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I. Introduction 

 

The societal importance of sports is increasing, as 

evidenced by the popularity of the Olympics and 

Paralympics, which will be held in Tokyo in 2020. 

Accordingly, acupuncturists who cooperate with 

physicians and other medical professionals in the field of 

sports medicine will need to ensure not only good 

communication skills but also the safety and efficacy of 

their treatments1). Naturally, accurate differentiation of 

athletes’ physical and mental conditions and the 

selection of suitable treatment methods are the most 

important issues, and there is a particular need for simple 

and consistent methods. 

To date, numerous markers have been used to 

determine the physical conditions of athletes. Objective 

markers, such as the secretory immunoglobulin A (sIgA) 

level, morning heart rates, and urinary status, have been 

used to evaluate Japanese national team members 

performing in various sports2). Repeated high-intensity 

exercise is a cause of decreased performance in 

competitive athletes3) and has been reported to increase 

the risk of upper respiratory tract infections (i.e., the 

common cold)4,5) consequent to a decrease in the levels 

of sIgA, which normally acts to prevent pathogenic 

microbial infections6,7). The amount of sIgA secreted in 
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Abstract 
[Objective] This study aimed to validate the efficacy of the Meridian test (M-Test) for use as an assessment tool for 
evaluating physical condition. In this study, factors related to conditioning were evaluated in university rugby players 
during a training camp.  
[Materials and Methods] Ten rugby players were recruited in the study and underwent conditioning evaluation at a 
training camp. The following variables were assessed: secretory immunoglobulin A (sIgA) levels, the Profile of 
Mood States (POMS) scores, morning heart rates, %ΔHR30 (the rate of decrease in heart rate for 30 s after exercise), 
and scores for the M-Test, which evaluates motion-induced pain and identifies the affected meridian, enabling the 
selection of an appropriate acupuncture point for pain reduction based on the concept of meridians. POMS scores and 
sIgA levels were measured twice, on the first and final days of the training camp. Morning heart rate, %ΔHR30, and 
M-Test results were all measured each day of the training camp. 
[Results] POMS fatigue scores and total M-Test scores were significantly higher and sIgA levels and %ΔHR30 sig-
nificantly lower on the final day relative to those on the first day, indicating a worsening in physical condition. Total 
M-Test scores correlated significantly with POMS fatigue scores (r = 0.53, p < 0.05), sIgA level (r = -0.38, p < 0.05), 
and %ΔHR30 (r = −0.27, p < 0.05).  
[Conclusion] The M-Test may be useful for assessing the physical condition of university rugby football players 
during a training camp. 
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saliva reflects the extent of accumulated fatigue from 

training and has therefore been used to evaluate athletes’ 

physical conditions8). Heart rate has also been used to 

evaluate physical and athletic conditions. For instance, 

accumulated fatigue has been reported to elevate the 

morning heart rate and to reduce the rate of heart rate 

recovery during a 30-s period after exercise 

(%ΔHR30)
9,10). In addition, the Profile of Mood States 

(POMS)11), which evaluates psychological conditions, 

and the Functional Movement Screen (FMS)12), which 

evaluates mobility, stability, and body interconnectivity, 

have received recent attention. However, these objective 

measurement has much that the on-site measurement is 

difficult by an expense, a measurement matter of time. 

Therefore, we focused on the Meridian test (M-Test), a 

marker of subjective pain and tightness that accompany 

body movements. 

The M-Test13,14) is based on the Eastern medical 

concept of meridians and comprises 30 basic motions 

(Figure 1) designed to determine abnormal physical 

movements and their related meridians. These basic 

motions stretch the meridians, and the resulting pain and 

tightness are used to determine which joints and muscles 

are linked to the abnormality. The M-Test can reveal an 

 
Figure 1 Meridian Test (M-Test) finding sheet 
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imbalance in physical motion based on the 

characteristics of both the individual athlete and his or 

her sport and can determine which meridians, 

acupuncture points, and therapeutic procedures should 

be used to improve these abnormal movements. 

Subsequent treatments then provide acupuncture therapy 

adapted to the characteristics of both the athlete and the 

sport and facilitate smooth physical movements. Further, 

because the M-Test involves movements similar to those 

used in regular orthopedic exams rather than complex 

physical motions, all motions can be performed in 

approximately 8 min. Accordingly, this test provides a 

simple and rapid evaluation of an athlete’s physical 

condition that can be used to determine treatment plans. 

Several studies have reported the usefulness of the M-

Test for evaluating physical condition15-17). Among them, 

we reported that The M-Test may be a useful parameter 

for assessing an athlete’s physical condition, because it 

correlates significantly with the %ΔHR30 and the Fatigue 

score of the POMS. However, few have examined its 

usefulness relative to the aforementioned objective 

markers. 

Therefore, in this study, we investigated the physical 

conditions of university rugby players during a training 

camp by evaluating sIgA levels, morning heart 

rates, %ΔHR30, POMS scores, and M-Test scores to 

verify the usefulness of the M-Test as a method of 

evaluating physical condition. 

 

Ⅱ．Materials and Methods 

 

1. Study design 

In this study, sIgA levels, morning heart 

rates, %ΔHR30, POMS scores, and M-Test scores were 

evaluated in university rugby players during a 9-day 

summer training camp. Changes in each measurement 

item throughout the camp, as well as the relationships 

between items, were evaluated. 

2. Subjects 

The subjects were 10 male university rugby players (5 

forwards and 5 backs; mean age: 21.0 ± 0.7 years; mean 

height: 174.8 ± 6.6 cm; mean weight: 79.6 ± 9.4 kg). All 

athletes were free of injuries and impairments and were 

able to participate in practices and matches. The subjects 

initially received an explanation of the study and pro-

vided their informed consent to participate. This study 

was approved by the research ethics committee of Tei-

kyo Heisei University. 

 

3. Procedure 

Measurements were performed during a summer train-

ing camp held August 19–27, 2014, at Sugadaira Kogen, 

Nagano Prefecture, Japan. For 5 days (from August 21 

[day 3] to August 25 [day 7]), practice was held in the 

morning and a match was played in the afternoon. On all 

other days, practices were held in both the morning and 

afternoon. August 26 (day 8) was a rest day, with no 

practices or matches. Figure 2 shows the measurement 

items methods (additional details are given below). 

 

4. sIgA 

sIgA, which has been shown to decrease in response to 

transient or continuous high-intensity exercise, was 

measured twice via saliva sampling with a Salivette 

(Sarstedt AG, Nümbrecht, Germany) immediately after 

waking on day 1 (first day) and on day 9 of the camp 

(last day). The subjects first gargled with 100 ml of 

mineral water, and then chewed on sterilized cotton 

packaged with the Salivettes for 2 min. The collected 

pieces of cotton were stored at 4ºC and later centrifuged 

at 3,500 rpm to extract saliva, which was stored at -20ºC 

until analysis. An enzyme-linked immunosorbent assay 

(ELISA) was used to quantify sIgA levels. 

 

 

 

 

Figure 2 Measurement items and methods. 
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5. POMS short form 

The athletes’ psychological conditions were evaluated 

twice using the POMS short form on day 0 (travel day) 

and on day 8 of the camp, after the evening meeting. 

These meetings were held after each day’s practices and 

matches after the athletes had bathed and eaten. Six fac-

tors were evaluated to calculate the T score: tension-

anxiety, depression-dejection, anger-hostility, fatigue-

inertia, vigor-activity, and confusion-bewilderment11). 

 

6. Morning heart rate 

Participants’ heart rate was measured every day during 

the camp (day 1 [first day] to day 9 [last day]). A Polar 

Heart Rate Monitor RS800CX (Polar Electro Inc., Lake 

Success, NY, USA) was used to measure the heart rate. 

The subjects slept with a chest band, which was used to 

measure the heart rate for 1 min after waking while the 

subjects remained lying down. 

 

7. %ΔHR30 

The %ΔHR30 is the rate at which the heart rate de-

creases over a 30-s period after exercising for 4 min at 

an intensity at or below the ventilatory threshold (VT). 

This marker varies according to the training load on the 

previous day and has been reported to be a useful 

method for evaluating physical condition9). In this study, 

maximal oxygen uptake (VO2max) was estimated from 

the time required by subjects to run 1,500 m at their 

actual running speed. This parameter was used to deter-

mine the 50% VO2max intensity speed for each individ-

ual18). The subjects ran approximately 500 m in 4 min. 

Measurements were conducted on the field every day 

before morning practice, except on the rest day (day 8), 

for a total of 8 measurements. After the subjects ran for 

4 min at their individual speeds, they rested while stand-

ing for 1 min. The heart rate was measured at 30s after 

exercise and subtracted from the heart rate measured 

immediately after exercise. %ΔHR30 was calculated by 

dividing this difference by the heart rate measured im-

mediately after exercise. 

 

8. M-Test 

The M-Test was performed 10 times (from day 0 

[travel day] to day 9 [last day]) after the evening meeting. 

All 30 M-Test motions were performed twice as active 

movements. Pain and/or tightness felt during the mo-

tions were evaluated subjectively using a visual analog 

scale (VAS). In this study, the VAS scores for all 30 

motions were totaled to yield a total M-Test score, which 

was used in comparisons. 

 

9. Statistical analyses 

Changes in the sIgA levels and POMS scores between 

day 1 or 0 of the camp, respectively, and day 9 were 

compared using a paired t-test or the Wilcoxon signed-

rank test. A one-factor analysis of variance (ANOVA) 

was used to compare changes over time in the morning 

heart rate, %ΔHR30, and M-Test scores. Multiple com-

parisons were conducted when significant primary ef-

fects were observed over time (measurement day) using 

Dunnett method to adjust the significance level. The 

degree of correlation between each measurement item 

was examined using Pearson’s product-moment coeffi-

cients or Spearman’s rank correlation coefficients. Ac-

cordingly, the sIgA levels measured on day 1 and on day 

9 were compared with the morning heart rate 

and %ΔHR30 data measured on the same days and the 

POMS and M-Test data measured the preceding eve-

nings. POMS scores measured after dinner on day 0 

(travel day) and day 8 were compared with M-Test data 

from those evenings and with sIgA levels, morning heart 

rates, and %ΔHR30 data collected the following morn-

ings. The morning heart rates and %ΔHR30 data were 

compared with M-Test data from the preceding evening. 

SPSS 22.0 (SPSS, Inc., Chicago, IL, USA) was used for 

analysis. The significance level was set at 5%. 

 

Ⅲ．Results 

 

Changes in each measurement item over time 

 

1. sIgA 

sIgA levels decreased significantly on day 9 of the 

camp (the last day) relative to those on day 1 (first day) 

(Figure 3). 

 

2. POMS 

Only the POMS fatigue score increased significantly 

on day 8 of the camp relative to that day 0 (travel day) 

(Figure 4). 

 

3. Morning heart rate 

No significant changes in the morning heart rate were 

observed (Figure 5A). 

 

4. %ΔHR30 
%ΔHR30 declined as the camp proceeded. The 

ANOVA revealed a significant main effect of time 

(measurement day) (F [3.78, 33.94] = 3.68, P = 0.02 < 

0.05), and therefore a multiple comparison was 

performed. Significant decreases relative to day 1 (first 

day) were observed on days 7 and 9 (last day) (Figure 

5B). 

 

5. M-Test 

M-Test scores increased as the camp proceeded. 

ANOVA revealed a significant effect of time 

(measurement day) (F [3.48, 31.23] = 17.14, P = 0.01 < 

0.05), and therefore a multiple comparison was 

performed. Significant increases in the total score 

relative to that on day 0 (travel day) were observed on 

days 2, 3, 4, 5, 6, 7, 8, and 9 (the last day) (Figure 6). 
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6. Degree of correlation between measurement items 

The total M-Test score correlated significantly with 

sIgA level (r = -0.38, P < 0.05), %ΔHR30 (r = -0.27, P < 

0.05), and POMS fatigue score (r = 0.53, P < 0.05). 

Furthermore, the sIgA level correlated significantly with 

the %ΔHR30 (r = 0.52, p < 0.05), and the POMS anger-

hostility score (r = -0.45, P < 0.05). All other results are 

shown in Figure 7. 

 

Ⅳ．Discussion  

 

In this study, the sIgA level, POMS score, morning 

heart rate, %ΔHR30, and M-Test score were evaluated in 

university rugby players during a training camp to 

investigate the usefulness of the M-Test for evaluating 

physical condition. 

sIgA secretion, which is regulated by lymphocytes19), 

has been shown to decrease in response to continuous  

 
Figure 3 Changes in sIgA. 

 

 

Figure 4 Changes in Profile of Mood States (POMS) scores. 
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Figure 5 Changes in heart rate 
Figure 5A Changes in the morning heart rate. 

Figure 5B. Changes in %ΔHR30 

Figure 6 Changes in the total M-Test score. 
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high-intensity exercise. Therefore, it has been reported 

that sIgA level assesses immune function and 

accumulated fatigue8). Similarly, %ΔHR30, which 

represents heart rate recovery post-exercise load (a 

decrease indicates delayed recovery), varies according to 

the training load and has been reported as a useful 

method for evaluating physical condition9). In this study, 

the objective physical condition markers sIgA 

and %ΔHR30 decreased significantly from day 1 to day 9 

of the camp, indicating a worsening physical condition. 

The POMS scores, which represent psychological 

condition, and the M-Test scores, which subjectively 

evaluate pain and tightness that accompany movement, 

increased and worsened, respectively, during the 

measurement period. 

Moreover, the total M-Test score correlated 

significantly with sIgA level, %ΔHR30, and POMS 

fatigue score. POMS reflects mental and physical fatigue. 

Therefore, it is thought that a value of POMS as the 

physical fatigue was related to a value of M-test 

increasing by accumulation of fatigue. In addition, it is 

reported that the accumulation of fatigue causes a 

decrease in %ΔHR30 and the salivary sIgA 8,17). Thus, it 

is guessed that correlation was shown in a value of m-

test and %ΔHR30 and the salvary sIgA. This result 

suggests that the M-Test, in addition to its current use as 

a means of determining treatment and therapy plans, 

could be useful for evaluating the physical condition of 

university rugby football players during a training camp. 

If, as suggested above, the M-Test is used as a marker of 

the physical condition of a university rugby player, 

frequent evaluations of changes in M-Test scores could 

serve as a screening method to prevent drastic 

deterioration in physical condition (e.g., overtraining 

syndrome).  

We believe that the M-Test, in addition to its role in 

determining treatment and therapy plans, would be a 

useful tool for evaluating the physical condition of 

university rugby football players during a training camp. 

However, in this study, we did not verify how 

intervention-related fluctuations in the M-Test score 

affected the sIgA level, %ΔHR30, or POMS score, nor 

did we examine the effect of the intervention. In a 

previous study17), weekly acupuncture treatments were 

administered to university rugby players according to the 

M-Test results. After 8 treatments (2 months), smaller 

reductions in the players’ POMS activity scores 

and %ΔHR30 were observed relative to those in a control 

group that did not receive treatment. To investigate the 

usefulness of the M-Test for evaluating physical 

condition further, additional cases and the effects of 

interventions need to be examined and verified. In 

addition, it is necessary to perform ROC analysis to 

determine whether the M-Test can be used as an early 

screening method for identifying deterioration in the 

other measurement items. 

 

Ⅴ．Conclusions 

 

In this study, the sIgA level, POMS score, morning 

heart rate, %ΔHR30, and M-Test score were evaluated in 

university rugby players during a training camp to inves-

tigate the usefulness of the M-Test for evaluating physi-

cal condition. The total M-Test score correlated signifi-

cantly with the sIgA level, %ΔHR30, and POMS fatigue 

score. This result suggests that the M-Test, in addition to 

Figure 7 Degree of correlation between measurement items. 
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its current use as a means of determining treatment and 

therapy plans, could be useful for evaluating the physical 

condition of university rugby football players during a 

training camp. 
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