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Abstract
In a previous study, we established reliability of a method for determining the
angle of lumbopelvic sagittal alignment during active knee extension in sitting
(AKEiS) using a flexible ruler and image analysis software (2-point-Method).
In addition to this method, a flexible ruler can also be used to measure lumbopelvic sagittal alignment without image analysis software. This study primarily aimed to investigate the minimum number of repetitions, inter-session
reliability and inter-examiner reliability of two alternative methods of measurement in a secondary analysis of our previous study. A flexible ruler was
used to measure lumbopelvic curvature during AKEiS when the knee reached
10° flexion from 27 individuals with clinically tight hamstring muscles and
subsequently analyzed. Lumbopelvic sagittal alignment was evaluated for the
region between T12 and S2 using the maximum depth to the curvature
(Max-Method) or depth to the curvature at the middle point between T12 and
S2 vertebral levels (Mid-Method). It was determined that four repetitions for
the Max-Method and 11 repetitions for the Mid-Method were required for the
minimum number of repetitions, respectively. Inter-session reliability and inter-examiner reliability were assessed using Intraclass Correlation Coefficients
and were 0.91 and 0.91 for the Max-Method and 0.90 and 0.91 for the
Mid-Method, respectively. The current study suggests that the Mid-Method
would not be recommended for use in the clinical setting as 11 repetitions of
data sampling is required. The 2-point-Method or Max-Method may be
promising but the ideal measurement method will be identified when the va-
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lidity of these methods has been established.
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1. Introduction
Relative flexibility between the lumbar spine and the hamstring muscles has
been considered an important factor in the physical evaluation of people with
low back pain (LBP) [1] [2] [3]. Evaluating the effect of hamstring muscles
tightness on lumbopelvic curvature can be determined by the active knee extension test in sitting (AKEiS), and is recommended to be used in the assessment of
LBP [4].
We recently reported a reliable and quantitative method of measuring lumbopelvic curvature during AKEiS using a flexible ruler and Image J software by
considering the minimum number of repetitions, as well as inter-session reliability and inter-examiner reliability [5]. In this method (2-point-Method), lumbopelvic curvature was traced from T12 to S2 spinous process using a flexible
ruler, where a tangential line on the traced line of the lumbopelvic curvature at
T12 and S2 vertebral levels were drawn and the angle between the two tangential
lines calculated. A previous study [6] used Auto CAD software to draw a vertical
line on the traced line of the lumbar curvature at T12 and S2 vertebral level and
demonstrated high correlation between the angle calculated and the cobb angle
on the x-ray (Intraclass Correlation Coefficient [ICC] = 0.94 - 0.96). Thus, criterion-related validity of the 2-point-Method is assumed.
In addition to the 2-point-Method, there are two possible measurement methods for the assessment of lumbopelvic sagittal alignment using the flexible ruler. A feature of both these methods (in contrast to the 2-point-Method) is convenience due to the lack of the need for Image J software. Both methods consider
the length between the T12 and S2 vertebral levels (L) and depth to the curvature
(H) and calculate the angle of lumbopelvic sagittal alignment (θ) using the following formula:
2H
(1)
θ = 4Arc tan
L
A difference between the two methods is the definition of the depth to the
curvature. In one method, the maximum depth to the curvature is used
(Max-Method). In the other method, the depth to the curvature at the middle
point between the T12 and S2 vertebral level is used (Mid-Method).
A previous study [6] demonstrated that the ICC for the angle calculated with
the Mid-Method when compared to the x-ray determined cobb angle was 0.51 0.52. Inter-session reliability and inter-examiner reliability of the Mid-Method
were 0.62 - 0.69 and 0.55, respectively. However, the number of repetitions of
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the measure was not reported in that study [6]. Another study [7] reported that
the angle calculated with the Mid-Method was more consistent with the x-ray
determined cobb angle than the angle calculated using the Max-Method. However, reliability of the Max-Method has not been comprehensively evaluated.
Further, it is unknown if the angles calculated with the 2-point-Method, the
Max-Method and the Mid-Method correlate with each other.
The current study was a secondary analysis of data from our previous study.
The primary aim was to investigate the minimum number of repetitions, and
inter-session and inter-examiner reliability of the Max-Method and Mid-Method
for measuring lumbopelvic sagittal alignment. The secondary aim was to investigate the correlation between the three measurement methods, the method used
in the previous study and two new methods using a flexible ruler.

2. Methods
2.1. Design
This is a secondary analysis of our previous study [5]. Ethical approval was obtained from the Research Ethics Committee of the Saitama Prefectural University. Written consent was obtained from each participant prior to data collection.

2.2. Data Source
The current study analyzed data from 27 participants (14 men and 13 women,
mean ± SD years of age = 21.1 ± 2.8 years) with clinically tight hamstring muscles [5], who developed kyphosis of the lower back during the right AKEiS [4]
[8]. Specific inclusion and exclusion criteria have been previously described [5].
Briefly, the participants neither had lower limb symptoms or limitation of hip,
knee or ankle range of motion, nor scoliosis.
Detailed procedures of data acquisition were described in the previous study
[5]. Briefly, during the AKEiS when the right knee achieved 10˚ flexion with the
foot/ankle held in full plantar flexion, lumbopelvic curvature was traced from
T12 to S2 spinous process using a flexible ruler (Shinwa Rules Co., Ltd., Tsubame, Niigata, Japan). The end-point of 10˚ knee flexion was standardized using
a metal orthosis. Data were collected on 15 repeated trials by two examiners. For
each participant, the angle of lumbopelvic sagittal alignment was calculated by
two examiners, whose results were blinded to each other throughout data analysis. To investigate inter-session reliability, data were again collected on 15 repeated trials on consecutive days at a similar time of a day (±three hours) by one
examiner.

2.3. Measurements
Detailed information for the 2-point-Method was described in the previous
study [5]. Briefly, tangential lines on the traced line of the lumbopelvic curvature
at T12 and S2 vertebral levels were drawn with Image J1.6 software (National Institute of Mental Health, Bethesda, MD, USA). The angle between the two tanDOI: 10.4236/ojtr.2018.61001

3

Open Journal of Therapy and Rehabilitation

H. Takasaki et al.

gential lines was calculated, where a positive value indicated lumbopelvic kyphosis and a negative value indicated lumbopelvic lordosis.
Regarding the Max-Method and the Mid-Method, the distance between T12
and S2 vertebral levels (L) and depth to the curvature (H) were measured on the
traced line of the lumbopelvic curvature. Then, the angle of lumbopelvic sagittal
alignment (θ) was calculated using the formula described above. Again, a positive value indicated lumbopelvic kyphosis and a negative value indicated lumbopelvic lordosis.

2.4. Statistics
The minimum number of repetitions was investigated with data collected by one
examiner at the first session using the Max-Method and the Mid-Method. Detailed procedures of analysis were described previously [5]. Briefly, means for the
angle were calculated using an increasing number of successive repetitions from
2 to 15, and then the absolute difference in mean value with successive inclusion
of additional repetitions were calculated [9] [10]. The minimum number of repetitions was defined as the largest number of repetitions, where the P-value of
the paired sample t-test between N − 1 and N repetitions (N = 2 to 15) was <0.05.
For subsequent analyses, a representative value of the angle for each method was
calculated with the identified minimum number of repetitions.
Subsequently, inter-session and inter-examiner reliability was assessed with
ICC for the Max-Method and Mid-Method. Further, the minimum detectable
change (MDC) was calculated with inter-session data using the following standard formula;

MDC = SEM × 1.96 × 2

= SD 1 − ( ICC of Inter-session Reliability )
SEM

(2)
(3)

Correlations of the calculated angle between the three methods were evaluated
with ICC. Interpretations of the ICC values were as follows: poor reliability, ICC
< 0.4; fair-good reliability, ICC = 0.4 - 0.75; excellent reliability, ICC > 0.75 [11].
SPSS (IBM Corporation, Armonk, NY, USA) was used for statistical analyses.
The level of statistical significance was set at 5%.

3. Results
In relation to the Max-Method, Figure 1 demonstrates the individual and group
mean absolute differences between the mean value of N − 1 and N repetitions (N
= 2 to 15) for the angle of lumbopelvic sagittal alignment. There was no statistical
difference (P > 0.05) between the mean value of N − 1 and N repetitions (N = 2 to
3, and 5 to 15) and therefore four was considered the minimum number of repetitions. The ICC(1,4) (95% confidence intervals) for inter-session reliability and
ICC(2, 4) for inter-examiner reliability was 0.91 (0.81 - 0.96) and 0.91 (0.79 - 0.96),
respectively. These ICC values indicate excellent inter-session reliability and inter-examiner reliability for these measurement methods. The MDC was 11.28˚.
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Figure 1. Difference in the absolute difference between the mean value of N repetitions
and N − 1 repetitions (N = 2 to 15) for the angle of lumbopelvic sagittal alignment with
the Max-Method. A red arrow indicates that there is a statistically significant difference
(P < 0.05) between the mean value of three and four repetitions.

In relation to the Mid-Method, Figure 2 demonstrates the individual and
group mean absolute differences between the mean value of N − 1 and N repetitions (N = 2 to 15) for the angle of lumbopelvic sagittal alignment. There was no
statistical difference (P > 0.05) between the mean value of N − 1 and N repetitions
(N = 2 to 9, and 12 to 15) and therefore 11 was considered the minimum number
of repetitions. The ICC(1,11) for inter-session reliability and ICC(2,11) for inter-examiner reliability was 0.90 (0.79 - 0.96) and 0.91 (0.79 - 0.96), respectively.
These ICC values indicate excellent inter-session reliability and inter-examiner
reliability. The MDC was 12.17˚.
Table 1 presents correlations between the three methods. Fair-good reliability
was seen between the 2-point-Method and the Max-Method or the Mid-Method
and excellent reliability was seen between the Max-Method and the Mid-Method.

4. Discussion
The current secondary analysis of our previous study [5] demonstrated acceptable inter-session reliability and inter-examiner reliability for either Max-Method
or Mid-Method for the angle of lumbopelvic sagittal alignment. However, the
Mid-Method required 11 repetitions of data sampling whereas the Max-Method
and the 2-point-Method required four and five repetitions of data sampling, respectively. Therefore, the Mid-Method would not be recommended to be used in
the clinical setting unless criterion-related validity to the x-ray results is found
only in the Mid-Method.
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Figure 2. Difference in the absolute difference between the mean value of N repetitions
and N − 1 repetitions (N = 2 to 15) for the angle of lumbopelvic sagittal alignment with
the Mid-Method. Red arrows indicate that there are statistically significant difference (P <
0.05) between the mean value of N − 1 and N repetitions (N = 9 and 10).
Table 1. Intraclass correlation coefficients (95% confidence intervals) [p-value] between
three methods of measurement for the angle of lumbopelvic sagittal alignment.

2-point-Method

Max-Method

Mid-Method

0.58 (0.09 - 0.81)
[0.014]

0.66 (0.27 - 0.85)
[0.003]
0.91 (0.81 - 0.96)
[<0.001]

Max-Method

Fair-good reliability was seen between the 2-point-Method and the
Max-Method. This finding indicates the Max-Method may be used as an alternative to the 2-point-Method. The Max-Method is more user friendly than the
2-point-Method due to the lack of analysis with image software. Investigation of
validity will be required to identify the best method for measurement of the angle of lumbopelvic sagittal alignment using a flexible ruler.

5. Conclusion
The current secondary analysis of our previous study [5] found acceptable inter-session reliability and inter-examiner reliability for either Max-Method or
Mid-Method for the angle of lumbopelvic sagittal alignment. However, the
Mid-Method would not be recommended for use in clinical settings as 11 repetitions of data sampling is required.
DOI: 10.4236/ojtr.2018.61001
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