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ABSTRACT

Objective: To quantify pelvic retroversion during clinical evaluation 
of hip flexion with accelerometers and to verify the reliability of these 
sensors to measure hip flexion. Methods: An accelerometer was 
positioned laterally in the pelvis to measure pelvic retroversion. 
Another accelerometer was positioned anteriorly on the thigh to 
evaluate hip flexion amplitude. The evaluations were performed 
with volunteers in supine position by three raters. For evaluation 
of pelvic retroversion, the mean ± SD (minimum-maximum) was 
calculated. Reliability of the accelerometer between raters was 
determined by intraclass correlation coefficients (ICC). The linear 
correlation coefficient between hip flexion was determined by 
using goniometer and accelerometer. Results: The mean pelvic 
retroversion was 7.3° ± 0.93° (6°-11°) in the clinical limit of the hip 
range of motion, which was 106.25° ± 10.46° (93°-130°). The ICC 
between two raters were 0.60, 0.71 and 0.74 (goniometer) and 0.46, 
0.71 and 0.83 (accelerometer). The linear correlation between hip 
flexion measurements with goniometer and accelerometer was 
0.87. Conclusion: During clinical evaluation of the final range of hip 
flexion, there was an associated pelvic movement of approximately 
7.3º. Accelerometers have proven to be reliable for measurement 
of hip flexion. Level of Evidence III, Study of nonconsecutive 
patients with no gold reference standard applied uniformly.
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RESUMO

Objetivo: Quantificar a retroversão pélvica durante avaliação clínica da 
flexão do quadril com acelerômetros e verificar a confiabilidade destes 
sensores para mensurar flexão do quadril. Métodos: Posicionou-se 
um acelerômetro lateralmente na pelve para mensurar retroversão 
pélvica. Outro foi posicionado anteriormente sobre a coxa para avaliar 
flexão do quadril. As avaliações foram realizadas com voluntários, em 
decúbito dorsal, por três avaliadores. Para avaliação da retroversão 
pélvica, determinou-se a média ± DP (mínimo-máximo). Avaliou-se 
a confiabilidade dos acelerômetros entre avaliadores pelo coeficiente 
de correlação intraclasse (CCI). Determinou-se o coeficiente de 
correlação linear entre as mensurações de flexão do quadril com 
goniômetro e acelerômetro. Resultados: A retroversão pélvica média 
foi de 7,3° ± 0,93° (6°-11°), mensurada no limite clínico da flexão 
do quadril, que foi de 106,25° ± 10,46° (93°-130°), ambos com 
acelerômetro. Os CCI entre dois avaliadores diferentes nas avaliações 
de flexão do quadril foram de 0,60, 0,71 e 0,74 (goniômetro) e 0,46, 
0,71 e 0,83 (acelerômetro). A correlação linear entre as mensurações 
de flexão do quadril com goniômetro e acelerômetro foi de 0,87. 
Conclusão: Durante avaliação clínica da amplitude final de flexão do 
quadril, houve movimentação associada da pelve aproximadamente 
de 7,3°. Acelerômetros mostraram-se confiáveis para mensuração 
da flexão do quadril. Nível de evidência III, Estudo de pacientes 
não consecutivos sem padrão de referência “ouro” aplicado 
uniformemente.

Descritores: Pelve. Quadril. Goniometria articular. Acelerômetro.

INTRODUCTION

The assessment of hip flexion is essential in semiology for diagnosis, 
rehabilitation and evolutionary follow-up of joint diseases.1,2 The hip flex-
ion, osteoarthrosis limitations3, femoroacetabular impingement (FAI)2 
and degenerative diseases of the lumbar spine are directly related .4  

It is essential that hip flexion assessment are reliable for joint mo-
tion to ensure specific treatments, according to the biomechanical 
conditions of each patient.5

Pelvic retroversion occurs during hip flexion6, which can start with 
only 8º of hip flexion.7 If the retroversion of the pelvis is not properly 
measured, the flexion movement may be overestimated.8 Studies that 
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Figure 1. Digital goniometer of long arms.

Figure 2. Electronic system for hip flexion and pelvic retroversion 
evaluation .

Figure 3. Casing of the hip flexion accelerometer estimator (similar to 
pelvic retroversion estimator) with identification of the orientations of 
the accelerometer axes for guidance during positioning. The batteries 
are for dimensional references.

passively evaluated healthy hip mobility present variations of up to 
24% in flexion results, but pelvic movement was not analyzed alone.9,10 
Hip movement assessments in the sagittal plane are complex due 
to biases related to pelvis control.11 Recently, an evaluative study on 
hip flexion with 100 healthy adults showed that pelvic retroversion of 
15° occurs within the clinical limit of hip flexion amplitude.5

The universal goniometer (UG) is often used in hip flexion evaluation12, 
but there may be difficulties during the stabilization of the anatomical 
segment due to the use of both hands in the handling of the goni-
ometer arms. Furthermore, the alignment of the arms is visual and 
subjective.13,14 New tools have been used in the assessment of joint 
range of motion to make the process simpler and more accurate, such 
as: inclinometers15,16, smartphone apps17, photogrammetry18, image 
tests19 and the Inertial Movement Unit (IMU).20 Recent studies on the 
assessment of human gait have shown that IMU – motion sensor 
typically composed of acceleration transducers (accelerometers), 
rotation (gyroscopes) and magnetic orientation (magnetometers) –,  
present accurate results in kinematic knee and hip evaluations.21

IMU dispense external references.20 In this case, after positioning 
the sensors, the rater’s hands are free, which could enable a more 
accurate evaluation, including the pelvis monitoring. Quantitative 
data on pelvis retroversion during hip flexion evaluations are un-
common in the literature, as well as possible effects on the clinical 
implications of hip flexion oversizing. This study proposes the use 
of accelerometers to measure pelvic retroversion during clinical 
evaluations of hip flexion and to evaluate the reliability of these 
sensors to measure hip flexion movements.

MATERIAL AND METHODS

This study was approved by the Research Ethics Committee of the 
Institution with the consent form signed by each volunteer. A total of 
twenty-three hips (11 right and 12 left) of 12 volunteers (5 men and 
7 women) with a mean age of 30 ± 8 years and body mass index 
with a median of 23.7 Kg/m² (22-27.8) were evaluated. Volunteers were 
healthy people with no complaints of pain, no diagnosis of disease nor 
hip surgery, except for a volunteer who complained of right hip pain 
without a defined diagnosis. He was evaluated only on the left side.
Measurements were performed by three different raters – an ortho-
pedic surgeon with 12 years of experience in hip preserving surgery, 
a physical therapist trained in hip physical evaluation with 10 years 
of experience, and an engineer involved in the development of the 
system with accelerometers, who received specific training for hip 
goniometry. A training session between raters was performed before 
the collection, to standardize the evaluation and the positioning of 
the sensors. Volunteers were asked to wear adequate clothing and 
to provide no resistance to performing movements. Initially, the hip 
flexion amplitude was evaluated in supine horizontal position by 
digital goniometry22,23, it was followed by the evaluation of hip flexion 
amplitude and pelvis retroversion by the system with accelerometers. 
Each rater examined the hips independently, without knowing the 
results of the other raters. The amplitude of passive flexion was 
measured until the rater’s perception of pelvic motion onset.
Goniometry was performed with a digital device of two long arms 
(Brand: Vktech; Model: X15-33) (Figure 1).

The system of electronic evaluation by accelerometers was based 
on the Arduino platform (system with low-cost data acquisition 
and free software) and it was composed of two IMU (Movement 
Proccessing Unit [MPU] 6050 from Invensense), Arduino UNO 
acquisition plate and secondary components for connections and 
sampling of the data (Figure 2).
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The MPUs-6050 were placed inside acrylic casings (parallelepiped 
format). The sensor circuit was electrically and mechanically isolated 
and it caused no discomfort to volunteers. Each MPU-6050 has a 
triaxial accelerometer (responsible for measurements), whose axes 
(x, y, z) were fixed parallel to the faces of the casing, with external 
identification of the respective orientations (Figure 3). The system 
worked with electrical voltages up to 5 volts, which did not provide 
risk of electric shocks.

MPU-6050 casing

The accelerometer responsible for measuring hip flexion was 
positioned with elastic and Velcro-like in the distal third of the 
thigh. The accelerometer – adjusted to measure the pelvic ret-
roversion – was fixed laterally at the level of the anterior superior 
iliac spines, on the skin and under elastic firmly tied up around the 
pelvis (Figure 4). Both measured movements occur in the sagittal 
anatomical plane, with accelerometers configured to measure the 
variations in the gravitational acceleration (g). The three piezo-
electric “membranes,” spatial and orthogonally arranged among 
each other in triaxial accelerometers, varying their deformations 
and responses according to the vector “g” (module, direction and 
gravitational acceleration direction).23
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axes dependent on the inclination in the sagittal plane related to the 
vector “g.” The “x” axis was chosen as responsible for the retroversion 
measurements, because as the inclination of the axes presents small 
variations during this movement, the “y” axis always remains close to 
the parallel position in relation to the “g” vector, where the results are 
outside the linear accelerometer response range. The “z” (hip) and 
“x” (pelvis) axes chosen presents average standard error for angular 
measurement of 1.26° and 0.11°, respectively. The standard error was 
determined through the quotient of the standard deviation by the 
square root of the sample size. The estimator axes evaluated only 
inclination variations in the sagittal plane. During hip flexion evaluations, 
simultaneous movements (abduction or induction and internal or 
external rotation) of small amplitude may occur, which do not affect 
measurements in the sagittal plane. The results of the evaluations using 
the goniometer and accelerometers were noted in a specific form.
The statistical analysis of the data was assisted by the software 
RCran (R Development Core Team, R: A Language and Environ-
ment for Statistical Computing). The mean ± standard deviation 
(minimum and maximum value) of the results related to pelvic 
retroversion measurements by the three raters (69 samples) were 
determined. Fixed hip flexion angles (flexing angle of the pelvic ret-
roversion subtracted of the hip angle) were estimated. The behav-
ior of hip flexion angles was observed by a box plot graph, before  
(with goniometer) and after deductions from pelvis movements (with 
accelerometers), for the complete sample (data from the three raters). 
The inter-rater ICCs (for the three possible combinations of two raters) 
were calculated for goniometer and accelerometer to compare the 
measurements among raters. Pearson’s linear correlation coefficient 
(r) was determined between hip flexion measurements with goniometer 
and accelerometer (without pelvic retroversion deductions).

RESULTS

The values (mean ± standard deviation [minimum-maximum]) of hip 
flexion (goniometer), hip flexion (accelerometer), pelvic retroversion 
(accelerometer) and hip flexion with deduction of pelvic retroversion 
(accelerometers) were, respectively: 106.83° ± 8.91° (92°-129°), 
106.25° ± 10.45° (93°-130°), 7.30° ± 0.93° (6°-11°) and 98.94° ± 10.27° 
(87°-122°). Boxplot graphs compared the behavior between hip flexion 
measured with goniometer and the hip flexion with deduction of pelvic 
retroversion measured by accelerometers (Figure 7).
The ICC estimated between two raters presented better results 
between physical therapist and orthopedist, for both measurement 
tools (Table 1). The linear correlation coefficient (r) between hip 
flexion measurements with goniometer and accelerometer was 
87% (CI = 95% and p < 0.0001) (Figure 8).

Figure 4. Positioning of pelvic accelerometers (pelvic retroversion 
estimator) and thigh accelerometer (hip flexion estimator).

Figure 5. Lateral view of the estimator axes positioning of the pelvis 
and hip accelerometers. Orange rectangle: magnification of the “x” 
and “y” axes of the pelvis sensor in the initial position.

Figure 6. Deformations of the piezoelectric material corresponding to 
the variation of the vector “g” position.

Figure 7. Box plot to compare hip flexion before (with goniometer) and 
after pelvic retroversion deduction (with accelerometers).

The thigh accelerometer was placed with the “x”axis aligned to the 
craniocaudal axis, “y” axis on the transversal axis and the “z” axis on 
the anterior posterior axis, then “x,” “y,” and “z” axes are orthogonal 
to each other. The axes “x” and “z” vary their inclination in the sagittal 
plane and in relation to the vector “g,” during hip flexion movements 
(Figure 5). The linearity of the sensor response (proportionality rela-
tionship between deformation of piezoelectric material and measured 
angle) is desirable in this application and it occurs as more aligned 
(parallel) the axis responsible for measurement is to the vector “g.” 
As the flexion amplitudes usually range between 90° and 120°,24 the 
“z” axis was more appropriate. At 90º, for example, the accelerometer 
will measure the maximum value, because the piezoelectric material 
will present the greatest deformation. In the initial position (extended 
hip), the “z” axis has direction opposite to the vector “g.” The result 
is negative (deformation in the opposite direction to the “z” axis) for 
angles less than 90º and the result is positive (deformation and vector 
“g” in the same direction) for angles greater than 90° (Figure 6).
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Table 1. Correlation coefficients between two different raters.
ICCgoniometer 95% = CI ICCaccelerometer 95% = CI

Rater 1 vs. Rater 2 0.598 -0.313–0.865 0.461 -0.299–0.78
Rater 1 vs. Rater 3 0.714 0.024–0.898 0.711 0.091–0.892
Rater 2 vs. Rater 3 0.738 0.392–0.888 0.825 0.577–0.926

Rater 1: engineer; Rater 2: hip specialist; Rater 3: Physical therapist; ICC: intraclass correlation coefficient; CI: confidence interval.

Studies correlating the measurements of joint range of motion be-
tween goniometer and other instrument (inclinometers15,16, smart-
phones17, imaging exams19, and IMU20) have shown good results. 
With increasing technological advances in electronic and computer 
instrumentation, new devices and techniques are continuously avail-
able, with a tendency to improve the accuracy and versatility of the 
new procedures. In 2015, a study obtained excellent results in hip 
flexion amplitude evaluations in 20 volunteers, when it compared 
the measurements performed by inclinometer (ICC = 0.94) and 
smartphone (ICC = 0.92) with 3DMA (Three Dimensional Motion 
Analysis).11 The high versatility and low cost of accelerometers have 
supported its progressive use in human gait assessments, energy 
expenditure monitoring and various applications in many sports.20,21 
The good results of our research corroborate with recent studies 
assessing the reliability of accelerometers in human movements.20,21 
The results presented better agreements among the raters of the 
field of health, especially the lower limits of the confidence interval 
(Table 1). A possible interpretation of this episode is due to the small 
experience of the first examiner (engineer) in executing the movement.
Pelvic retroversion begins with approximately 8° of hip flexion and 
this movement is extremely complex to monitor and to quantify 
without technological assistance.7 If the retroversion of the pelvis 
is not considered, hip flexion can be overestimated, making the 
clinical interpretation inconsistent with the real mobility of the joint. 
In patients with FAI, during the impingement test (combination of 
flexion, adduction and internal rotation of the hip), the range of 
motions are visually assessed and vary with the combination of 
pelvic movements.2 Without deduction of pelvic movements, patients 
who present normal evaluation for hip flexion may receive the FAI 
characteristic by lumbar compensation, which may be associat-
ed with degenerative changes in the spine.4 Pelvic retroversion 
measured in this study may be clinically important in these cases 
(FAI and lumbar problems) and extremely useful in decision-thresh-
old circumstances about total hip arthroplasty and positioning 
guidelines of surgical prostheses. The pair of box plot graphs 
(Figure 7) showed reductions in median, quartiles, maximum and 
minimum values of the amplitudes of results of the hip flexion with 
deduction of pelvic retroversion (accelerometers) in relation to hip 
flexion without retroversion deduction (goniometer) The same graph 
(Figure 7) showed greater dispersion (variability) of hip flexion after 
deduction of pelvic movements. Several studies radiographically 
evaluated the spinopelvic alignment and inclination of the pelvis 
in the sagittal plane, with a strong linear correlation between the 
dimensions evaluated of the obturator foramen and the spinopelvic 
alignment. However, few studies quantified pelvic movements by the 
method.27 A study composed of 101 preoperative patients of total 
hip arthroplasty measured – by computed tomography through the 
obturator foramen – the pelvic inclination in the sagittal plane and 
obtained 5° (degrees) of pelvic anteversion in the supine position, 
3° in the upright vertical position and 29° pelvic retroversion with the 
patients seated.28 In the aforementioned study, most patients had 
advanced arthrosis28, which makes it impossible to use the results 
as parameters in researches with healthy people. Other studies 
have used the palpation method to identify anterior and posterior 
reference points of the pelvis for inclinometer fixation and pelvic 
anteversion measurement, whose values varied (3° to 10.3°).27,29 

Figure 8. Graph of the linear correlation between hip flexion mea-
surements with goniometer and accelerometer (no deductions from 
pelvic movements).
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DISCUSSION

Hip flexion assessment is part of the classical semiology for ar-
throsis diagnostic2, femoroacetabular impingement3, and lumbar 
dysfunctions4, in addition to specific research protocols. The more 
reliable the clinical interpretation of joint mobility, the more specific 
and effective will be the performance of the health professional. 
In hip flexion assessments, it is suggested the use of one hand 
under the pelvis to stabilize and to monitor the onset of the pelvic 
movement.25 However, the goniometer requires both hands of the 
rater to be used, which hinders pelvis monitoring, a factor that 
implies probable overestimation of hip flexion amplitude.21-28 This 
study presented hip flexion of approximately 107° with goniometer 
and 106° with accelerometer. Although the UG is considered a 
gold standard in evaluations of joint range of motion, it presents 
significant differences for hip flexion (113°-141°).10,16-19 New mea-
surement instruments such as accelerometers, which do not rely 
on external references, would enable hip assessments with pelvic 
monitoring in a simple way. This study measured pelvis retroversion 
during hip flexion evaluations by accelerometers and obtained an 
average result near to 7.3º, in the sample evaluated. Hip flexion 
measurements performed with accelerometer and goniometer 
showed a strong linear correlation (r = 0.87). The accelerometers 
were reliable in the measurements of hip flexion (combined: hip 
plus pelvis). In most analyses, the results showed substantial or 
optimal inter-rater agreement (ICC > 0.60).26 The use of acceler-
ometers in both measurements (flexion and retroversion) proved 
to be simple and fast. The results regarding the pelvis retroversion 
increase information to the health professional, supporting the 
correct interpretations about the mobility of the hip joint. Clinical 
evaluations of hip flexion amplitude with accelerometers have the 
potential advantage of deducing pelvic retroversion.
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In 2018, a study with a purpose similar to our research, measured 
with inclinometer the retroversion of the pelvis (15° on average) 
during hip flexion. At first, this evaluation occurred with patients 
in upright vertical position to measure pelvic anteversion (hip in 
neutral position). Then, in a supine position, for pelvic retroversion 
evaluation (at the physiological limit of flexion movement). The 
sum of the two results composed the total pelvic retroversion.5 
Pelvic retroversion amplitude found in our study is lower (7.3°), 
compared to those found with inclinometer in 2018 (15°)5, justifiable 
differences due to the different evaluation protocols, instruments 
and experience of raters, especially in relation to pelvic monitoring. 
The hip flexion values found were also greater in the inclinometer 
study (116°), greater in 10° compared with this study (106°). Part 
of this difference probably occurred due to the different criteria 
regarding the final limits of movement, or variations between the 
populations studied. The closer to the clinical limits of flexion, the 
greater the tendency to occur retroversion of the pelvis, possibly 
as a response to the ligament and musculotendinous limits as 
well as to the proximity of the proximal region of the femur with the 
acetabular notch.
This study presented several limitations. One of the main limitations 
refers to the possibility of relative movement of the accelerometer 
positioned in the pelvis in relation to the skin and the pelvis. This 
factor could imply errors in the measurements. No study was found 

evaluating the relative movement between pelvis and accelerometer. 
Another limitation refers to the lack of imaging exams, which would 
enable comparative evaluations, raising the reliability of the study 
and minimizing the hypothesis of possible evaluations in hips 
with pathological limitations, which could not be separated in the 
results. Furthermore, during the study sampling biases occurred, 
reducing the representativeness of the study: (a) small sample 
size, which did not enable to correlate variables such as sex and 
age group; (b) selection of volunteers for convenience. Despite 
the biases presented, the accelerometer has shown itself as a 
functional and reliable tool for semiology measurements of hip 
flexion and according to the positioning methodology presented, 
the accelerometer has the potential to measure the movements 
of pelvic retroversion.

CONCLUSION

The pelvic retroversion range in this study presented an approximate 
mean value of 7.3º. In the sample assessed, the accelerometers 
were reliable in hip flexion evaluations.
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