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Abstract 

Measurements of stature change have been used to compare spinal loading in the sitting posture. 
However, it is difficult to interpret whether the stature change response recorded is truly due to an 
intervention or to the natural fluctuation of stature change response between the days. The aim of this 
study was to investigate the effect of time of day (morning and afternoon) on the variability of stature 
change in participants with chronic low back pain (CLBP) on 2 consecutive days. Forty-four participants 
with CLBP attended 2 sessions (morning and afternoon) of stature change testing on 4 separate days. A 
stature change response of more than 0.985 mm in the morning and 1.149 mm in the afternoon on 2 
consecutive days indicates that an intervention itself has influenced stature change measurement in CLBP 
participants. The magnitude of stature change response on different days and times of day established 
specific levels of natural variation meaning changes above these levels can be attributed to intervention 
effects in participants with CLBP. 
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Introduction 

Low back pain (LBP) is a major musculoskeletal disorder, with a prevalence of LBP up to 83.1 % in 
various occupations [1-3]. Regarding sedentary work, office workers reported a prevalence of LBP 
between 30 - 61 % [2-4]. Chronic low back pain (CLBP) has a worldwide prevalence of 11 - 25 % among 
people that suffer from LBP [5-7]. The socioeconomic burden of CLBP stems from prolonged loss of 
function that consequently results in decreased work productivity and medical costs [6,8,9].  

Sitting is a regular activity for the working-age population who have sedentary jobs [10,11]. 
Prolonged sitting partly attributes to load on the lumbar disc [12,13]. With evidence that pathological 
changes in the spine arise from sitting [13,14], measurement of stature change is important in the research 
setting [13,15-17]. The stature of a human body normally varies over the course of the day. In upright 
sitting, stress both from body mass and gravity reduces disc height and therefore decreases body stature, 
termed ‘stature loss’ [16-18]. Stature recovery is the process of restoring disc height, possible because the 
disc has the ability to absorb fluid during periods of unloading the spine, in which the osmotic pressure 
within the disc is greater than the hydrostatic pressure from compressive loading [16,17,19].  

Many researchers have studied the magnitude of stature change between healthy and chronic low 
back pain participants [18,20-22]. Previous studies have demonstrated no difference in the magnitude of 
stature change after loading in participants with and without LBP [18,21,23,24]. Conversely, other 
researchers have reported that, after a short period of loading, degenerated discs show greater and faster 
creep deformation than healthy discs [25,26]. Hence, in persons with LBP, disc height loss may occur at 
higher rates at the beginning of the activity, that is, the largest disc height loss occurs within the first 
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minutes after starting the work. Michel and Helander [22] reported the influence of chair type on stature 
change in healthy and low back pain persons. These researchers found a group of persons in a low back 
pain presented greater stature change when a seated task was performed, which was attributed to greater 
levels of spinal loading compared to a group of healthy persons. 

Time of a day alters spinal systems and therefore has clinical implications [18,23,27]; researchers 
differ in their opinions about this.  For example, Adams et al. [27] reported that disc bending stresses 
were increased by 300 % in the morning compared to the evening; they concluded that in the morning 
there is increased risk of disc injury. Conversely, the discs have been reported as having poorer ability to 
manage the spinal load during activities in the afternoon; the discs have lower fluid content due to diurnal 
variation, and are therefore at greater risk of injury [23,28].  

The magnitude of stature change alters significantly over time; changes in stature occur in 2 phases 
(fast and slow). The rate of stature change is significantly greater when an individual rises in the morning, 
and gradually slows throughout the day [18]. Therefore, many researchers have studied the effects of time 
of day on changes in stature change after normal daily activities [22,23,28-32]. No statistically significant 
difference between stature loss from load activity in the morning and in the afternoon for healthy 
participants was reported in some previous studies [29-32]. This lack of significant difference was also 
reported in a study with chronic low back pain participants [23]. In contrast, other researchers have 
reported significant differences between morning and afternoon stature loss in healthy participants [23,28] 
and in chronic low back pain participants [22].  

Stature change response has been used to reflect the influence of daily routine work; through 
measurement at certain times of day on the same day [23,33,34], and between consecutive days 
[24,35,36]. However, it is difficult to interpret whether the stature change response recorded is truly due 
to the function of previous loading history or to the natural fluctuation of stature change response between 
days. Kanlayanaphotporn et al. [37] suggested that day-to-day variability of the stature change response 
should be investigated and understood to confidently state that the measured difference is the result of an 
intervention rather than either anticipated time of day effects or measurement variations.  

To date, no investigation has reported the seated afternoon stature change response variability of 
participants with chronic low back pain. We hypothesised that day-to-day variability of stature change 
responses in the afternoon would be differ from the morning. These differences in variability may be 
affected by activities during the day or even by hydration status before measurements at each time of day. 
The current study aimed to investigate whether variability in seated stature change is affected by time of 
day and established the variability over 2 consecutive days in a sample of participants with chronic low 
back pain. Knowledge of such natural variations would enable researchers to determine whether an 
applied intervention was responsible for the detected changes in the stature response over 2 consecutive 
days in the morning and the afternoon. 
 
Materials and methods 

Design 
A same-participant, test-retest design was used to assess the effect of time of day on the variability 

of stature change in participants with CLBP on 2 consecutive days. This study was conducted in the 
Research Center in Back, Neck, Other Joint Pain and Human Performance (BNOJPH) Laboratory at 
Khon Kaen University, Thailand. Ethical approval for the research was approved by the Human Research 
Ethics Committee (HE612281) of the University of Khon Kaen. The study was registered at 
clinicaltrials.in.th (registration number: TCTR20181009002).  

 
Participants 
Forty-four participants with CLBP were invited to take part in this study (see Table 1 for 

demographic information). They were recruited to participate in this study using a convenience sampling 
method via posters on bulletin boards at Khon Kaen University. CLBP was defined as pain between T12 
and L5, which was not referred beyond the knees, and which had been present for at least 3 months 
[34,35,37]. Participants with CLBP were included if they were male or female aged between 20 - 39 years 
with normal BMI (18.5 - 25 kg/m2) and reported mild levels of pain on the numerical rating scale (NPRS; 
1 - 5 score). Participants were excluded if they: Had previous spinal surgery; were currently using 
medication that alters imbibition of water in the discs; had been identified with a medical condition that 
affected spinal soft tissues; were pregnant [35,37,39]. After having the protocol explained and any 
questions answered, all participants gave written, informed consent to participate in the study. 
Participants were offered US$ 15.67 for their attendance and to cover travel costs. The sample size was 
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calculated, following considerations of the standard deviations of stature change on 2 consecutive days in 
participants with CLBP [37], with an alpha of 0.05, effect size of 0.37, an optimal sample size at least 44 
persons was selected to allow for a potential 10 % dropout with corresponding data loss. 

 
Stadiometer  
Stature change response was measured using a seated stadiometer device (certified Thai petty-patent 

No. 5607; see Figure 1) [29,35]. The digimetic indicator shows real-time data on display and records data 
up to 5 Hz (ID-C 150, 1050 Digimetic Indicator, Manual No. 3061, Series No. 543, Mitutoyo, Kawasaki, 
Japan). This device is used to identify variations in stature change with a resolution of ±0.006 mm. The 
digimetic indicator was positioned at the top of the stadiometer, and used to measure the stature change 
(Figure 1(A)).  

For head position control, the head support was adjustable to accommodate the participant’s spinal 
posture. The distal end of the digimetic indicator was placed on the point indicating the vertex of each 
participant’s skull that was initially marked by a waterproof pen. This enabled consistency of placement 
of the distal end of digimetic indicator throughout the experiment. The head position with eyes level was 
maintained by coaching participants to concentrate on a visual cue, a letter on the alphabet chart (A B C 
D) (Figure 1(C)), which was placed opposite at eye level [34,35].  

For sitting position control, the wooden seat platform and the related footrest were adjustable so that 
the participant’s ankle, knee and hip joints were positioned at 90 °. Heels were placed at the back of the 
footrest. The sacral support was adjustable to accommodate the participant’s spinal posture. A pillow was 
placed on the participant’s lap to support their forearms at 90 ° to their upper arms [29,30,35].  

For spinal control, spinal alignment was controlled by sensors placed on the 4 spinous processes of 
vertebrae; points identified were: Cervical (C4), Thoracic (T4), Thoracic (T12) and Lumbar (L3) 
[29,34,35]. These sensors were connected with a light diode feedback mechanism that was located 
opposite the seated participant. The sensors were used to confirm that the participant maintained the same 
sitting posture during measurement (Figure 1(B)).  

The reliability of the seated stadiometer was tested by examining the reliability of the digimetic 
indicator and the researcher’s (Rungthip Puntumetakul; RP) measurements. The intraclass correlation 
coefficient (ICC) was calculated. For the digimetic indicator device, the results showed very high 
reliability (ICC 1, 1 = 1.00). The intra-rater reliability of stature change measurements by the researcher 
(RP) was determined using 10 CLBP participants (5 males and 5 females). The results indicated excellent 
intra-rater reliability (ICC 3, 1 = 0.98). 

 
 

 
 
Figure 1 The device settings: (A) participant position in the seated stadiometry device, (B) light diode 
feedback and (C) alphabet letter. Source: Figure modified from Saiklang et al. [29]. 
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Pain measures 
Pain was used as an adjunct measure to quantify the inclusion criteria. Subjective pain measures 

were obtained using the numeric pain rating scale (NPRS) to assess pain over 24 h on a scale ranging 
from (0) ‘no pain’ to (10) ‘worst possible pain’. NPRS pain score measures equated with pain intensity: 
Mild (≤ 5), moderate (6 - 7) and severe (≥ 8) [38].  

 
Procedure 
The study procedure followed sequential steps (Figure 2). Forty-five participants with CLBP 

responded to the recruitment advertisement. The participants were screened for inclusion criteria by a 
physical therapist (RP). One participant was excluded as they reported experiencing low back pain > 5                    
ie more than mild pain on the NRS. Forty-four participants were invited to attend an appointment at the 
experimental room on 5 days. On the first day, all the participants included in the study attended a 
familiarization session with the seated stadiometer device. They practised stepping in and out of the 
stadiometer until the SD of 10 repeated stature change measurements with a SD of < 0.5 mm was 
achieved [18,34]. All study participants were measured by Researcher (RP). The data were analysed by 
Researcher (Pongsatorn Saiklang; PS) who was blinded to participant details. 

The participants were randomized to different sessions using a table of random numbers. A closed, 
opaque box was used to ensure session allocation confidentiality for measurements being taken in the 
morning (Session A) or afternoon (Session B). Participants assigned to Session A were measured in the 
morning in week 1 (on the second and third days), and in the afternoon in week 2 (on the fourth and fifth 
days). Participants assigned to Session B, had afternoon measurements in week 1 (on the second and third 
days) and morning measurements in week 2 (on the fourth and fifth days). The 2 measurement sessions, 
A and B, were conducted 1 week apart.   

 
  

 
Figure 2 The study flowchart. 
 
 

Testing session A (morning) 
The participant attended between 8 - 10 am within an hour of the participants waking [23,29]. The 

participant was asked to adopt the Fowler’s position for 20 min to reduce any irregular loading on the 
spine that might have occurred prior to coming to the experimental room [34,35]. Then, the participant 
was asked to attain the upright sitting position on the seated stadiometer, according to conditions 
described in the Stadiometer section, with the digimetic indicator in contact with the skull apex, marked 
by a waterproof pen. Their visual field was focused on an alphabet letter presented opposite them (Figure 
1(C)). 
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 Testing session B (afternoon) 
The participant was asked to attend between 2 - 4 pm [23,29]. All participants performed exactly the 

same procedure as in session A. 
 

Outcome measurement  
The magnitude of stature change (millimetres) was measured with a seated stadiometer. Participants 

were asked to remain in the same posture and not to speak during measurement in the seated stadiometer. 
All measurements were taken at the end of the expiration phase of the breathing cycle [40,41]. Each time 
of stature change measurement, involving average 75 data points, sampled over 15 s, was considered at 
time 0 and the end of a 2-min interval. An average of 75 data points was needed to reduce uncontrolled 
movement and breathing patterns that might influence the measurement [18,34,35]. 

 
Data analysis 
Before beginning statistical analysis, The Shapiro-Wilk Test of normality was used to check the 

distribution of statue change measurement, and passed the assumption of normal distribution (p > 0.05). 
Paired t-tests were used to examine the difference of stature change between sessions and over 2 
consecutive days. 

The standard error of measurement (SEM) was used to reflect the random variability of a single 
individual’s scores on repetitive examination [42]. The SEM defines the range of magnitude of stature 
change that can be expected on repetitive examination [43]. The SEM was calculated using the equation 
from previous research [29]. Lower SEM scores relative to the means indicates smaller measurement 
variability [24]. 

The means of standard deviations (MeanSDs) between the 2 consecutive days of examination were 
considered in millimetres. MeanSDs were calculated by averaging the standard deviation of the stature 
change response between 2 days of the test in each person. Low MeanSDs scores relative to the means 
indicates smaller measurement variability [29,37].  

The level of significance used for all statistical evaluations was p-value < 0.05. All statistical 
analyses were achieved on SPSS version 19. 

 
Results and discussion 

Forty-four participants completed the study. All participants achieved the preferred level of 
repeatability for the stature change measurements (SD ≤ 0.5 mm). The demographic characteristics of the 
participants are presented in Table 1.  
 
 
Table 1 Baseline characteristics of the participants. 

 Combined (N = 44) 
Mean ± SD 

Male (N = 22) 
Mean ± SD 

Female (N = 22) 
Mean ± SD 

Age (years) 24.02±1.59 24.23± 1.57 23.82± 1.62 

Standing height (cm) 164.55± 8.02 170.55± 4.73 158.55± 5.82 

Sitting height (cm) 85.36± 5.17 87.09± 5.76 83.64± 3.91 

Body mass (Kg) 58.91± 8.81 66.00± 6.13 51.82± 3.98 

Body Mass Index (Kg/m2) 21.66± 1.88 22.66± 1.40 20.66± 1.78 

Pain duration (month) 8.77±8.04 9.86±8.20 7.68±7.92 

Perceived Pain (score) 3.11±0.89 3.18±0.90 3.05±0.90 
Abbreviation: SD; standard deviation, kg; kilogram, cm; centimetre, m²; square meter. 
 
 

The magnitude of stature change response at different times of day is presented in Figure 3. 
Response magnitude on 2 consecutive days was not significantly different (morning between day 1 and 2 
(−3.321 SD 1.377 mm vs. −3.419 SD 1.294 mm; p-value = 0.636) and afternoon between day 1 and 2 
(−3.796 SD 1.593 mm vs. −3.516 SD 1.384 mm; p-value = 0.084). Furthermore, the magnitude of stature 
change response between session A and B was not significantly different day 1 between morning and 
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afternoon (−3.321 SD 1.377 mm vs. −3.796 SD 1.593 mm; p-value = 0.077) and day 2 between morning 
and afternoon (−3.419 SD 1.294 mm vs. −3.516 SD 1.384 mm; p-value = 0.654). 

 
 

 
Figure 3 Magnitude of stature change response at different times of day in CBLP participants                                  
(Mean ± SD). 
 
 

The variability of stature change responses at different times of day on 2 consecutive days in 
participants is presented in Table 2. The standard error of means (SEM) values was 0.985 mm in the 
morning and 1.149 mm in the afternoon. The means of standard deviations (MeanSD) values were 0.772 
and 0.863 mm in the morning and in the afternoon, respectively. 
 
 
Table 2 Variability of stature change response at different times of day on 2 consecutive days in CLBP 
participants (N = 44). 

Session MeanSDs SEM 

Session A (morning) 0.772 mm 0.985 mm 

Session B (afternoon) 0.863 mm 1.149 mm 
Abbreviation: MeanSDs; Means of standard deviations, SEM; Standard error of measurement, mm; 
millimetre 
 
 

Discussion  
The results demonstrated no difference in the magnitude of stature change response between 

sessions (morning and afternoon) and over 2 consecutive days (Day 1 and 2). These results are similar to 
those from previous studies, which reported no difference between morning and afternoon measurements 
of stature in CLBP participants [23]. There are 2 possible explanations as to why the magnitude of stature 
change showed no difference between morning and afternoon. Firstly, the measurement method 
combined standardised loading and positioning trials; so, it is not surprising that the magnitude of stature 
change was similar between morning and afternoon measurements [30]. Secondly, the participants sat 
after lying in the unload position for 20 min (Fowler’s position). Subsequently, the rate of stature change 
between morning and afternoon measurements represented the same rate (fast phase) of stature change 
caused by liquid being expelled from the disc in response to body weight [17,18]. Therefore, the 
magnitude of stature change showed no difference between morning and afternoon measurements.  
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The current study investigated the effect of time of day (morning and afternoon) on stature change 
response variability in participants with CLBP on 2 consecutive days. In previous studies, 
Kanlayanaphotporn et al. [37] investigated the stature change response on 2 consecutive days. However, 
all their data were collected in the morning. The current study is the first study to attempt to investigate 
the variability of stature change response in the afternoon. The SEM value was 0.985 mm in the morning 
and 1.149 mm in the afternoon. The MeanSD values were 0.772 mm in the morning and 0.863 in the 
afternoon (Table 2). In the afternoon, the results of measures may be affected by activities earlier in the 
day prior to measurement [16,18,44]. This factor might impact the fluid content of the discs leading to 
variability of day-to-day stature change [16,18,29,44]. The results of current study are supported by 
previous research [29]. In that study, the investigators measured the effect of time of day (morning vs. 
afternoon) on stature change response variability in healthy participants on 2 consecutive days. They 
reported that in the afternoon (SEM = 1.128 mm, MeanSDs = 0.907 mm), there is a higher level of 
variability of stature change response over 2 consecutive days than in the morning (SEM = 0.886 mm, 
MeanSDs = 0.667 mm) [29].  

The findings suggest that it is important to control the time at which stature change investigations 
are conducted. For meaningful comparisons in chronic low back pain individuals, a required response 
should be in excess of 0.985 mm in the morning and 1.149 mm in the afternoon between consecutive 
days. This study found useful information about participants with CLBP. One limitation is that 
participants were young, with a small age range (aged 20 - 26 years). Consequently, the results might not 
be applicable to other age groups. Further research is required to study the result of sitting on the 
variability and magnitude of stature change measured in an older age group to confidently confirm the 
value of stature change. 

 
Conclusions 

These findings suggest that it is important to control the time at which stature change investigations 
are conducted.  For an intervention to have influenced the stature change response in chronic low back 
pain participants, a response in excess of 0.985 mm in the morning and 1.149 mm in the afternoon 
between consecutive days is required. This will be useful information for future investigations on this 
topic.  
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