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Abstract. [Purpose] The purpose of this study was to describe the properties of muscle nodules (kinkoketsu) 
recognized by manual physical therapy practitioners. [Participants and Methods] A total of one hundred and thirty-
three physical therapists, occupational therapists, judo therapists, and acupuncturists participated in this study. 
The shape, size, direction, depth, and hardness of muscle nodules, often treated in the buttocks, were investigated 
through the completion of a questionnaire. [Results] A total of 124 answer sheets were completed; 112 of these 
described the shape of muscle nodules as ellipsoidal. Of these 112 sheets, 97 effective sheets were analyzed. The 
results showed that the mean long axis length, short axis length, and thickness of the muscle nodules were 30.9 mm, 
16.2 mm, and 9.3 mm, respectively. The most common responses on the long axis direction, depth, and hardness 
of the muscle nodules were the craniocaudal orientation, the second shallowest layer of 5 divisions, and the eraser 
level, respectively. [Conclusion] The typical muscle nodule found in the buttocks by manual physical therapy prac-
titioners is roughly the shape of a large almond.
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INTRODUCTION

In the field of manual physical therapy in Japan, areas of local muscle hardness that are associated with muscle pain 
are called muscle nodules (“kinkoketsu” in Japanese). A variety of terms were used for such areas of hardness in overseas 
reports from the early 19th century to the early 20th century1). These included thickenings, nodular tumors, muscle callouses, 
fibrositis, and myogeloses1). However, the relationship between these areas of hardness and muscle nodules has not been 
verified. At the end of the 20th century, the concept of trigger points was proposed by Travell et al.2), and this has become a 
central topic of research in the field of muscle pain. Initially, trigger points were reported to be tender spots in taut bands of 
the muscle that, when stimulated, caused patients to exhibit local twitch responses, referred pain, or the jump sign2). These 
reactions suggested that the trigger point was a spot in the muscle distinct from muscle nodules. Later, “nodules in a taut 
band” were added to the diagnostic criteria of trigger points3) and are now seen as palpable nodules. This new criterion may 
have caused confusion between trigger points and muscle nodules in Japan.

When muscle nodules are deemed to be the cause of muscle pain or other symptoms, many manual physical therapy 
practitioners (MPTPs) in Japan try to improve the symptoms with techniques such as pressing the muscle nodules with their 
fingers4). To accomplish this, it is essential to locate the muscle nodules that cause the symptoms. As palpation is generally 
used to search for muscle nodules, tactile sensations are vital for their identification. However, no criteria for assessing 
muscle nodules have been established, and the field has been unable to formally define a muscle nodule. While muscle 
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nodules are routinely treated in the field of manual physical therapy in Japan, there is little shared awareness of their pathol-
ogy and physical properties. Therefore, MPTPs identify muscle nodules based on their own study and clinical experience. 
During this process, they also recognize the shape, size, hardness, and other attributes of muscle nodules. However, MPTPs 
have no means of assessing the accuracy of the muscle nodule properties they recognize. Thus, there is a need to demonstrate 
the typical properties of muscle nodules to provide MPTPs with a standard. Moreover, the results of our study can be used as 
a guide when creating the muscle nodule models or dummies for education5). Since muscle nodules are recognized through 
clinical practice, we need to investigate the MPTPs’ opinions about muscle nodules. Thus, we opted to use a questionnaire 
survey. The purpose of this study is to reveal the size, hardness, and other properties of muscle nodules recognized by MPTPs 
and also identify the relationships among these attributes.

PARTICIPANTS AND METHODS

Participants were sourced from the list of those who attended seminars held by the Society for Surface Anatomy in Aichi, 
Osaka, Kochi, and Kumamoto prefectures. Amongst these, individuals who confirmed that they regularly treated muscle 
nodules in clinical practice were asked to respond to a questionnaire. Responses were obtained from 133 practitioners (age 
29.9 ± 7.2 years; clinical experience 6.1 ± 5.7 years), comprising 111 physical therapists, 14 occupational therapists, 3 judo 
therapists, 2 certified as both judo therapists and acupuncturists, and 3 certified as both masseurs and acupuncturists. The 
content of the study was explained to all the participants, and their consent was obtained in writing. This study was carried 
out with the approval of the Tokoha University Research Ethics Committee (approval No. 2014-015H).

The questionnaire was structured around 5 items relating to muscle nodules; these were shape, size, direction, depth, and 
hardness. In addition, to help the participants recall specific muscle nodules, they were asked to only consider muscle nodules 
found in the buttocks. Muscle nodules are often found in areas such as the neck, shoulders, and low back. However, because 
the buttocks have large muscles and are supported by a flat bone, they were considered the most suitable area of study as their 
recollection was unlikely to be affected by complex anatomical structures.

To limit the area of the hypothetical muscle nodule in the buttocks, the questionnaire contained a photograph of the 
buttocks with a point marked between the anterior superior iliac spine (ASIS) and the posterior superior iliac spine (PSIS). 
The participants were asked to recall muscle nodules they had often treated near this mark and to draw an outline of how 
a nodule would look when viewed perpendicularly to the body surface on the questionnaire. They were asked to depict the 
muscle nodule in its realistic shape and size. They were also asked to draw the nodule considering its direction relative to the 
craniocaudal direction of the body.

As we believed it would be difficult for the participants to accurately recall and draw the 3-dimensional shape of a muscle 
nodule, they were only asked to provide the thickness of the nodule in millimeters. To obtain the depth of the muscle nodules, 
a diagram of a cross-section of the subcutaneous tissue and muscle between the ASIS and PSIS was included in the question-
naire. In addition, we scanned this site on a man with a standard physique using ultrasound, and based on the results, the 
thicknesses of the subcutaneous tissue and muscle in the diagram were set to 10 mm and 40 mm, respectively. The thickness 
of the muscle on the diagram was then divided into 5 equal parts of 8 mm each (from shallow to deep: Depth 1, Depth 2, 
Depth 3, Depth 4, and Depth 5), and the participants were asked to select the depth where the muscle nodule they recalled 
was located. As for hardness, due to the difficulty of providing a numerical answer, the participants were asked to give the 
name of an object with a hardness similar to that of the muscle nodule they recalled.

On the outlines of the muscle nodules drawn on the questionnaire, we located the 2 points that were furthest apart and 
defined the long axis as the line between these points, and the short axis was the line orthogonal to this. The long and short 
axes on each figure were measured with a ruler to calculate their mean and standard deviation. For thickness, the mean and 
standard deviation were calculated from the figures given in the questionnaire. Using the long axis, short axis, and thickness 
values of the muscle nodules, we calculated the Mahalanobis distances of samples (a scale measuring the distance from 
the centroid of data points when there are correlations between multiple variables in multivariate data), and excluded all 
responses that were outside the 95% of samples closest to the center of mass as outlier values. Figures in which the long axis 
was 1.5 times or longer than the short axis were classified as having the long axis either in the craniocaudal or the mediolat-
eral direction of the buttocks. Muscle nodule hardness was divided into 4 levels based on the similarity of the hardness of the 
objects described in the responses. Factor analysis was applied to the 5 items of long axis length, short axis length, thickness, 
depth, and hardness of the muscle nodules. Factors were selected based on whether the eigenvalues were ≥1 (Kaiser-Guttman 
criterion6)), and promax rotation was applied to calculate the loadings. R was used to calculate the Mahalanobis distances and 
for the factor analysis (mahalanobis function, factanal function, ver. 3.6.1).

RESULTS

Of the 133 questionnaires, 9 were excluded from the analysis because the muscle nodule diagram was not depicted in 
a single line, and thus the shape and size could not be determined. The outlines of muscle nodules on the remaining 124 
questionnaires were classified by shape based on their similarity. There were 112 round nodules (90.3%) that were circular 
or elliptical, 4 rectangular nodules (3.0%), 3 spindle-shaped nodules (2.3%), 2 linear nodules (1.5%), 2 U-shaped nodules 
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(1.5%), and 1 triangular nodule (0.8%). Therefore, we determined that the typical muscle nodule shape recognized by MPTPs 
was round. As a result, the 112 questionnaires with round outlines were chosen as the candidates for further analysis. Two of 
these questionnaires did not have responses for thickness, and an additional 2 had thickness values that were larger than the 
thickness of the muscle. These 4 questionnaires were excluded from the analysis. From the remaining 108 questionnaires, 6 
were further excluded due to the long axis, short axis, or thickness values being outliers. From the remaining 102 question-
naires, 4 that did not name any object resembling the hardness of the muscle nodule and 1 that named several objects of 
different hardness levels were excluded from the analysis. As a result, the final analysis set comprised 97 questionnaires. 
Of these 97 questionnaires, 80 were completed by physical therapists, 11 by occupational therapists, 2 by judo therapists, 1 
by a doubly qualified judo therapist and acupuncturist, and 3 by doubly qualified masseurs and acupuncturists (age, 29.7 ± 
7.1 years; clinical experience, 5.9 ± 5.5 years).

The mean and standard deviation of the long and short axes in the diagrams of muscle nodules in the 97 questionnaires 
were 30.9 ± 15.5 mm and 16.2 ± 8.4 mm, respectively, with median values of 28 mm and 14 mm, respectively (Fig. 1a, b). 
The mean muscle nodule thickness was 9.3 ± 6.7 mm, and the median was 6.5 mm (Fig. 1c). In 74 of the 97 questionnaires 
(76.3%), the long axis was at least 1.5 times longer than the short axis. In 65 of these 74 questionnaires (87.8%), the long axis 
was close to having a craniocaudal orientation, and in 9 (12.2%) it was close to a mediolateral orientation.

Depth 2 (8–16 mm from the surface of the muscle) was the most common nodule depth out of the 38 responses (Fig. 1d). 
Based on the responses on nodule hardness, gummy candy, eraser, cork, and stone were used as reference objects for the 4 
levels of hardness. All the objects described in the responses were subsequently classified into these 4 levels based on their 
similarity to the hardness of the reference object. For example, jello and tapioca pearl were classified as gummy level, bouncy 
ball, and tennis ball were eraser level, tire and baseball were cork level, and peanut and plum seed were stone level. The most 
common hardness level was the eraser level (Fig. 1e).

As the eigenvalues of factors 1 to 3 in the factor analysis were 1.91, 1.14, and 0.96, we adopted 2 factors. Table 1 shows 
the factor loadings of the 5 variables. Factor 1 had high loadings for the long axis and short axis, with only a slight loading 
for thickness. Factor 2 was related to depth. Because their uniqueness values were close to 1, the thickness and hardness were 
hardly explained by 2 factors. In the correlation matrix shown in Table 2, the long axis was strongly correlated with the short 
axis but only weakly correlated with depth. Further, the short axis was weakly correlated with thickness, and thickness was 
weakly correlated with depth. In contrast, muscle nodule hardness was independent of the other characteristics.

Fig. 1.  Histograms of muscle nodule size, depth, and hardness responses.
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DISCUSSION

The outlines of muscle nodules obtained in this study indicate that the nodules recognized by many MPTPs have an ellipti-
cal shape when viewed perpendicularly to the body surface. While only numerical responses were obtained for muscle nodule 
thickness, it seems unlikely that the elliptical lesions recognized by the MPTPs extended in the direction of thickness to form 
an elliptic cylinder. Similar to other tumors, this shape most likely represents nodules with rounded edges rather than those 
with corners. Therefore, it seems reasonable that the most recognized 3-dimensional shape of the nodule was an ellipsoid. 
Applying the results of this study to the ellipsoid shape indicates that the typical muscle nodule in the buttocks recognized by 
MPTPs has the shape of a large almond. In addition, the long axis of this almond-shaped body is in the craniocaudal direction, 
located slightly shallower than the middle of the muscle, and is about as hard as an eraser (Fig. 2).

We used mean and mode values to describe the properties of a typical muscle nodule. However, many of the responses 
differed from this typical example. For example, the standard deviations of the long axis, short axis, and thickness were 
15.5 mm, 8.4 mm, and 6.7 mm, respectively, and the mean values were 30.9 mm, 16.2 mm, and 9.3 mm, respectively. This 
shows that MPTPs recognized a large range of muscle nodule sizes. In addition, the depth responses ranged from Depth 1 to 
Depth 5, and hardness responses were almost evenly distributed across all 4 levels. The results of the factor analysis suggest 
that the long and short axes of muscle nodules are correlated when viewed perpendicularly to the body surface. It is reason-
able that MPTPs recognize nodules that are elliptically shaped with lengths that are about twice their width, even if the sizes 
differ. However, thickness, which is another indicator of size, is only weakly correlated with the lengths of the long and short 

Table 2.  Correlation coefficients between research variables

1 2 3 4 5
1. Long axis length 1
2. Short axis length 0.660 1
3. Thickness 0.232 0.271 1
4. Depth 0.178 0.088 0.248 1
5. Hardness 0.104 0.040 0.118 −0.138 1

Fig. 2.  Diagram of the typical muscle nodule recognized by MPTPs.
a: View of the muscle nodule perpendicular to the surface of the body.
b: View of the muscle nodule parallel to the surface of the body.

Table 1.  Factor loadings

Factor 1 Factor 2 Uniqueness
Long axis length 0.77 0.40
Short axis length 0.87 0.26
Thickness 0.28 0.20 0.86
Depth 1.00 0.00
Hardness 0.11 −0.16 0.97
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axes. This indicates that smaller muscle nodules are recognized as more spherical and larger muscle nodules are recognized 
as having a flatter shape. Alternatively, because the muscle nodules in this study were assumed to be in a relatively flat area of 
the buttocks, which is a large muscle, these anatomical characteristics may have influenced the results. Furthermore, muscle 
nodule thickness was weakly related to depth. This is a reasonable result as thicker nodules are less likely located near the 
surface of the muscle.

The reason why muscle nodule hardness did not correlate at all with the other properties could be due to differences in the 
pressure used by MPTPs upon palpation. Although the pathogenesis of muscle nodules is unclear, the difficulty of finding 
them during palpation suggests that they are unlikely to have extremely distinct boundaries with the surrounding tissue. 
Moreover, if muscle nodules are harder near their centers and show normal muscle hardness near the borders, MPTPs who 
depicted larger muscle nodules would be expected to recognize softer lesions; however, this tendency was not observed. The 
stress-strain curve of muscles has been reported to exhibit strong nonlinearity7). According to this report, muscle tissue was 
very soft when pressed very slightly. A gradual increase in pressure of the thumb caused the hardness to increase rapidly. 
When pressure was continued beyond this point, the degree of hardness prevented further collapse. This suggests that muscle 
nodules palpated with weak pressure were of the gummy-candy-level hardness, while nodules palpated with strong pressure 
were of stone-level hardness. Therefore, the recognition by MPTPs of muscle nodule hardness depends on the amount of 
pressure used during palpation, and the pressure can be different according to the career of practitioners8). This could explain 
the distribution of hardness levels across the 4 levels.

The relationship between muscle nodules and trigger points remains unclear. Recently, trigger points and taut bands 
have been visually identified using ultrasound and nuclear magnetic resonance in an attempt to quantify their shape, size 
and hardness9–14). These reports examined the trapezius and low back region and found that trigger points are elliptically 
shaped, but with an area of only 0.16–0.57 cm2, 9–11). Further, hardness values of the taut bands have been reported at 9.0 
kPa, 36.3 kPa, and 11.5 kPa, almost 1.5 to 2 times that of normal muscle12–14). These values indicate that taut bands are 
much softer than gummy candy. However, because these size and hardness values were extracted from images when the 
tissue was not subjected to pressure, we cannot conclude that they are completely different from the objects in the present 
study, as our values were perceived indirectly through subcutaneous tissue. Therefore, while it is possible that the muscle 
nodules recognized by MPTPs include trigger points or taut bands, or at the very least their characteristics, ultrasound and 
nuclear magnetic resonance data suggest that they are not the same as those reported by MPTPs. If in the future criteria for 
muscle nodules can be established and muscle nodules can be identified in images, progress could be made on verifying their 
relationship with trigger points and taut bands.

We could not find any methods or devices for objectively quantifying the properties of muscle nodules recognized by 
MPTPs. As a result, we opted to use a questionnaire survey, despite its methodological limitations. One of these limitations 
is that it is impossible to verify the accuracy of the participant’s depiction of the shape and size of the muscle nodules they 
are recalling. When classifying the shapes of the muscle nodule outlines, the similarity between the hand-drawn outline and 
regular shapes was assessed by the authors. In addition, we did not obtain specific responses about the shape of the nodules 
in the direction of thickness. Finally, we did not verify the agreement with the participants in the classification of the objects’ 
hardness provided in the responses. Therefore, we were unable to eliminate the subjectivity of the authors in the assessment 
that muscle nodules are almond shaped and have the hardness of an eraser. Furthermore, it is possible that having the 
participants depict muscle nodules as single-line drawings and having them name objects with the homogeneous hardness 
falsely guided them toward seeing muscle nodules as having a simple structure. Therefore, participants might have reported 
muscle nodules as having uniform hardness when, in fact, the nodule shapes they palpate are more complex.

Muscle nodules probably have various pathologies, and differences in the severity of muscle pain or stage of the disease 
could lead to different attributes. Hence, MPTPs with different job qualifications may experience different muscle nodules. 
However, we could not verify this because most of the study participants were physical therapists or occupational therapists.

The recognition of muscle nodule properties may also vary depending on the participant’s educational background and 
may change as they gain more clinical experience. Therefore, the conclusions we can make about typical muscle nodule 
properties based on mean and mode values are limited. Yet, with the study of muscle nodules at a stalemate, advancements 
in manual physical therapy also seem to be at a stop. We hope that this study will stimulate reflection on our perceptions 
of muscle nodules, thus leading to increased discussion among MPTPs. The outcomes for the field due to these renewed 
properties about muscle nodules will lead to the development of their diagnostic criteria.

In this study, we investigated the properties of muscle nodules recognized by MPTPs. The results indicate that a typical 
muscle nodule in the buttocks is about the shape and size of a large almond. Moreover, the long axis of a typical muscle 
nodule is oriented in the craniocaudal direction, is slightly shallower than the middle of the muscle, and is about as hard as 
an eraser.
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