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a b s t r a c t 

Introduction: Sagittal balance and fatty infiltration of paraspinal muscle are important factors in patients with 

lumbar spinal stenosis (LSS) that may affect patients’ quality of life. Sagittal spinopelvic parameters and fatty 

infiltration may be associated with the severity of LSS. The purpose of this study was to test the hypothesis that 

severity of fatty infiltration correlates with severity of LSS and with sagittal pelvic alignment independent of age. 

Methods: Age and body mass index (BMI) were extracted. Fatty infiltration was rated according to Goutallier 

classification and the severity of LSS was graded according to Schizas at five intervertebral disc levels. Overall 

fatty infiltration was computed as average fatty infiltration (aFI) and severity of LSS was defined as the highest 

severity of LSS of all segments. The sagittal spinopelvic parameters pelvic incidence (PI), pelvic tilt (PT), sacral 

slope (SS), lumbar lordosis (LL) and PI-LL were measured. Associations among parameters were assessed using 

Spearman correlation coefficients adjusted for age ( 𝛼 = 0.05). 

Results: 165 LSS patients with a median age of 69 years were included. All parameters correlated with age 

(R > 0.162, P < 0.05) except BMI and LL (R < 0.007, P > 0.05). aFI correlated with PI, PT and PI-LL before (R > 0.371, 

P < 0.05) and after (R > 0.180, P < 0.05) adjusting for age. Severity of LSS correlated with PI, PT and PI-LL before 

(R > 0.187, P < 0.05) but not after (R < 0.130, P > 0.05) adjusting for age. aFI correlated with severity of LSS before 

(R = 0.349, P < 0.05) but not (R = 0.114, P > 0.05) after adjusting for age. 

Conclusions: The correlation of aFI with sagittal spinopelvic parameters indicates that there might be a relation- 

ship between muscle characteristics and the sagittal alignment. Sagittal spinopelvic parameters and fatty infiltra- 

tion of paraspinal muscles are not associated with radiological severity of LSS. Whether they are associated with 

clinical manifestation of LSS remains to be investigated. 
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Lumbar spinal stenosis (LSS) is one of the most common diseases

f the spine and the most common reason for spine surgery in patients

ged over 65 years [1] . Age associated changes of the intervertebral

iscs, ligamentum flavum and facet joints can lead to a narrowing of the

pace around the neural structures causing pain, impairment and spinal
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isorders [2] . Previous studies reported that paraspinal muscle atrophy

nd fatty infiltration were more serious in patients with symptomatic

SS than in an asymptomatic control group [ 3 , 4 ]. Moreover, Bumann

t al. [5] reported that patients with a lower radiological stenosis grade

ad greater fatty infiltration. Hence, to date evidence for the association

etween radiological severity of LSS and fatty infiltration of paraspinal
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Fig. 1. MRI examples of fatty infiltration of paraspinal muscles [14] and lumbar 

spinal stenosis [15] classifications. 
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Patients with LSS may exhibit varying severity of sagittal malalign-

ent by adopting an anterior trunk flexion position to relieve nerve

ompression by increasing the volume of the central spinal canal and

ntervertebral foramen [6] . Furthermore, degenerative changes in the

umbar spine are related to deterioration of the normal sagittal and

oronal profile [6] . Duval-Beaupère et al. were the first to introduce

he parameter of pelvic incidence (PI), its relation to pelvic tilt (PT),

acral slope (SS) and lumbar lordosis (LL), as well as its influence on the

pinal alignment [7] . Spinopelvic parameters play an important role in

he pathogenesis of spinal disorders and quality of life in pediatric and

dult populations. Barón et al. [8] showed that PI has a predisposing

ole in the pathogenesis of lumbar degenerative disease and that pa-

ients with spinal stenosis have a lower PI with flatter LL. To date, the

ssociation between these parameters and severity of LSS has not been

nvestigated. 

Legaye et al. [9] demonstrated a strong positive correlation between

I and the age of subjects over 60 years. Previous studies described

egeneration of paravertebral muscles in patients with spinal disease

 10 , 11 ]. Possibly fatty infiltration of paraspinal muscles correlates with

pinopelvic parameters of sagittal alignment. Jun et al. [12] suggested

hat the quality of muscle could be one of the various factors that in-

uences sagittal balance. Masaki et al. [13] investigated the association

etween the mass of different muscles along the spine with different

pinopelvic parameters. They found that a decrease in pelvic anterior

nclination is associated with a decrease in the mass of the psoas major

uscle. The relationship between fatty infiltration, severity of LSS and

agittal spinopelvic parameters have rarely been examined directly. 

Based on the existing literature and our clinical observations, the

ollowing research questions arise: Is the severity of fatty infiltration

f the paraspinal muscles related to sagittal spinopelvic alignment in

atients with degenerative LSS? Is the degree of fatty infiltration of the

araspinal muscles related to the severity of stenosis in patients with

egenerative LSS? 

The purpose of this study was to test the hypothesis that the grade

f fatty infiltration correlates with the severity of LSS and with sagittal

pinopelvic alignment independent of age. 

aterials and methods 

tudy cohort 

This retrospective cross-sectional radiographic study was approved

y the regional ethics committee and performed in accordance to the

uidelines specified in the Declaration of Helsinki. We retrospectively

ncluded all patients with symptomatic degenerative LSS who had re-

eived surgery at our clinic between May 2018 and May 2020. Inclusion

riteria were: diagnosis of degenerative LSS; upright standing sagittal

lane X-ray of lumbar spine with clear visibility of pelvis, sacrum and

emoral heads taken within 16 weeks before surgery; magnetic reso-

ance imaging (MRI) of the lumbar region taken within 16 weeks be-

ore surgery. Exclusion criteria were: other spinal diseases such as severe

coliosis, spine fracture, and ankylosing spondylitis; neuromuscular dis-

ases such as Parkinson’s disease or multiple sclerosis; previous surgery

f the spine; infection and/or malignancy tumor with involvement of

he bony or soft tissue structures of the spine; dissent for future use of

edical data. General consent was presented for LSS patients who re-

eived surgery. This retrospective study on coded data was exempt by

he regional ethics board from seeking informed consent from patients

ithout general consent or dissent. 

ata collection and radiographic measurement 

Demographic information including age, sex and BMI (body mass in-

ex) were extracted from patient files. Standard clinical MR images with

2-weighted were acquired. The patients were in supine position with

xtended legs. MRI of the lumbar region was acquired. Images at mid
2 
egment of each non-stenosis intervertebral disc and images at the most

everely affected part of each stenosis intervertebral disc (five images

er patient) were identified, saved and further evaluated. Fatty infiltra-

ion in the paraspinal muscles erector spinae and multifidus was classi-

ed according to Goutallier into four grades from 0 to 4 [14] . Severity

f LSS was graded according to Schizas into four grades (A to D) accord-

ng to the occupied rootlets and visible cerebrospinal fluid [15] ( Fig. 1 ).

rade A to D were transformed to 1 to 4 for the statistical analysis. 

The paraspinal muscle group is a 3-dimensional structure composed

f several muscles, and all paraspinal muscles act together to maintain

alance and facilitate movement. Moreover, PI represents the anatomi-

al morphology of the pelvis, and LL reflects the magnitude of lordosis

rom L1 to S1. The evaluation of a single muscle or one segment alone

annot represent the entire paraspinal muscle or the entire spine. In our

tudy, we used the Goutallier classification [14] that is based on the

rea of fatty infiltration to evaluate the muscle atrophy at different lev-

ls. We measured fatty infiltration of paraspinal muscles at five vertebra

isc levels and calculated the average of five levels representing overall

atty infiltration (average fatty infiltration —aFI). This parameter was

sed based on the assumption that fatty infiltration on one level will

ffect the contractile capacity of the entire muscle and can be deemed

 surrogate for overall fatty infiltration of paraspinal muscles. 

Overall severity of LSS was defined as the highest severity of LSS at

ny segment. 
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Fig. 2. Measurements of sagittal spinopelvic parameters. Pelvic incidence (PI): 

The angle between the line perpendicular to the sacral endplate at its midpoint 

and a line connecting this point to the axis of the femoral head. Pelvic tilt (PT): 

The angle formed by a vertical line through the center of the femoral heads and 

the line from the center of the femoral axis and the midpoint of the sacral end 

plate. Sacral slope (SS): The angle formed between the horizontal and the sacral 

end plate. Lumbar lordosis (LL): The angle formed between the superior end 

plate of L1 and the sacral end plate. 
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Table 1 

Intraclass correlation coefficients for intra- and 

inter-observer repeatability of parameters describing 

spinopelvic alignment. 

Intra-observer ICC Inter-observer ICC 

PI 0.976 (0.959-0.987) 0.970 (0.960-0.978) 

PT 0.985 (0.974-0.992) 0.966 (0.955-0.975) 

SS 0.987 (0.977-0.993) 0.924 (0.898-0.944) 

LL 0.990 (0.983-0.994) 0.992 (0.989-0.994) 

PI-LL 0.984 (0.973-0.991) 0.971 (0.961-0.978) 

Values are given as the reliability with the 95% con- 

fidence interval in parentheses. ICC —intraclass cor- 

relation coefficient; PI —pelvic incidence; PT —pelvic 

tilt; SS —sacral slope; LL —lumbar lordosis; PI- 

LL —difference between PI and LL (pelvic incidence 

and lumbar lordosis mismatch). 
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From upright standing sagittal plane X-ray of the lumbar spine, the

agittal spinopelvic parameters PI, PT, SS, LL and PI and LL mismatch

PI-LL) were measured [16] . ( Fig 2 ). 

ata quality assessment 

All measurements were performed using the picture archiving and

ommunication system (PACS). All images were first measured by a

rained spine surgeon (YZ). Two weeks later, 50 patients were randomly

elected, and their images were re-measured by the same reader for

ssessing intra-observer repeatability. Moreover, all images were inde-

endently measured by an experienced radiologist (BK). The disagree-

ents of the results of ordinal variables (fatty infiltration stages and LSS

rades) between both readers were resolved by a third reader (CNe).

he inter-observer agreement of the results of continuous parameters

spinopelvic parameters) between both readers was assessed. 

tatistical analysis 

Descriptive statistics was performed for patients’ demographics ex-

ressed as median and range. For continuous data (aFI and sagittal align-

ent parameters) mean and standard deviation (SD) were calculated.

ntra- and inter-observer reliability analyses were performed using in-

raclass correlation coefficients (ICC) and limits of agreement. Bland–

ltman plots were used to present the mean differences and 95% lim-

ts of agreement of repeated measurements of aFI stage and sagittal

lignment parameters. Spearman coefficients of correlation were cal-

ulated to assess the relationships between aFI, severity of LSS and

agittal alignment parameters, and the association of any of these pa-

ameters with age. In case of significant association with age as sug-

ested by Kalichmann et al. [17] , Spearman coefficients of correlation
3 
ere adjusted for the covariate age. Strength of correlation were cat-

gorized as weak (0.10 < R < 0.29), moderate (0.30 < R < 0.49) and strong

0.50 < R < 1.00) [18] . Statistical analyses were performed in SPSS Statis-

ics v 20.0 (IBM Corp, Armonk, New York, USA). The significance level

or all statistical tests was set a priori to P < 0.05. 

esults 

emographic data 

A total of 165 patients with a median age of 69 (range: 42–86) years

ere included. The proportion of male patients was 44.8% (74 of 165

atients). The median BMI of all patients was 27 (range: 16–52) kg/m 

2 .

atty infiltration 

The mean of the aFI of all patients was 1.48 (SD: 0.60). The num-

er of patients with fatty infiltration stage 0 and 1 was highest in the

roximal segments ( Fig. 3 ). In contrast, the number of patients with

atty infiltration stage 2 and 3 were highest in the distal segments. Fatty

nfiltration stage 4 was only observed in 15 patients, most of these at

egment L5-S1 ( Fig. 3 ). 

tenosis 

The highest severity of LSS was grade A in 18 patients, grade B in 48

atients, grade C in 67 patients, and grade D in 32 patients. The number

f patients with LSS grade A was highest in the most proximal and most

istal segments ( Fig. 3 ). The numbers of patients with LSS grade C and

 was highest at L4-5. The number of patients with LSS grade B was

omparable for all segments ( Fig. 3 ). 

pinopelvic alignment 

On average, patients had a PI of 57.4° (SD: 9.6°), PT of 21.0° (SD:

.0°), SS of 36.4° (SD: 7.8°), LL of 47.5° (SD: 12.0°) and PI-LL of 9.9°

SD: 11.5°). The test-retest reliability was excellent for all spinopelvic

arameters (ICC > 0.976; Table 1 ). Bland-Altman plots for all spinopelvic

arameters revealed no bias between test and retest measurements and

imits of agreement < 4.5° ( Fig. 4 ). The inter-observer agreement was

xcellent for all spinopelvic parameters (ICC > 0.924) ( Table 1 ). 

ssociation of fatty infiltration of paraspinal muscles, grade of stenosis and 

elvic alignment 

There was a strong correlation between aFI and age (R = 0.602,

 < 0.001). There were moderate correlations between severity of LSS

R = 0.445, P < 0.001), PI (R = 0.472, P < 0.001), PT (R = 0.424, P < 0.001),

nd PI-LL (R = 0.397, P < 0.001) and age. The correlation between SS
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Fig. 3. Distribution of fatty infiltration of 

paraspinal muscles (FI) and severity of lumbar 

spinal stenosis (LSS) at each level. 
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nd age was weak (R = 0.162, P = 0.038). LL did not correlate with

ge (R = 0.001; P = 0.986). aFI correlated significantly with PI, PT and

I-LL before (PI: R = 0.448, P < 0.001; PT: R = 0.456, P < 0.001; PI-LL:

 = 0.371, P < 0.001) and after adjusting for age (PI: R = 0.232; P = 0.003;

T: R = 0.278, P < 0.001; PI-LL: R = 0.180, P = 0.021). aFI did not correlate

ith SS (R = 0.113, P = 0.149) and LL (R = -0.009, P = 0.907). 

Severity of LSS correlated significantly with PI, PT and PI-LL be-

ore (PI: R = 0.187, P = 0.016; PT: R = 0.294, P < 0.001; PI-LL: R = 0.242,

 = 0.002) but not after adjusting for age (PI: R = -0.023, P = 0.713; PT:

 = 0.130, P = 0.097; PI-LL: R = 0.080, P = 0.302). Severity of LSS did not

orrelate with SS (R = -0.078, P = 0.321) and LL (R = -0.083, P = 0.288). 

FI correlated significantly with severity of LSS at levels L1-L2

R = 0.190; P = 0.014), L2-L3 (R = 0.239, P = 0.002), L3-L4 (R = 0.302,

 < 0.001), L4-L5 (R = 0.231, P = 0.003), but not at L5-S1 (R = 0.094,

 = 0.229). aFI correlated significantly with severity of LSS before

R = 0.349, P < 0.001) but not after adjusting for age (R = 0.114; P = 0.147).

Only severity of LSS correlated with BMI (R = 0.200, P = 0.010). 
4 
iscussion 

With the aging population, degenerative lumbar spinal stenosis has

ecome a common disease. Chronic LSS can affect the patient’s gait and

urther affect sagittal spinopelvic alignment [5] . PI, one of the most

mportant sagittal alignment parameters, is a morphological parame-

er that remains constant after maturity and reflects the relationship

etween the sacrum and iliac wings [19] . The definition of PI-LL mis-

atch has been regarded as the foundation of modern sagittal alignment

esearch [20] . Until now, potential correlations between LSS and sagit-

al alignment have not been explored. LSS can result from a number of

auses, such as the degeneration of disc and facet joint and hypertrophy

f the ligamentum flavum [2] . Paraspinal muscles are a large and com-

lex group of muscles that play an important role in low back pain [21] .

hese muscles degenerate with age [22] . Evidence for an association of

araspinal muscle degeneration such as fatty infiltration independent of

ge is currently lacking. 



Y. Zhang, F. Mandelli, A. Mündermann et al. North American Spine Society Journal (NASSJ) 5 (2021) 100054 

Fig. 4. Bland Altman plots of sagittal 

spinopelvic parameters for the intra-observer 

repeatability. In each graph the mean dif- 

ference is indicated by a solid line and the 

95% limits of agreement (1.96-fold standard 

deviation of difference) are indicated by 

dashed lines. PI —pelvic incidence; PT —pelvic 

tilt; SS —sacral slope; LL —lumbar lordosis; 

PI-LL —difference between PI and LL (pelvic 

incidence and lumbar lordosis mismatch). 
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We aimed to evaluate the association between fatty infiltration of

araspinal muscles, severity of LSS and sagittal pelvic alignment inde-

endent of age. It is important to note that muscle atrophy describes a

ecrease in muscle cross-sectional area while fatty infiltration describes

he fatty tissue (contrary of lean muscle tissue) within a muscle relative

o the muscle cross-sectional area. In our discussion, we refer to fatty

nfiltration or muscle atrophy according to the terminology used by the

espective literature. In our study, fatty infiltration of paraspinal muscles

ut not severity of LSS correlated with PI and PI-LL and fatty infiltration

f paraspinal muscles did not correlate with severity of LSS. Although

ll of these parameters change with age, the correlations among these

arameters were independent of age. These results suggest that fatty in-

ltration of paraspinal muscles is associated with sagittal spinopelvic

lignment that does not appear to be associated with the natural ag-

ng process. These results have important implications for the clinical

ssessment of patients with LSS. 

ge and spinopelvic alignment 

In our study, PI, PT and PI-LL correlated with age. PI, one of the most

mportant sagittal spinopelvic parameters, is a morphological parameter

hat remains constant after maturity, reflects the relationship between

he sacrum and iliac wings and determines the ideal sacral orientation
5 
nd ideal lumbar lordosis [19] . A high PI has been identified as one of

he causative factors in the development and progression of spondylolis-

hesis and is assessed when evaluating and treating spondylolisthesis

23] . PI increases in adolescence after the age of 10 years and remains

table after reaching its maximum value in adulthood [24] . Legaye et al.

19] demonstrated a strong correlation between increasing PI and the

ge of subjects over 60 years. In addition, Bao et al. and Place et al. also

bserved greater PI in older patients with degenerative spinal diseases

ue to the increase in L5-S1 moment [ 25 , 26 ]. Hence, our result of an

ssociation between PI and age is consistent with previous studies [25] .

PI-LL is a parameter that combines spine and pelvis alignment and is

lso of great value for evaluating sagittal alignment. PI-LL has been re-

orted to be a key factor impacting disability and health-related quality

f life scores in case of a mismatch of more than 10° [ 20 , 27 ]. The posi-

ive correlation between PI-LL and age indicates that older patients have

 higher risk of PI-LL mismatch probably because aging of the spine is a

yphosing process caused by a progressive loss of disc height and joint

egeneration [28] . 

atty infiltration of paraspinal muscles and spinopelvic alignment 

Fatty infiltration of paraspinal muscles correlated with PI, PT and PI-

L independently of age. Jun et al. [12] found that fatty degeneration
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a

orrelates with PT, LL and PI-LL but these authors did not account for

he effect of age. Our study confirmed these results: fatty infiltration of

araspinal muscles correlated positively with PI-LL. That means patients

ith greater fatty infiltration had greater sagittal spinopelvic alignment

ismatch. This association appears to be specific to patients with de-

enerative spinal deformity as it is not present in asymptomatic adult

ersons [ 29 , 30 ]. Because forces exerted by paraspinal muscles are nec-

ssary for maintaining an upright posture in patients with LSS one would

xpect that patients with loss of lordosis need stronger muscles to main-

ain an upright position. A previous study [5] suggested that there might

e a decompensation mechanism in the course of the disease eventually

eading to muscle atrophy. In our study, the lack of association between

atty infiltration of paraspinal muscles and LL suggests that patients may

ave compensatory posterior pelvic rotation (retroversion) that reduces

he forces exerted by paraspinal muscles and eventually leads to fatty

nfiltration, thus influencing the sagittal balance in a vicious cycle re-

ulting in progressive spine degeneration at the intervertebral disc and

acet joints. 

Muscle atrophy can occur for a number of reasons, including aging,

enervation, or disuse [22] . Fatty infiltration may cause the impairment

f muscular contractility which leads to the loss of muscle function [31] .

he muscular system plays a critical role in maintaining postural bal-

nce, and the paraspinal muscles are important for lumbar spine sta-

ility. Muscle atrophy and fatty infiltration have been associated with

egenerative diseases of spine presumably aggravating spinal deformity

32] . 

Xia et al. reported a significant correlation between relative cross-

ectional area (functional muscle relative to the area of vertebral

ody) of the erector spinae muscle (normalized to body cross-sectional

rea) at the L3-4 level and PI and between relative cross-sectional

rea of the multifidus muscle and LL but not between relative cross-

ectional area of the psoas and multifidus muscles and PI and LL

33] . The correlations reported by Xia et al. [33] and observed in

ur cross-sectional study do not allow to elucidate a causal rela-

ionship between muscle atrophy and spinopelvic alignment. It is

ossible that age associated fatty infiltration leads to accelerated

pinal degeneration or that spinal degeneration leads to fatty in-

ltration because of, for instance, increasing disuse with disease

rogression. 

everity of lumbar spinal stenosis and spinopelvic alignment 

Severity of LSS correlated with PI, PT and PI-LL only before adjust-

ng for age which indicates that the correlations were dependent on age.

hile several studies [ 27 , 34 ] on sagittal malalignment have focused on

atients with adult spinal deformity, there is currently little evidence

n sagittal malalignment in patients with LSS. PI was found not to differ

etween patients with LSS and the normal population [35] . Buckland

t al. [6] reported that foraminal stenosis severity was associated with

reater PI-LL and PT. In contrast to the study by Buckland et al. [6] , our

esults did not show a correlation between severity of LSS and PI or PT.

e believe that the lack of age-adjustment in their study may explain

his discordance because all of these parameters are associated with

ge. 

In our study, LL was not associated with severity of LSS. In pa-

ients with chronic LSS, forward bending is often “used ” with the aim

f expanding the volume of the central vertebral canal to relieve the

ymptoms, which also theoretically affects LL [6] . This position cor-

espondingly causes compensatory posterior pelvic rotation (retrover-

ion), which increases PT and decreases SS [6] . In our study, the severity

f LSS was not associated with these spinopelvic alignment parameters.

t is possible that other factors such as duration of symptoms or com-

ensation mechanism of knee flexion (not considered in our study) may

ffect this relationship. Based on our results, severity of LSS is not as-

ociated with sagittal alignment parameters. We still believe that spine

urgeons should pay attention to the sagittal alignment given its well-
6 
nown correlation to quality of life or mechanical failure after surgery

20] . 

everity of lumbar spinal stenosis and fatty infiltration of paraspinal 

uscles 

Fatty infiltration of paraspinal muscles correlated with severity of

SS only before adjusting for age indicating that the correlation was de-

endent on age. The correlation of overall fatty infiltration and highest

everity of stenosis was stronger than the correlation between these two

arameters on each level. LSS is caused by a variety of factors, such

s thickened ligament, degenerative arthritis and degenerative disc dis-

ase [2] . Muscle atrophy has been reported in patients with disc herni-

tion and chronic low back pain [35] . Very few studies evaluated mus-

le atrophy in patients with LSS and the conclusions were controver-

ial. For instance, Yarjanian et al. [3] reported greater muscle atrophy

n symptomatic LSS compared with low back pain alone. Fortin et al.

36] found an association between greater multifidus muscle atrophy

nd functional status in LSS patients. In contrast, another study reported

 negative association between fatty infiltration of paraspinal muscles

nd severity of LSS [5] . 

In our study, we found no association between fatty infiltration of

araspinal muscles and severity of LSS independent of age. Consistent

ith Kenichi et al. [37] , we found that the severity of LSS correlated

ith BMI. They found that people with a higher BMI had a kyphotic

nd forward bended position and less spinal flexibility. BMI is calcu-

ated based on body weight and does not reflect body fat fraction. The

orrelation between severity of LSS and BMI may be due to the presum-

bly greater load on the spine in a heavier person, which may lead LSS.

n our study fatty infiltration of paraspinal muscles was not associated

ith BMI suggesting that the presence of obesity does not directly imply

 higher percentage of fatty infiltration in paraspinal muscles. 

Overall, the association of fatty infiltration of paraspinal muscles

ith spinopelvic parameters independent of age and the lacking asso-

iation between fatty infiltration of paraspinal muscles and severity of

SS and between severity of LSS and spinopelvic parameters after ad-

usting for age suggest that fatty infiltration of paraspinal muscles plays

n important role in LSS. In our study, we only assessed the severity

f LSS radiologically, and clinical parameters such as pain or disease

elated disability were not investigated. While it is feasible that fatty

nfiltration of paraspinal muscles is an important aspect of the clinical

anifestation, further research is needed to elucidate this relationship in

SS. Nonetheless, our results suggest that fatty infiltration of paraspinal

uscles should be considered in the clinical evaluation of patients with

SS to gain a comprehensive understanding of the anatomical and phys-

ological status of each patient necessary for clinical decision making.

oreover, our results emphasize the importance of assessing fatty in-

ltration of paraspinal muscles and symptoms in patients with LSS in

esearch settings to further elucidate the etiology of this disease. 

The large sample size and single center setting with the same di-

gnostic algorithm is a major strength of this study. In this study, we

ssessed only radiographic indicators, and data on clinical parameters

uch as pain or disease related disability were not available hence pre-

luding an interpretation of the observed association with regards to

ymptoms. Although the Goutallier classification of fatty infiltration

eems reliable, there are difficulties in the actual measurement because

istinguishing between any two stages of fatty infiltration is sometimes

ifficult. Moreover, because the Goutallier classification is a qualitative

cale, it is presumably less precise and reliable than quantitative ways

f measuring muscle morphology such as cross-sectional area. Nonethe-

ess, the results reported here are relevant because the Goutallier clas-

ification is a routine assessment in clinical settings. Despite of these

imitations, this study clearly revealed the association among fatty in-

ltration of paraspinal muscles, severity of LSS and sagittal spinopelvic

lignment. 
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onclusions 

The correlation of aFI with sagittal spinopelvic parameters indicates

hat there might be a relationship between muscle characteristics and

he sagittal alignment. Sagittal spinopelvic parameters and fatty infiltra-

ion of paraspinal muscles are not associated with radiological severity

f LSS. Whether they are associated with clinical manifestation of LSS

emains to be investigated. 
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