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13.1 Introduction

Clinical assessment of knee laxity is useful prior
to surgery to assist in establishing the diagnosis
of knee injuries and after surgical intervention to
evaluate the success of reconstruction proce-
dures. Clinically, rotational knee laxity is evalu-
ated by subjective manual tests, such as the dial
or the pivot shift tests [27]. Whereas the former is
‘static’ and uniaxial, the latter is ‘dynamic’ and
tests the knee in more than one direction [21].
There is a debate as to whether static or dynamic
measurements should be preferred in the evalua-
tion of anterior cruciate ligament (ACL) injuries
[51]. While the pivot shift test is accepted to be
more closely correlated with the clinical symp-
toms of dynamic instability (‘giving way’) than
do static tests, it appears to be generally accepted
that the latter are of interest in the diagnosis and
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follow-up of knee soft tissue injuries [51].
Moreover, static tests induce a less complex
movement of the knee in comparison to dynamic
tests, which may be easier to standardise and to
control with a device. Increased attention has
been paid over the last decade to develop instru-
ments measuring static rotational knee laxity. To
date, few data report rotational knee laxity mea-
surements in vivo. A systematic review reported
that in 74 articles where knee rotation was mea-
sured under a controlled load, 61 used human
cadavers and only 13 using living humans [31].
Preliminary data showed that rotational knee lax-
ity measurements are of a much higher degree of
complexity compared with sagittal knee laxity
measurements.

The aim of the present chapter is to provide an
overview of current knowledge on static rota-
tional knee laxity measurements.

13.2 Structures Influencing Knee
Rotation: What Can
We Measure?

Laxity tests must be utilised with caution; there is
always more than one contributing structure in one
direction being tested. As a consequence, it can be
challenging to isolate the structure under investi-
gation. Between 0° and 30° of knee flexion, inter-
nal rotation is primarily restrained by the posterior
oblique ligament and the iliotibial band. Secondary
restraints include the ACL, the superficial fibres of
the medial collateral ligament (MCL), the menisci,
the popliteal tendon and the anterolateral ligament
(ALL). At 60° of knee flexion, internal rotation is
first restrained by the deep fibres of the MCL and
the iliotibial band and then by the ACL, the
menisci, the popliteal tendon and the ALL. In
terms of external rotation, at full extension of the
knee, it is primarily restrained by the lateral col-
lateral ligament (LCL) and secondly by the
menisci, the deep fibres of the MCL and the pop-
liteofibular ligament complex. From 30° to 90° of
knee flexion, primary restraints of external rota-
tion are the superficial fibres of the MCL, the
LCL and the popliteal tendon. Secondary

C. Mouton et al.

restraints are the posterior cruciate ligament
(PCL), the menisci and the popliteofibular liga-
ment complex [21].

As contributing structures vary with the
degree of knee flexion, patient position and/or
devices to measure static rotational knee laxity
must be chosen in relation to the structure(s) to
be analysed. For example, cadaver studies
showed that the increase of rotation related to an
ACL deficiency was apparent mainly between 0°
and 30° of knee flexion and disappeared with
further knee flexion [6, 53, 85]. ACL-injured
patients should thus be assessed at a maximal
angle of 30°. In knee flexion angles below 30°,
the section of the ACL lead to 2.4-4° increase
more specifically in internal rotation [32, 36, 42,
53]. The same amount of increment is observed
in in vivo studies (rotation of the injured knee
patients with a chronic ACL injury was increased
by 3° compared to the healthy knee) [40]. Given
the rather limited amount of additional rotation
induced by the absence of the ACL, the chal-
lenge with non-invasive measurements is to
reach a high degree of precision to detect such
low changes.

13.3 Static Laxity Measurements:
How to Start With?

Several factors related to patient positioning,
measurement methods, testing protocols and
device precision deserve particular consideration
to correctly understand static rotational knee lax-
ity measurements. Patient position (i.e. knee and
hip flexion angles) influences laxity measure-
ments. At a knee flexion of 20°, greater values of
knee rotation are observed when the hip is near
extension compared with when the hip is flexed
at 90°. On the other hand, for a similar position of
the hip, knee rotation is greater at 90° of knee
flexion compared with 20° [59].

Devices also differ by measurement methods
(location of sensors to measure torque applied and
displacement). In all reported instruments, torque
is applied at the foot. Consequently, the torque
may partially be absorbed by the device and other
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joints of the leg than the knee joint. The final
torque applied to the knee may thus differ between
devices depending on efficacy to immobilise the
hip and ankle joints. With regard to the measure-
ment of rotation, some devices measure knee rota-
tion at the foot [3, 11, 37] and others directly at
the tibia [49, 55, 70]. For a 10 Nm torque,
Shoemaker and Markolf estimated that foot rota-
tion represented twice the tibiofemoral rotation,
i.e. two-thirds of the measured angle [59]. This
aspect is specific of each device depending on the
fixation of the ankles and hips. However, foot
rotation may be avoided with a direct evaluation
of tibial rotation via electromagnetic sensors
placed on the tibia [2].

Researchers and knee surgeons should also be
aware how testing protocols are standardised.
The amount of torque applied usually varied
between 5 and 15 Nm depending on fixation and
patient comfort within the device. These amounts
of torque allow for a safe test as structural
integrity of the knee ligaments are only
compromised for a torque greater than 35 Nm
directly applied to the tibia [59]. Several
researchers have shown improved reliability for
total range of rotation than for internal and
external rotation separately [3, 85]. Most
researchers apply this torque from internal to
external rotation or from external to internal
rotation to obtain a complete cycle of rotation. In
these cases, the hysteresis phenomenon should
not be neglected as it may influence the
reproducibility of the measurements. A solution
to avoid this phenomenon is to perform separate
measurements of internal and external rotation
and includes ‘preconditioning trials’ [12, 44,
66]. A lack of reproducibility may also be
explained by a non-reproducible starting position
of the test, an aspect related to patient installation
that should be carefully monitored.

All of the previously mentioned aspects
influence the precision of the device, which
remains poorly investigated. The determination of
precision is, however, necessary to draw
meaningful conclusions from any comparison
study as it accounts for the measurement error. It
is helpful to detect abnormalities occurring during
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a subject follow-up and helps to conclude if an
observed difference is clinically relevant and
meaningful. Studies are often limited to
computations of ICCs, which depend strongly on
data dispersion and do not provide a clear
understanding of device precision. A conservative
approach is the use of the minimum detectable
change (MDC) [82]. The MDC represents the
minimal required difference with a given
instrument in a defined setting to be confident that
a true change has indeed occurred.

13.4 Static Rotational Knee Laxity
Devices: How to Measure
Knee Rotation?

Knee laxity measurement devices have been
specifically designed to allow for an objective
and standardised evaluation of knee laxity. The
authors present non-invasive devices measuring
knee rotation angle in humans with a known
applied torque (Fig. 13.1). Instruments
associated to imaging and/or assessing complex
knee movements like the pivot shift test or the
rotation associated with anterior or valgus
movement of the knee will not be presented. To
the best of the authors knowledge, none of the
devices reported below are presently
commercialised.

13.4.1 Genucom Knee Analysis
System (FARO Medical
Technologies, Montreal,
Ontario, Canada) [54]

This device was developed in the late 1980s and
allows measurement of anteroposterior laxity,
as well as rotational and varus-valgus laxity
[54]. A six-degrees-of-freedom dynamometer
indicates to the examiner the force or torque
applied to the knee, and an electrogoniometer
measures the displacement. The ability of the
device to measure rotation has been poorly
explored. This may be partly explained by a
poor reproducibility. Indeed, at 20° of knee
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Fig. 13.1 Non-invasive devices to measure static rotational knee laxity in vivo. All devices allow applying a known

amount of torque (Adapted from Refs. [14-17, 19, 27, 33])

flexion, the least significant difference reached
17.5° in tibial rotation; in other words, a change
of 17.5° is required to indicate a real change in
one subject’s laxity [43].

13.4.2 Vermont Knee Laxity Device [77]

The Vermont knee laxity device measures
anterior, rotational and varus-valgus laxity. The
subject lies supine with knees flexed at 20° and
hips at 10°, and the thighs are fixed with clamps
at the femoral epicondyles. Rotation angle is
measured on tibia through electromagnetic
sensors. The intraclass correlation coefficient
(ICC) is above 0.86 for internal, external and

total range of rotation. The 95% confidence
interval (CI) of the absolute measurement errors
were evaluated to reach 5-7°, respectively, for
internal and external rotation [70].

13.4.3 Rottometer [3]

The patient sits on a modified chair with knees
and hips flexed to 90°. To limit artefacts and
target tibiofemoral rotation, the thigh is fixed
above the knee with clamps. The ankle is fixed by
two screws at the calcaneus and four screws
placed at the medial and lateral malleoli. An
adjustable spanner is used to apply torque and a
stick following the foot plate indicated the
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resulting degree of rotation. A comparative study
using  radiostereometry  analysis  (RSA)
demonstrated that the Rottometer systematically
overestimated tibiofemoral rotation by about
100 % [3]. Depending on the amount of torque
and degree of knee flexion, the inter-rater ICC
varied between 0.49 and 0.85, with the highest
ICC obtained for the highest torque (9 Nm) and
the higher degree of knee flexion (90°) [4]. The
95% CI between measurements of both
examiners varied between —7.9° for the lower
bound and 3.8° for the upper bound [4].

13.4.4 Device by Musahl et al. [49]

This device consists of an Aircast Foam Walker
boot with a 6-degrees-of-freedom moment
sensor fixed on a handle bar attached to the
boot. A bubble level attached to the handle bar
determines the neutral rotation. To measure the
relative rotation of the tibia with regard to the
femur, magnetic sensors are placed on the boot,
on the medial surface of the proximal tibia and
on the anterior surface of the thigh. The
examiner holds the leg while applying the
torque, which may influence muscle relaxation
and flexion angles. An initial cadaver study
reported a high intra- and inter-rater ICC
(>0.94) [49]. In 11 healthy subjects, inter-rater
ICC was greatest at 90° of knee flexion (0.88).
The 95% CI of the standard error of
measurements reached 3.2° for the total range
at 90° of knee flexion and 5.1° at 30° [76]. The
average side-to-side difference between normal
knees was reported to be 3.5° [76].

13.4.5 Device by Park et al. [55]

Park et al. [55] presented the first motorised
device to measure knee rotational laxity. The
patient sits in a modified chair with the hips flexed
at 85° and knees at 60°. The thighs are fixed with
clamps. Three LED markers were positioned on
the anteromedial surface of the tibia to measure
the angle of rotation. No data is available on its
reproducibility.
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13.4.6 Rotameter[37]

Two prototypes of the Rotameter exist. In both
versions, the subject is lying prone to reproduce
the dial test position. Thighs are fixed in half cones
with Velcro strap band. Hips are extended and
knees flexed at 30°. The subject is wearing boots
(home-made boot in the first version and ski boots
of appropriated size in the second version) attached
to the handle bar that allows both to apply the
torque and measure the degree of rotation. A
cadaver study showed a high correlation (Pearson
r>0.85) between measurements of the first proto-
type and knee navigation system [36, 37]. The
Rotameter, however, overestimates the total range
of rotation at 5, 10 and 15 Nm in average of 5, 10
and 25°, respectively [37]. The assessment of the
reliability of the first Rotameter is questionable.
Greater ICC were observed for inter-tester reliability
(>0.88) compared with intra-rater ICC (>0.67), sug-
gesting that participants were not reinstalled
between the measurements undertaken by the two
examiners [38]. No confidence intervals for mea-
surement errors were reported. Regarding the sec-
ond version of the Rotameter, it provides lower
rotation than the first device due to improvements
in the standardisation of the patient installation
and joint fixation. The MDC has been determined
to reach 4.2° for internal rotation and 5.9° for
external rotation [45]. Individualised normative
references have been established considering indi-
vidual characteristics [44, 45].

13.4.7 Robotic Knee Testing System [11]

Branch et al. developed a custom robotic knee
system adjustable to the patient’s natural lower
limb alignment to avoid pretension in leg anatom-
ical structures. The patient lies supine with knees
flexed at 25°. The femur and patella are stabilised
with clamps, and the ankle is stabilised in prona-
tion and dorsiflexion to limit its rotation during
the test. Rotation is measured at the foot with an
inclinometer. Electromagnetic sensors placed on
the proximal tibia showed that tibial rotation rep-
resented in average 48.7 % of the total rotation
measured at the foot [11]. The authors corrected
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their measurements according to these results,
which may introduce bias, as this correction may
vary between individuals (95 % CI: 45.3-52.1 %).
Inter-rater ICC for total range of rotation reached
0.97 at a torque of 5.65 Nm [11].

13.4.8 Rotational Measurement
Device[1]

This device consists of three parts: (1) a femoral
clamp and (2) a tibial splint, to which
inclinometers are fixed to measure rotation and
(3) a boot with a torque wrench. Subjects are
positioned at 90° of knee flexion. Measurements
at the foot overestimate rotation in average by
136 % (95 % CI, —102 % to —171 %) compared to
the rotational measurement device placed on the
tibia. The latter slightly overestimated rotation
(in average 2°: 95% CI —4.5° to 0.4°) when
compared to electromagnetic sensors placed on
the tibia [1]. Intra-rater ICC reached 0.9 [1].

Fact Box 1

 Static rotational knee laxity only assesses
knee rotation. Dynamic tests constrain
the knee in more than one direction (i.e.
pivot shift test).

e Structures contributing to knee rotation
are numerous (menisci, lateral ligaments
...) and depend on the degree of knee
flexion.

* Rotational knee laxity measurements
are of a much higher degree of com-
plexity compared to anterior knee laxity
measurements.

* To date, eight devices have been reported
with measurements of rotational knee
laxity in vivo. The torque applied varies
between 5 and 15 Nm. The report of their
precision is insufficient for proper use in
the daily practice.

* Hip flexion, knee flexion, location of sen-
sors to measure torque applied and rota-
tion, as well as testing protocols, critically
influence rotational laxity results.

C. Mouton et al.

13.5 Rotational Laxity
in the Normal Knee

Physiological knee laxity is the natural laxity of
the knee. Recent literature reveals that physiolog-
ical knee laxity may influence injury risk, as well
as treatment outcomes. As such, a better under-
standing of physiological laxity may benefit both
athletes and injured patients alike.

13.5.1 Relation with Knee Function

It is commonly accepted that knee laxity has no
relation to knee function. In fact, the literature
specifies that the amount of side-to-side difference
in knee laxity observed after ACL reconstruction
is not linked to clinical outcomes [22, 30, 56].
Nevertheless, subjects with excessive physiologi-
cal knee laxity have been reported to have move-
ment patterns associated with non-contact ACL
injury mechanisms. They display greater hip and
knee movements in the transverse, sagittal and
frontal planes during drop landings [65, 75].
Subjects with higher anterior knee laxity also dis-
play increased knee moments [69] and delayed
onset timing of muscle activation that is compen-
sated by a higher muscle activity [60]. Moments
and onset timing of muscle activation have not yet
been investigated for patients with higher rota-
tional knee laxity. These primary findings suggest
that individuals may benefit from intensive neuro-
muscular training adapted to their laxity profile,
which could have a direct impact in knee injury
prevention and patient care.

13.5.2 Risk Factor for Injuries

It is well recognised that hypermobility (as
defined by the Beighton score [8]) is associated
with an increased risk of musculoskeletal injuries
[83]. The same principle may apply to physiologi-
cal rotational knee laxity. In adulthood, as for
anterior knee laxity [78, 84], the healthy contra-
lateral knee of ACL-injured patients displays, on
average, greater internal rotation than healthy
knees of a control group [11, 46]. Mouton et al.
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set a threshold to help discriminate rotational
knee laxity between healthy subjects and the
healthy contralateral knee of ACL-injured patients
[46]. Above the established threshold, a subject
was 2.45-fold (95 % CI 1.37-4.36) more likely to
be in the injured group [46]. These findings must
be confirmed by prospective studies, but they sug-
gest that prospective screening may be of interest
to identify subjects at risk for non-contact ACL
injuries as well as for other knee injuries.

13.5.3 Risk for Poor Reconstruction
Outcomes

After ACL reconstruction with a bone-patellar
tendon-bone graft, patients identified with an
increased physiological rotational laxity have
lower Lysholm [29] and IKDC subjective [12,
29] scores. As preoperative scores were not
reported, it remains unclear whether this finding
is the consequence of the ACL reconstruction or
of the injury itself. Still, these results raise the
question of whether patients with higher knee
laxity may benefit from adapted, individualised
care (i.e. graft choice) compared with other
patients.

13.5.4 Influencing Factors

Previous studies have demonstrated that exter-
nal rotation exceeds internal rotation by approx-
imately 50% [11, 38, 48, 55, 70]. However, the
study of rotational knee laxity is much more
complex than simply measuring internal and
external rotation. Physiological laxity is indeed
influenced by several individual characteristics.
Females have greater rotational knee laxity than
males [5, 11, 26, 44, 45, 55] and body mass
appears to be inversely correlated to rotational
knee laxity [44, 45, 61]. No relation has been
reported between height and rotational knee lax-
ity [44, 45].

Increased knee laxity in the paediatric popu-
lation is generally well accepted [7, 17, 23].
Rotational knee laxity evolves during the ado-
lescence and stabilises at the age of 14 years in
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girls and at 16 years in boys [7]. This stiffening
of knee laxity coincides with the emergence of
ACL injuries [14]. In adulthood, the influence
of age is debated [5, 61]. Shultz et al. reported
that older subjects had lower laxities. However,
these researchers in their study did not include
a large range of age: males were 22+3 years
old and females were 21 +3 years old [61]. In
contrast, in two studies with large number of
subjects and including subjects with a large
range of age, no significant influence of age
could be observed neither in males nor females
[5, 44, 45].

While several studies suggest that anterior
knee laxity may vary during the menstrual cycle
of females [62, 63], the effect of the menstrual
cycle on rotational knee laxity has been analysed
in only one study [66]. The authors assessed
rotational knee laxity in females at two different
time points. Based on previous research of these
authors [64], the two time points were the esti-
mated days of minimum and maximum anterior
knee laxity during menses and the early luteal
phase, respectively. No increase in rotational
knee laxity could be observed in females between
these two time points [66].

A relation may exist between knee laxity and
lower leg alignment. Healthy subjects with
increased laxity compared with subjects with
decreased laxity have greater navicular drop
(increased: 7.1+5.0 mm, decreased: 5.2+3.1
mm), lower Q-angle (increased: 12.9+3.9°,
decreased: 11.6+4.7°), lower tibial torsion
(increased: 14.8+7.3°, decreased: 18.6+5.2°),
lower quadriceps peak torque (increased:
2.3+0.4 Nm/kg, decreased: 2.5+0.4 Nm/kg)
and shorter femur length (increased:
41.3+2.6 cm, decreased: 44.5+2.5 cm) [61].
Some differences are, however, minor and their
clinical value has not yet been established. Another
study established that subjects with foot pronation
displayed higher internal rotation than subjects
without pronation [13].

Physical activity has also been reported to
influence rotational knee laxity. Shultz et al.
measured rotational knee laxity in 59 partici-
pants during an intermittent exercise protocol
[67]. The measurements were performed before
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and after warm-up and every 15 min during and
for 1 h after the end of the exercise. The largest
mean change observed was 1.7+4.9° (increase
of 7% compared to before warm-up) [67].
Thirty-three percent of each sex had an incre-
ment superior to 5.2°, thereby suggesting that all
participants may not respond in a similar way to
an exercise. The study of Shultz et al. therefore
confirms previous studies, which showed
increased rotational knee laxity associated with
exercise [28, 73]. Interestingly, as rotational
knee laxity increases with exercise, women tend
to have greater knee valgus and more absorbed
energy at the knee [68]. The importance of the
valgus is related to the subject’s physiological
knee laxity [68].

Finally, osteoarthritis may affect knee laxity.
Cross-sectional studies have found that rotational
laxity [80] decreased with the severity of knee
osteoarthritis. It may thus be useful to consider
osteoarthritis as a potential confounding factor in
future studies [52].

13.5.5 Normative References

To define ‘excessive’ knee laxity, normative
references for each device must first be established
in order to define ‘normal’ laxity. Mouton et al.
proposed a methodological approach to calculate
standardised laxity scores for anterior and
rotational knee laxity taking into account
influencing individual characteristics [45]. For
rotational knee laxity, sex and body mass were

30% 4
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Between-2and -1:18%
Between-land 1 : 66%
25% 1 Betweenland2:12%
>2:3%

20%
15% 4

10% 4

Fig. 13.2 Distribution

of the knee laxity score 5%
for internal rotation at

5 Nm corrected for sex
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found to significantly influence its measure and to
explain a non-negligible amount of the variability
in internal and external rotation (46-60 %). As a
consequence, the latter parameters were taken
into account to calculate an individualised score.
The individualisation of scores has the advantage
to allow for the direct comparison of individuals,
regardless of differences in sex or body mass. The
final score represents the distance of the individual
to the average of the healthy control group. One
unit represents the standard deviation of the
healthy control group. As one standard deviation
has already been previously used as a threshold
[78], the authors decided to use it to categorise
knees as being hypo- (score<—1), normo- (score
between —1 and 1) and hyperlax (score>1) [45].
For internal and external rotation, the
individualised scores follow a normal distribution
(Figs. 13.2 and 13.3).

Anterior and rotational knee laxity are poorly
correlated [45, 71], which suggests that they
yield complementary information. A single mea-
sure of knee laxity is thus likely inappropriate to
describe the static knee laxity envelope. The exis-
tence of specific knee laxity profiles has been
suggested [61]. Mouton et al. showed by combin-
ing the anterior displacement to internal and
external rotation that only 32% of the partici-
pants showed a normal profile (scores>—1 and
<1 for all three directions), 33 % were concerned
by hyperlaxity in at least one direction, 40 % by
hypolaxity in at least one direction and 5% by
both (Fig. 13.4). The diversity of the identified
laxity profiles highlights both the complexity of
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the interpretation of multidirectional knee laxity
and the necessity for individualised care of knee

injuries and diseases.

Fact Box 2

menstrual cycle, lower leg alignment,
osteoarthritis, as well as exercise. These
parameters can be considered in the

Subjects with excessive physiological
knee laxity have been reported to display
greater knee movements and moments
and delayed muscle onset compensated
by a higher muscle activity.

Excessive physiological knee laxity
may play a role in the risk of knee inju-
ries and may influence outcomes after
ligament, e.g. ACL reconstruction.
External rotation has been reported to be
50 % greater than internal rotation.
Physiological rotational knee laxity may
be influenced by many individual char-
acteristics such as sex, body mass, age,

establishment of normative references.
* A single measure of knee laxity is
inappropriate to describe knee laxity.
The interpretation of knee laxity profiles
is complex and still at a very early stage.

13.6 Rotational Laxity
in the Injured Knee

In contrast to physiological knee laxity, which
only considers the healthy knee, pathological
laxity typically considers the laxity of the injured
knee and its difference against the contralateral
knee.
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Laxity measurements can be useful to establish
the diagnosis of ACL injuries in complement to the
clinical and imaging evaluation. Presently, the
diagnosis of ACL injuries with arthrometers mainly
focuses on anterior laxity measurements. However,
concomitant measures of additional laxities, such
as rotational knee laxity, have been proposed to
refine the diagnosis of ACL injuries [16]. In cadaver
studies, the section of the ACL leads to an incre-
ment of tibial internal rotation of 2.4-4° [32, 36,
42, 53]. Similar increase of 3° in tibial internal
rotation could be observed in vivo [40]. More
specifically, the posterolateral bundle may play a
role in restraining rotation as its section induced the
major increase in internal rotation [36].

To date, only the sensitivity and specificity of
the Rotameter to detect an ACL injury has been
reported in the literature [47]. A threshold of 3.2°
for the side-to-side difference in internal rotation
at 5 Nm led to correctly identify 38 % of patients
(sensitivity) and reject 95 % of healthy subjects
(specificity) (Fig. 13.5). Although the sensitivity
of the Rotameter seems extremely low, it is still
superior to the sensitivity of 24 % reported for the
pivot shift test in a previous meta-analysis [9].
Moreover, compared with the common analysis
of anterior displacement (side-to-side difference
in anterior displacement at 200 N), further analy-
sis of knee internal rotation increased the diag-
nostic sensitivity by 9 % (from 75 to 84 %) [47].
To further improve the diagnosis of ACL injuries,
consideration of the slope of the curves

25%

20%

15%

10%

5%
Fig. 13.5 Distribution
of side-to-side difference 0% - —
in internal rotation at YUV PR
5 Nm for healthy and
Sid

ACL-injured subjects

(representative of knee stiffness) is advised as it
has been shown to increase the specificity of
anterior and rotational knee laxity tests to 100 %.
As a result, simultaneous consideration of
displacement and knee stiffness provide a test
without a false positive [47].

It should be highlighted that associated injuries
such as meniscal or collateral ligament injury may
influence the interpretation of laxity measure-
ments in the diagnosis of ACL injuries [25, 72, 81]
but remain poorly considered. Only 40 % of ACL
ruptures are, however, reported to be isolated [19].

Rotational knee laxity measurements may
also be of interest in posterolateral corner injuries.
These injuries induce an increase in tibial external
rotation [79] of 6-14° [33, 39, 41], resulting in
posterolateral ~ rotational instability.  This
increment is much more important than in terms
of an ACL injury and may also be easier to detect.
Clinically, posterolateral corner injuries are
assessed with the dial test [20]. An increment
greater than or equal to 15° in the injured knee
suggests a posterolateral injury [20]. The dial test
does not allow for an objective assessment of
posterolateral rotatory instability but to the
author’s knowledge, results of instrumented
measurements have never been reported in such
injuries.

Finally, as knee osteoarthritis affects rotational
knee laxity [80], rotational knee laxity measure-
ments may have the potential to be an indicator of
the type and severity of osteoarthritis.

Healthy controls
® ACL-injured patients

.
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%
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13.7 Rotational Laxity
in the Reconstructed Knee

Ideally, knee reconstruction surgery aims to restore
knee laxity in all directions and prevent further
degeneration of the knee joint. Therefore, knee
laxity measurements are of interest after surgery as
a postoperative control to follow the graft evolu-
tion and detect potential anomalies like elonga-
tion, recurrent tears, etc.

After ACL reconstruction, patient follow-up
remains based on manual tests and/or on anterior
knee laxity measurements. Most studies consider-
ing knee rotation analysed the pivot shift test and as
such, a paucity of data exists regarding static rota-
tional knee laxity measurements. However, these
may help to detect anomalies because increased
postoperative laxities may be observed in graft
malpositioning [34, 57] or graft failures [18].

The effect of ACL reconstruction on rotational
knee laxity and its evolution after reconstruction
are not known yet. Lorbach et al. [35] reported no
significant differences in static rotational knee
laxity between the reconstructed and non-injured
knee 27 months after ACL reconstructive surgery
with a bone-patellar tendon-bone graft. Moreover,
Branch et al. showed that the side-to-side differ-
ences in internal rotation did not differ between
single- and double- reconstruction techniques
using a semitendinosus and gracilis graft [12].
These researchers, however, did not report preop-
erative laxity measurements; it is thus not possi-
ble to conclude whether the ACL reconstruction
reduces rotational knee laxity or whether it was
already normal in these patients before surgery.
Moreover, they only measured laxity at a single
time point during patient follow-up.

To date, the knowledge on postoperative laxity
is also insufficient to conclude on the best recon-
structive technique to restore rotational knee lax-
ity in an injured knee. With a navigation system,
Bignozzi et al. demonstrated that the total range
of rotation (internal and external rotation) was
significantly reduced after anatomical double-
bundle ACL reconstruction [10]. Moreover,
Hofbauer et al. demonstrated that, using a navi-
gation system, an anatomic double-bundle recon-
struction technique reduced significantly more
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internal rotation (15.6°) than did an anatomic
single-bundle ACL reconstruction (7.1°) [24]. A
systematic review, however, showed that ana-
tomic double-bundle ACL reconstruction did not
lead neither to a lower grade of pivot shift test
compared with single-bundle nor to a greater
reduction in rotational knee laxity [15].

Postoperative knee laxity measurements are
poorly considered after many other surgical
interventions. It has, for example, been shown that
medial meniscectomy will influence knee laxity
[50, 58]. As for posterolateral corner injuries,
Tardy et al. reported for the first time in vivo static
rotational knee laxity after anatomic posterolateral
corner reconstruction [74]. External rotation was
in average similar to a healthy control group after
reconstruction. However, the authors found a
remaining significant increase in internal rotation
of the tibia in 40 % of patients. They assumed that
this finding was either due to the surgical technique
or to associated lesions and/or unrecognised soft
tissue damage at the time of injury.

Fact Box 3

* Rotational knee laxity measurements in
combination with anterior knee laxity
measurements improve the diagnosis of
ACL injuries. They may also help to
establish the diagnosis of posterolateral
corner injuries.

e The diagnosis of ACL injuries may be
skewed by associated injuries to struc-
tures also contributing to knee rotation.

e Rotational knee laxity measurements
can improve the follow-up of knee inju-
ries and diseases especially after knee
reconstruction if used as a postoperative
control (i.e. ACL or posterolateral cor-
ner injury). No prospective follow-up of
patients was however reported.

Conclusions

Knee laxity measurements should be perceived
as a supplement to clinical tests and imaging
techniques. They should be systematically
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performed in order to assist the clinician with
establishing a diagnosis and follow-up of knee
injuries to systematically identify any abnor-
mal evolution.

The development of arthrometers to measure
static rotational knee laxity is relatively new and
further studies are needed to develop further
understanding. To date, we know that external
rotation is greater than internal rotation and that
females have greater rotational knee laxity than
males. Moreover, body mass is inversely corre-
lated to rotational knee laxity measurements.
Other influencing factors remain under
investigation.

The interest in physiological knee laxity is
growing. Subjects with excessive physiologi-
cal knee laxity are reported to have movement
patterns associated with non-contact ACL
injuries. This may partly explain why an
increased laxity was observed in the healthy
contralateral knee of ACL-injured subjects
compared with a control group. This exces-
sive physiological knee laxity may also
explain inferior outcomes after an ACL
reconstruction. As a consequence of this
growing interest, the need for normative ref-
erences has emerged. However, the analysis
of either rotational or multidirectional knee
laxity as well to the consideration of influenc-
ing factors lead to a high complexity of knee
laxity profiles.

Recently, rotational knee laxity measure-
ments have been shown to improve the diag-
nosis of ACL injuries as performed with
anterior knee laxity measurements. This
should encourage researchers to evaluate the
diagnostic power of their own devices. The
knowledge about postoperative rotational
knee laxity measurements is evolving. The
choice of reconstruction, the effect of recon-
struction and its evolution are still insuffi-
ciently understood.

Static rotational knee laxity measurements
offer the possibility to improve the under-
standing of physiological, pathological and
reconstructed knee laxity and may help indi-
vidualise the care of knee injuries and
diseases.

C. Mouton et al.
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