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Abstract 

 

Study design: Retrospective analysis of prospectively collected data study. 

Objective: To study the prognostic value of lumbar paravertebral muscles atrophy on clinical 

outcome after surgery on patients with symptomatic lumbar disc herniation. 

Summary of Background Data: Cross sectional area (CSA) and fat infiltration (FI) are the best 

parameters to assess paravertebral muscle atrophy. The role of muscle atrophy in the outcome of 

patients with symptomatic lumbar disc herniation undergoing surgery remains unclear. 

Methods: Patients over 18 years of age with lumbar disc herniation and radicular pain who 

underwent single-level discectomy were included. Multifidus, erector spinae and psoas CSA and 

FI were measured by ImageJ software at the levels of L3-L4, L4-L5 and L5-S1 from T2-weighted 

Magnetic Resonance axial images. Clinical status was assessed preoperatively and one-year after 

surgery with patient reported outcome measurements (PROMS), that included Numeric Rating 

Score for back and leg pain, Core Outcome Measurement Index (COMI), Oswestry Disability 

Index and EuroQoL-5D. Univariate and multiple linear regressions were performed. 

Results: There were negative correlations between psoas muscle CSA on the symptomatic side 

and preoperative PROMS. Erector spinae FI was the only muscle-related factor that correlated to 

post-surgery PROMS. Postoperative COMI was higher in patients with FI>30% (median: 4.4, 

IQR: 3.2) and lower when FI<15% (median: 1.2, IQR: 1.6) (Kruskal-Wallis, p<0.001). Male 

gender was associated with better outcome as well as erector spinae FI<15%, while FI >30% was 

related to worse postoperative status. 

Conclusions: In the current study, increased fat infiltration of erector spinae muscles correlated 

to less favourable clinical outcomes following lumbar discectomies. 

 

 

Key words: Fat infiltration, paravertebral lumbar muscle, lumbar disc herniation, outcome, 

lumbar surgery, erector spinae muscle  
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Resumo 

 

Desenho do estudo: Análise retrospetiva de dados recolhidos prospetivamente. 

Objetivo: Estudar a influência da atrofia dos musculos paravertebrais no outcome clínico de 

doentes com hérnia discal lombar sintomática submetidos a discectomia. 

Contextualiazação teórica: A cross sectional area (CSA) e a infiltração adiposa (FI) são os 

melhores parâmetros para avaliar a atrofia dos músculos paravertebrais. A influência da atrofia 

muscular no prognóstico de doentes com hérnia discal lombar submetidos a discectomia 

permanence ainda incerta.  

Métodos: Doentes com idade superior a 18 anos, com hérnia discal lombar e dor radicular, 

submetidos a discectomia lombar a um nível, foram incluídos no estudo. A CSA e a FI dos 

músculos multífidos, eretor da espinha e psoas foram analisadas com o Software ImageJ, nos 

níveis L3-L4, L4-L5 e L5-S1, em cortes axiais de Ressonância Magnética ponderadas em T2. O 

estado clínico dos doentes foi avaliado no pré-operatório e um ano após a cirurgia, com 

questionários PROM (patient reported outcome measurements), que incluiram o Numeric Rating 

Score para dor lombar e membro inferior, Core Outcome Measurement Index (COMI), Índice de 

Incapacidade de Oswestry e o EuroQoL-5D. Foram realizadas regressão simples univariada e 

linear múltipla.  

Resultados: Registaram-se correlações negativas entre a CSA do músculo psoas do lado 

sintomático e os questionários PROM pré-operatórios. A FI do eretor da espinha foi o único fator 

relacionado com os PROM pós-operatórios. O COMI pós-operatório foi maior no grupo com 

FI>30% (mediana: 4,4; intervalo interquartil: 3,2) e menor no grupo com FI<15% (mediana: 1,2; 

intervalo interquartil: 1,6) (Kruskal-Wallis; p<0,001). O sexo masculino foi associado a 

melhores outcomes pós-operatórios, assim como FI<15% do eretor da espinha, enquanto 

que uma FI>30% se relacionou com um pior estado pós-operatório. 

Conclusões: neste estudo, uma maior infiltração adiposa nos músculos eretores da espinha 

correlacionou-se com outcomes pós-operatórios menos favoráveis após discectomia lombar 

 

Palavras-chave: Infiltração adiposa, músculos paraverterbrais, hérnia discal lombar, outcome, 

cirurgia lombar, músculo eretor da espinha 
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Introduction 

Lumbar disc herniation is a highly prevalent degenerative spine condition. When a 

protruding disc compresses a nerve root it triggers low back pain (LBP), leg pain (sciatica) and 

movement restrictions [1]. Lumbar discectomy is the gold standard treatment for symptomatic 

lumbar disc herniation unresponsive to conservative care and requiring surgery. Although most 

patients treated with surgery have favourable outcomes, a significant part of them fall short of 

expectations [2, 3]. Multiple factors have been shown to negatively influence clinical outcomes, 

such as older age and female gender [4], mood disorders and smoking habits [5], physical 

inactivity [6, 7], patients’ expectations and longer symptom duration [8]. However, the evidence 

for the role of anatomical characteristics in clinical outcome is scarce [9]. 

Paravertebral muscles act as structural and functional stabilizers of the spine [10, 11] and 

Magnetic Resonance Imaging (MRI) allows to determine the cross sectional area (CSA) as well 

as fat infiltration (FI) of these muscles, which are considered the best parameters to assess muscle 

atrophy [12, 13]. Fat infiltration reduces contractile and functional capacity of muscles [14-16]. 

Literature demonstrates higher atrophy levels of the paravertebral muscles in symptomatic 

patients with LBP, when compared to asymptomatic groups [1, 17]. Several studies suggest that 

fatty infiltration is higher on women, increases with aging, and seems to be more pronounced on 

the lower spine levels suggesting a caudal-cranial distribution [14, 18, 19]. However, the role of 

muscle atrophy in the outcome of patients with symptomatic lumbar disc herniation undergoing 

surgery remains controversial [20].  

The aim of this study is to investigate the association between muscle atrophy on pre-

operative MRI and clinical outcomes one year after lumbar discectomy, in order to understand if 

paravertebral muscles parameters can be used as a prognostic factor of clinical outcome. 

 

Materials and Methods 

A retrospective analysis of prospectivelly collected data was conduced, selecting all 

patients over eighteen years old with lumbar disc herniation and radicular pain who underwent 

single-level discectomy at our department from January 2016 to December 2019. Study protocol 

and investigation were approved by the hospital’s ethics committee. 

Patients with deformities (scoliosis and kyphosis), spondylolisthesis, spinal stenosis, 

fractures, tumours and infections or previous lumbar surgeries were excluded.  

All patients underwent lumbar spine MRI previously to surgery. Axial T2-weighted MRI 

slices at the levels of L3-L4, L4-L5 and L5-S1 intervertebral discs were selected; in each level, 

paravertebral muscles (multifidus, erector spinae and psoas) were investigated bilaterally. For 

each patient 36 measurements were undertaken. ImageJ software 1.8.0_112 version (National 
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Institutes of Health, Bethesda, USA) was used to define regions of interest (ROI) which were the 

cross sectional areas (CSA), by manually delimiting muscular edges of multifidus, erector spinae 

and psoas according to the method proposed by Crawford et al [21]. The percentage of fat 

infiltration of paravertebral muscles (FI) was calculated by ImageJ software pseudo-colouring 

method, applying automatic thresholds (figure 1).  

Clinical status was assessed according to preoperative and one-year postoperative patient 

reported outcome measurements (PROMS) questionnaires that included Pain Numeric Rating 

Scale (NRS) for back and leg pain, Core Outcome Measurement Index (COMI), Oswestry 

Disability Index (ODI) and EuroQoL-5D (EQ5D).  

Patients’ data were obtained from clinical records and included age, gender, weight (kg), 

height (cm), body mass index (kg/m2), smoking status, antidepressant medication and 

rehabilitation prior to surgery. Surgical data were also collected, such as surgery date, lumbar 

level of discectomy and side 

 

Statistical Analysis 

R software (R Foundation for Statistical Computing, Vienna, Austria) version 4.0.3 was 

used for data analysis. Sample size calculation as performed considering postoperative COMI as 

the primary end point, leading to COMI mean comparison between two groups according to 

muscle characteristics (CSA or FI). The calculated sample size was 98, for one sided T-test, 

significance level of 0.05, power of 0.95 and effect size of 0.67. Effect size was calculated 

according to Cohen [22]: for means difference we used 1.7, the minimal clinically important 

difference (MCID) for portuguese language COMI [23], and we considered the standard deviation 

(SD) of 2.7 for postoperative COMI in patients with disc herniation (DH) from the study by 

Mannion et al [3]. 

Spearman’s correlation (rs) was used for correlation between continuous variables; 

Kruskal-Wallis or Wilcoxon tests for mean comparison between independent or dependent 

samples, Fisher’s test was used for associations between categorical variables.  

Multiple linear regression was performed for adjustment for other variables. Decisions 

about the independent variables to include in the model were done by univariable selection with 

simple linear regression, based in a threshold of 0.1 for p-value, and then with backward selection. 

Continuous variables with non-linear relations to outcome were splitted in categories, based on 

visual plot analysis (locally estimated scatterplot smoothing) and in a step function (Supplemental 

file). 

 

 

 



6 

 

Results 

From 251 patients screened for eligibility, 112 patients (59 female and 53 male) were 

included in this study (Fig. 2). The mean age was 46.1±12.7 years, ranging between 20 and 78 

years old. The average BMI was in the overweight category (27.1± 3.89 kg/m2). Lumbar 

discectomies were performed at levels L2-L3 (1.8%), L3-L4 (4.5%), L4-L5 (48.2%) and L5-S1 

(45.5%). Demographic data are presented in Table 1. 

Regarding the morphology of paravertebral muscles on MRI, erector spinae had the highest 

median cross section area (CSA) values (3025; IQR: 1845-3955), followed by multifidus (1703; 

IQR: 1176-2497) and psoas (195; IQR: 119-314). For erector spinae the median fat infiltration 

(FI) was also higher (27%; IQR: 21-33%) than for multifidus (19%; IQR: 13-25%) and psoas 

(2%; IQR: 1-3%) (Table 1). Fat infiltration percentage increased slightly from L3-L4 to L5-S1 on 

erector spinae and multifidus muscles. Psoas muscle CSA and FI remained stable across all spinal 

levels (Fig. 3). For each muscle, no significant differences were found between sides for CSA or 

FI (Wilcoxon tests, p values between 0.12 and 0.85). According to these results, median values 

of CSA and FI per muscle were obtained, grouping level and side, and those medians were used 

in the subsequent analyses. 

 

MRI analysis and pre-surgery clinical assessment 

Psoas muscle CSA expressed weak to moderate correlations with pre-surgical PROMS, 

specifically with COMI (rs=-0.29), ODI (rs=-0.32) and EQ5D(rs=0.28) scores. Both the CSA and 

FI of multifidus and erector spinae presented no correlation with patient clinical status before 

surgery. The association of psoas muscle CSA with preoperative scores was related to sciatica 

side. We found negative correlations between psoas muscle CSA on the symptomatic side and 

preoperative ODI, COMI and NRS-leg scores (rs = -0.3, -0.27 and -0.26, respectively).  

 

MRI analysis and post-surgery clinical assessment 

Erector spinae FI was the only muscle-related factor that correlated to post-surgery 

PROMS. In particular, erector spinae FI had a moderate correlation with postoperative COMI 

(rs=0.38), leg NRS (rs=0.39) and EQ5D (rs=-0.3); and weak correlations with postoperative ODI 

and NRS-back (rs=0.26 and 0.24). 

To understand if FI of erector spinae was an independent factor related to postoperative 

COMI, a multiple linear regression model was performed to control confounding variables. For 

factors selection, univariable simple linear regression was used and identified gender (p<0.001), 

age (p=0.02) and height (p=0.01) as being associated with postoperative COMI (supplemental 
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file). As the relation between erector spinae FI and postoperative COMI was not linear (Fig. 4), 

that variable was split in three groups: FI < 15% (10% of patients), FI 15-30% (59% of patients), 

FI > 30% (31% of patients). This split was based in visual plot analysis (Fig. 4) and in a step 

function (supplemental file). From clinical and statistical perspective, postoperative COMI was 

significantly different according to erector spinae FI groups (boxplots – fig. 4): postoperative 

COMI was higher in FI > 30% group (median: 4.4, IQR: 3.2) and lower in FI < 15% (median: 

1.2, IQR: 1.6) (Kruskal-Wallis, p<0.001). Table 2 summarizes baseline characteristics of the 

patients included in each of the three groups. 

Multiple linear regression model is displayed in table 3. After backward variable selection, 

only erector spinae FI and gender were independent factors related to postoperative status 

measured by COMI. Male gender was associated with better outcome as well as erector spinae FI 

< 15%, while FI > 30% was related to worse postoperative status.  

 

Discussion 

Integrity of the paravertebral muscles (multifidus, erctor spinae and psoas) ensures the 

normal function and alignment of the spine [15]; this musculature contains a high proportion of 

low tonic and fatigue-resistant fibers (type I), reflecting their role in maintaining posture and joint 

stability [1]. On the other hand, fat infiltration of these muscles is a sign of atrophy and has been 

associated with functional impairment, spine instability and low back pain [16]. Physical 

inactivity has also been correlated with atrophy and morphological abnormalities in the lumbar 

spine, which results in low back pain and disability [6].  

Lumbar disc herniation may cause nerve roots impairment, which leads to structural 

changes in paravertebral muscles, such as increased fatty infiltration, atrophy of type I fibers and 

conversion to type II fibers [1], which can be related to low back pain and poorer spine function. 

In the current study, fat infiltration of the multifidus and erector spinae muscles revealed no 

correlation to preoperative PROMS. This result is in line with a retrospective study, conducted 

by Bhadressha et al. [24], including 165 patients with lumbar disc herniation, which concluded 

that muscle atrophy and fat content of lumbar paravertebral muscles were not associated with 

PROMS. Similar findings were reported by Hildebrandt et al., who found no significant 

correlation between fat infiltration of the multifidus muscles and self-assessed functional 

disability [25]. In the present study, we found weak to moderate correlations between psoas 

muscle CSA and preoperative PROMS. In addition, lower psoas CSA values on the sciatica side 

related to higher leg pain scores and disability levels, as assessed by the COMI and ODI scores. 

Barker et al. also found a positive correlation between the decrease in CSA of the psoas on the 

affected side and the pain scores [26].  Arabanas et al, found contradictory results, suggesting that 

patients with degenerative lumbar spine changes had bigger CSA of psoas muscles compared to 
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asymptomatic controls [27]. Despite this, the literature evidence about MRI features of psoas 

muscles and clinical outcomes is still unclear and controversial [26, 27].  

In the present study, we performed a multilevel spine muscles evaluation that demonstrated 

a tendency of cranial to caudal increase of FI on erector spinae and multifidus. Several other 

studies found the exact same results, in which fat infiltration was far more evident on the lower 

lumbar spine levels [1, 10, 13, 24]. Hence, as stressed by Urrutia et al. no single-level muscle 

features are representative of the whole lumbar spine [13]. 

The literature raises the hypothesis that paravertebral muscle atrophy and higher levels of 

fat infiltration are related to less favourable clinical outcome after lumbar discectomy surgery, 

even though scientific evidence is still very limited. Storheim et al. found, in a randomized study 

with 173 patients submitted to a total disc replacement, that a lower multifidus fat infiltration ratio 

predicted a better clinical outcome [10]. Similar results were reported by Yang Liu et al. and Zotti 

and al., who concluded that less preoperative fat infiltration of the multifidus muscles is a 

predictor of better clinical outcome in patients with lumbar spinal stenosis [11, 28]. Our study 

found no correlation between multifidus CSA and postoperative outcomes. However, lower rates 

of fat infiltration of the erector spinae muscles were related to better postoperative clinical 

outcomes. All these results together support the hypothesis that muscle atrophy and especially 

higher levels of fat infiltration are related to poor prognosis and could be an effective prognostic 

measure of postoperative outcomes. However, unlike the present research, most of the referred 

studies did not follow either a standard quantitative or semi-quantitative calculation for ROI, did 

not specify the muscular groups and did not include pre and postoperative patient outcome 

measures.  

Regarding age and gender factors, our results are in line with previous reported results. Our 

analysis indicated that older patients presented higher fat infiltration rates, which supports the 

physiopathological evidence that the aging process decreases skeletal muscle mass and promotes 

its replacement by noncontractile connective tissue [14, 18, 24, 29-31]. In accordance to former 

reports, we did not find any effect of BMI on paravertebral muscle atrophy [7, 32]. It is possible 

that higher BMI values, by themselves do not translate into an increase in adipose infiltration at 

the paravertebral muscles. Smoking habits, antidepressant medication and physical therapy prior 

to surgery, none of them seemed to correlate with paravertebral atrophy, nor influence 

postoperative outcome. 

This study emphasizes that multiple factores are likely to influence postoperative outcomes 

after lumbar discectomy. Patients with worse paravertebral musculature, higher percentage of 

fatty infiltration of erector spinae muscles and female patients presented poorer clinical outcomes. 

This knowledge may guide our practice and help encouraging patients to reduce inactivity and 

implement supervised and specific training to improve their functionality, muscle-mass and 

hopefully reach better postoperative outcomes [15]. Few studies have suggested that specific 
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training can reduce symptoms and reverse the degenerative process in paravertebral muscles. Kim 

et al. [33] reported positive results after eight weeks of training in patients with degenerative disc 

disease. A case-control study, by Storheim et al. [10] revealed a tendency to increase muscle CSA 

and density in the group of patients who practiced a biweekly exercise protocol for 15 weeks. 

Some limitations can be identified in this study. It is a single-centre study with a 

retrospective design, which limits the generalizability of the results. Surgeries were performed by 

different surgeons; therefore, it is not possible to appraise whether technical variations can impact 

the outcomes, in spite that most surgeries were performed by a small number of spine-specialized 

neurosurgeons using a similar surgical technique in the same operative room. There is also the 

possibility for other potential confounders, such as further medical comorbidities not taken into 

analysis. Although the sample size is modest (n=112), this study is adequately powered to 

demonstrate associations between paravertebral fat infiltration and clinical outcome. Validated 

and widely used patient-reported outcome scores were selected and a quantitative method was 

applied to assess the CSA and fat infiltration of the paravertebral muscles instead of a visual semi-

quantitative method.  

 

Conclusion 

To our knowledge, this is the first study to demonstrate an association between erector 

spinae muscles anatomy on pre-operative MRI and postoperative clinical outcome in patients with 

symptomatic lumbar disc herniations. Increased fat infiltration of erector spinae muscles 

correlated to less favourable clinical outcomes following lumbar discectomies.  
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Table 1 - Patient demographic and paraspinal muscle characteristics 

 Overall (N=112) 

Gender  

Female 59 (52.7%) 

Male 53 (47.3%) 

Age, mean (SD) 46.1 (12.7) 

BMI, mean (SD) 27.1 (3.9) 

Rehabilitation prior to surgery  

No 25 (22.3%) 

Yes 87 (77.7%) 

Smoker  

No 84 (75.0%) 

Yes 28 (25.0%) 

Antidepressant drugs  

No 64 (57.1%) 

Yes 48 (42.9%) 

Level  

L2-L3 2 (1.8%) 

L3-L4 5 (4.5%) 

L4-L5 5 (4.5%) 

L5-S1 51 (45.5%) 

Pain Side  

Left 60 (53.6%) 

Right 45 (40.2%) 

Bilateral 7 (6.2%) 

Preoperative PROMS, median (IQR)  

COMI  7.8 (6.4, 9.0) 

ODI  46.0 (34.8, 62.0) 

NRS back  7.0 (5.0, 8.0) 

NRS leg  8.0 (6.0, 9.3) 

EQ-5D  0.516 (-0.009, 0.620) 

Postoperative PROMS, median (IQR)  

COMI  3.2 (1.5, 4.9) 

ODI  22.0 (12.0, 36.0) 

NRS back  3.0 (1.0, 5.3) 

NRS leg  3.0 (1.8, 5.0) 

EQ-5D  0.795 (0.648, 0.879) 

CSA, median (IQR)  
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Erector spinae 3025.250 (1844.875, 3955.125) 

Multifidus 1702.500 (1175.625, 2495.625) 

Psoas 195.250 (119.125, 313.625) 

Fat Infiltration %, median (IQR)  

Erector spinae 26.517 (20.816, 31.861) 

Multifidus 19.191 (13.219, 24.536) 

Psoas 1.977 (1.275, 2.945) 
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Table 2 – Baseline characteristics of the patients included in each of the three groups for FI of 

erector spinae. 

 FI ≤ 15% (N=11) 15-30% (N=66) FI ≥ 30% (N=35) p value 

Gender    0.2221 

Female 3 (27.3%) 36 (54.5%) 20 (57.1%)  

Male 8 (72.7%) 30 (45.5%) 15 (42.9%)  

Age, median (IQR) 35.000 (30.500, 

42.000) 

45.500 (36.000, 

50.750) 

50.000 (43.000, 

63.000) 

<0.0012 

BMI, median (IQR) 24.690 (23.720, 

27.750) 

26.310 (24.260, 

28.075) 

28.410 (25.315, 

32.165) 

0.0192 

Rehabilitation prior to 

surgery 

   0.1571 

No 5 (45.5%) 14 (21.2%) 6 (17.1%)  

Yes 6 (54.5%) 52 (78.8%) 29 (82.9%)  

Smoker    0.2561 

No 6 (54.5%) 51 (77.3%) 27 (77.1%)  

Yes 5 (45.5%) 15 (22.7%) 8 (22.9%)  

Antidepressant drugs    0.5381 

No 8 (72.7%) 37 (56.1%) 19 (54.3%)  

Yes 3 (27.3%) 29 (43.9%) 16 (45.7%)  

Preoperative PROMS, 

median (IQR) 

    

COMI  7.800 (6.450, 

9.025) 

7.600 (6.525, 

8.950) 

7.900 (6.425, 9.05) 0.8062 

ODI  48.000 (25.000, 

68.000) 

46.000 (38.000, 

60.000) 

46.000 (35.000, 

59.000) 

0.9972 

NRS back  7.000 (4.500, 

8.500) 

7.000 (5.000, 

8.000) 

7.000 (5.000, 9.000) 0.9912 

NRS leg  6.000 (4.000, 

8.500) 

8.000 (6.000, 

9.000) 

8.000 (6.500, 10.000) 0.3032 

EQ-5D  0.516 (0.353, 

0.603) 

0.364 (-0.016, 

0.620) 

0.516 (0.055, 0.587) 0.6162 

Preoperative PROMS, 

median (IQR) 

    

COMI  1.300 (0.850, 

3.050) 

2.900 (1.400, 

4.475) 

4.400 (2.825, 6.050) 0.0022 

ODI  22.000 (10.000, 

24.000) 

19.000 (12.000, 

32.000) 

28.000 (17.000, 

40.000) 

0.0642 
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NRS back  2.000 (0.000, 

3.500) 

3.000 (2.000, 

4.750) 

5.000 (1.000, 6.000) 0.1172 

NRS leg  2.000 (0.000, 

3.500) 

2.000 (1.000, 

4.750) 

5.000 (3.000, 7.000) 0.0012 

EQ-5D  0.837 (0.837, 

1.000) 

0.782 (0.682, 

0.879) 

0.727 (0.592, 0.837) 0.0322 

CSA, median (IQR)     

Erector spinae 1251.500 

(1151.500, 

2368.750) 

3039.000 

(1816.750, 

3940.375) 

 

3219.500 (2635.750, 

4635.750) 

0.0022 

Multífidus 1010.500 

(637.500, 

1702.250) 

1751.000 

(1116.000, 

2628.750) 

1777.000 (1449.000, 

2797.250) 

0.0202 

Psoas 144.000 (96.000, 

380.250) 

187.000 (117.375, 

274.000) 

244.000 (136.000, 

338.000) 

0.2372 

Fat infiltration, 

median (IQR) 

    

Erector spinae 12.003 (11.124, 

12.399) 

24.285 (20.513, 

27.240) 

34.681 (32.029, 

39.965) 

< 0.0012 

Multífidus 10.308 (8.470, 

12.479) 

17.309 (13.154, 

22.723) 

17.309 (13.154, 

22.723) 

< 0.0012 

Psoas 1.117 (0.657, 

1.667) 

1.756 (1.116, 

2.815) 

2.551 (1.848, 4.373) < 0.0012 

 

1. Fisher’s Exact Test for Count Data 

2. Kruskal-Wallis rank sum test 
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    Table 3 – Multivariable regression model for postoperative COMI. 

Characteristic Beta 95% CI p-value 

(Intercept) 2.5 1.2, 3.9 <0.001 

Fat infiltration  of erector 

spinae 

   

≤ 15% — —  

15-30% 1.1 -0.28, 2.4 0.12 

≥30% 2.4 1.0, 3.8 0.001 

Gender    

Female — —  

Male -1.1 -1.8, -0.29 0.007 
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Figure 1. Regions of interest (ROI) (A) and fat infiltration (B) of paravertebral muscles 

measured by ImageJ software pseudo-colouring method, applying automatic thresholds. 

 

 

 

 

 

Figure 2 - Flow diagram of participant screening, exclusion, and analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Patients who underwent lumbar discectomy from 

January 2016 to December 2019 (n=251) 

Analyzed (n=112) 

Excluded (n=139) 

 1 under eighteen years old; 

 75 prior lumbar surgery; 

 11 multi-level lumbar surgery; 

 25 without accessible preoperative MRI; 

 3 scoliosis; 

 1 spondylolisthesis; 

 2 without demographic data; 

 20 not answered preoperative PROMS; 

 1 loss of follow-up. 

 

A. B. 



19 

Figure 3 – Cross sectional area (CSA) (A) and fat infiltration (FI) percentage (B) at each disc 

level for erector spinae, multifidus and psoas muscles. 

 

 

 

 

 

  



20 

 

Figure 4 – Relation between erector spinae FI and postoperative COMI. Boxplots: Postoperative 

COMI according to erector spinae FI groups.  
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Normas de publicação da revista Spine 

 

Spine 

Spine is a peer-reviewed, multidisciplinary journal directed to an audience of spine physicians 

and scientists. The journal publishes original articles in the form of clinical and basic research. 

Spine will only publish studies that have institutional review board (IRB) or similar ethics 

committee approval for human and animal studies and have strictly observed a sufficient 

follow-up period. With the exception of reference presentation, Spine requires that all 

manuscripts be prepared in accordance with the Uniform Requirements for Manuscripts 

Submitted to Biomedical Journals. We follow the COPE guidelines. 

Spine periodically publishes the following special sections: Controversy, Historical Perspective, 

Journal Club, Legal Forum, and Spine Update. 

Manuscript Submission 

Authors are to submit their manuscripts through the Web-based tracking system 

at http://spine.edmgr.com/. The site contains instructions and advice on how to submit 

manuscripts, guidance on the creation/scanning and saving of electronic art, and supporting 

documentation. In addition to allowing authors to submit manuscripts on the Web, the site 

allows authors to follow the progression of their manuscript through the peer review process. 

Authors who submit their manuscripts through the Web-based tracking system are asked not 

to send hard copies of the manuscript to the editorial office. Address all inquiries regarding 

manuscripts not yet accepted or published to the Journal's editorial office. The editorial office 

will acknowledge receipt of your manuscript and will give you a manuscript number for 

reference. Authors are instructed to select the Level of Evidence of their study using the Oxford 

Centre for Evidence Based Medicine Table (http://www.cebm.net/wp-

content/uploads/2014/06/CEBM-Levels-of-Evidence-2.1.pdf). Basic Science, Biomechanics, 

and Case Report papers do not require levels of evidence. 

 

Revised Submission 

Author's comments to the reviewers are required for revised submissions. Authors must 

address the reviewer's concerns/suggestions, whether the change is made or not. Authors 

must also highlight the changes made within the text. Do not track the additions or deletions 

to the manuscript. 

Patient anonymity and informed consent. It is the author's responsibility to ensure that a 

patient's anonymity be carefully protected and to verify that any experimental investigation 

with human subjects reported in the manuscript was performed with informed consent and 

followed all the guidelines for experimental investigation with human subjects required by the 

institution(s) with which all the authors are affiliated. Authors should mask patients' eyes, 

private parts and remove patients' names from all figures. Photographs of patients should have 

bars placed over the eyes. In addition, permission from the patient is required and must be 

submitted with the manuscript. 

http://publicationethics.org/files/Sharing%20_of_Information_Among_EiCs_guidelines_web_version.pdf
http://spine.edmgr.com/
http://www.cebm.net/wp-content/uploads/2014/06/CEBM-Levels-of-Evidence-2.1.pdf
http://www.cebm.net/wp-content/uploads/2014/06/CEBM-Levels-of-Evidence-2.1.pdf
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including financial, consultant, institutional and other relationships that might lead to bias or 
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STROBE Statement—Checklist of items that should be included in reports of cohort 

studies  

 

 

*Give information separately for exposed and unexposed groups. 

 



 

 

Note: An Explanation and Elaboration article discusses each checklist item and gves methodological 

background and published examples of transparent reporting. The STROBE checklist is best used in 

conjunction with this article (freely available on the Web sites of PLoS Medicine at 

http://www.plosmedicine.org/, Annals of Internal Medicine at http://www.annals.org/, and Epidemiology 

at http://www.epidem.com/). Information on the STROBE Initiative is available at http://www.strobe-

statement.org. 

 

Item 1: Página 2 - “Retrospective analisys of prospective collected data study”, “study the prognostic value 

of paravertebral lumbar muscles atrophy on clinical outcome after lumbar surgery on patients with 

symptomatic lumbar disc herniation”, “Increased fat infiltration of erector spinae muscles correlates to less 

favourable clinical outcomes following lumbar discectomies”. 

Item 2 Background/rationale: Página 4 – “the role of muscle atrophy in the outcome of patients with 

symptomatic lumbar disc herniation undergoing surgery remains controversial” 

Item 3 Objectives: Página 4 – “The aim of this study is to investigate the association between muscle 

atrophy on pre-operative MRI and clinical outcomes one year after lumbar discectomies, in order to 

understand if paravertebral muscles parameters can be used as a prognostic value of clinical outcome” 

Item 4 Study design: Página 4 – “We conduced a retrospective analysis of prospectivelly collected data” 

Item 5 Setting: Página 4 – “patients who underwent single-level discectomy at our department from 

January 2016 to December 2019” 

Item 6 Participants: Página 4 e 5 – “patients over eighteen years old with lumbar disc herniation and 

radicular pain”, “Patients with deformities (scoliosis and kyphosis), spondylolisthesis, spinal stenosis, 

fractures, tumours and infections or previous lumbar surgeries were excluded”, “Clinical status was 

assessed according to preoperative and one-year postoperative patient reported outcome measurements 

(PROMS) questionnaires”. 

Item 7 Variables: Página 5 – “define regions of interest (ROI) which were the cross sectional area (CSA)”, 

“define regions of interest (ROI) which were the cross sectional area (CSA)”, “Pain Numeric Rating Scale 



 

(NRS) for back and leg pain, Core Outcome Measurement Index (COMI), Oswestry Disability Index (ODI) 

and EuroQoL-5D”, “included age, gender, weight (kg), height (cm), body mass index (kg/m2), smoking 

status, antidepressant medication and rehabilitation prior to surgery”. 

Item 8 Data sources/ measurement: Página 5 – “area (CSA), by manually delimiting muscular edges of 

multifidus, erector spinae and psoas according to the method proposed by Crawford et al. The percentage 

of fat infiltration of paravertebral muscles (FI) was calculated by ImageJ software pseudo-colouring 

method, applying automatic thresholds”. 

Item 9 bias: Página 4 - “was calculated by ImageJ software pseudo-colouring method” 

Item 10 Study size: Página 5 – “Sample size calculation as performed considering postoperative COMI as 

the primary end point, leading to COMI mean comparison between two groups according to muscle 

characteristics (CSA or FI). The calculated sample size was 98, for one sided T-test, significance level of 

0.05, power of 0.95 and effect size of 0.67” 

Item 11 Quantitative variables: Página 5 – “Continuous variables with non-linear relations to outcome 

were splitted in categories, based on visual plot analysis (locally estimated scatterplot smoothing) and in a 

step function.” 

Item 12 Statistical methods: Página 5 – “Spearman’s correlation was used for correlation between 

continuous variables, Kruskal-Wallis or Wilcoxon tests for mean comparison between independent or 

dependent samples, Fisher’s test was used for categorical variables associations”, “Multiple linear 

regression was performed” 

Item 13 Participants: Página 6– “From 251 patients screened for eligibility, 112 patients (59 female and 

53 male) were included in this study (Fluxogram - Fig. 2). 

Item 14 Descriptive data: Página 6 – “The mean age was 46.1±12.7 years, ranging between 20 and 78 

years old. The average BMI was in the overweight category (27.1± 3.89 kg/m2). Lumbar discectomies were 

performed at levels L2-L3 (1.8%), L3-L4 (4.5%), L4-L5 (48.2%) and L5-S1 (45.5%). Demographic data 

are presented in Table 1.” 

Item 15 Outcome data: Página 6 – “erector spinae had the highest median cross section area (CSA) values 

(3025; IQR: 1845-3955)”, “For erector spinae the median fat infiltration (FI) was also higher (27%; IQR: 

21-33%)”. 

Item 16 Main results: Página 6 e 7 – “Psoas muscle CSA expressed weak to moderate correlations with 

pre-surgical PROMS”, “negative correlations between psoas muscle CSA on the symptomatic side and 

preoperative ODI, COMI and NRS-leg scores (Spearman ρ = -0.3, -0.27 and -0.26, respectively)”,” 

univariable simple linear regression was used and identified sex (p<0.001), age (p=0.02) and height 

(p=0.009) associated with postoperative COMI”,” postoperative COMI was significantly different 

according to erector spinae FI groups (boxplots – fig. 5): postoperative COMI was higher in FI > 30% 

group (median: 4.4, IQR: 3.2) and lower in FI < 15% (median: 1.2, IQR: 1.6) (Kruskal-Wallis, p<0.001)” 

Item 18 Key results: Página 8 – “lower rates of fat infiltration of the erector spinae muscles were related 

to better postoperative clinical outcomes.” 



 

Item 19 Limitations: Página 9 – “Some limitations can be identified in this study. It is a single-centre study 

with a retrospective design, which limits the generalizability of the results. Surgeries were performed by 

different surgeons, therefore, it is not possible to appraise whether technical variations can impact the 

outcomes, in spite that most surgeries were performed by a small number of spine-specialized 

neurosurgeons using similar a surgical technique in the same operative room. There is also the possibility 

for other potential confounders, such as further medical comorbidities not taken into analysis” 

Item 20 Interpretation: Página 8 – “The literature raises the hypothesis that paravertebral muscle atrophy 

and higher levels of fat infiltration are related to less favourable clinical outcome after lumbar discectomy 

surgery, even though scientific evidence is still very limited. Storheim et al. found, in a randomized study 

with 173 patients submitted to a total disc replacement, that a lower multifidus fat infiltration ratio predicted 

a better clinical outcome [10]. Similar results were reported by Yang Liu et al. and Zotti and al., who 

concluded that less preoperative fat infiltration of the multifidus muscles is a predictor of better clinical 

outcome in patients with lumbar spinal stenosis [11, 28].” 

Item 21 Generalisability: Página 9 – “Although the sample size is modest (n=112), this study is adequately 

powered to demonstrate associations between paravertebral fat infiltration and clinical outcome” 

 


