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Introduction  
A shortened rectus femoris muscle has been associated with many different 
musculoskeletal problems. Assessing rectus femoris muscle length is commonly 
performed using the Modified Thomas Test. However, this test position is often difficult 
to assume and there are difficulties with reliably measuring rectus femoris length. A 
method that that uses an easier position to assume and could be more reliable would be 
beneficial to therapists. The purpose of this study was to determine observer agreement 
using a new test for assessment of rectus femoris length. A second purpose was to 
determine if those with anterior knee pain have different rectus femoris muscle length 
than those without anterior knee pain. 

Method  
Fifty-three participants with and without anterior knee pain were enrolled. Rectus 
femoris muscle length was measured lying prone with the leg measured on the table 
while the non-measured leg was off the table in a position of 90° hip flexion. Rectus 
femoris muscle was lengthened by passively bending the knee until a firm end-feel. The 
angle of knee flexion was then measured. The process was then repeated after a brief rest 
period. 

Results  
Observer agreement assessing rectus femoris length using this method showed “almost 
perfect” reliability for both intra- and inter-rater testing: intra-rater: ICC = .99, [CI95: 
.98-.99], inter-rater: ICC = .96, [CI95: .92- .98]. Agreement for the sub-sample of those 
with anterior knee pain (N=16) showed “almost perfect” reliability for intra-rater (ICC 1,1 
= .98); [CI95: 0.94-.99] and inter-rater reliability (ICC 2,1 = 0.88); [CI95: 0.70 -.95]. No 
differences were noted in rectus femoris length between those without and those with 
anterior knee pain (t= 0.82, p> 0.01); [CI95: -7.8 -3.33]; (SEM = 1.3°; MDC=3.6°). 

Conclusion  
This new method of assessing rectus femoris length is reliable between and within raters. 
No differences were noted in rectus femoris length between those with anterior knee pain 
and those without. 

INTRODUCTION 

Assessing the length of the rectus femoris muscle is a stan
dard part of a lower extremity examination for physical 

therapists. The rectus femoris is the only two-joint muscle 
of the quadriceps group, and like many of the other lower 
extremity two-joint muscles, it can lose muscle length. A 
shortened rectus femoris muscle is associated with a num
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ber of different lower extremity problems including adoles
cent apophysitis of the tibial tubercle (Osgood-Schlatter’s 
disease),1–7 rectus femoris muscle strain,8–10 calcific ten
dinitis of the rectus femoris muscle,11 osteoarthritis of the 
knee,12–14 as well as anterior knee pain.15–17 Thus, an as
sessment of rectus femoris length is an important part of a 
physical therapy examination. 

The most commonly described method used to assess 
rectus femoris muscle length is the Thomas test.18 Only 
a few researchers have examined the reliability of the 
Thomas test to assess the length of the rectus femoris mus
cle. Eng et al. reported “almost perfect” reliability (ICC = 
0.94) test-retest reliability for quadriceps femoris muscle 
angle, but they failed to describe their method of how they 
measured quadriceps femoris angle or to report what kind 
of reliability tests were performed, either intra or inter-
rater observer agreement.19 Horneij et al. assessed rectus 
femoris muscle length on 44 nurses or aides with and with
out back pain using a modified Thomas test, however they 
only rated rectus femoris muscle length using a nominal 
measurement scale as either “tight” or “excessive” muscle 
length.20 In another study, Harvey et al. assessed the length 
of all of the thigh two-joint muscles, however, the flexibility 
data was pooled so there is no way to determine observer 
agreement of any of the specific muscle tests.21 Peeler and 
Anderson, in an observer agreement study examining the 
Modified Thomas Test, assessed rectus femoris length mea
sures taken by three athletic trainers and found moderate 
to fair test-retest intra-rater (ICC = 0.67) and inter-rater 
(ICC = 0.50) reliability.22 The “moderate” reliability find
ings may, in part, be due to the difficulty in properly per
forming the Modified Thomas test. Peeler and Anderson re
port that the Thomas test can be challenging for clinicians 
to perform.22 Cady et al assessed rectus femoris length us
ing the Thomas test in 20 healthy men using digital pho
tographs, among six raters, but they did not record gonio
metric measures and only used a nominal rating of pass 
or fail.23 Thus, from one suitable study, the reliability of 
the Modified Thomas test to assess rectus femoris muscle 
length, was “high” for inter-rater reliability with a Chron
bach’s alpha of 0.80.23 A drawback in this study was that 
used nominal data, which increased their likelihood of 
agreement. 

A current method that is easier for patients to assume 
and for therapists to perform, that does not stress the lower 
back or hips is Ely’s test. Ely’s test, used to assess rectus 
femoris muscle length, is a method that does not include 
holding the contralateral hip in full flexion, thus making 
it easier to perform. Peeler and Anderson assessed Ely’s 
test for inter and intra-rater reliability using measurements 
taken by three athletic trainers on 54 participants with no 
history of trauma.24 Their results showed moderate reli
ability with ICC values of 0.69 for intra-rater reliability 
and 0.66 for inter-rater reliability.24 However, they only 
used active, not passive knee flexion, when assessing rectus 
femoris muscle.24 Olivencia et al. also assessed rectus 
femoris muscle length using Ely’s test and found good in
ter-rater reliability (ICC = .90) and good intra-rater relia
bility (ICC = 0.91).25 But, they also only used active knee 

flexion to assess rectus femoris muscle length.25 According 
to Kendall muscle length testing is performed using passive 
not active movement that increases the distance from the 
origin and insertion which elongates the muscle in the op
posite direction of the muscles action.18 Additionally, a 
muscle crossing two-joints like the hamstrings, are inca
pable of shortening sufficiently to produce complete range 
of knee flexion with the hip extended.18 Thus, the “true” 
or actual amount of rectus femoris muscle length, and thus 
the reliability which was recorded in these studies, using 
Ely’s test is questionable. 

Another method similar to Ely’s test was previously de
scribed in the literature by Witvrouw et al.26 Witvrouw et al 
assessed rectus femoris muscle length in athletes with an
terior knee pain.26 They described a method where the ath
lete assumes a prone position placing the contralateral (not 
measured) hip in a position of 90° of hip flexion to stabilize 
the pelvis and then flexing the ipsilateral (measured) knee 
assessing rectus femoris length.26 This position fo assess
ing rectus femoris muscle length is often easier for patients 
to assume and easier for therapists to perform the test. An 
advantage of this test method over Ely’s is that it allows for 
better pelvic stabilization by preventing unwanted pelvic 
movement. The new test examined in this study mimics the 
Thomas test position to some extent by flexing the con
tralateral hip when lying prone. It may also be desirable in 
those who are very flexible. When using Ely’s test with flex
ible patients, full knee flexion can be halted because the 
heel reaches the buttocks and prevents any further knee 
flexion. This new test rarely has that problem and can often 
discriminate left to right rectus femoris muscle length im
balances in flexible patients. 

The purpose of this study was to determine observer 
agreement using a new test for assessment of rectus 
femoris length. A second purpose was to determine if those 
with anterior knee pain have different rectus femoris mus
cle length than those without anterior knee pain. 

The authors hypothesized that this new method of as
sessing rectus femoris muscle length is reliable, and that 
those with anterior knee pain will demonstrate shorter rec
tus femoris muscle length than those who do not have an
terior knee pain. 

METHODS 
PARTICIPANT 

Fourteen men and thirty-nine women (N = 53) participated 
in this study after volunteering through convenience sam
pling from Maryville University and the surrounding com
munity looking for subjects with and without anterior knee 
pain. Anterior knee pain was defined as pain in an around 
the patella without having recent injury or surgery and 
whose pain level was below 5/10 on a numeric pain rating 
scale. Demographic data were gathered on all participants. 
Participants were included if they were between 18 to 65 
years of age and could tolerate lying prone for at least 15 
minutes. Exclusion criteria: if they could not speak or un
derstand the English language, were mentally disabled, had 
undergone previous surgery on one or both knees, had re
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cent injury or trauma to either knee within the prior six 
months (where their knee was assessed by a licensed health 
care provider), needed an assistive device for gait, had a 
history of structural problems of the ligaments of either 
knee (such as sprains due to any causative factor), or were 
pregnant. The study was approved by the IRB committee at 
Maryville University in St. Louis, MO. 

A flip of a coin was used to determine which side to mea
sure the left (heads) or right (tails) side, to avoid the is
sue of “double-dipping” the data.27,28 All participants com
pleted a Lower Extremity Functional Scale (LEFS).29 A 
Numeric Pain Rating Scale (NPRS) was used to assess cur
rent, worst, and best pain.30 A high-low treatment table 
was used for participants to lie on while measurements 
were taken. A standard 12-inch plastic goniometer was 
used to measure hip flexion of 90° while in prone position 
prior to data collection.31 

Participants reviewed and signed an informed consent 
form and were assigned a random participation number 
used throughout data collection. Eligibility to participate in 
the study was verified with an inclusion and exclusion, yes 
or no, questionnaire. The participants’ demographic infor
mation was gathered, and the participants were asked to 
fill out two self-reported measures. The first measure was 
related to functional ability using the LEFS. Then partic
ipants’ pain level was assessed for present anterior knee 
pain they were having at this time and for their worst pain 
level perceived in the prior six months on a 0 to 10 NPRS, 
with 0 = no pain and 10 at its worst. If both knees met in
clusion and exclusion criterion, or if both knees had pain, 
a coin was flipped to determine which knee, left or right, 
would be measured. 

Rectus femoris muscle length (in the new measurement 
being studied) was measured using a new test, called the 
Falcon test, with the participants lying prone on a treat
ment table with the leg to be measured on the table while 
the other leg was placed off the side of the treatment table 
into a position of 90° of hip flexion with the foot placed 
on the ground (Figure 1) and the participant was told to 
maintain this position throughout the measuring process. 
One therapist measured the length of rectus femoris muscle 
by slowly passively bending the knee until a firm end-feel 
was first perceived. Another therapist, on the opposite side, 
measured the angle of passive knee flexion using a standard 
12-inch plastic goniometer. (Figure 2) This process was 
completed three times, and the measurements were 
recorded by the measuring therapist. The mean of the three 
measurements were then used in statistical analysis. 

After approximately five minutes of rest time, the 
process was repeated using the same methods and mea
surements were taken by another rater. The second-rater 
therapist was blinded to all of the goniometric recordings 
made by the first rater. 

DATA ANALYSIS 

Data analysis was performed using R, a Language and en
vironment for statistical computing.32 Descriptive statistics, 
including means, standard deviations, skewness, and kur

Figure 1. Placing the contralateral hip in 90 degrees of         
hip flexion   

Figure 2. Measuring knee flexion, rectus femoris      
length  

tosis of age, BMI, LEFS29 scores, and NPRS scores (now, 
best, and worst pain score), were calculated using R.32 In
traclass Correlation Coefficients (ICC) were calculated for 
inter- and intra-rater reliability of assessing rectus femoris 
length with the Falcon test using R32 for the entire sample 
(those with and without anterior knee pain) and also for 
just the sample with anterior knee pain. A shortened rectus 
femoris was examined to determine if this was related to 
those with anterior knee pain using the student’s t-test and 
also calculated the SEM and Minimal Detectable Change 
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Table 1. Demographic Descriptive Statistics    

Range Minimum Maximum Mean Std. Deviation 

Age (yr) 35 18 53 22.7 6.0 

Height (cm) 36.8 153.7 190.5 164.2 13.6 

Weight (kg) 67.7 50.5 115.4 71.6 8.3 

BMI (kg/m2) 15.6 16.4 32.1 24.5 3.4 

Table 2. Outcome Measures Descriptive Statistics     

N Range Minimum Maximum Mean Std. Deviation 

Worst Pain (NPRS) 53 6 0 6 1.0 1.66 

LEFS 53 20 60 80 78.9 3.25 

Rectus Femoris Length (degrees) 53 58.00 100.50 158.50 134.53 10.13 

(MDC) using MDC = 2 * 1.41 * SEM for rectus femoris mus
cle length using the reliability data.25 

RESULTS 

Age, height, and weight of participants are described in 
Table 1. 

The mean amount of maximum knee flexion (e.g., rectus 
femoris muscle length) for the Falcon test was 134° (Table 
2); knee flexion motion ranged between 100 to 158°. 

Observer agreement of assessing rectus femoris length 
for the full sample (N=53) using the Falcon test to assess 
rectus femoris length showed “almost perfect” reliability 
for both intra and inter-rater testing: intra-rater reliability 
ICC = .99, [CI95: .98-.99] and inter-rater reliability; inter ICC 
= .96, [CI95: .92- .98]. 

Observer agreement for the sub-sample of only those 
with anterior knee pain (N=16) showed “almost perfect” 
reliability for intra-rater reliability (ICC 1,1 = .98); [CI95: 
0.94-.99] and for inter-rater reliability (ICC 2,1 = 0.88); 
[CI95: 0.70 -.95]. The SEM = 1.3°; MDC=3.6°. 

There was no statistically significant difference between 
measurements in those without and with anterior knee 
pain (t= 0.82, p = 0.41); [CI95: -7.8 -3.33]. 

DISCUSSION 

Observer agreement using this new prone position rectus 
femoris length test named the Falcon test was found to be 
“almost perfect” with ICC’s above .95 for both inter- and 
intra-tester reliability. This method may improve upon the 
Modified Thomas test because with this position, having 
one leg off the treatment table, effectively stabilizes the 
pelvis without extra stabilization methods. Thus, unlike the 
Modified Thomas test, the therapist does not have to be 
concerned about maintaining the contralateral hip in full 
flexion to keep the lumbar spine flat on the treatment table. 
Also, this test position was much easier to assume, main
tain, and get up from for all of the participants in this study. 
From experience using this test, this is also true for the pa

tients with low back pain and hip pain, who often have con
siderable difficulty and pain trying to assume the Thomas 
test position. 

The commonly used Modified Thomas test is not always 
easily performed. As many therapists know from experi
ence, the sequencing of the many tasks involved with set
ting up a patient for the Modified Thomas Test can be dif
ficult and often limit the ability of obtaining an accurate 
measurement of rectus femoris muscle length. For exam
ple, when flexing the ipsilateral knee, it is often difficult 
to prevent the contralateral hip from coming out of its 
fully flexed, knee to chest, position because of shortened 
hip flexor muscles. While trying to maintain the position 
of both hips and the ipsilateral knee, therapist then must 
measure the degree of knee flexion, while at the same time 
trying to maintain both hips positioning above the treat
ment table. Thus, in the clinic, for an accurate goniometric 
reading this test usually requires two therapists, one to sta
bilize and control unwanted pelvis or hip motion and the 
other to measure knee range of motion. Added to that, if 
the patient has more than a mild amount of pain, this can 
be very difficult for patients to assume as well as hold this 
position long enough to be measured. In a busy clinic this 
test is often difficult to accomplish. 

This new test position is termed the Falcon test owing 
to its somewhat “bird” like pose of the patient when as
suming this position, which needed a simple name so that 
therapist can easily describe to other colleagues the test 
position they used when assessing rectus femoris muscle 
length, rather than just calling the test the “prone, con
tralateral hip flexion to 90°, Ely’s test for rectus femoris 
muscle length”. The Falcon test may prove to be a better 
test than the Thomas test and Ely’s test because the pelvis 
can be stabilized better by flexing the contralateral hip to 
90° and having the participant place their foot on the floor 
for stabilization. Placing the hip in full flexion, stabilizes 
the pelvis, preventing an unwanted increase in lumbar lor
dosis as well as any pelvic tilting, thus resulting in more 
reliable rectus femoris muscle length measurements. Thus, 
the Falcon test is just a Modified Thomas test turned “up
side down”. 
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Using an Ely’s test to assess rectus femoris muscle length 
in some patients may be adequate for assessing rectus 
femoris muscle length. However, a common problem en
countered with the Ely’s test is that when flexing the knee 
is that an end feel may not be achieved because range is 
limited by the heel contacting the buttock, creating a “ceil
ing effect”. This problem is found more often in females 
and in those with generalized hypermobility. A study by 
Sweeney et al. found that only six out of 67 female gymnast 
had rectus femoris limitation where they were not able to 
touch their heel to their buttocks with Ely’s test.33 Thus, al
though rectus femoris muscle length would not be consid
ered short, the tests cannot distinguish if a muscle length 
difference may exist between the left and right sides. Side 
to side differences in rectus femoris muscle length do occur 
in patients, including patients after total knee arthroplasty, 
those with osteoarthritis of the patella and knee, patients 
with low back pain, and in athletes who sustain a rectus 
femoris muscle strain or injury. The Falcon tests allows a 
quick, easy assessment of rectus femoris muscle length in 
those with hypermobility, and after surgery or injury. 

When comparing those with anterior knee pain to those 
without anterior knee pain there was not a significant dif
ference in rectus femoris length between groups. However, 
this study was underpowered, likely by of those with ante
rior knee pain. Also, only one person in the group with an
terior knee pain currently had considerable knee pain (6/
10 NPRS) and the mean for the “worst pain” for the ante
rior knee pain group was only 2/10 on a NPRS while the 
mean current pain was 1/10. Thus, this sample may not 
have been representative of most who have anterior knee 
pain. Witvrouw et al. in a study of 430 athletes, showed that 
athletes with anterior knee pain had reduced rectus femoris 
muscle length when compared to those without anterior 
knee pain (124.6 versus 132.2 degrees).9 The inclusion cri
teria in the current study only included those with a 5/10 
anterior knee pain or lower. Because the aim of the current 
study was to determine the intra and inter-tester reliability 
of the Falcon Test, patients with reported knee pain above 
5/10 were not included to ensure that knee pain did not in
terfere with achieving an end range on the test, indicating 
a false positive for short rectus femoris muscle length. 

LIMITATIONS 

Although there were 53 participants in this study, most 
of the participants were female (N=39), also the average 
population age was younger (mean age = 22.7 years). Only 
16 of the participants reported a history of anterior knee 
pain and of those most had only minor anterior knee pain 
(1/10). A limitation of the Falcon test as studied herein 
is that two therapists were used to assess rectus femoris 
muscle length, one to assess muscle end feel and maintain 
end range knee flexion, the other to measure the degree of 
knee flexion. Extreme care was taken to make sure that the 
second therapist did not observe the other therapist when 
measuring knee flexion. In hindsight, using a bubble go
niometer or an electric goniometer would have eliminated 
the need for two therapists to measure rectus femoris mus
cle length. However, the position, not the measuring device, 
was the main focus in this study. A minor limitation to the 
Falcon test is that larger or pregnant patients may have dif
ficulty lying prone. 

CONCLUSIONS 

A new test, named the Falcon test, showed “almost perfect” 
reliability for both intra and inter-rater agreement, indicat
ing that this test can be used repeatably in clinical practice. 
The MDC for the Falcon test was found to be 3.6 degrees. 
No difference in rectus femoris muscle length measure
ments were found between those with anterior knee pain 
and those without anterior knee pain, however, the sample 
size was small. 

CONFLICTS OF INTEREST 

The authors report no conflicts of interests. 

Submitted: April 19, 2022 CDT, Accepted: January 15, 2023 

CDT 

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License 

(CCBY-NC-4.0). View this license’s legal deed at https://creativecommons.org/licenses/by-nc/4.0 and legal code at https://cre

ativecommons.org/licenses/by-nc/4.0/legalcode for more information. 

The Falcon Test: An Observer Agreement Study in Subjects With and Without Anterior Knee Pain

International Journal of Sports Physical Therapy



REFERENCES 

1. Ladenhauf HN, Seitlinger G, Green DW. 
Osgood–Schlatter disease: a 2020 update of a 
common knee condition in children. Curr Opin 
Pediatr. 2020;32(1):107-112. doi:10.1097/mop.000000
0000000842 

2. Nakase J, Goshima K, Numata H, Oshima T, Takata 
Y, Tsuchiya H. Precise risk factors for 
Osgood–Schlatter disease. Arch Orthop Trauma Surg. 
2015;135(9):1277-1281. doi:10.1007/s00402-015-227
0-2 

3. Neuhaus C, Appenzeller-Herzog C, Faude O. A 
systematic review on conservative treatment options 
for OSGOOD-Schlatter disease. Phys Ther Sport. 
2021;49:178-187. doi:10.1016/j.ptsp.2021.03.002 

4. Omodaka T, Ohsawa T, Tajika T, et al. Relationship 
between lower limb tightness and practice time 
among adolescent baseball players with symptomatic 
Osgood-Schlatter disease. Orthop J Sports Med. 
2019;7(5):232596711984797. doi:10.1177/2325967119
847978 

5. de Lucena GL, dos Santos Gomes C, Guerra RO. 
Prevalence and associated factors of Osgood-
Schlatter syndrome in a population-based sample of 
Brazilian adolescents. Am J Sports Med. 
2011;39(2):415-420. doi:10.1177/0363546510383835 

6. Beaubois Y, Dessus F, Boudenot A. Maladie 
d’Osgood-Schlatter : de l’arrêt sportif vers la gestion 
des troubles biomécaniques. Kinésithérapie, la Revue. 
2016;16(175):2-6. doi:10.1016/j.kine.2016.03.073 

7. Krause BL, Williams JPR, Catterall A. Natural 
history of Osgood-Schlatter disease. J Pediatr Orthop. 
1990;10(1):65-68. doi:10.1097/01241398-19900100
0-00012 

8. Kumazaki T, Sakai T. High risk of muscle strain in 
the rectus femoris muscle: Anatomical and 
physiological analysis. Juntendo Medical Journal. 
2016;62(5):392-398. doi:10.14789/jmj.62.392 

9. Witvrouw E, Danneels L, Asselman P, D’Have T, 
Cambier D. Muscle flexibility as a risk factor for 
developing muscle injuries in male professional 
soccer players: a prospective study. Am J Sports Med. 
2003;31(1):41-46. doi:10.1177/0363546503031001180
1 

10. Fousekis K, Tsepis E, Poulmedis P, 
Athanasopoulos S, Vagenas G. Intrinsic risk factors of 
non-contact quadriceps and hamstring strains in 
soccer: a prospective study of 100 professional 
players. Br J Sports Med. 2011;45(9):709-714. doi:10.1
136/bjsm.2010.077560 

11. Braun-Moscovici Y, Schapira D, Nahir AM. Calcific 
tendinitis of the rectus femoris. J Clin Rheumatol. 
2006;12(6):298-300. doi:10.1097/01.rhu.000024989
6.43792.62 

12. Iversen MD, Price LL, von Heideken J, Harvey WF, 
Wang C. Physical examination findings and their 
relationship with performance-based function in 
adults with knee osteoarthritis. BMC Musculoskelet 
Disord. 2016;17(1):1-12. doi:10.1186/s12891-016-115
1-3 

13. Jyoti S, Yadav V. Knee joint muscle flexibility in 
knee osteoarthritis patients and healthy individuals. 
Int J Health Sci Res. 2019;9(6):156-163. 

14. Abolahrari Shirazi S, Ghafari Nezhad F, 
Ebrahimian M, Nouraddini E, Mansoorian A, Emami 
F. Flexibility of knee Joint muscles in women with 
knee osteoarthritis and healthy controls. JRSR. 
2015;2(3):47-52. 

15. Kunene SH, Ramklass S, Taukobong NP. Anterior 
knee pain and its intrinsic risk factors among runners 
in under-resourced communities in Ekurhuleni, 
Gauteng. S Afr J PhysTher. 2018;74(1). doi:10.4102/saj
p.v74i1.452 

16. Smith AD, Stroud L, McQueen C. Flexibility and 
anterior knee pain in adolescent elite figure skaters. J 
Pediatr Orthop. 1991;11(1):77-82. doi:10.1097/012413
98-199101000-00015 

17. Kibler W. Strength and flexibility findings in 
anterior knee pain syndrome in athletes. Am J Sports 
Med. 1987;15(410):20. 

18. Kendall F, McCreary E, Provance P. Muscles: 
Testing and Function. 4th ed. Williams & Wilkins; 
1993. 

19. Eng JJ, Pierrynowski MR. Evaluation of soft foot 
orthotics in the treatment of patellofemoral pain 
syndrome. Phys Ther. 1993;73(2):62-68. doi:10.1093/
ptj/73.2.62 

20. Horneij E, Hemborg B, Johnsson B, Ekdahl C. 
Clinical tests on impairment level related to low back 
pain: a study of test reliability. J Rehabil Med. 
2002;34(4):176-182. doi:10.1080/16501970213235 

The Falcon Test: An Observer Agreement Study in Subjects With and Without Anterior Knee Pain

International Journal of Sports Physical Therapy

https://doi.org/10.1097/mop.0000000000000842
https://doi.org/10.1097/mop.0000000000000842
https://doi.org/10.1007/s00402-015-2270-2
https://doi.org/10.1007/s00402-015-2270-2
https://doi.org/10.1016/j.ptsp.2021.03.002
https://doi.org/10.1177/2325967119847978
https://doi.org/10.1177/2325967119847978
https://doi.org/10.1177/0363546510383835
https://doi.org/10.1016/j.kine.2016.03.073
https://doi.org/10.1097/01241398-199001000-00012
https://doi.org/10.1097/01241398-199001000-00012
https://doi.org/10.14789/jmj.62.392
https://doi.org/10.1177/03635465030310011801
https://doi.org/10.1177/03635465030310011801
https://doi.org/10.1136/bjsm.2010.077560
https://doi.org/10.1136/bjsm.2010.077560
https://doi.org/10.1097/01.rhu.0000249896.43792.62
https://doi.org/10.1097/01.rhu.0000249896.43792.62
https://doi.org/10.1186/s12891-016-1151-3
https://doi.org/10.1186/s12891-016-1151-3
https://doi.org/10.4102/sajp.v74i1.452
https://doi.org/10.4102/sajp.v74i1.452
https://doi.org/10.1097/01241398-199101000-00015
https://doi.org/10.1097/01241398-199101000-00015
https://doi.org/10.1093/ptj/73.2.62
https://doi.org/10.1093/ptj/73.2.62
https://doi.org/10.1080/16501970213235


21. Harvey D. Assessment of the flexibility of elite 
athletes using the modified Thomas test. Br J Sports 
Med. 1998;32(1):68-70. doi:10.1136/bjsm.32.1.68 

22. Peeler JD, Anderson JE. Reliability limits of the 
modified Thomas test for assessing rectus femoris 
muscle flexibility about the knee joint. J Athl Train. 
2008;43(5):470-476. doi:10.4085/1062-6050-43.5.470 

23. Cady K, Powis M, Hopgood K. Intrarater and 
interrater reliability of the modified Thomas Test. J 
Bodyw Mov Ther. 2022;29:86-91. doi:10.1016/j.jbmt.2
021.09.014 

24. Peeler J, Anderson JE. Reliability of the Ely’s test 
for assessing rectus femoris muscle flexibility and 
joint range of motion. J Orthop Res. 
2008;26(6):793-799. doi:10.1002/jor.20556 

25. Olivencia O, Godinez GM, Dages J, Duda C, 
Kaplan K, Kolber MJ. The reliability and minimal 
detectable change of the Ely and active knee 
extension tests. Int J Sports Phys Ther. 
2020;15(5):776-782. doi:10.26603/ijspt20200776 

26. Witvrouw E, Van Tiggelen D, Thijs Y. Intrinsic risk 
factors for patellofemoral pain syndrome: 
Implications for prevention and treatment. J Sci Med 
Sport. 2011;14:e118. doi:10.1016/j.jsams.2011.11.246 

27. Park MS, Kim SJ, Chung CY, Choi IH, Lee SH, Lee 
KM. Statistical consideration for bilateral cases in 
orthopaedic research. JBJS. 2010;92(8):1732-1737. do
i:10.2106/jbjs.i.00724 

28. Menz HB. Analysis of paired data in physical 
therapy research: time to stop double-dipping? J 
Orthop Sports Phys Ther. 2005;35(8):477-478. doi:10.2
519/jospt.2005.0108 

29. Binkley JM, Stratford PW, Lott SA, Riddle DL, 
Network NAORR. The Lower Extremity Functional 
Scale (LEFS): scale development, measurement 
properties, and clinical application. Phys Ther. 
1999;79(4):371-383. 

30. Jensen MP, Turner JA, Romano JM, Fisher LD. 
Comparative reliability and validity of chronic pain 
intensity measures. Pain. 1999;83(2):157-162. doi:1
0.1016/s0304-3959(99)00101-3 

31. Gogia PP, Braatz JH, Rose SJ, Norton BJ. 
Reliability and validity of goniometric measurements 
at the knee. Phys Ther. 1987;67(2):192-195. doi:10.10
93/ptj/67.2.192 

32. R: A Language and environment for statistical 
computing. Team RC; 2021. http://www.R-project.org/ 

33. Sweeney EA, Daoud AK, Potter MN, Ritchie L, 
Howell DR. Association between flexibility and low 
back pain in female adolescent gymnasts. Clin J Sport 
Med. 2019;29(5):379-383. doi:10.1097/jsm.000000000
0000660 

The Falcon Test: An Observer Agreement Study in Subjects With and Without Anterior Knee Pain

International Journal of Sports Physical Therapy

https://doi.org/10.1136/bjsm.32.1.68
https://doi.org/10.4085/1062-6050-43.5.470
https://doi.org/10.1016/j.jbmt.2021.09.014
https://doi.org/10.1016/j.jbmt.2021.09.014
https://doi.org/10.1002/jor.20556
https://doi.org/10.26603/ijspt20200776
https://doi.org/10.1016/j.jsams.2011.11.246
https://doi.org/10.2106/jbjs.i.00724
https://doi.org/10.2106/jbjs.i.00724
https://doi.org/10.2519/jospt.2005.0108
https://doi.org/10.2519/jospt.2005.0108
https://doi.org/10.1016/s0304-3959(99)00101-3
https://doi.org/10.1016/s0304-3959(99)00101-3
https://doi.org/10.1093/ptj/67.2.192
https://doi.org/10.1093/ptj/67.2.192
http://www.r-project.org/
https://doi.org/10.1097/jsm.0000000000000660
https://doi.org/10.1097/jsm.0000000000000660

	Introduction
	Method
	Results
	Conclusion
	INTRODUCTION
	METHODS
	Participant

	DATA ANALYSIS
	Results

	DISCUSSION
	LIMITATIONS
	CONCLUSIONS
	Conflicts of interest

	References

