
Research Article
Volume 10 Issue 2 - March   2023
DOI: 10.19080/JPFMTS.2023.10.555782

J Phy Fit Treatment & Sports
Copyright © All rights are reserved by Brian Serrano

Investigating the Reliability of a Novel  
Method to Assess Knee Function

Brian Serrano1* and Matthew Comer2

1D.C. Ph.D., CCSP, ATC, CSCS, RSCC, OPE-SC, CES, NREMT, Chicago Bulls Organization, Chicago, USA
2MS, ATC, CSCS, Chicago Bulls Organization, Chicago, USA

Submission: March 17, 2023; Published: March 28, 2023

*Corresponding author: Brian Serrano, D.C. Ph.D., CCSP, ATC, CSCS, RSCC, OPE-SC, CES, NREMT, Chicago Bulls Organization, Chicago, USA

J Phy Fit Treatment & Sportsl 10(2): JPFMTS.MS.ID.555782  (2023) 001

Introduction

Performance has become more integrated than ever before 
in respect to objectivity and positive complexity [1]. For example, 
rehabilitation used to be solely based on the timed criteria from 
anatomical studies. Tendon research shows structural healing 
after 8-12 weeks, ligament 12-16 weeks, and muscle tissue from 
6-8 weeks [2]. This research was expanded to when a structure 
would be stable enough to experience loading, followed by multi-
directional loading before returning to play. The difficulty with 
this schema is that not all loading is created equally, particularly 
when looking at rehabilitation and performance. The loading for 
team training looks different during off-season and in-season 
[3]. In the rehab process, early phase loading is different than  
later stage loading. Thus, findings remain inconclusive about 
when it is ‘safe’ to return to sport. 

This is evident in ankle sprain rehab where a typical 
timeframe is 2-6 weeks, hamstring strains (4-6 weeks), and 
ACL tears (6-18 months) [4]. Even within the field of strength 
and conditioning, programming philosophies differ due to the 
concept of muscular function through 1-RM testing. In the 
rehabilitation setting, an athlete will usually go through a battery 
of tests before returning to play. Using the ACL-R as an example, 
the battery of tests will include hope, strength, and functional 
testing applicable to the sport [5]. Historically, force plates 
have become a staple in rehab and performance settings due to 
their ability to measure variables such as limb asymmetry, force 
production, and eccentric forces [6]. In rehab, the most practical 
application is looking at limb symmetry index (LSI) of which the 
general accepted threshold seems to be 95% of non-involved 
limb. 
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In performance, looking at jump height and force 
development at certain time constraints can indirectly measure 
readiness or overall neuromuscular fatigue. By looking at trends 
over time, practitioners can see how athletes are responding 
to stress and manage accordingly [7]. Recently, isometric 
testing has also re-surfaced as a viable tool in the rehab and 
performance space. In rehab, LSI can be calculated through 
average force, peak force, and ratios. In the upper extremity, 
Ashworth et al. [8] created the athletic shoulder test (ASH) to 
look at upper extremity function in rugby players returning to 
the pitch [8]. Mc Vickers et al. (2022) expanded on this study 
to create positions more specific to overhead athletes. Where 
the original ASH test includes the I-Y-T prone testing positions, 
the Kerlan-Jobe functional shoulder test adds in external and 
internal rotation at 90 degrees. Both tests are valid and reliable 
in assessing upper extremity function. In the lower extremity, 
isometric testing using the Biodex has routinely been set as 
the gold standard in measuring function. However, cost, space, 

and technical requirements are obstacles for practitioners. In 
response to this, handheld dynamometry (HHD) has emerged 
as a tool to measure isometric strength [9]. While intra-user 
reliability has shown to be good-great, inter-rater reliability is 
fair-good due to HHD placement and tester counter-pressure 
cited as impacting factors. Thus, VALD (Brisbane, Australia) 
produced an isometric testing unit consisting of paddles which 
act as force gauges placed at strategic positions to measure 
upper and lower extremity function. Specific to knee injury, it 
seems important to test muscles that cross the joint such as 
adductors, hamstrings, quadriceps, and calves. Of these muscle 
groups, quadricep and hamstring function correlate highly with 
both knee injury and function [10]. The portability, user-friendly 
interface, and connection with other sport technology prompted 
investigation of knee function with the VALD Force Frame. 
This study will investigate the reliability of the Force Frame in 
assessing quadriceps and hamstring function.

Methods

Figure 1: A PCC was used at each testing day with seated knee extension having a right mean force of 284.14 N (SD=9.71) and left mean 
force of 283.29 N (SD=10.029). A PCC of .923(p=.003) was calculated for this position (Refer to figure 1).
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This study is an original study with a test-retest reliability 
methodology. The purpose was to establish reliability at 
both 3 days, 5 days, and 7 days between all subjects and both 
positions. Subjects were instructed to follow their normal 
dietary and physical activity regimens to reduce protocol bias. 
The subjects were staff members of the organization and testing 
was conducted at the same time of day to minimize diurnal 
variation. Testing was performed at 1pm CST (+/-15 minutes) 
at an environmental temperature of 70 degrees (+/2 degrees 
F). The subjects were males with a training history of at least 2 
years and no active spinal or lower extremity injuries. Subjects 
were excluded if they had an active injury, injury to the spine or 
lower extremity within the last 6 months or were not cleared for 
physical participation. 

2 males (25 years, 185 lbs., 65 inches) were tested in three 

positions. Position 1 was used to assess quadriceps strength; the 
subject was seated in a chair with their tibia at a 90-degree angle 
and force sensor position right above the talar dome. Position 2 
was used to assess hamstring strength in the seated position at 
90-degrees. The subjects were seated, and the sensor was placed 
directly at the heel of the feet. Position 3 was also used to assess 
hamstring strength in the supine position with hips and knee at 
90-degrees. The sensor was placed directly underneath the heel 
of the foot. In each position, subjects were given 3 repetitions 
with each repetition lasting 5 seconds of maximal voluntary 
contraction. Subjects were given 30 seconds of rest between each 
repetition and 2 minutes when transitioning from limbs. Verbal 
encouragement was given to subjects throughout the entire 
testing session. This study was approved by the University of 
Medical Sciences Arizona Institutional Review Board (#487WD) 
(Figure 1).

Results 

Figure 2: The seated knee flexion tested yielded a mean force of 293.86 N (SD=16.2) on the right leg and 288.43(SD=23.1) on the left leg. 
A PCC of .949 (p-value=.001) was calculated for this position (Refer to figure 2).
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All participants were able to complete the study along with 
pertinent post-testing follow-up instructions/debrief. These 
instructions explained the method behind the study and allowed 
for participants to ask the researchers questions. Additionally, 
they were given resources should they be interested in learning 
or integrating isometric training into their program from a 
qualified professional. An independent t-test was used to explore 
differences between the supine and seated knee flexion position 
for hamstring testing. This revealed that the seated knee flexion 
position had a higher peak and average force (p-value <.05, CI 
95%). Thus, the seated knee flexion variables were used in the 
final analysis. A Pearson correlation coefficient (PCC) was used to 
explore the relationship between the different days (Day 1, Day 
3, Day 5, Day 7) between limbs since the data was parametric. 
Due to the reliability nature of the study, an ANOVA was not 
used to explore causation. A PCC was used at each testing day 
with seated knee extension having a right mean force of 284.14 
N (SD=9.71) and left mean force of 283.29 N (SD=10.029). A 
PCC of .923(p=.003) was calculated for this position (Figure 1). 
The seated knee flexion tested yielded a mean force of 293.86 N 
(SD=16.2) on the right leg and 288.43(SD=23.1) on the left leg. 
A PCC of .949 (p-value=.001) was calculated for this position 
(Figure 2).

Discussion

Most of the literature in isometric testing has investigated 
either performance or return to play. Bui et al. [11] looked at 
quadriceps strength as an outcome for chronic obstructive 
pulmonary disease (COPD) using an HHD that was validated 
against a Biodex system in a pilot study [11]. The HHD was found 
to be both reliable and valid in testing quadriceps strength. 
Lienhard et al. [12] also looked at the clinical population and 
quadriceps function [12]. Twenty-nine total knee arthroplasty 
(TKA) patients were measured with isometric, isokinetic, 
and isoinertial settings in a Biodex using the seated position. 
Results showed all three styles of resistance were valid and 
reliable in assessing quadriceps strength. Using these results, it 
seems feasible that an HHD may also provide reliable isometric 
strength data. Hansen et al. [13] used a belt stabilized HHD to 
investigate validity, but also any discomfort associated with the 
sensor placement [13]. 

The authors found that a modified HHD approach which 
fastened the sensor to the leg of the table so only a foam pad 
was in contact with the subject’s leg was more comfortable 
than traditional placement. Both placements were also found 
to be valid and reliable alternatives to Biodex testing. Lesnak et 
al. [14] investigated rate of torque development using an HHD 
using Pearson product-moment correlation coefficients and 
Spearman’s rank correlation [14]. This was supplemented with 
Bland-Altman Plots to explore the agreement. This study showed 
that an HHD was a reliable way to measure peak torque and rate 
of torque development. When referring to the VALD Force Frame, 
most of the literature investigates isometric strength testing of 

the hip. Nielsen al. [15] looked at using the Force Frame as a 
potential alternative to the Copenhagen squeeze test for groin 
pathology [15].

Interestingly, the Force Frame testing yielded less groin 
pain and lower adduction strength. The testing positions for 
both are equal with tester forearm substituting for the force 
sensors. The lack of agreement may have been due to the larger 
space in subjects’ legs between the 5-second squeeze test vs the 
Force Frame alternative. These findings seem to be supported 
by O’Connor et al. [16] who compared the Force Frame to a 
sphygmomanometer in measuring hip adduction strength [16]. 
It was found both devices were valid in measuring strength, 
but Force Frame may be more beneficial since it gives a greater 
range of measures along with unilateral measures. These results 
were supported by Kadlec et al. [17] who found excellent test-
retest reliability on hip addiction (ICC .90-.92; CV% 5.0-5.7) and 
abduction (ICC .86-.91; CV% 6.2-6.9) [17]. Secomb et al. [18] 
expanded hip isometric testing by adding in joint angles [18]. The 
authors added 4 different joint angle-specific positions (0, 25, 
50, 90) and found each position was not only valid but explained 
46% of sprint performance and 85% of 505 agility time. Lastly, 
McBride et al. [19] found good-to-excellent intra-rater reliability 
when testing isometric neck strength in the quadruped position 
[19]. In support of the research by Ashworth et al. [4] and 
McVickers et al. (2022), Couch et al. [20] investigated internal 
and external strength on the Force Frame [20]. Results found 
good to excellent test-retest reliability (ICC .854-.916). These 
studies support our findings of excellent test-reliability when 
using the Force Frame to assess isometric strength, although this 
study looked at the hamstrings and quadriceps strength [21-23]. 

Conclusion

This paper shows the excellent test-retest reliability of 
the Force Frame isometric testing device for quadriceps and 
hamstrings strength. It is important to note the limitations 
of this study. The small sample size makes the power of the 
findings difficult to interpret. Similarly, the sample studies were 
not involved in organized sport which may lead to weakness 
when translating results to a team sport. Also, since this study 
is the first of its kind at the time of this writing, the testing 
apparatus and position may not have been ideal. The novelty 
of this experiment lies within its ability to use an established 
isometric device (Force Frame) to measure lower extremity 
strength. For example, the Force Frame has been validated in 
hip strength (adduction, abduction) and being able to also add 
in the quadriceps and hamstrings would be an efficient use 
of time. In future research, this paper will lay the foundation 
to allow researchers to recruit larger sample sizes specific to 
sports. Lastly, the authors are undergoing a validation study of 
the Force Frame to the Biodex. Force Frame provides a reliable 
and alternative method to assess quadriceps and hamstring 
isometric strength.
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