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Abstract
Background
Injury to the anterior cruciate ligament (ACL) is associated with sagittal and rotational laxity, 
which is exacerbated by damage to the anterolateral capsuloligamentous structures, also known 
as the anterolateral ligament (ALL). The amount of laxity reported in biomechanical studies might 
be clinically insignificant during a surgeon’s examination, possibly influencing clinical judgement. 
We aimed to measure whether the motion generated by clinicians in a cadaver model after the 
ACL and ALL were transected is clinically significant. 

Methods
A group of orthopaedic surgeons and trainees examined a cadaver knee for sagittal and rotational 
laxity at 30° and 90° with intact ligaments, after the ACL was transected, and after the ACL and 
ALL were transected. The examiners were blinded to the dissection process. Rotational and 
sagittal movements during these examinations were recorded by a computer-assisted surgery 
(CAS) system. 

Results
Twenty-four orthopaedic surgeons took part in the study. The median sagittal plane motion 
captured by CAS at 30° flexion was 7 mm (IQR 2 mm, p-value 0.32) in the intact knee, 9 mm 
(IQR 1 mm, p-value 0.34) after the ACL was cut and 9 mm (IQR 3 mm, p-value 0.63) after ACL 
and ALL were cut. The median arc of rotational motion at 30° was 19° (IQR 7°, p-value 0.12) in 
the intact knee, 24° (IQR 5°, p-value 0.56) after the ACL was cut, and 22° (IQR 6°, p-value 0.8) 
after the ACL and ALL were cut. None of the differences in these movements was significant. 

Conclusion
The surgeons could not generate significant differences in sagittal or rotational motion in a 
cadaver model, which could be objectively detected by CAS, when examining the intact knee, 
ACL deficient (only), or combined ACL and ALL deficient knee. This challenges the utility of 
known clinical tests and calls for improved objective laxity assessment tools to provide input in 
clinical decision-making and measure outcomes of these injuries.
Level of evidence: Level 5
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Introduction 
One of the most intriguing questions in the management of anterior 
cruciate ligment (ACL)-deficient knees is whether we can define 
abnormal translation or rotation.1 The anatomic and biomechanical 
complexities to answer this question have challenged surgeons for 
more than a century after Paul Segond described the anterolateral 
ligamentous structure of the knee.2 Their role in rotatory stability 
has gained significant interest recently;3 nevertheless, clinical 
testing remains controversial.

An anterolateral ligament (ALL) injury affects knee stability, 
which can potentially be diagnosed by the pivot-shift manoeuvre, 

anterior translation and increased internal rotation of the tibia in 
relation to the femur.3-5 However, none of these clinical tests could 
be validated with high accuracy to diagnose an ALL injury.6 Most 
surgeons therefore utilise clinical factors and associated injuries 
such as hypermobility, high grade meniscal tears, expected patient 
compliance or age to decide on ALL reconstruction.6 

Previous biomechanical studies have managed to confirm a 
statistically significant contribution of the ALL to the stability of the 
knee, but these movements were insignificant, considering their 
detectability in millimetres and degrees by clinicians.3,5 External 
devices such as the KT-1000 (MED-metric, San Diego, CA, US) 
or the Telos stress device (Telos GmbH, Laubscher, Holstein, 
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Switzerland) for anterior-posterior knee laxity may measure knee 
laxity more objectively but significant differences have been found 
when compared to actual tibio-femoral translation measured by 
optic tracking devices or roentgen stereophotogrammetry (RSA).7-9

Currently no studies have evaluated the motion generated by 
a large group of clinicians after sequential sectioning of knee 
ligaments. A decision for further objective evaluation and magnetic 
resonance imaging (MRI) is often based on the clinical examination 
by the surgeon, who will likely decide against further investigations 
with insignificant motion generated. Also, in resource-constrained 
settings without access to MRI or external ligament stress devices, 
the clinical exam is the only way to detect pathologic ligament 
laxity. The goal of our study was therefore to determine if an ACL 
and ALL deficiency would cause significant clinical laxity in a knee, 
using an optic motion tracker device. Are clinicians strong enough 
to generate clinically significant motion in an ACL and ALL-deficient 
knee?

Methods
This study protocol was formally approved by the local institutional 
review board and written consent was obtained from all participants.

An optical tracker system in the form of a computer-assisted 
surgery (CAS) navigation system (Pi-Galileo, Smith and Nephew, 
Memphis, Tennessee) was used to measure sagittal and rotational 
movements generated during clinical examination of a cadaver 
knee with intact ligaments, at 30° and 90° of flexion. For this a 
previously described protocol by Martelli et al. was adapted.10 This 
was then compared to movements generated after sectioning of 
the ACL and finally the ALL. The examination was performed by 
24 members of an orthopaedic department at a university hospital 
with various levels of clinical experience, who were blinded to the 
ligamentous stability of the knee, and the sectioning of ligaments 
(Table I).

A fresh frozen and thawed cadaver, with a normal hip and knee 
range of motion, and intact collateral and cruciate ligaments, was 
used. The specimen was donated for use by Smith and Nephew. 
The pelvis and both lower limbs were preserved to determine the 
hip centre of rotation for calibration. A midline skin incision and mini 
medial parapatellar arthrotomy was done to confirm the presence 
of an intact ACL, posterior cruciate ligament (PCL), iliotibial band 
(ITB), and anterolateral joint capsule. Optical sensors for CAS 
were secured percutaneously to the femur and the tibia, in such 
a manner that it would not be in the way while performing an 
examination of the knee (Figure 1). Twenty-four clinicians with 
various levels of expertise were asked to assess the sagittal and 
rotational stability of the leg, with the results captured by the CAS 
system. 

The ACL was cut mid-substance, ensuring the PCL or anterior 
horn of the lateral meniscus were not damaged. The knee was 
then again examined by the 24 study participants. After this the 
anterolateral capsule with the ALL was cut from the anterior 

border of the lateral collateral ligament (LCL) sub-meniscal to the 
posterior border of the ITB at its insertion of Gerdy’s tubercle. The 
medial arthrotomy and skin were sutured each time after the initial 
inspection of the ligaments and sequential sectioning of the ACL 
and ALL. In this study, the term ‘laxity’ was used to describe a 
passive response, described as ‘motion’ of the knee to an external 
force or torque applied by clinicians.1 

The sample size was calculated for a power of 0.8 using Lin’s 
concordance correlation coefficient power analysis with an alpha 
value of 0.05. The normality of the data was determined by 
drawing a histogram, using a Shapiro–Wilk test and the Levene 
test. Normal data was summarised with parametric analysis. The 
Wilcoxon rank test was used to compare non-parametric data to 
detect differences in measurements after each ligament was cut. 
A p-value of < 0.05 was defined as statistically significant. Sagittal 
plane movement of more than 5 mm (the upper limit for grade 1 

Table I: Demographics of participants in terms of number of examiners involved in each part of the study as well as the corresponding level of orthopaedic 
training

Level of participant Ligamentous intact knee ACL cut knee ACL and ALL cut knee

Medical officer 3 2 1

Junior orthopaedic registrars in first two years of specialisation 4 4 4

Senior orthopaedic registrars in final two years of specialisation 10 9 9

Orthopaedic specialists not primarily involved in knee surgery 4 4 4

Fellowship-trained orthopaedic knee specialists 3 3 3

Total 24 22 21
ACL: anterior cruciate ligament; ALL: anterolateral ligament

Figure 1. The setup of the cadaver knee with optical trackers and 
computer-assisted surgery (CAS) navigational system
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injury) and rotational movement of more than 10° was chosen as 
a clinically significant difference. Box-and-whisker plots were used 
to illustrate the comparison of the median and interquartile ranges 
(IQR) of data of each group. 

Results
Twenty-four participants with a wide range of clinical experience 
took part in this study (Table I). The median sagittal plane laxity of 
the tibia in relation to the femur as captured by CAS at 30º flexion 
was 7 mm (IQR 2 mm, p-value 0.32) in the intact knee, 9 mm 
(IQR 1 mm, p-value 0.34) after the ACL was cut and 9 mm (IQR  
3 mm, p-value 0.63 ) after the ACL and ALL were cut. At 90° 

flexion the translation was 7 mm (IQR 3.2 mm, p-value 0.6) in the 
intact knee, 10 mm (IQR 7.2 mm, p-value 0.24) after the ACL was 
sectioned, and 15 mm (IQR 5, p-value 0.12) after the ACL and ALL 
were cut. The largest difference was found after sectioning of the 
ACL, with minimal difference after the ALL was also sectioned. The 
median arc of internal rotational laxity measurements as captured 
by CAS at 30º was 19º (IQR 7º, p-value 0.33) in the intact knee, 
24º (IQR 5º, p-value 0.13) after the ACL was cut and 22º (IQR 6º, 
p-value 0.06) after the ACL and ALL were cut, and 22 mm (IQR 
15 mm, p-value 0.26), 30 mm (IQR 18.7 mm, p-value 0.5) and 40 
mm (IQR 20 mm, p-value 0.1) with the knee in 90° flexion. The 
greatest increases occurred after the ACL was cut with minimal 
change after the ALL was cut (Figures 2–5).

Discussion 
This study showed that clinicians generated negligible translational 
and rotational movement in a cadaver knee after the ACL and 
ALL were sectioned. Other biomechanical studies performed with 
constant load generators have shown similar results.3-5,11 The 
findings of these in vitro studies are similar to ours and interesting 
when considering the anterior drawer and Lachman tests have 
been validated to be sensitive tests for diagnosing an ACL injury.12 

Miura et al. conducted an in vivo study comparing laxity of both 
knees in patients with confirmed ipsilateral ACL injuries. A side-to-
side difference of 8.6 mm during the Lachman test in 30° flexion 
was reported, but only a 4.2 mm difference when comparing 
anterior tibial drawer tests in 90° of flexion.13 A study by Bull et al. 
also recorded only a 4.2 mm difference with an anterior drawer test 
at 30° and 90° knee flexion, when comparing knee laxity before and 
after an ACL reconstruction.14 Similarly, the motion differences in 
our study were below 3 mm in translation and 3° in internal rotation 
before and after sectioning of the ACL and the ALL. These are 
minute compared to commonly used clinical classification systems 
of at least 5 mm increments in translation and 10° in rotation.12,15 

The second finding was that sectioning of the ALL had little effect 
on the internal tibial rotation and anterior translation compared to 
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Figure 3. Comparison of rotational displacement at 90° knee flexion
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Figure 2. Comparison of the rotational displacements at 30° knee flexion
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Figure 5. Comparison of the sagittal displacements at 90° knee flexion
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the ACL-deficient knee. This is in line with the findings of Kittl et 
al., who defined the posterior fibres of the iliotibial tract (ITT) as the 
main structure restricting internal rotation of the tibia and not the ALL 
as previously thought.16 However, the contribution to an increase in 
laxity for each ligament was quantified in percentages, and not in 
millimetres or degrees, and exact values are not available. Similar 
findings were reported by Sonnery-Cottet et al., confirming the ITB 
as the primary restrictor to internal rotation of the tibia.³ 

An interesting finding of the study was the range and maximum 
displacements generated with the knee in 30° and 90° of flexion 
before sectioning of the ligaments, namely 11 mm (range 4–9) and 
13 mm (range 2–13). Despite this large initial range, the increase in 
the maximum and average displacements were, however, minimal 
after the ACL was cut (Figures 4 and 5).

The study had limitations. Only one cadaver was used, and the 
inherent laxity, or presence of hyperlaxity, was unknown. However, 
it allowed a standardised evaluation of movement generated by 
various clinicians in a controlled fashion and was mainly used for 
assessment before and after sectioning of ligaments. Secondly, 
the movement generated might be influenced by the sectioning 
technique used to prepare the cadaver. Although the anterolateral 
capsule was sectioned, the ITB and posterior Kaplan fibres were 
not cut, even though they are described as a stabiliser against 
translational and rotational instability.16 Yet, the cadaver set-up and 
dissection was done in a similar way to previous biomechanical 
cadaver studies to allow comparison.3 Future studies should 
address this by a further sectioning of the posterior Kaplan fibres. 
Thirdly, this artificial injury to the ACL or ALL might not have taken 
into account the associated muscular, capsular, meniscal or liga-
mentous injuries which are often present in a clinical scenario 
and which could generate increased laxity. However, mapping 
movement with CAS by a large number of clinicians in a clinical 
scenario is not feasible. Lastly, it might have been beneficial to 
include a pivot-shift test to test the translational movement during 
the pivot-shift test. We only tested movement in single planes, i.e. 
sagittal and translational translation. 

Furthermore, the 24 participants were only asked to assess for 
sagittal translation in 30° and 90° knee flexion, and rotational laxity 
in 30° and 90° of knee flexion, without a specific brief to assess 
the extremes of motion or perform specific tests (i.e., the pivot-shift 
test). This could have reduced the difference of movements. 

Conclusion
This observational study showed that no significant rotational and 
sagittal motion was generated by clinicians when comparing a 
cadaver knee with intact ligaments to sequential sectioning of ACL 
and ALL – findings that are in keeping with similar studies on the 
topic and contrary to laxity generated when these injuries happen 
in vivo. Future cadaver studies should include the pivot-shift test 
and sectioning of the posterior Kaplan fibres, but ideally these 
findings should be confirmed in true ACL injuries to maximise the 
clinical benefit.
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