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Abstract: Hip range of movement (ROM) impairments could affect individuals’ quality of life. The 

aim of this study is to describe a new flexometric method (FM) as a means to estimate hip ROM and 

to determine its concurrent validity and inter-rater and intra-rater reliability. Hip ROM was meas-

ured by performing the straight leg raise test (SLR) and hip abduction test (HA). The WIMU system 

is the gold standard. ROM was calculated in degrees using a trigonometric function based on values 

derived from measurements with a flexometer. The SLR and the HA showed high concurrent valid-

ity and good inter- and intra-rater reliability with an interclass correlation coefficient value that was 

at all times > 0.9. The minimal detectable change at the 90% confidence level for inter- and intra-

rater reliability was equal to or greater than 5.7° in SLR-Right, 5.6° in SLR-Left, 5.1° in HA, 6.3° in 

SLR-Right, 4.9° in SLR-Left, and 5.4° in HA, respectively. This study suggests that the FM is a valid 

and reliable tool for assessing hip ROM. Due to its convenience and cost-effectiveness, this method 

could be widely used to measure the ROM of several joints in field-based tests. 
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1. Introduction 

A lack of hip range of motion (ROM) could affect the quality and quantity of mobility 

to perform functional tasks [1] as it has been associated with higher risk of spinal altera-

tion [2], development of groin pain [3], low back pain [4], changes in lumbopelvic rhythm 

[5], patellar tendinitis [6], patellofemoral pain syndrome [7], and may predict the occur-

rence of leg injuries [8]. Therefore, the assessment of hip range of motion may offer nu-

merous advantages in selecting accurate interventions [9], and it is recommended to per-

form regular monitoring as part of an injury prevention program [10]. 

Innovations in technology and diagnostic techniques may improve the framework 

for ROM evaluation. Hence, accurate and reliable measurement instruments are therefore 

essential to objectively monitor progression, outcomes, and mobility impairments. ROM 

can be assessed using various quantification methods [11–13]. Measurements vary in com-

plexity and include observation, tape measurement (TM), electrical, electromagnetic and 

mechanical goniometry, electrical and mechanical inclinometry, flexible curve linear, and 

roentgenographic or radiographic analysis [11,14–17], and, more recently, an iPhone app 

was validated to measure ankle dorsiflexion [18]. Overall, these methods measure the an-

gles created at human joints and may be used to determine the total amount of motion 

available at a joint. Radiographic analysis is the recognized gold standard for assessing 
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ROM, but this is an expensive procedure with a risk of exposure to radiation [11]. Cur-

rently, given its high validity and reliability as a measure of ROM, the WIMU system (WI) 

is often used as the gold standard [19]. To assess the ROM, measurements of hip flexion, 

extension, abduction, adduction, and internal and external rotation can be performed us-

ing a goniometer [20]. This provides insights into joint mobility and potential limitations. 

Additionally, techniques for evaluating the range of motion in the hip and knee joints, as 

well as the length and flexibility of associated muscles, include the prone hip extension 

test, the Thomas test, the knee extension test, the Ober test, the modified Ober test, the 

gastrocnemius muscle length test, the straight leg raise test, and the abduction test [21]. 

The universal goniometer remains the most documented device for measuring ROM in 

these tests [22], although the reliability of the goniometric technique may be reduced when 

measuring hip ROM and may be highly variable depending on the movement assessed 

[23]. However, physical trainers and coaches commonly prioritize the capability to con-

duct widely accessible, cost-effective, and minimally invasive tests for analyzing athletes’ 

performance [13,24]. In this regard, field-based tests are generally used. Such tests are use-

ful for measuring the distance between bony anatomical landmarks with a TM in centi-

meters [25,26]. Although the tape measure method (TMM) is currently being used, non-

negligible effects of individual differences in leg, trunk, and arm lengths and anatomical 

diameter are difficult to be considered by this method. Moreover, these differences be-

tween subjects frequently have a negative impact on the validity of the test scores [26,27]. 

Several studies have assessed hip ROM by combining TM with trigonometric principles 

to provide reliable measures of joint angles [28–31], yet no studies have found valid 

measures to avoid individual anthropometrical differences. 

As a consequence of the TMM´s limitations, the aims of this study are (i) to propose 

a trigonometric equation that uses values obtained from the tape measurements of the 

flexometric method (FM) to assess the ROM from field-based tests and (ii) to assess the 

concurrent validity and intra- and inter-rater reliability when applied to the right and left 

straight leg raise test (SLR) and the hip abduction test (HA). 

2. Materials and Methods 

2.1. Participants 

Thirty-one physically active young students (nine women) from the Sports Science 

University (Institut Nacional d’Educació Física de Catalunya, INEFC) of Barcelona (age 

23 ± 2.6 years; height, 174.5 ± 8.1 cm; body mass, 73.7 ± 12.6 kg; Body Mass Index, 21 ± 3.1 

kg/m2) participated in this study. Participants who could not reach right and left leg ab-

duction of 45° were excluded. All participants were fully informed regarding the proce-

dures and risks before wri�en consent was obtained. The study was approved by the local 

Human Research Ethics Commi�ee (11/2018/CEICGC). 

2.2. Procedures 

2.2.1. The Gold Standard 

The WIMU system (WI) (RealTrack Systems, Almería, Spain) was established as the 

gold standard to establish the concurrent validity of FM measurements [19,32–34]. It com-

prises a digital inclinometer displaying a range of 360° marked in 0.1° increments. The 

system is a small wireless device with more than 20 integrated sensors. The sensors are a 

1000 Hz 3D accelerometer and a 1000 Hz gyroscope with barometer that works with an 

integration of sensors to improve the information. All data regarding the angle reached in 

each repetition [32] for both legs were sent via Bluetooth to a personal computer and were 

then recorded using Qüiko® software v.882 (RealTrack Systems, Almeria, Spain). 

2.2.2. Field-Based Tests 

Two field-based tests were carried out: the HA test and the SLR test. In the HA start-

ing position, the subject was seated on the floor, with the torso perpendicular to the 



Appl. Sci. 2024, 14, 3226 3 of 12 
 

ground and the hands resting behind the body, with legs at hip level and knees extended. 

The subject then moved the legs into abduction. Motion occurred in the transversal plane 

around a vertical axis (Figure 1a). In the SLR starting position, the subject was positioned 

supine, with hips and knees extended. Then, the subject moved the right (SLR-R) or left 

(SLR-L) leg with the knee fully extended. The contralateral leg was kept on the support 

surface with the knee fully extended to avoid inaccurate measurement due to pelvic mo-

tion. Motion occurs in the sagi�al plane around a medial–lateral axis (Figure 1b). 

 

Figure 1. (a). Hip abduction test (HA). L: leg length; TD: bitrochanteric diameter; TM; tape measure. 

(b). Straight leg raise test (SLR) (Right: SLR-R; Left: SLR-L): L: leg length; TM; tape measure. 

2.2.3. Raters’ Training 

The two raters were trained by an expert (G.M.) in four separate sessions, 1 week 

prior to the testing session. At the start of the study, the raters did not have any experience 

with the use of the WI and TMM or identification of anatomical landmarks. During the 

first three sessions, raters were familiarized with the device and the measurement of leg 

length and the bitrochanteric diameter. During the final session, the ability of raters in-

creased through the use of a specific measuring protocol for this study. Raters received 

clear instructions about the positioning of the device over the distal tibia and tape meas-

uring for both the HA and SLR tests. Four healthy subjects participated in these training 

sessions, but only two carried out the subsequent testing. 

2.2.4. Measuring Protocol 

Each subject performed both the SLR (SLR-R and SLR-L) and HA tests. Rater A (RA) 

and Rater B (RB) measured both tests twice [measure 1 (M1), measure 2 (M2)] (Figure 2). 

The two raters were blinded to each other’s assessments and the results were randomly 

presented. WI and TMM measurements were taken at the maximal ROM of the evaluated 

joint. The procedure for measuring SLR and HA using the WI involved placing one device 

over the distal tibia of each leg. Once the subject was standing in the anatomical position, 

RB marked the anatomical references (greater trochanter of the femur and the lateral epi-

condyle of the femur) and both raters assessed the length of the leg and the bitrochanteric 

diameter. Then, RB indicated the subject to seat with the knee extended and feet spaced 

hip-width apart and move both legs into maximal abduction (M1). The subject remained 

immobile while the raters performed all the tests. Subsequently, using a TMM, the raters 

determined in random order the distance from both external sides of the calcaneus. There-

after, RB asked the subject to move both legs again to the maximal ROM (M2). In this 

position, the raters repeated all the measurements. 

RB asked the subject to lie face upwards with the knee extended and to raise the right 

or left leg with the knee fully extended (M1). The subject remained immobile while the 

raters performed all the tests. Subsequently, using a TMM, the raters determined the 
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distance from the posterior calcaneal tuberosity to the initial position. Subsequently, RB 

asked the subject to move both legs again to the maximal ROM (M2). The raters repeated 

all the measurements with the subject in this position. The recovery between measure-

ments was 5 min. A warmup on the cycle ergometer was performed, consisting of 5 min 

of pedaling at low intensity. 

 

Figure 2. An illustrative chart of the study design. HA: hip abduction test; SLR: straight leg raise 

test; SLR-R: R: right leg; SLR-L: left leg. WI: WIMU system; FM: flexometric method. 

2.3. Data Analysis 

2.3.1. The Flexometric Method 

An isosceles triangle was generated for both extended legs. A parallel line to one leg 

through the greater trochanter landmark of the opposite side was used to describe a sim-

ilar isosceles triangle. 

The anatomical reference points are as follows: 

 Length of the leg (Lc): It is the distance between the greater trochanter and the outer 

edge of the calcaneus. 

 Bitrochanteric (Ac): Distance between both greater trochanters of each leg when the 

subject is standing and the lateral process of the tuberosity of the calcaneus. 

The theoretical representation of the isosceles triangle is performed using various an-

atomical reference points. In the SLR test, the isosceles triangle is described by connecting 

the following anatomical points; the greater trochanter and both outer edges correspond 

to the lateral process of the tuberosity of both calcanei. In the HA test, the isosceles triangle 

is represented by connecting both outer edges of the lateral processes of the tuberosities 

of both calcanei and drawing two straight lines that, originating from these edges, project 

until they meet above the hip at the crossing point of each greater trochanter as anatomical 

reference points. Then, a line parallel to one side of the isosceles triangle is drawn passing 

through the greater trochanter of the opposite leg. This way, we obtain a smaller but sim-

ilar isosceles triangle to the previous one, allowing for the necessary trigonometric calcu-

lations to obtain the range of motion. 

This triangle was used to calculate the ROM in degrees using trigonometry (Figure 1). 

Specifically, the ROM was calculated from the following equations: 

HA(°) = (2 × ASENO ((TM-TD)/(2 × L))) × 180/3.1416 

SLR(°) = (2 × ASENO ((TM)/(2 × L))) × 180/3.1416 

where TM is the tape measure (cm), TD is the trochanteric diameter (cm), L is the leg 

length (cm), R is the right leg length (cm), and ASENO is the inverse of the sinus. 
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2.3.2. Statistical Analyses 

Statistical analyses were performed using the SPSS software package version 15.0 

(SPSS Inc., Chicago, IL, USA) for Windows statistical program. Descriptive statistics (mean 

and standard deviation or SD) were used to summarize ROM measurements for both the 

FM and WI measurements. Two a�empts for every test were recorded in each participant. 

Inter- and intra-observer reliability were evaluated by the interclass correlation coefficient 

(ICC), i.e., a two-way random effects model with a single measure (model 2.1). The ICC 

value can range from 0 to 1; values close to 1 indicate high reliability. Our interpretation 

of the ICC value was based on guidelines provided by Portney and Watkins [35], where 1 

= perfect reliability, 0.90 to 0.99 = very high reliability, 0.70 to 0.89 = high reliability, 0.50 

to 0.69 = moderate reliability, and a value of 0.90–0.95 was considered satisfactory for in-

dividual comparisons [36]; Scientific Advisory Commi�ee of the Medical Outcomes Trust; 

[9,37,38]. In order to perform research on hip ROM and contribute to the existing 

knowledge, we should consider providing data on measurement properties (e.g., the 

standard error of measurement, SEM; and minimal detectable change, MDC) [3]. There-

fore, the measurement error was evaluated by the SEM for intra- and inter-observer relia-

bility using the formula SEM = × SD √1Sr, where SD is the standard deviation of observed 

test scores and r is the Pearson’s correlation coefficient (PCC) for those data [9]. SEM pro-

vides an estimate of the amount of day-to-day fluctuation that is expected for a given in-

dividual’s score due to factors such as fatigue, motivation, or compliance [39]. In addition, 

the MDC for the inter-rater measurements at the 90% confidence level (MDC90), also called 

the reliable change index [40], was employed to analyze the clinically meaningful degree 

of difference using SEM, and was defined as MDC90 = 1.65 ∗ SEM ∗ √2. MDC90 determines 

the magnitude of change that would exceed the threshold of measurement error at the 

90% confidence level [40]. Pearson’s (r) correlation coefficients were calculated addition-

ally to determine concurrent validity between FM and WIMU® system. The r values yield 

the degree of correlation between two measures, where 0 = no correlation between two 

scores and 1 or −1 = the absolute correlation between two scores. Pearson’s correlation 

coefficients are interpreted as follows: 0.00 to 0.19 = very weak correlation; 0.20 to 0.39 = 

weak correlation; 0.40 to 0.69 = moderate correlation; 0.70 to 0.89 = strong correlation; and 

0.90 to 1 = very strong correlation [41,42]. Bland and Altman plots were used to provide a 

visual illustration of the relationship and 95% limits of agreement between the mean angle 

of measurement and the individual mean difference scores [35] from the validity and in-

ter- and intra-rater reliability analyses. 

3. Results 

The means, standard deviations, PCC, and ICC from the SLR and HA tests are pre-

sented in Table 1. The data show very strong PCC values ranging from 0.95 to 0.97 and 

very high reliability (ICC = 0.99). 

Table 1. Correlations between the FM and WI from the two raters. Values are mean (SD). FM: flex-

ometric method; WI: WIMU system; ROM: range of movement; PCC: Pearson’s correlation coeffi-

cient; ICC: interclass correlation coefficient; CI: confidence interval; SLR: straight leg raise test; SLR-

R: right; SLR-L: left; HA: hip abduction. 

  ROM Mean Angle° (SD) Correlations 

Modality Movement FM WI PCC ICC 95%CI 

FM/WI SLR-R 70.9 (10.8) 69.2 (10.5) 0.97 ** 0.99 0.98–0.99 

 SLR-L 71.2 (10.3) 70.2 (9.9) 0.96 ** 0.99 0.98–0.99 

 HA 79.1 (13.3) 79.1 (17.0) 0.95 ** 0.99 0.98–0.99 

** p < 0.001. 

The mean angular measurement values for the intra- and inter-rater reliability anal-

yses with SD, SEM, MCD90, and ICC (95%CI) are presented in Tables 2 and 3. The data 
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show excellent inter- and intra-rater reliability and for right and left SLR and HIP-ABD. 

Overall, the intra- and inter-rater reliability ICC ranged from 0.97 to 0.99. The MCD90 for 

the inter- and intra-rater reliability indicates that a change of equal to or greater than 5.7° 

(SLR-R), 5.6° (SLR-L), 5.1° (HA), 6.3° (SLR-R), 4.9° (SLR-L), and 5.4° (HA) indicates cer-

tainty that the change is not due to inertial variability or measurement error. 

Table 2. Inter-rater reliability for both the FM and WI. 

  ROM Mean Angle° (SD)     

Modality Movement Rater A Rater B SEM MCD 90% ICC 95% CI 

FM SLR-R 70.9 (10.4) 71.2 (11.4) 2.4 5.7 0.97 0.95–0.98 

 SLR-L 71.2 (9.5) 71.7 (10.2) 2.4 5.6 0.98 0.96–0.99 

 HA 79.1 (12.6) 78.7 (13) 2.2 5.1 0.99 0.98–0.99 

WI SLR-R 69.3 (10.1) 69.2 (11) 2.4 5.5 0.97 0.95–0.99 

 SLR-L 70.7 (9.1) 70.3 (9.7) 2.3 5.4 0.98 0.96–0.99 

 HA 79.2 (17.1) 79.2 (17.3) 3.4 8 0.99 0.98–0.99 

Values are mean (SD). FM: flexometric method; WI: WIMU system; ROM: range of movement; SEM: 

standard error of measurement; MDC: minimal detectable change; ICC: interclass correlation coef-

ficient; CI: confidence interval; SLR: straight leg raise test; SLR-R: right; SLR-L: left; HA: hip abduc-

tion. 

Table 3. Intra-rater (B) reliability for both the FM and WI. 

  ROM Mean Angle° (SD)     

Modality Movement Measure 1 Measure 2 SEM MCD 90% ICC 95% CI 

FM SLR-R 71.2 (11.3) 73.3 (10.5) 2.7 6.3 0.97 0.93–0.99 

 SLR-L 71.7 (10.2) 72.9 (10.9) 2.1 4.9 0.98 0.95–0.99 

 HA 78.7 (13) 79.5 (13.9) 2.3 5.4 0.98 0.96–0.99 

WI SLR-R 69.2 (11) 71.1 (10.1) 2.6 6 0.97 0.93–0.98 

 SLR-L 70.3 (9.7) 71.3 (10.4) 2.3 5.3 0.98 0.95–0.99 

 HA 79.2 (17.3) 80 (17.7) 3.9 9.1 0.97 0.95–0.99 

Values are mean (SD). FM: flexometric method; WI: WIMU system; ROM: range of movement; SEM: 

standard error of measurement; MDC: minimal detectable change; ICC: interclass correlation coef-

ficient; CI: confidence interval; SLR: straight leg raise test; SLR-R: right; SLR-L: left; HA: hip abduc-

tion. 

The Bland and Altman plots with accompanying 95% limits of agreement illustrate 

the wide range of measurement scores. For validity plots, comparisons between the FM 

and WI methods over the HA, SLR-L, and SLR-R tests include RA, RB, M1, and M2 scores. 

For the inter-reliability plots, comparisons between both raters RA and RB over the HA, 

SLR-L, and SLR-R tests include FM, WI, M1, and M2 scores. For the intra-reliability plots, 

comparisons between both measures M1 and M2 over the HA, SLR-L, and SLR-R tests 

include FM, WI, RA, and RB scores. The results (Figures 3 and 4) indicate that both meth-

ods, the FM and WI, were unbiased in scoring SLR-R and SLR-L, and also the FM in the 

HA test. In contrast, a small bias existed whereby the WI tended to score higher regarding 

the HA test. RA and RB were unbiased in scoring over themselves, as well as M1 and M2. 



Appl. Sci. 2024, 14, 3226 7 of 12 
 

 

Figure 3. Bland and Altman plots for validity visual illustration. HA: hip abduction test. SLR-R: 

straight leg raise test for right leg. SLR-L: straight leg raise test for left leg, illustrated with FM: 

flexometric method and WI: WIMU system comparisons, where M1: Measure 1, M2: Measure 2, RA: 

Rater A, and RB: Rater B scores were included for each plot. 
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Figure 4. Bland and Altman plots for INTER: inter-reliability and INTRA: intra-reliability visual 

illustration. HA: hip abduction test. SLR-R: straight leg raise test for right leg. SLR-L: straight leg 

raise test for left leg were illustrated. For INTER plots, RA: Rater A and RB: Rater B comparisons 

were used, where M1: Measure 1, M2: Measure 2, FM: flexometric method, and WI: WIMU system 

scores were included for each plot. For INTRA plots, M1: Measure 1 and M2: Measure 2 comparisons 

were used, where RA: Rater A, RB: Rater B, FM: flexometric method, and WI: WIMU system scores 

were included for each plot. 

4. Discussion 

When physical trainers or coaches introduce a new technique for clinical assessment, 

an appropriate rationale for their proposals is crucial [13]. This is the first study to use an 

FM to determine the validity and intra- and inter-rater reliability of SLR and HA. Despite 

the simplicity of the TMM assessment of ROM, there is a lack of scientific evidence con-

firming the validity of these procedures compared with different gold standards, such as 

X-ray analysis, an electrical goniometer, or an inclinometer. Sometimes, the poor validity 

has been related to the proportional differences in arm and leg lengths between subjects 

[43–45]. For instance, some limitations include the TheraBite for measuring the motion of 

the temporomandibular joint, and specialized devices for measuring the motion of the 

shoulder [46], forearm [36,47], wrist [48], hand [49,50], hip [51], knee [51], foot, and ankle 

[52,53]. 

This study was conducted to evaluate a novel FM by which the hip ROM can be cal-

culated in degrees using the values provided by a flexometer. The method uses TMM and 

several anatomical lengths and diameters as anatomical references. The FM for field-based 

tests was designed to estimate ROM and eliminate the effects of individual and develop-

mental differences in leg length and bitrochanteric diameter that negatively influence test 

scores. 

The main finding of this study was that the FM is a valid and reliable method to assess 

ROM for both SLR and HA tests. The FM method involves a non-invasive, simple, and 

easy test, which produced nearly identical ROM results to those obtained by using the WI. 

The PCC analysis showed an almost perfect correlation between the two methods, sug-

gesting that the FM may be as useful as the WI if used consistently [54]. Moreover, the 

ICC in our study ranged from 0.97 to 0.99. This range is placed above the upper limit of 
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0.85 for being considered clinically useful [55] and appropriate when testing single sub-

jects [56]. The MDC90 indicates that a change equal to or greater than the values reported 

in this investigation would be required over treatment sessions or in research trials to be 

90% certain that the change is not due to inter-trial variability or measurement error. Fur-

thermore, FM requires only minimal training, and there is no need for specialized equip-

ment or facilities. 

The overall reliability and measurement error of this new method were similar to the 

WI. When we compared the WI results obtained in our study with a previous study meas-

uring a passive straight leg raise test, the results showed similar overall reliability based 

on the ICC analysis [19]. The inter- and intra-rater reliability were similar for the SLR and 

HA measurements. Nonetheless, higher SEM and MDC90 were obtained using the WI for 

the HA inter- and intra-rater reliability. The higher SEM, MDC90, and the widest range of 

scores in the Bland and Altman plots for the WI in the HA test could be explained by 

recording with two WIs simultaneously. 

Although the raters who participated in this study had li�le experience in TMM, WI 

utilization, and anatomical landmark location, excellent inter- and intra-rater reliability 

results were obtained. The standardization and training in the process of measurement 

during several preliminary meetings should be sufficient to minimize interpretation er-

rors. Owing to the variations between the two tests for hip flexion and hip abduction, the 

reliability of measurements may be variable depending on the technique being used. Nev-

ertheless, the levels of inter- and intra-rater reliability reported by several authors using 

different techniques ranged from poor to good, and were usually slightly lower for HA 

[57,58]. 

Lima et al. [59] proposed a trigonometric method to evaluate the abduction angle of 

the lower limbs in neonates. This method, which is similar to that previously described by 

Moras et al. [26], uses as a reference an isosceles triangle drawn on a clipboard. Measure-

ment of the inferential abduction angle from one of the two straight triangles, and gener-

ated with the bisectrix of the isosceles triangle, was obtained by calculating the sine divid-

ing the opposite side of the angle by the hypotenuse. This method has been defined by the 

authors as a precise measurement of the abduction angle of the lower limbs. However, 

this la�er study has some limitations, being that each limb was measured independently 

and the rater has to mark the references on a piece of paper before drawing the triangle 

on a clipboard and calculating the sine. Furthermore, the reference point on the sagi�al 

line, which corresponds to one of the two equal sides of the isosceles triangle, does not 

completely eliminate the influence of the bitrochanteric diameter in the final result. Par-

ticularly, the reference used to depict the isosceles triangle is the umbilical scar instead of 

the bitrochanteric diameter. Conversely, the ROMs in the present study were calculated 

after obtaining the measurements, using simple equations previously generated in an Ex-

cel spreadsheet, to eliminate the effects of individual differences in leg lengths and bitro-

chanteric diameter. Lima et al. generated an isosceles triangle for both extended legs, and 

a parallel line to one leg through the greater trochanter landmark on the opposite side is 

used to describe a similar isosceles triangle, from which two straight triangles are gener-

ated. One of the two triangles should be used to calculate the ROM by means of a simple 

equation. However, a shortcoming derived from this la�er issue may be that a slight var-

iation during identification and localization of anatomical landmarks and tape measuring 

could influence the final ROM calculation depending on the length of the subject's legs. In 

contrast to this disadvantage, changes in the TM score have less influence on the calcu-

lated ROM when using the FM method in subjects irrespective of the length of their legs. 

Flexibility is of interest to coaches, fitness trainers, physical education teachers, phys-

iologists, and physiotherapists, among others, all of whom agree on its importance in 

sports performance, injury prevention, and rehabilitation. Therefore, having valid and re-

liable indirect tests is essential. Although in this study the FM has been applied to two 

tests, namely the SLR and the HA, this method can be extended to any test in which the 
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joint angle to be measured is delimited by anatomical landmarks that enable describing 

an isosceles triangle. 

5. Conclusions 

The FM has been observed to be a valid, reliable, accurate, simple, and widely avail-

able test that is interchangeable with the WI. Unlike commercial goniometers, using the 

FM puts aside the need to purchase a special device. All that is needed is a simple TM and 

an Excel spreadsheet. This study has several limitations. First, hip ROM was only meas-

ured in two planes; however, the FM can be applied to other joints. Second, the FM can 

only be applied when the selected test can be depicted as an isosceles triangle. Third, a 

lack of between-day reliability data was observed. Due to its convenience and cost-effec-

tiveness, this novel method could be widely used for measuring the ROM of several joints; 

however, its concurrent validity and reliability need to be further studied. 
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