
737

Original Article

Inter-examiner reliability in identifying lumbar 
paraspinal muscle atrophy by lumbar paraspinal 
muscle atrophy index, a novel parameter

Yuki Hasebe, RPT, PhD1, 2), Kenta Suzuki, RPT, MS1), Kiyokazu Akasaka, RPT, PhD2), 
Kazuo Saita, MD, PhD3), Satoshi Ogihara, MD, PhD3)*

1) Department of Rehabilitation, Saitama Medical Center, Saitama Medical University, Japan
2) Department of Physical Therapy, Saitama Medical University Graduate School of Medicine, Japan
3) Department of Orthopedics, Saitama Medical Center, Saitama Medical University: 1981 Kamoda, 

Kawagoe, Saitama 350-8550, Japan

Abstract. [Purpose] To evaluate the inter-examiner reliability of our novel parameter, the lumbar paraspinal 
muscle atrophy index, in identifying the lumbar paravertebral muscle atrophy. [Participants and Methods] The 
study group consisted of 225 adults, with a mean age of 64.7 (range, 21–89) years, who underwent posterior lumbar 
spinal surgery for degenerative spinal disease at our hospital between July 2013 and June 2017. Preoperative axial 
T2-weighted magnetic resonance images were used to evaluate the lumbar paraspinal muscle atrophy index and 
observe the presence or absence of severe lumbar paraspinal muscle atrophy. The lumbar paraspinal muscle atrophy 
index was calculated at each intervertebral level, from L1-2 through L4-5, once by two examiners, and the Cohen’s 
kappa statistic was used to calculate the inter-examiner agreement of the classification of the presence or absence 
of atrophy at each level. [Results] The agreement was high (kappa, 0.79–0.88) for the lumbar paraspinal muscle 
atrophy index at all levels, except at the L3-4 level (kappa, 0.49). The lower kappa statistic at L3-4 likely reflects 
the unique morphological characteristics at this level. [Conclusion] The lumbar paraspinal muscle atrophy index is 
a new, simple, easy-to-use, and sufficiently reliable parameter to identify lumbar paraspinal atrophy.
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INTRODUCTION

In Japan, the segment of the general population ≥65 years of age accounted for approximately 28.8% of the total popula-
tion in 20201), with a high incidence of low back pain (LBP) associated with aging2, 3). At the lumbar spine, the erector spinae 
muscles play an important role in trunk stabilization2–4). Degenerative changes of the erector spinal muscles are known to 
be associated with lumbar spine pain, motor dysfunction, and spinal deformities5–12). Therefore, assessment of the degree of 
lumbar paraspinal muscle atrophy would be important in the treatment planning of patients with spinal disorders13). Previous 
studies have evaluated muscle atrophy of the lumbar erector spinae, multifidus, and psoas major muscles using the cross-
sectional area (CSA) measured on axial computed tomography (CT) and magnetic resonance (MR) images14, 15). Calculation 
of the CSAs, however, requires the use of image analysis software16), which is time consuming, making it difficult to use it 
in busy clinical settings. Using lumbar MR cross-sectional images, Takayama et al. reported a high correlation between the 
muscle CSA and the lumbar indentation value (LIV), where the LIV is defined as the minimum length of a line connecting the 
bilateral muscle bellies of the paraspinal muscles and the spinous process at the superior level of each intervertebral space17). 
The LIV is used as a visual measure to identify the presence or absence of muscle atrophy of the lumbar paraspinal muscles. 
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In this study we propose the lumbar paraspinal muscle atrophy index (LPMAI), which we can use to identify the presence 
or absence of severe muscle atrophy more easily than the LIV. While the LIV evaluates the minimum length of the line 
connecting the bilateral fascicles and spinous processes of the lumbar paraspinal muscles, the LPMAI identifies the presence 
or absence of severe muscle atrophy based on the position of the spinous processes relative to the bilateral fascicles of the 
lumbar paraspinal muscles. Our aim in this study was to evaluate the inter-examiner reliability of the LPMAI to identify 
severe muscle atrophy among patients with lumbar degenerative disease.

PARTICIPANTS AND METHODS

Our study was approved by the Institutional Review Board of Saitama Medical Center, Saitama Medical University (No. 
1969-II). Owing to the retrospective design of our study, the requirement for written consent was waived. Opt-out informa-
tion was posted on the website of Saitama Medical Center, Saitama Medical University.

The study group comprised 225 adults (≥20 years) who had undergone posterior spinal surgery for degenerative disease 
(spinal stenosis and/or lumbar disc herniation) at our hospital, between July 2013 and June 2017.

The study group included 142 males and 83 females, with a mean age of 64.7 (range, 21–89) years. Patients without 
preoperative T2 weighted MR axial images were excluded. The exclusion criteria were patients aged <20 years and patients 
who had undergone lumbar revision surgery.

The LPMAI was measured on preoperative T2 weighted MR axial images at the mid-level of the intervertebral disc space 
from intervertebral levels L1-2 through L4-5. The mid-level was calculated by displaying the sagittal plane images side-by-
side. The LPMAI is positive if the spinous process is located posteriorly to the line connecting the bilateral muscle bellies 
(presence of muscle atrophy) and negative if the spinous process (absence of muscle atrophy) is located anteriorly to this line. 
The LPMAI was calculated once at each intervertebral space by two examiners (examiners A and B), with each examiner 
determining the presence (1) or absence (0) of muscle atrophy at each level (Fig. 1).

The inter-examiner agreement of the classification of the presence or absence of muscle atrophy at each intervertebral level 
was evaluated using Cohen’s Kappa coefficient (k). Agreement was classified as described by Landis et al.18) as follows: fair 
agreement (k-value, 0.21–0.40), moderate agreement (k-value, 0.41–0.60), substantial agreement (k-value, 0.61–0.80), and 
almost perfect or perfect agreement (k-value, 0.81–1.0). The level of significance was set at 5%. All analyses were performed 
using SPSS version 26 (IBM Corp. Released 2019. IBM SPSS Statistics for Macintosh, Version 26.0. Armonk, NY, USA).

RESULTS

The distribution of paraspinal muscle atrophy at each intervertebral level for examiner A and examiner B, respectively, 
is shown in Table 1. The inter-examiner agreement in classification using the LPMAI was significant at all levels (p<0.001), 
ranging from moderate agreement (k=0.69, L3-L4) to substantial agreement (k=0.79, L4-L5) and almost perfect agreement 
(k=0.86 and 0.88 for L1-L2 and L2-L3, respectively).

Fig. 1. Evaluation method for L1-2 to L4-5 muscle atrophy on T2-weighted magnetic resonance images used in the study of 225 patients 
with degenerative lumbar spine disease. The participants of T2 weighted axial images were divided based on the vertical rela-
tionship between the line connecting the bilateral bulges of the lumbar paraspinal muscles and the dorsal end of the spinous pro-
cess: a) Without muscle atrophy; and b) With muscle atrophy. The lumbar indentation value (LIV)17), representing the distance 
between bilateral bulges of the lumbar paraspinal muscles and the top of the spinous process, has been reported to be associated 
with the cross-sectional area of lumbar paraspinal muscles. However, the lumbar paraspinal muscle atrophy index (LPMAI) can 
visually determine muscle atrophy more easily than the LIV.
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DISCUSSION

It is estimated that 65–85% of the general population will experience low back pain during their lifetime19). Previous 
studies have reported a smaller CSA of the lumbar paraspinal muscles among individuals with LBP, with a high level of 
muscle fat infiltration, compared to individuals without LBP10, 20, 21). As the mass of the lumbar paraspinal muscles does not 
decrease with age, spinal disorders are related to a pathological muscle degeneration process rather than to simple disuse 
muscle atrophy22, 23). In physiotherapy, there is evidence of a benefit of trunk muscle strength training for patients with LBP 
and lumbar disease24). As such, evaluation of the status of the lumbar paraspinal muscles would be important in daily clinical 
practice; this requires a simple method which can be easily implemented in practice. Herein, we showed that the LPMAI 
provides a simple-to-evaluate parameter of lumbar paraspinal atrophy, with sufficient inter-examiner reliability for practice, 
except at the L3-4 level. We speculate that the lower kappa coefficient at the L3-4 intervertebral space reflects morphological 
characteristics of the paravertebral erector spinae muscles and the alignment of the lumbar spine at this segment. Specifically, 
the erector spinae muscles become thinner in the caudal direction of the lumbar spine, with the multifidus muscle become 
flatter25). Furthermore, Li et al.26) reported the largest curve of the multifidus-longissimus cleavage planes at the level of the 
L3 vertebra, with adipose tissue often present in this region of cleavage. We speculate that these morphological characteris-
tics, namely lumbar paraspinal muscle cleavage and existence of fat tissue in the cleavage area, affected the visibility of the 
line connecting the bilateral bellies of the lumbar paraspinal muscles, lowering the reliability of the LPMAI.

We propose that our novel LPMAI parameter could provide a useful method to detect severe paraspinal muscle atrophy 
of the lumbar spine in clinical practice with sufficient reliability, except at the L3-4 level. Takayama et al.17) reported that 
the LIV represents the depth of the groove between the left and right lumbar spinal muscles, with a high correlation of 0.709 
to 0.789, between the LVI and CSA of the lumbar paraspinal muscles at each intervertebral level. Therefore, although the 
determination of muscle atrophy using the LPMAI remains to be fully established with future research, we consider that a 
positive LPMAI can be considered to reflect a high degree of atrophy.

Our study has some limitations that require further discussion and investigation. First, participants included in our study 
group were all treated by posterior lumbar surgeries for degenerative spinal disease and, thus, the majority were older, with 
the mean age of 64.7 years. Considering the presence of age-related lumbar spine degeneration, there is a possibility that 
they did not represent a healthy population. The strength of this study is that our analysis included a relatively large number 
of patients.

In conclusion, our novel LPMAI parameter can identify the presence of severe lumbar paraspinal atrophy, with sufficient 
inter-examiner reliability. An advantage is that the LPMAI can be easily calculated in busy clinical settings, which could 
improve the use of lumbar paraspinal atrophy in the treatment planning for individuals with LBP.
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