluded because of a pre-
existing ACL rupture. Then, two 3.0 mm diameter Schanz 
screws were inserted into the diaphysis of the femur and tibia 
and the Schanz screws were subsequently connected to opti-
cal markers (Optorak Certus, NDI, Waterloo, Canada). The 
first ROM and stability test cycle described in section “test 
setup” was then initiated. After this, a medial arthrotomy 
was performed and the ACL was transected with a scalpel 
at its femoral insertion. The joint capsule was closed with 
a continuous suture and the second test cycle was initiated. 
The DIS procedure described in the section “surgical tech-
nique of Dynamic Intraligamentary Stabilization” was then 
performed and the third test cycle was started. Then, a sec-
ond CT scan of the whole lower body was acquired.

Surgical technique of dynamic intraligamentary 
stabilization

Surgery was performed according to the manufacturer’s 
operational manual by two experienced surgeons. A small 
medial arthrotomy was performed and the tibial remnant of 
the ACL was sutured with three 2-0 PDS sutures. 2.4 mm 
femoral and tibial bone tunnels were drilled with K-wires 
through femoral and tibial footprints of the ACL. The tibial 
K-wire was overdrilled to a depth of 30 mm with a 10 mm 
cannulated drill bit and the Ligamys implant was screwed 
into the tibial head. A shuttle suture was pushed through the 
DIS implant into the knee and both, PDS and shuttle sutures, 
were transferred through the femoral tunnel. A polyethyl-
ene braid with a button on the femoral side was then pulled 
through the knee joint with the shuttle suture. Preloading of 
the polyethylene braid with 300 N was done with a tension-
ing device prior to fixation of the braid to the spring of the 
Ligamys implant at a preload of 80 N in 0° knee flexion.

Test setup

Cadavers were positioned supine on a testing bench. A cus-
tom-made test rig for instrumented Lachman/KT-1000 test-
ing generated 134 N anteriorly directed force on the tibia. 
The rig was placed at the foot of the specimens’ bench. Two 
pulleys deflected the 134 N force generated by a weight 
(13.7 kg) to an aluminum hook (Fig. 2). One test cycle 
included six motions (flexion/extension, internal/external 
rotation in 90°, varus in 0° and 20°, and valgus in 0° and 
20°) and Lachman/KT-1000 testing in 0°, 15°, 30°, 60°, and 

90° flexion. Two examiners (JH and CK) each performed 
five repetitions of the 6 motions. Lachman/KT-1000 testing 
was performed by three examiners together, one examiner 
immobilizing the leg in the respective flexion angle and a 
second examiner positioning the hook of the test rig on the 
calf muscle at the height of the tibial tuberosity. A third per-
son then connected the 13.7 kg weight to the rope.

Motion tracking

A motion capture camera (Optorak Certus, NDI, Water-
loo, Canada) recorded positions of active infrared markers 
at a frequency of 100 Hz. The markers were connected to 
Schanz screws in femur and tibia for ACL-intact and tran-
sected states. After DIS treatment, the tibial marker was 
removed and connected to the implant screw and one addi-
tional marker was connected to the implant spring (Fig. 3). 
Therefore, the Ligamys implants had been adapted to allow 
for a stable mechanical fixation of two markers: a longer 
threaded pin than originally used had been pre-assembled 
to the clamping cone of the Ligamys implant and the bush 

Fig. 2  Lachman testing with motion capture markers connected to 
Schanz screws in femur and tibia

Fig. 3  Optotrak markers connected to the implant screw and to the 
spring
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had been welded to a steel half-pipe (Fig. 4). The spatial 
error of the motion capture system is lower than 0.1 mm in 
the selected working volume. For a worst-case scenario, the 
error on knee translations is 0.2 mm. The 0.1 mm position 
error in a direction perpendicular to the axis of the tibia 
induces an angular error below or equal to 0.1° for flexion/
extension, varus/valgus, and axial rotation.

Coordinate system

Origins for femoral and tibial anatomic coordinate systems 
were defined on CT scans along the mechanical axis (line 
connecting the femoral head and the center of the ankle) at 
the height of the intercondylar eminence. The X-axis was set 
medio-lateral connecting the medial and lateral epicondyle, 
the Y-axis was set antero-posterior and the Z-axis caudo-
cranial along the mechanical axis.

Statistical analysis

Descriptive statistics were performed to calculate the mean 
and standard deviation values for spring shortening, tun-
nel shortening and anterior tibial translation (ATT) at the 
respective knee flexion angles. Statistical analysis was per-
formed using Python 2.7 with SciPy stats and PumPy librar-
ies (Oliphant, 2007). Data were screened for normality using 
the Shapiro–Wilk test. Student’s t test was used to identify 
significant differences in ATT between the different states. 
The level of significance was set at p = 0.05. Decrease of 
tunnel length is represented by positive tunnel shortening 
values and a decrease of spring length is represented by posi-
tive spring shortening values. Five cycles of each motion 
were performed, and the mean of the amplitudes was aver-
aged. Initial tunnel lengths were defined in the CT image 
and transformed into the anatomical coordinate system. The 
positions of the 2.4 mm tunnels were read on CT scans and 

a circle with a radius of 5 mm was drawn around the tunnels 
in the transverse plane for the tibia and in the sagittal plane 
for the femur. All combinations between the four orthogonal 
positions of the tibial and femoral circle were calculated for 
flexion/extension. The highest and lowest length changes of 
tunnels are presented in this study.

Results

Figure 5 gives an overview of all ROM and stability tests 
that were performed. The figure illustrates also which data 
are shown in which figure. An additional figure shows that 
joint angles during all ROM tests (varus/valgus, flexion/
extension and rotation in 90° flexion) were not affected by 
DIS ACL repair (see additional file 1).

Tunnel positions within the seven specimens

The positions of femoral and tibial tunnels were quantified 
according to the quadrant method described by Bernard and 
Hertel [3] (Fig. 6).

Anterior tibial translation (ATT) during Lachman 
testing

ATT values after ACL transection increased significantly 
for all flexion angles and were highest in 15° and 30° with 
9.0 ± 2.7 and 9.2 ± 3.4  mm, respectively (Fig.  7). ACL 
repair with DIS significantly reduced ATT for all flexion 
angles, except for 60°, where no significant differences in 
ATT between the ACL-intact and ACL-repaired states were 
observed. For all flexion angles, values were still signifi-
cantly higher than the ACL-intact state.

Spring and tunnel shortening during ROM testing

Spring length and tunnel distance for flexion/extension, 
internal/external rotation in 90° and varus/valgus in 0° and 
20° are shown in Figs. 9 and 10. Over all ROM testing, 
spring shortening was highest (5.0 ± 0.2 mm) for varus 
testing in 0° (Fig. 8). For flexion/extension testing, spring 
shortening was highest in extension (3.8 ± 0.3 mm) for all 
specimens and then decreased continuously but variably 
with flexion reaching zero between 25° and 120° flexion 
(Fig.  9). In higher flexion, spring shortening remained 
zero, whereas tunnel shortening increased up to values of 
7–14 mm, meaning that the spring was fully unloaded while 
the tunnels approached each other.

Fig. 4  Adapted Ligamys implant. Blue arrows show the longer 
threaded pin and the steel half-pipe
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Spring and tunnel shortening during Lachman/
KT‑1000 testing

As for ROM testing, spring and tunnel shortening closely 
overlapped in the loaded region (Fig.  10). Lachman/
KT-1000 testing in 0° resulted in the highest spring 

shortening (4.4 ± 0.3  mm). The higher the flexion of 
the knee joint, the higher was the spring length. In 60° 
knee flexion, mean values for spring shortening were 
1.3 ± 0.9 mm during Lachman/KT 1000 testing and close 
to zero at rest and in 90° 0.7 ± 0.8 mm during Lachman/
KT 1000 testing and zero at rest.

Fig. 5  Overview of ROM and stability tests with the respective kin-
ematic data. The three drawings on the left represent the ACL-intact, 
ACL-transected, and DIS-repaired state. Recorded parameters during 

ROM testing: knee angles, spring and tunnel shortening. Recorded 
parameters during Lachman testing: anterior tibial translation (ATT), 
spring, and tunnel shortening

Fig. 6  Positions of femoral and tibial bone tunnels according to the 
quadrant method described by Bernard and Hertel. The blue dots 
represent the bone tunnels of the seven specimens. The light blue 
dot represents the bone tunnel, which was used for the simulation of 

extreme positions within a radius of 5 mm. FA femoral distance per-
pendicular to Blumensaat line; FB femoral distance postero-anterior 
along Blumensaat line; TA tibial distance antero-posterior; TB tibial 
distance medio-lateral
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Fig. 7  Mean ± SD values for 
anterior tibial translation (ATT) 
in 0°, 15°, 30°, 60°, and 90° 
including p values for Student t 
test comparing ATT of the three 
respective states

Fig. 8  Mean ± SD values 
for spring length and tunnel 
distance in flexion/extension, 
internal/external rotation in 90°, 
and varus/valgus in 0° and 20°. 
The gray area represents the 
unloaded state of the spring
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Simulation of tunnel positions within r = 5 mm 
range

Simulation of tunnel positions within a range r = 5 mm shows a 
high variation of length changes during flexion/extension with 
min and max tunnel shortenings of 4.0 and 20.9 mm, respec-
tively (Fig. 11). However, tunnel distance was always high-
est in extension (zero position) and continuously decreased 
with flexion up to 11.0 ± 3.1 mm. In deep flexion > 120°, most 
specimens showed a slight increase in tunnel distance. Tunnel 
shortening between 0° and 120° was highest (0.15 mm/°) for 
posterior femoral and posterior tibial tunnel positioning and 
lowest (0.03 mm/°) for anterior femoral and anterior tibial tun-
nel positioning.

Discussion

The most important findings of our study were that the integ-
rity of the ACL only influenced anterior tibial translation 
(ATT) during Lachman test, whereas all range of motion 
tests (varus/valgus, flexion/extension, and rotation in 90° 
flexion) were not affected. This underlines the primary role 
of the ACL as a passive structure preventing anterior tibial 
subluxation but not interfering with normal passive motion. 
ACL repair with DIS successfully reduced knee laxity over 
all flexion angles to significantly lower values compared to 
the ACL-transected state, but values still differed signifi-
cantly from the ACL-intact state. All ranges of motion tests 
were again not affected by the repair. Our data support the 

Fig. 9  Spring and tunnel short-
ening of the seven specimens in 
flexion/extension. The gray area 
represents the unloaded state of 
the spring
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measurements made by Schliemann et al. who found that 
DIS with a preload of 80 N significantly reduced knee lax-
ity in 15°–90° [23]. However, Schliemann et al. reported 
that DIS reduced ATT to the ACL-intact state, whereas our 
measurements still found significant differences between the 
transected and repaired state. This is most likely due to dif-
ferent preloading protocols: the group of Schliemann applied 
80 N preload in 20°–30° flexion, whereas we consequently 
preloaded with 80 N in 0°, resulting in lower tension on the 
polyethylene braid and consequently lower knee stability. 
The clinical implication of this increased knee laxity with 
our preloading protocol should consequently be an elonga-
tion of the ACL repair. However, we did not find this effect 
in our clinical practice, where preloading is consequently 
performed in 0° and Lachman values measured 3 month 
post-surgery differed non-significantly by 0.8 mm on average 
from the contralateral healthy side [9]. This shows that bio-
mechanical data of laxity measurements cannot be directly 
translated to clinical practice. The remaining laxity with DIS 
ACL repair might be a necessary stimulus for stable healing 
of the repair.

When comparing our ATT values to literature data, we 
observed that our values are much closer to clinical meas-
urements than previous biomechanical studies. Mean ATT 
values in 30° of ACL-transected knees in robotic setups 
range between 16.7 and 30.5 mm [10, 23], whereas clinical 
Rolimeter measurements in ACL-injured patients show val-
ues of 11.6 mm [1]. The ATT of 9.2 mm we measured is thus 
much closer to the clinical value than robotic measurements. 
This difference may be due to the setup and specimens we 
chose. We used intact whole cadaveric bodies, where the 

Fig. 10  Mean ± SD values for 
spring and tunnel shortening 
during Lachman/KT-1000 test-
ing. The gray area represents 
the unloaded state of the spring

Fig. 11  Simulation of tunnel positions within a range r = 5 mm. The 
dashed lines represent the seven specimens. The blue curve represents 
simulation of anterior femoral and anterior tibial tunnel positioning, 
whereas the red curve represents simulation of posterior femoral and 
posterior tibial tunnel positioning. The thick dashed curve represents 
the specimen that was used for simulation
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soft-tissue envelope around the knee joint further restrained 
laxity to lower ATT values. In addition, we directly meas-
ured translation in a setting that represents the clinical setup, 
whereas ATT measurements in robotic setups are dependent 
on specimen fixation to the socket and to the robotic arm.

Implant spring length and tunnel distance during passive 
ROM and Lachman/KT-1000 stability testing were further 
analyzed. Tunnel distance shortening was measured as a sur-
rogate for spring shortening in positions, where the spring 
is not loaded and slack occurs in the polyethylene braid. 
Spring shortening is a crucial measure, because it defines 
how much maximum length change due to non-isometric 
bone tunnel positioning can be compensated by the DIS 
implant. For spring shortening, only positive values are 
clinically relevant. Negative values that were measured are 
due to the clamping element and the optical marker being 
pulled out of the bush by gravity. These are a consequence of 
the adaptations made to the bush and cannot happen in vivo 
where a mechanical stop hinders the clamping element from 
disintegration from the bush.

Spring shortening was highly consistent with tunnel dis-
tance shortening over all measurements. Spring length and 
tunnel distance measurements during Lachman/KT-1000 
testing showed that the spring shortening was 4.1 ± 0.5 mm 
in 0° at rest, which is due to the preloading of the spring with 
80 N during the DIS procedure. This value is only slightly 
exceeded in 0° when applying 134 N anteriorly directed 
force on the tibia (4.4 ± 0.3 mm). For all other flexion angles, 
spring shortening never exceeded 4.1 mm during Lachman/
KT-1000 testing. During ROM testing, the highest spring 
shortening of 5.0 mm was found for varus stress in 0° i.e. on 
average 1.2 mm higher than during 80 N preloading. This is 
not surprising, as the ACL originates from the postero-lat-
eral intercondylar notch and is attached to the tibia close to 
the anterior root of the lateral meniscus. During varus stress 
in extension, the lateral wall of the notch is lifted off the 
lateral tibial plateau, and therefore, the ACL is elongated, or 
in the case of ACL repair with DIS, tension is applied on the 
polyethylene braid with a corresponding spring shortening.

These results imply that a smaller spring with only 
5 mm spring path would not restrict range of motion (max. 
3.8 ± 0.3 mm) or ATT during Lachman/KT-1000 testing 
(max. 4.4 ± 0.3 mm) but varus in 0° (max. 5.0 ± 0.2 mm) 
in some cases. However, if we aim to reduce ATT closer 
to the ACL-intact state, a higher preload than 80 N should 
be applied in 0°, resulting in turn in the need for a longer 
spring.

Literature data on length change of the native ACL or 
ACL reconstructions for full flexion/extension of the knee 
joint range from 4.3 up to 13.1 mm [6, 13, 16]. Three com-
puter simulation studies of human cadaveric knees reported 
mean length changes of 4.3 mm for the antero-medial and 
7.1 mm for the postero-lateral bundle [13, 16, 25]. In a 

biomechanical study performed by Lubowitz, mean length 
change amounted to 6.7 mm for an anatomical femoral 
tunnel placement as the knee was moved from 0° to 120° 
[17]. The group of Robinson found length changes of 8.7 
to 13.1 mm for postero-lateral bundle fibers [22]. The tun-
nel distance shortenings of 7 to 14 mm we measured in our 
study, therefore, coincide with postero-lateral bundle length 
changes in the previous studies. This is consistent with the 
surgical technique, where the tibial tunnel is intentionally 
positioned posterior to the anatomical footprint of the ACL 
in order not to harm the tibial remnant.

Tunnel positioning in a range r = 5 mm showed that non-
isometric tunnel positions led to a more pronounced short-
ening of the tunnel distance up to 0.15 mm/° between 0° 
and 120°, whereas nearly isometric positions led to only 
0.03 mm/° shortening. Non-isometric tunnels, therefore, 
may result in early loss of tension at 25° flexion with the 
consequence that the ACL repair is no longer protected. Iso-
metric positioning on the other hand sustains bracing of the 
ACL repair up to high flexion angles of 125°. This raises 
the question if isometric positioning should be strived for 
even though this leads to inferior rotational stability [5, 21]. 
Patients with DIS repair are not allowed to participate in 
pivoting sports during the first 6 months of rehabilitation, 
and therefore, there is no need to protect the ACL repair 
from excessive rotational strain. On the other hand, the ACL 
is especially prone to injury in 0°–30° because of the unfa-
vorable lever arm of the hamstring muscles to restrain ATT. 
The most important range for DIS to protect the healing 
ACL from excess stress is, therefore, in 0°–30°. A near-iso-
metric position of DIS might lead to an excellent protection 
of the repair up to deep flexion, however, with the drawback 
of inferior protection in 0° to 30°. Ultimately, what counts 
is the quality of the healing response and this can only be 
assessed in clinical trials. For future research, a randomized 
controlled trial should be undertaken to compare knee sta-
bility and clinical scores between non-isometric anatomical 
and near-isometric tunnel positions with DIS ACL repair.

This study shows that preloading and fixation of the 
spring in 30° instead of 0° can lead to high spring short-
ening in extension. In the case of non-isometric posterior 
femoral and posterior tibial bone tunnels, preloading with 
80 N in 30° would lead to an extension deficit with the 
current implant, because the resulting spring shortening 
(3.8 + 30 × 0.15 = 8.3 mm) would exceed 8 mm. It is, there-
fore, recommended that the 0° position is respected during 
preloading of the device.

Most of the limitations of this study are similar to those 
inherent to cadaveric studies: degradation of the knee speci-
mens was a concern; muscle tension was not present and 
therefore knee motion was uniquely passive. Kinematic data 
of femur, tibia, and the Ligamys spring system were meas-
ured with a highly precise instrument (Optotrak); however, 
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the variability associated with the passive motion applied 
manually by the operators cannot be suppressed. A direct 
comparison of our data to the previous studies is associated 
with a significant limitation, namely, that the braid tension 
with DIS varies with knee flexion, whereas in other studies, 
a fixed tension was applied. Roof impingement of the ACL 
repair as a potential confounder for length change was not 
accounted for. Our test setup does not represent a fatigue 
test. The polyethylene braid as well as the specimens are, 
however, subjected to plastic deformation and wear under 
cyclic loading. It can be assumed that spring shortening will, 
therefore, decrease with time [8].

The main strength of this study is that it replicates the 
clinical situation much better than a simple ex-situ uniaxial 
quasi-static loading. Full cadaveric lower bodies with intact 
soft-tissue envelopes were used. The test condition repre-
sents the clinical setting well. Experienced knee surgeons 
(CK & JH) performed all Ligamys implantations. When the 
spring was loaded, values for spring and tunnel shortening 
closely overlapped, giving confidence in the measurements. 
In the “unloaded region”, tunnel shortening increased up to 
high values, whereas spring shortening remained at zero as 
would be expected with a slack in the polyethylene braid.

The impact of this work on the clinical routine is as 
follows: (1) always apply the pretension on the spring in 
full extension. This ensures that no extension deficit will 
be caused by implant tension. (2) If you wish to further 
decrease AP translation of the repaired knee, then increase 
the amount of pretension in full extension and do not change 
to flexion. (3) If these recommendations are followed, the 
implant can be downsized resulting in less bone loss and 
improved conditions in case of revision surgery.

Conclusion

During passive flexion/extension, the highest spring shorten-
ing was consistently measured in full extension with a con-
tinuous decrease towards flexion. If preloading of the spring 
is performed in extension, the spring can be downsized to 
incorporate a maximum length change of 5 mm resulting in 
a smaller implant with less bone consumption and, therefore, 
improved conditions in case of revision surgery.
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