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INTRODUCTION 

Occupational injuries of the knee joint are of growing concern 

due to work time loss, as well as increases in medical and 

restitution expenses [1]. As part of patient treatment, the 

assessment of knee musculature strength may assist in 

decision making regarding the effects of interventions, as well 

as possible readiness to return to work. Current practices 

related to the use of strength scores for such purposes (e.g. 

comparison of bilateral deficits and to normative values) are in 

large part based on the assumption that the patient exerted 

maximal effort during testing. In this regard, previous 

investigations have recognized that several factors may 

influence maximal effort production during strength testing 

[2].  Perhaps the most controversial of these, however, is the 

deliberate attempt to feign or exaggerate weakness for 

purposes of secondary gain. This necessitates the development 

of objective measures on which clinicians may rely to declare 

with a reasonable level of confidence that test results are in 

fact valid. 

With regards to muscle strength testing, and particularly using 

isokinetic dynamometry, an approach proposed for 

differentiating between maximal and feigned efforts is based 

on qualitative observations of seemingly larger variations in 

successive moment curves obtained from sub maximal or 

feigned efforts when compared to those obtained from 

maximal efforts [3]. Attempts to quantify these observed 

variations have primarily been achieved by calculation of a 

single representative measure, namely the coefficient of 

variation (CV) of the peak or average moments obtained from 

successive concentric-type repetitions [3]. This approach has 

proven to be of limited clinical value due to the significant 

distribution overlap of scores for both conditions [3]. A 

possible reason contributing to equivocal results maybe that 

the CV, a relative measure of variations in moment curve 

magnitudes, is insensitive to variations of other, perhaps more 

important, curve traits. In this respect, a potential measure that 

may be sensitive enough to quantify the aforementioned 

qualitative observations is the cross correlation function. 

Incidentally, this basic time-series analysis tool has never been 

used for the assessment of isokinetic moment waveforms.  

Given the raised awareness to occupational related knee 

injuries, and subsequently to possible increases in claims 

arising from them, this study aimed at assessing the ability of 

the cross correlation function in differentiating between  

 

 

maximal and feigned knee extensor concentric and eccentric 

efforts. 

 

METHODS 

A total of 41 individuals participated in the study (26 men, age 

22 ± 3 years; mass 82 ± 16 kg., height 180 ± 6 cm; 15 women, 

age 23 ± 2 years; mass 67 ± 9 kg., height 168 ± 6 cm). All 

participants were healthy, and did not report previous 

musculoskeletal injuries to the lower extremities or spine. 

None of the participants had previous experience with 

isokinetic dynamometry. Written informed consent was 

obtained from all participants prior to testing, with the 

procedures used in the investigation approved by Queen’s 

General Research Ethics Board.  

Concentric and eccentric efforts of the knee extensors of the 

dominant leg were tested using a Biodex system 3 isokinetic 

dynamometer (Biodex Medical Inc., Shirley, NY, USA). The 

participants were seated in the device with the chair’s back 

rest inclined at 85°, and were secured to the chair using a chest 

cross strap, a waist strap and a strap across the distal thigh of 

the tested knee. The dynamometers axis of rotation was 

aligned with the lateral epicondyle of the tested limb, and the 

dynamometer’s lever arm pad was secured to the participant’s 

distal shank at the level of the medial malleolus. Testing was 

performed through a 60° range of motion at a testing velocity 

of 30°/sec. The participants were instructed on the operation 

of the dynamometer, and thereafter were familiarized with the 

device by performing warm up repetitions at self perceived 

low effort level in each contraction type, as well as by 

performance of a practice maximal set consisting of 2 

maximal repetitions at the intended testing velocity. The 

participants than performed 2 testing sets; one in which 

maximal effort was exerted and the second in which they were 

instructed to exert efforts in a manner that convinces the 

examiner that they are exerting their best effort whilst feigning 

the presence of injury. Each set contained 3 pairs of 

alternating, concentric-eccentric maximal repetitions with a 5-

second inter-repetition pause. During testing, no visual or 

audible feedbacks were provided, and rest periods between 

sets performed encompassed 2-3 minutes.  

Data were divided into individual extension and flexion 

repetitions, with only moment data obtained between 5°-55° 

considered further in the analysis. Following, normalized, zero 

phase shifted cross-correlations were computed between pairs 



of extension concentric and eccentric curves [4]. The average 

correlation coefficient value served as each participant’s 

representative curve shape similarity score for each effort 

exerted. Computation of this average value involved the 

application of a Fisher Z transformation to all individual cross 

correlation values, which were then averaged for each effort 

type in each set, per participant. Thereafter, the hyperbolic 

tangent of the average Z score was taken to obtain the mean 

correlation. Subsequently, cross correlation scores for 

concentric and eccentric efforts were averaged to yield a 

single measure which could range between -1 and 1 [4]. 

In order to discern differences between effort types, a one 

tailed, paired t-test was conducted with alpha preset at 0.01. 

To establish cutoff scores for differentiating between efforts 

types, one-sided tolerance intervals were calculated for 

maximal effort cross correlation scores. Tolerance intervals 

allow the determination of limit scores which within a 

predetermined proportion of the population, as represented by 

the sample, lie within at a certain level of confidence [5]. The 

use of a one-sided tolerance interval ensures that none of the 

maximal efforts are misclassified as feigned efforts; in effect 

setting test specificity to 100%. In this investigation, cut off 

scores were established with tolerance limits including 99% of 

maximal efforts with a probability of 99%, and including 95% 

of maximal efforts with a probability of 95% [5]. Based on 

these cutoff values, the test’s specificity (i.e. number and 

percentage of false positives) was determined.  

 

RESULTS  

Cross correlation scores obtained for maximal and feigned 

efforts are presented in table 1. On average, cross correlation 

scores obtained for maximal efforts were significantly higher 

than those obtained for feigned efforts (t (40) = 13.3, p < 

0.01).  At the restrictive 99% tolerance cutoff level, 6 out of 

41 cases were misclassified as maximal efforts (i.e. test 

sensitivity = 85.4%). Using the more lenient 95% tolerance 

cutoff level, 4 out of 41 feigned efforts are misclassified as 

maximal efforts (i.e. test sensitivity = 90.2%). 

 

DISCUSSION 
The results obtained in this investigation show promise for 

using isokinetic dynamometry for objective classification of 

different types of effort encountered in the clinical realm. This 

is especially pertinent when considering that the cross 

correlation function is insensitive to magnitude differences of 

compared curves. As noted, measures of curve magnitude 

differences have been shown to partially contribute to the 

ability to differentiate between isokinetic effort types [3]. 

  

Thus, test sensitivity might be improved by inclusion of curve 

difference magnitude measures in a multivariate model 

scheme.  Even so, it should be noted that that the sensitivity 

values reported in this study are, in general, superior to those 

reported previously, and specifically for purposes of 

differentiating between knee musculature effort types [3].  

Admittedly, a limitation of this study is that our sample 

consisted of healthy, young participants, with no limiting 

factors known to affect their performance of maximal efforts. 

It would be pertinent to establish whether maximal and 

feigned performance in participants with known limiting 

factors differs when performed sincerely versus when 

performed with the intent to deceive. In addition, it is unclear 

how prior knowledge or physical training of the expected test 

outcomes may affect performance. It should be borne in mind, 

however, that the concept of muscle contraction against 

controlled accommodating resistance which produces 

movement at a constant angular velocity is, by definition, not 

attained using conventional strength training equipment. Thus, 

the underlying mechanism of isokinetic dynamometry may 

serve as an advantage in the sense that specific training may 

be required to affect test outcomes.   

 

CONCLUSIONS 
This investigation reports upon the use of a novel predictor 

variable for differentiating between knee isokinetic concentric 

and eccentric musculature effort types. Using the proposed 

approach clinicians may be able to ascertain, in healthy 

participants, whether maximal efforts were in fact produced 

during testing. Future research planned in out laboratory will 

utilize participants with known limiting factor; explore the use 

of more advanced data analyses techniques; as well establish 

similar cutoff points for other joints.  
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Table 1: Mean± 1 standard deviation (range) of cross correlation scores obtained for maximal and feigned knee extension efforts. 

Cutoff points at each tolerance level and accompanying sensitivity and specificity values are also presented.    

 

Effort Type Cross Correlation  Tolerance Interval P = 0.99, α = 0.99 Tolerance Interval P = 0.95, α = 0.95 

  Cutoff Specificity Sensitivity Cutoff Specificity Sensitivity 
Maximal 0.89 ± 0.04 (0.81 – 0.97) 

0.76 41 (100%) 6 (85.4%) 0.80 41 (100%) 4 (90.2%) 
Feigned 0.62 ± 0.13 (0.29 – 0.87) 

 

 


