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Abstract

Introduction: Knees osteoarthritis (OA) is a complex degenerative disease with intra-articular changes
affecting the amplitude of the quadriceps angle (Q). To measure this variable, it is necessary to use reliable protocols aiming at methodological reproducibility. The objective was to evaluate the intra-examiner
and inter-examiner reliability of clinical and radiographic measures of the Q angle and to investigate the
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relationship between the degree of OA and the magnitude of this angle in the elderly. Materials and methods:
23 volunteers had the Q angle measured by two evaluators at 48-h interval. Clinical measurements were
collected by using the universal goniometer in the same position adopted in the radiographic examination.
Results: The intra-examiner reliability was good (0.722 to 0.763) for radiographic measurements and low
(0.518 to 0.574) for clinical assessment, while inter-examiner reliability was moderate (0.634) for radiographic measurements and low (0.499) to the clinics. The correlation analysis between the radiographic values with the OA classification showed no correlation between them (p = 0.824 and r = -0.024). Conclusion:
Clinically, it is suggested that the radiographic examination is preferable to evaluate the Q angle of elderly
women with knee osteoarthritis. Moreover, the magnitude of this angle did not correlate with the degree of
impairment of OA in this population.
[B]

Resumo

Keywords: Reliability. Q angle. Osteoarthritis. Goniometry. Physical Therapy.

Introdução: A osteoartrite (OA) de joelhos é uma doença degenerativa complexa com alterações intra-articulares que comprometem a amplitude do ângulo do quadríceps (Q). Para mensuração dessa variável, é necessária
a utilização de protocolos que apresentem confiabilidade, visando reprodutibilidade metodológica. Objetivo:
Avaliar a confiabilidade intra e interexaminadores das medidas clínicas e radiográficas do ângulo Q e verificar
se existe relação entre o grau de OA e a magnitude deste ângulo em idosas. Materiais e métodos: 23 voluntárias, tiveram o ângulo Q mensurado por 2 avaliadores, com intervalo de 48 horas. As medidas clínicas foram
coletadas por meio do goniômetro universal na mesma posição adotada no exame radiográfico. Resultados:
A confiabilidade intraexaminador foi boa (0,722–0,763) nas medidas radiográficas e baixa (0,518–0,574) nas
medidas clínicas, enquanto a confiabilidade interexaminadores foi moderada (0,634) nas medidas radiográficas e baixa (0,499) nas clínicas. A análise da correlação entre os valores radiográficos com a classificação da
OA não demonstrou correlação entre os mesmos (p = 0,824 e r = -0,024). Conclusão: Clinicamente, sugere-se
que o exame radiográfico seja preferível para avaliação do ângulo Q de idosas com OA de joelhos. Além disto, a
magnitude deste ângulo não se relacionou com o grau de acometimento da OA nesta população. [K]
Palavras-chave: Confiabilidade. Ângulo Q. Osteoartrite. Goniometria. Fisioterapia.

Introduction
Brazil is currently going through a phenomenon known as population aging (1). Along with the
changes on the population's age structure, epidemiological changes, characterized by diseases and
risk factors related to lifestyle, have also been observed (2). Currently, there's an estimative of 17.6
million of elderly in Brazil (3) and osteoarthritis
(OA) is among the group of common diseases found
in this population.
OA is a chronic-degenerative disease affecting both
articular cartilage and other peri-articular structures,
affecting women more than men (4, 5). Among the
main characteristics of the disease we can list pain,
stiffness and loss of physical function (4). The knee
joint is the most commonly affected weight-bearing
Fisioter Mov. 2014 out/dez;27(4):565-72

joints (6). In Brazilian population, the prevalence of
knee OA was found in 37% of seniors surveyed (7).
The misalignment of the knee joint in the frontal plane is one of the main predisposing factors for
the onset and progression of OA (8, 9). According to
Hinman et al. (10), alignment variations larger than
5° — both in varus and in valgus — are sufficient
to influence the functionality of the knee joint. It is
believed that the presence of osteophytes, the narrowing of intra-articular and also the sclerosis of subchondral bone (11) affect the space arrangement of
the bone structures adjacent to the knee joint. These
lesions could lead to a consequent loss of joint biomechanics that compromises the amplitude of the
quadriceps angle (Q).
Hungerford and Barry (12) defined the Q-angle
as an indicator of poor alignment of the knee joint
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in the frontal plane. This angle is formed between
the line of action of the quadriceps muscle and the
direction of the patellar tendon (13). Thus, one may
infer that the Q-angle measurement is an essential
part of the evaluation of knee joint diseases, with a
normal average of 15-20° in women (14). The angle
measure may derive from measurements performed
by X-rays (15) and clinical exams (16) or by photogrammetry (17), with the first two methods using the
goniometer. The manual goniometer is a widely-used
technique in clinical practice of the physiotherapists,
in order to evaluate the range of motion. Among the
advantages of this methodology we find the low cost
of the instrument and its easy-to-measure property
(18). The evaluation of the Q-angle is continuously
employed in physical therapy practice, in individuals
with the patellofemoral syndrome (16, 19).
For clinical rehabilitation and research in physical therapy, the study on the measures’ reliability
is essential for ensuring the consistency of the data
needed to monitor the treatment of patients (18,
20). The study of this property is important to estimate the error of a measurement, i.e., how the value
obtained varies from the actual value (21). In other
words, it refers to the reproducibility and consistency
of measurement (22).
Several tests have been developed in order to
assess the reliability of the Q-angle measurement
(19, 23, 24). In clinical evaluation, imaging tests
such as radiography can be considered as the gold
standard for this analysis (25). However, the reliability of measurements of this angle has not been
studied in elderly women with knee OA. Therefore,
we propose controlled clinical and radiographic
examinations, in order to assess the reliability of
Q-angle measurements and investigate a possible
relationship between the degree of OA and the
magnitude of the Q-angle in this population. The
objectives of this study were to evaluate the intraexaminer and inter-examiner reliability of clinical
and radiographic measures of Q-angle in elderly
women with knee OA and to investigate the relationship between the degree of OA and the Q-angle
magnitude in this population.
The choice for studying this population was due
to a greater prevalence, incidence, severity and functional impact of knee osteoarthritis within this group
of individuals, what could lead to important limitations and burden the public health service with long
rehabilitation process (25).

Materials and methods
The project was approved by the Ethics Commitee
of the Federal University of Jequitinhonha and Mucuri
Valleys (049/09) and fulfills Resolution 196/96,
of National Health Council concerning the Human
Research Code of Ethics. This was a blinded study, where
the Q-angle measurement in elderly women with knee
OA was assessed by clinical and radiographic exams.
Subjects

To evaluate data reliability, two previously trained
examiners (1 and 2) — so called experienced — were
the study subjects. A pilot study was conducted for the
measured variables, with the purpose of training the
researchers. The achievement of the two evaluation
methods of the Q-angle was made independently, with
an interval of 48 hours to assess the inter-examiner
reliability and immediately repeated after the previous
examiner, evaluating the intraobserver reliability and
assessing the reliability of inter-examiners’ measures.
Examiners were blinded from measures undertaken by the previous examiner and there was no
marking of anatomical landmarks during assessments, in order to avoid any influence on measurements between the examiners. Data collected on the
first day of evaluation were used for the analysis of
inter-examiner reliability. Examiners did not have
access to previous records by the end of data collection. The forms of both examiners were distinct,
not allowing the comparison of the measurements
previously performed.
Sample

A sample calculation (26) was performed based
on the dependent variables of the study (clinical and
radiographic measures of Q-angle), allowing an oscillation of 10% around the mean of the data obtained in
the study. The sample needed for the study included
21 volunteers and 42 knees for evaluation.
All elderly women underwent a radiographic examination (control factors: 61.5 kVp, 80 mA, and 6.4
mAs) in order to classify the degree of OA. The radiograph was performed in anteroposterior direction
(PA), with the volunteer in orthostatism, the patella
touching the film, weightbearing in a semi-flexed
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knee at 30o and tibia 30 upright. The knee flexion
was kept during the test by using a goniometer, fixed
at 30° (11). Despite submitting weightbearing on the
knees, the voluntaries were told to leave the quadriceps femoris muscle relaxed while maintaining an
appraiser alignment of the hip. The feet of the participants were placed in Romberg position, i.e., the
medial edges of the foot touching each other (27).
To be included in the study, the volunteers should
be aged 60 years and above, have a diagnosis of bilateral osteoarthritis based on radiographic criteria of
Kellgren and Lawrence (28), be able to return to the
same spot assessment after 48 hours to a reassessment, have not undergone any surgical procedures
on the lower limbs and have no recent trauma in the
knees. In this case, 24 elderly women were included in
the study, and, therefore, 48 knees were investigated.
Initially, the volunteers answered a questionnaire
containing structured data, such as: name, age and
phone numbers; and questions about the inclusion
criteria mentioned above. At that moment, there was
a measure of participants’ body weight and height.
Clinical and radiographic measures of Q-angle of
the elderly were held in Santa Casa de Caridade de
Diamantina/MG and in the Outpatient Physiotherapy
Care of UFVJM respectively.
Radiographic measure

For this condition, the radiographic views were
used for the OA classification. The knees in weightbearing and semiflexion emphasized the narrowing
of the joint space (11) and put the patella within the
trochlear groove (24).
To evaluate the radiographically-derived Q-angle
measurement, the tibial tubercle, the midpoint of the
patella and the femoral shaft axis were identified on
radiographs by two examiners.
The Q-angle was the one formed by the goniometer's fixed arm, aligned with the bisecting line of
the femur and, by the movable arm, aligned with the
tibial tuberosity marking, with the fulcrum located
at the center of the patella.

position adopted for clinical measure was similar to that used for radiographic examination. An
examiner maintained the hip alignment while the
other conducted the measurement. The center of
the patella was initially defined as the midpoint of
a line that brought the most medial and the most
lateral region of the patella, determined through
the patella edges’ palpation. Furthermore, the most
prominent region of the tibial tuberosity was demarcated, by palpation, after the voluntaries’ positioning. Thereafter, the bisection line of the femur
was determined by aligning the goniometer's fixed
arm from the center of the patella until the anterior
superior iliac spine (14).
Statistical analysis

The SPSS software version 18.0 for Windows
was used for statistical analysis. The intra and interexaminer reliability was assessed by the Intraclass
Correlation Coefficient (ICC), which measures the
internal consistency between two variables or factors. The magnitude of the association was defined
according to the Cronbach alpha coefficient as (≤ 0.6),
low (0.6 to ≤ 0.7) moderate (0.7 to ≤ 0.8) good, (0.8
to ≤ 0.9) and very good (≥ 0.9) excellent (29). The
Shapiro-Wilk normality test was used. Afterwards,
the Spearman correlation test was used to verify the
existence of a correlation between the degree of OA
and the magnitude of the Q-angle. The confidence
interval was 95% (p < 0.05).
In the descriptive analysis, Q-angle values above
20° were considered valgus, while the ones below
15° were considered varus.
Twenty-three elderly women were evaluated and
one of them showed no radiographic diagnosis of
knee bilateral OA, being excluded from the analysis.
Both knees (n = 46) were considered in the analysis of reliability data, since the volunteers had bilateral OA. All measurements obtained by the examiners on the first day (n = 92) were considered for the
descriptive and correlation analysis.
Results

Clinical measure

The data for clinical analysis were collected
regardless of the radiographic examination. The
Fisioter Mov. 2014 out/dez;27(4):565-72

Twenty-three elderly with radiographic diagnosis of knee bilateral OA, according to the classifying
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requirements of Kellgren and Lawrence (28), were
included on the study (Table 1).
The intra-examiner reliability was good for radiographically-derived measures and low for clinical
measures (Table 2).
The inter-examiner reliability was moderate for
clinical measures (Table 3).
Later, it was found that the data did not show normal
distribution and, since the radiographic measurements

showed better reproducibility, it was analyzed the correlation between the values obtained by these measures
and the radiographic severity of OA, with no correlation
observed between them (p = 0.824 and r = -0.024).
The results obtained by the descriptive analysis of
all radiographically-derived values showed a prevalence of: (varus = 93% and normal values = 3%) for
examiner 1 and (varus = 83%, normal = 13% and
valgus = 1%) for examiner 2.

Table 1 - Characterization of the studied population
N (23)

Variable

Age (years ± SD)

67.30 ± 4.06

BMI (kg/m ± SD)

29.58 ± 3.81

Radiographic level of the knee OA (%)

Level 1

26

Level 2

26

Level 3

22

Level 4

26

Note: BMI = Body Mass Index; SD = Standard Deviation; OA = Osteoarthritis.

Table 2 - Intra-examiner reliability obtained through the ICC
Measurements

ICC/Intra
N = 46

Associative Intensity

Radiographic
(Examinator 1)

.722

Radiographic
(Examinator 2)

Confidence Interval 95%
Top

Bottom

Good

.846

.498

.763

Good

.869

.572

Clinical (Examinator 1)

.518

Low

.733

.129

Clinical (Examinator 2)

.574

Low

.764

.230

Note: ICC = Intraclass Correlation Coefficient.

Table 3 - Inter-examiner reliability obtained through the ICC
Measurements

ICC/Intra
N = 46

Associative Intensity

Radiographic

.634

Clinical

.499

Confidence Interval 95%
Top

Bottom

Moderate

.798

.339

Low

.723

.095

Note: ICC = Intraclass Correlation Coefficient.
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Discussion
The results of this study indicated good reliability for measures of quadriceps angle, derived radiographically, while clinical measurements obtained
in the same position showed low reliability. In the
comparison of inter-examiners of the evaluation
methods, a moderate agreement for radiographic
measurement and low agreement for the clinic measurement were verified. The clinical relevance of
this result lies in the ease-to-measure property of
data on outpatient routine, since the radiographic
examination is usually employed in the diagnosis
and on the monitoring of knee osteoarthritis. Then,
it was evaluated the relationship between radiological disease severity and the magnitude of the
Q-angle. No correlation between them was observed
in the present study.
These findings showed a greater reliability than
those from Greene et al. (15) which reported low
intra and inter-examiner clinically and radiographically-derived Q-angle measurement in asymptomatic
individuals. Instead, Caylor et al. (30) found, on the
clinical measurement of the Q-angle, very good intraexaminer reliability and moderate inter-examiner
reliability in individuals with anterior knee pain. This
fact may be resulted from the positions adopted by
these studies, which may differ from the present one.
In this case, the use of different postural assessment
methods for Q-angle measuring should be cautious,
since methodologies have already shown existing differences between each other (17).
According to Moncrieff and Livingston (9) the
characteristics of reliability will depend on the evaluators’ ability to correctly repeat the marking of anatomical landmarks used to define the measures of
interest. Therefore, the greater ease of the examiner
on identifying anatomical structures — necessary for
Q-angle measurement on radiographs — may have
influenced the reliability of the measure. Although
the radiographic examination is considered the gold
standard for measuring the Q-angle, the difficult visualization of the anterior tibial tuberosity on radiographs may have affected the association strength
of the method, so much so that the intensity found
was not superior to good. The anatomical accident
had insufficient bone overlap to generate remarkable
opacity to the ionizing radiation.
Obesity is a commonly found feature in elderly
women with knee osteoarthritis (31). Given that
Fisioter Mov. 2014 out/dez;27(4):565-72

some of the volunteers in the study were obese
(48% had a BMI > 30 kg/m²) (32), we believe that
this fact probably made it difficult to palpate bony
structures necessary for clinical assessment of the
quadriceps angle, thus influencing the reliability of
clinical measurement. Furthermore, the positioning
of the volunteers did not influence the method’s intensity of association, since the attitude during the
two analyses was similar. Thus, the physical therapist,
as a competent professional, should seek all necessary information on the follow up treatment of patient under his∕her responsibility, using radiographic
measures to quadriceps angle analysis, especially in
obese individuals (33).
The low reliability values found for the two measures appear to be related to the distance and the
arrangement of referential anatomical points for the
Q-angle measurement. This fact may have hindered
the placement of the goniometer arms, considering
that the conformation of the anatomical structures
involved such as the muscle mass of the quadriceps
femoris muscle is affected by the posture. In parallel, the placement of multiple joint complexes seems
to alter the measure (17). The study by Chacur et
al. (34), evaluating the Q-angle through clinical
measurements, found a high prevalence of valgus
and excessive Q-angle in obese women with knee
OA. Given that the increased Q-angle would encourage more pressure on the lateral compartment of
the joint femoro-patellar (35), providing greater
weight bearing in one compartment of the knee
and leading to early OA (36), a possible relationship between the disease severity and the magnitude of the Q-angle was assessed, but there was
no correlation between them in the present study.
Moreover, the descriptive analysis of the voluntaries
demonstrated a high prevalence of varus (> 80%)
rather than valgus (< 1%) in the study population.
Thus, we believe that other biomechanical and/
or anthropometric factors beyond varus, such as
decreased Q-angle, overweight, muscle weakness of
the quadriceps femoris or thickness of the articular
cartilage (37, 38) may have influenced the degree
of the study voluntaries’ OA.
There are limitations in this study which should
be interpreted in light of the proposed objectives.
It should be mentioned that the data reliability will
only work on the positions adopted during the measures and they cannot be extrapolated to other positions taken or other imaging tests.
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Future studies should be developed with the aim
of clarifying the role of biomechanical and anthropometric variables in the misalignment of the lower
extremities on elderly women with knee OA.
Conclusion
The present study demonstrated that, in elderly
women with knee OA, the evaluation of the Q-angle
is more reliable through radiographic than through
clinical examination. Also, the magnitude of the quadriceps Q-angle was unrelated to the degree of impairment of knee osteoarthritis in this population.
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