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Abstract
Relative flexibility between the hamstring and lumbar extensor muscles,
which can be evaluated using lumbopelvic curvature during active knee extension in sitting, can sometimes be assessed in physical therapy. However,
reliability for its quantitative measure has not been established yet and its establishment was the aim of the current study. Twenty-seven individuals with
clinically tight hamstring muscles were recruited. On two separate sessions,
the lumbopelvic curvature was evaluated in sitting when the right knee was
moved from 90˚ flexion to 10˚ flexion on 15 occasions using a flexible ruler by
two examiners on Day 1 and one on Day 2. Lines drawn tangential to the
lumbopelvic curvature were traced at T12 and S2 vertebral levels and the angle between the two vertical lines was calculated. Using Day 1 data, the minimum number of repetitions and inter-examiner reliability were assessed. Inter-session reliability was also examined. As a result, there was no statistical
difference (P > 0.05) in the mean absolute difference between the mean value
of N-1 and N repetitions (6 ≤ N ≤ 15) in the lumbopelvic curvature angle, indicating that five was considered the minimum number of repetitions. Intraclass correlation coefficient (ICC)(1, 5) for the inter-session reliability and ICC(2,
5) for the inter-examiner reliability was 0.97 and 0.93, respectively, indicating
excellent reliability. The measure for the lumbopelvic curvature during active
knee extension in sitting, which was established in the current study, will be a
foundation for further research regarding the relative flexibility of the lumbar
and adjunct regions.
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Relative Flexibility, Test-Retest Reliability

1. Introduction
There has been increasing interest in the role that relative flexibility between the
lumbar spine and its adjunct body regions plays in the development of low back
pain (LBP) [1] [2] [3]. In particular, when the hamstring muscles are relatively
tighter than the lumbar extensor muscles, flexion loading to the lumbar spine is
increased during movements involving hip flexion and knee extension. Thus,
examination of relative flexibility of the hamstring and lumbar extensor muscles
is considered an important element in the evaluation of LBP and its subgroups
[4]. One clinical method used to determine lumbar spine relative flexibility is to
measure the magnitude of lumbopelvic curvature during active knee extension
in sitting [4]. However, a quantitative measure of lumbopelvic curvature during
active knee extension in sitting has not been established yet, nor has reliability
for this test been reported. Identifying subgroups who respond to specific interventions is suggested to be a priority for research in musculoskeletal physical
therapy [5]. Therefore, it is necessary to establish reliability of quantitative
measures for physical assessments that are used to identify specific subgroups
and thus the reliability of the test to assess lumbopelvic curvature during active
knee extension in sitting.
When a mean value is used as a representative value and when there is no
substantial systematic bias, the mean value becomes closer to a truly representative value. However, to minimize effort of patients and examiners in the clinical
practice, it is important to understand minimum number of repetitions to obtain
a representative value. The number of repetitions affects results of inter-examiner
reliability and inter-session reliability and therefore should be determined first.
There are two possible methods to investigate the minimum number of repetitions. One is a mathematical estimation using the Spearman-Brown formula and
intraclass correlation coefficients (ICC) between two repetitions. However, the
mathematical estimation is not always accurate [6]. The other is to investigate
differences of mean values with successive inclusion of additional repetitions [7]
[8]. The latter method requires more information than the former method and
thus considered more robust.
The aim of the current study was to establish reliability for measurement of
lumbopelvic curvature during active knee extension in sitting by considering the
minimum number of repetitions, inter-session reliability and inter-examiner reliability.

2. Methods
2.1. Design
A cross-sectional study design was used in this study. Ethical approval for the
DOI: 10.4236/ojtr.2017.54012
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study was obtained from the Research Ethics Committee of the Saitama Prefectural University. All participants provided written consent before their data collection.

2.2. Participants
Convenience sampling of individuals with clinically tight hamstring muscles [4]
[9] was undertaken via advertising in a local university between August 2015 to
October 2016. Inclusion criteria were individuals: 1) ≥18 years of age; 2) without
lower limb symptoms or limitation of hip, knee or ankle range of motion; 3)
without scoliosis; and 4) individuals who showed movement of the lumbar spine
during active right knee extension with the hip in 90˚ flexion and right ankle in
full plantar flexion, indicating clinically right tight hamstring muscles [4] [9].
Individuals who had symptoms in the right lower leg during the test movement
were excluded. Conditions of LBP were not included in the inclusion/exclusion
criteria.
A priori sample size estimation was based on a confidence interval approach
for the ICC [10] [11] [12] using the PASS 14 Power Analysis and Sample Size
Software 2015 (NCSS, LLC, Kaysville, Utah, USA). Twenty-seven participants
were estimated to obtain a 95% confidence interval width = 0.6 - 0.9 (ICC = 0.8,
either a two-way random-effect ANOVA model).

2.3. Measurements
2.3.1. Primary Measure
The primary measure was the magnitude of lumbopelvic curvature near end-range
active right knee extension (10˚ flexion). This was assessed using a flexible ruler
and image analysis, which has been shown to have criterion-related validity
when compared with radiographic analysis (ICC = 0.94 - 0.96) [13]. Specifically,
lumbopelvic curvature was traced from T12 to S2 spinous process using a flexible ruler (Shinwa Rules Co., Ltd., Tsubame, Niigata, Japan). ImageJ 1.6 software
(National Institute of Mental Health, Bethesda, MD, USA) was used to draw a
tangential line on the traced line of the lumbopelvic curvature at T12 and S2
vertebral levels and the angle between the two tangential lines calculated (Figure
1). The angle when each participant actively maintained the right knee extension
position was defined as the lumbopelvic curvature during active knee extension
in sitting. A positive value indicated lumbar kyphosis and a negative value indicated lumbar lordosis. Participants were asked to maintain lumbar position as
much as possible during measurement process. The end-point of 10˚ right knee
flexion was standardized using a metal orthosis (Figure 2).
A previous study [13] used Auto CAD software to draw a vertical line on the
traced line of the lumbar curvature at T12 and S2 vertebral level. However, due
to the lack of Auto CAD software availability, ImageJ 1.6 software was used in
the current study, with the tangential line at T12 and S2 drawn manually. A pilot
study using data from the first 10 participants was undertaken to determine the
length of the tangential line manually drawn at T12 and S2 level. Mean values of
DOI: 10.4236/ojtr.2017.54012
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the lumbopelvic curvature were calculated for 15 repetitions of the measurement
using three length conditions of the traced line at the Th12 and S2 level, 0.5 mm,
1.0 mm and 1.5 mm. Consequently, there was no significant difference (P >
0.05) in the angle of the lumbopelvic curvature between the three conditions in a
repeated-measure ANOVA. Thus, the current study used 0.5 mm to maximize
approximation to the line drawn by Auto CAD software.

Figure 1. Schema for calculation of the angle of the lumbopelvic curvature during active
knee extension in sitting (θ) on ImageJ 1.6 software.

Figure 2. Standardization of knee flexion/extension angle during measurement using a
metal orthosis.
DOI: 10.4236/ojtr.2017.54012
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2.3.2. Secondary Measure
Secondary measures included gender, age, and Body Mass Index (BMI). The
presence of LBP was examined considering proposed definitions of an episode of
LBP and a recurrence of an episode of LBP [14] [15] [16], where participants
were asked if they had pain in the low back lasting for more than 24 hours with a
pain intensity of more than two on an 11-point numerical rating scale in the
previous month.

2.4. Procedures
Data were collected on 15 repeated trials to investigate the minimum number of
repetitions. Two novice examiners (students) (MY and KN) participated in data
collection to investigate inter-examiner reliability. Each examiner collected data
and analyzed the angle of the lumbopelvic curvature separately with each examiner blind to each other. Data collection by each examiner occurred 15 minutes apart, with participants resting in a lying position between trials. Examiner
order was alternately allocated. To investigate inter-session reliability, data collection and analysis were undertaken by one examiner (MY). Participants were
asked to attend two separate sessions on consecutive days at a similar time of a
day (±three hours).

2.5. Statistics
To determine the minimum number of repetitions, we first calculated mean
values for the angle of the lumbopelvic curvature using an increasing number of
successive repetitions from 2 to 15, and then calculated the absolute difference in
mean value with successive inclusion of additional repetitions (i.e. difference
between mean value calculated from three vs. two repetitions; four vs. three repetitions, and so on). The minimum number of repetitions was defined as the
number of repetitions at which the successive difference values plateaued (i.e. no
further reduction in difference between repetitions could be achieved by the addition of more repetitions) [7] [8]. Inter-session reliability was assessed with an
ICC of Model 1 and the inter-examiner reliability was assessed with an ICC of
Model 2. The following criteria were used to interpret ICC values: poor reliability, <0.4; fair-good reliability, 0.4 - 0.75; excellent reliability, >0.75 [17]. Further,
the minimum detectable changes (MDC) were calculated using a standard formula:

MDC = SEM × 1.96 × 2

(1)

SEM
= SD 1 − ICC

(2)

All statistical evaluation was undertaken with SPSS (IBM Corporation, Armonk, NY, USA). Statistical significance was set at P < 0.05.

3. Results
There were 14 men and 13 women in the participants. Mean (SD) years of age
and BMI was 21.1 (2.8) and 21.2 (3.0), respectively. Three participants (11.1%)
DOI: 10.4236/ojtr.2017.54012
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had LBP.
Figure 3 demonstrates the individual and group mean absolute differences
between the mean value of N − 1 and N repetitions (2 ≤ N ≤ 15) for the lumbopelvic curvature. There was no statistical difference (P > 0.05) between the mean
value of N − 1 and N repetitions (6 ≤ N ≤ 15) and therefore five was considered
the minimum number of repetitions.
A post-hoc analysis was undertaken to confirm that there was no apparent
systematic bias. In this study, mean values of the lumbopelvic curvature with the
first five repetitions of measures (mean [SD] = 9.9˚ [14.1˚]) and the last five repetitions of measures (mean [SD] = 10.5˚ [13.2˚]) in data of a session for the inter-session reliability were compared with a paired sample t-test. Consequently,
there was no statistical difference, t(26) = −0.65, P = 0.52 (effect size of Hedge’s g
[95% confidence interval] = 0.04 [−0.49 to 0.57]), indicating no apparent systematic bias.
The ICC(1, 5) and ICC(2, 5) (95% confidence intervals) was 0.97 (0.92 - 0.98)
and 0.93 (0.84 - 0.97), respectively. The ICC values indicated excellent inter-session
reliability and inter-examiner reliability. The MDC was 7.3˚.

4. Discussion
This study investigated various aspects of reliability for the quantitative measure
of the lumbopelvic curvature during knee extension in sitting, including assessments of the minimum number of repetitions, inter-session reliability, inter-examiner reliability and MDC. The mean value of five repetitions of the

Figure 3. Group mean (black) and individual (grey) data of the absolute difference between
the mean value of N-1 and N repetitions (2 ≤ N ≤ 15) in the lumbopelvic curvature during active knee extension in sitting. Red arrows indicate that there were statistically significant difference (P < 0.05) between the mean value of N-1 and N repetitions (N = 2 and 5).
DOI: 10.4236/ojtr.2017.54012
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measurements provides the magnitude of the lumbopelvic curvature reliably.
Further, the MDC can be used to determine the treatment effect in clinical practice.
For an evaluation of stretching effect by repeating the measures, mean values
of the lumbopelvic curvature with the first five repetitions of measures and the
last five repetitions of measures were compared as a post-hoc analysis. Consequently, there was no statistically significant difference and the Hedge’s g was
0.04, indicating effect size of small. Therefore, it is considered that there was
negligible stretching effect by repeating the measures in the current study.
Studies have demonstrated that measures of hamstring tightness are associated with LBP [18] [19] [20]. The Active Knee Extension test is considered as
the gold standard assessment of the hamstring tightness [21]. However, the knee
flexion/extension angle can be altered by minimum lumbopelvic movements and
it is difficult to assess genuine hamstring tightness/flexibility using the Active
Knee Extension test. Hamstring tightness is one of the contributing factors to
lumbopelvic curvature during knee extension in sitting. A feature of the method
established in the current study is to potentially reflect the flexibility balance
between the lumbar spine, hip and knee regions. As relative flexibility between
the lumbar spine and its adjunct regions is an important criterion for subgrouping individuals with LBP in one [4] of physiotherapy movement based classification approaches [22], this study provides preliminary information towards understanding the relationship between relative flexibility of lumbar extensor muscles to the hamstrings muscles with respect to LBP.
One example of research agenda in relation to LBP is to investigate validity.
Kim et al. [2] demonstrated usefulness of assessing lumbopelvic rhythm with
flexion in standing for identifying subgroups of individuals with LBP. Future
studies are required to understand whether testing for the lumbopelvic curvature
during active knee extension in sitting or the lumbopelvic rhythm during flexion
in standing is more relevant for LBP classification. Furthermore, reliable and valid measures without specific equipment are ideal to enable clinicians to classify
their patients. Therefore, future studies will be required: 1) to understand normative range of the lumbopelvic curvature during active knee extension in sitting; 2) to investigate if it is possible to identify impairment of this measure by
observation or palpation of the lumbar spine movements; and 3) to understand
if it is possible to estimate range of the lumbopelvic curvature during active knee
extension in sitting with the metal orthosis from the test without the metal orthosis.
A limitation of the current study is the narrowly defined study population.
The current study included individuals who were clinically assumed to have
tight hamstring muscles but they did not have lower limb symptoms or limitation of hip, knee or ankle range of motion. Conditions of LBP were not included
in the inclusion/exclusion criteria. Therefore, it can be possible to apply the
measurement method established in the current study to individuals with and
without LBP when individuals are assumed to have tight hamstring muscles.
DOI: 10.4236/ojtr.2017.54012
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However, reliability of the measurement method in the current study was not
established in individuals who had referred pain into the limb. Thus, careful selection of individuals would be required to use the measurement method established in the current study for future research.

5. Conclusion
The current study established inter-session and inter-examiner reliability for the
assessment of lumbopelvic curvature during knee extension in sitting, as a surrogate measure of relative flexibility of the hamstrings compared to lumbar extensors muscles.
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