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Background:  Lumbar  spinal  stenosis  is degenerative  disc  disease  most  common  manifestation.  If stenosis
degree  seems  poorly  related  to  symptom  severity,  lumbar  muscles  role  is  recognized.  Many  studies
report  imaging  methods,  to analyze  muscle  volumes  and  fat  infiltration  (FI),  but  remain  limited  due  to
the  difficulty  to represent  entire  muscle  volume  variability.  Recently  a 3D  muscle  reconstruction  protocol
(using  the  deformation  of a parametric  specific  object  method  (DPSO)  and  three-point  Dixon  images)  was
reported.  It  offers  the  ability  to  evaluate,  muscles  volumes  and  muscle  FI.
Purpose:  To  describe,  in  a lumbar  spinal  stenosis  population,  muscle  volumes,  muscle  FI  and  lumbar
spinal  canal  volume  with  3D  MRI  images  reconstructions.
Materials and  methods:  Ten  adults  presenting  L4–L5  lumbar  stenosis,  were  included.  After  specific  MRI
protocol,  three-dimensional,  muscle  and spinal  canal,  reconstructions  were  performed.  Muscle  (psoas
and paraspinal  muscles)  volumes  and  fat infiltration  (FI),  the  spinal  canal  volume,  age,  and  height  were
correlated  one  to each  other  with  Spearman  correlation  factor.  An  ANOVA  was  performed  to evaluate  the
intervertebral  level  influence  (P ≤ 0.05).
Results:  Muscle  volumes  correlated  with  height  (r  =  0.68  for  psoas).  Muscles  FI correlated  with  age  (r = 0.66
for psoas)  and lumbar  spinal  canal  volume  (r =  0.91).  Psoas  and  paraspinal  volumes  were  maximum  at

L3–L4 level  whereas  FI  increased  from  L1–L2  to L5–S1  level.
Discussion:  These  first  results  illustrate  the  importance  to consider  muscles  entirely  and  report  correla-
tions  between  muscles  FI, lumbar  spinal  canal  volume  and age;  and between  muscle  volumes  and  patients
height. Muscle  degeneration  seems  more  related  to muscle  FI  than  muscle  volume.
Level of evidence:  3.
. Introduction

Lumbar spinal stenosis (LSS) is degenerative disc disease
ost common manifestation, and induces neurologic claudication.

tenosis degree seems poorly related to symptom severity or func-
ional impairment [1]. If nerve root direct compression is involved
n physiopathology [2], lumbar muscles role is also recognized in
linical manifestations [3].
Please cite this article in press as: Boissière L, et al. Lumbar spinal musc
tion in adult lumbar spinal stenosis. Orthop Traumatol Surg Res (2017

Muscle morphology influences muscle performance [4], and
uscle degeneration can be characterized by muscular atrophy and

atty tissue deposit [5,6]. Many studies report imaging methods,
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such as MRI  or CT-scan, to appreciate it. However most studies
assessing muscle cross-sectional areas (CSA) [7–9], or measure-
ment of muscle density [10] are limited due to the difficulty to
represent entire muscle volume variability [11]. Moreover sig-
nificant modifications have been reported, in CSA studies, when
slice orientation was  modified [12]. Three-dimensional muscle
reconstruction methods, via CT-scan [13] or MRI  [14], have been
performed but CT-scan provides an important radiation expo-
sure, and T1-MRI sequences provide an inhomogeneity in the
magnetic field making accurate fat infiltration (FI) quantification
impossible.

Recently, Moal et al. [15] reported a 3D muscle reconstruction
les and spinal canal study by MRI  three-dimensional reconstruc-
), http://dx.doi.org/10.1016/j.otsr.2016.10.025

protocol (using the deformation of a parametric specific object
method [DPSO] and three-point Dixon images). It offers the abil-
ity to evaluate, muscles volumes and muscle FI, with MRI  specific
sequences.

dx.doi.org/10.1016/j.otsr.2016.10.025
dx.doi.org/10.1016/j.otsr.2016.10.025
http://www.sciencedirect.com/science/journal/18770568
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The purpose of this study was to describe, in a lumbar spinal
tenosis population, muscle volumes, muscle FI and lumbar spinal
anal volume with 3D MRI  images reconstructions.

. Material and methods

.1. Patient selection

Inclusion criteria were adults, over 30 years old, with a symp-
omatic L4–L5 LSS, lasting for at least 12 weeks, and resisting to
onservative treatment including painkillers and physiotherapy.
reponderance of symptoms should be radicular pain in one or both
egs and walking difficulties.

Exclusion criteria were spinal instability identified on radio-
raphies (spondylolisthesis, scoliosis), MRI  cons-indication, prior
pine surgery, neurologic and/or muscular disorders, and occlusive
rterial disease.

Ten patients were included (5 men  and 5 women) in the
resent study (age 58.5 ± 15 years; range, 35–81 years; height
67.2 ± 8.8 cm;  range 155–179 cm;  weight 74.5 ± 17 kg; range
6–105 kg; BMI  26.5 ± 5 kg·m−2; range 19–35 kg·m−2). All patients
ave informed consent for their clinical details and MRI  to be used in
he study. Patients were referred for a preoperative magnetic res-
nance imaging (MRI) and these were subsequently studied and
easured.

.2. Measures and procedures [15]

.2.1. MRI  acquisition
All lumbar spine imaging were performed on a whole

ody MR  system operating at 3.0T (General Electric
®

, Discov-
ry MR750w). The imaging protocol included a T1-weighted
urbo spin-echo (T1 TSE) sequence (TR/TE = 1220/11 ms,  acqui-
ition matrix = 512◦ × 84, in plane resolution = 0.98◦ × 0.98 mm2,
lice thickness = 5 mm,  slice gap = 5 mm,  parallel imaging accel-
ration factor (iPat) = 2, 40 slices, flip angle = 150◦, band-
idth = 219 Hz/pixel, turbo factor = 5, acquisition time = 2:15 min)

nd a T1-weighted TSE sequence for applying the three-
oint Dixon method [16–19] (TR/TE = 829/15.7 ms,  acquisi-
ion matrix = 512◦ × 384, in plane resolution = 0.98◦ × 0.98 mm2,
lice thickness = 5 mm,  slice gap = 5 mm,  iPat = 2, 40 slices, flip
ngle = 150◦, bandwidth = 315 Hz/pixel, turbo factor = 3, echo spac-
ng = 15.7, acquisition time = 4:38 min). The scanner from the TSE
mages, for the three-point Dixon method, automatically generated

ater and Fat images. Both sequences had exactly the same slice
osition and orientation. Image volume covered the coccyx to the

umbar spine (Th12 vertebra) and was acquired in two  stages. Total
cquisition time was 30 min.

.2.2. Muscles and lumbar spinal canal reconstructions (DPSO
ethod) (Fig. 1)

Muscles of interest were psoas and spine extensor paraspinal
uscles (multifidus, longissimus and ilio-costal-muscle). 3D mus-

le and spinal canal reconstructions were performed using Muscl’X
oftware, custom software (Laboratory of Biomechanics, Arts et
étiers ParisTech, France) [13]. The reconstructions extended from

he last slice before T12-L1 intervertebral disc to the union with iliac
uscle for the psoas and to S2 for posterior paraspinal muscles and

ertebral spinal canal. Using the axial MRI  images, the software
enerated the 3D geometry of each muscle. The reconstruction
echnique was based on the DPSO algorithm as described in the
Please cite this article in press as: Boissière L, et al. Lumbar spinal mus
tion in adult lumbar spinal stenosis. Orthop Traumatol Surg Res (2017

iterature [13]. For this method, Li et al. report an intraclass corre-
ation factor greater then 0.83 indicating very good reliability for

uscle reconstruction [20]. To our knowledge, lumbar spinal canal
econstruction has not been described. An inter- and intra-observer
Fig. 1. Psoas, paraspinal muscles and spinal canal contouring with the DPSO method.

reliability analysis was performed for the lumbar canal reconstruc-
tion. Two  trained ratters performed the measures. The first ratter
performed the measures twice with a two weeks interval.

2.2.3. MRI parameters
Muscle volume, spinal canal volume and muscle fat infiltra-

tion percentage, were calculated for psoas and posterior paraspinal
muscles. The reconstructions were also segmented for an analysis
level by level. Segmentation sections for each intervertebral level
were in between each MRI  pediculo-transverse slice.

2.2.4. Statistical analysis
Wilcoxon test was used to compare muscle volumes, muscle

FI and lumbar canal volume mean values. Spearman correlation
coefficient was used to investigate the relationship between mus-
cle volumes and FI percentage, lumbar spinal stenosis volume and
morphometric parameters (age, height, weight, BMI). Friedman test
was realized to evaluate the influence of intervertebral level. For
lumbar canal reconstruction reliability analysis the intraclass cor-
relation factor was calculated. For each statistical analysis, the level
of significance was set at P ≤ 0.05.

3. Results

3.1. Muscle volumes (Fig. 2)

Psoas muscle (mean ± SD) volume was 155 ± 60 cm3 (range
48–253). Posterior paraspinal muscle volume was  400 ± 78 cm3

(244–494). The ratio between psoas and posterior paraspinal mus-
cles was  0.4 ± 0.1 (0.2–0.5). No significant differences were found
between right and left muscles.

3.2. Muscular fat infiltration

Psoas muscle (mean ± SD) FI was 41 ± 11% (range 28–76). Poste-
rior paraspinal muscles FI was  44 ± 12% (26–69). The ratio between
psoas and posterior paraspinal muscles was 1 ± 0.2 (0.7–1.4). No
significant differences were found between right and left muscles.

3.3. Lumbar canal volume
cles and spinal canal study by MRI  three-dimensional reconstruc-
), http://dx.doi.org/10.1016/j.otsr.2016.10.025

The mean lumbar spinal canal volume was 31.3 ± 5.5 cm3 (range
21.4–41.2). Intraclass correlation coefficient for inter- and intra-
observer reliability was  0.92 (0.90–0.95).

dx.doi.org/10.1016/j.otsr.2016.10.025


ARTICLE IN PRESSG Model
OTSR-1664; No. of Pages 5

L. Boissière et al. / Orthopaedics & Traumatology: Surgery & Research xxx (2017) xxx–xxx 3

Fig. 2. Psoas and paraspinal muscles right and left volumes.

Table 1
Statistical significant correlations for muscle volumes, fat infiltration and spinal canal volume.

Spearman correlation factor Psoas volume Psoas fat infiltration Paraspinal muscle volume Paraspinal muscle
fat infiltration

Spinal canal volume

Age 0.66 0.68 0.7
Height 0.68 0.68
Psoas volume 0.86
Psoas fat infiltration 0.82 0.89
PSM volume 0.86
PSM fat infiltration 0.82 

Spinal canal volume 0.89 
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Fig. 3. Lumbar spinal canal volume according to intervertebral level.

.4. Correlation analysis (Table 1)

Muscle volumes correlated with height (r = 0.68 for psoas and
araspinal muscles) and other muscle volumes (r = 0.86). Muscles
I correlated with age (r = 0.66 for psoas and 0.68 for paraspinal
uscles), other muscles fat infiltration (r = 0.82) and Lumbar spinal

anal volume (r = 0.91). All these correlations were statistically sig-
ificant (P < 0.05). No significant correlations were found for weight
nd BMI.

.5. Segmental analysis

.5.1. Spinal canal (Fig. 3)
The lumbar canal volume significantly (P < 0.01) decreased from

1–L2 to L5–S1 and was  minimum at L4–L5 level.
Please cite this article in press as: Boissière L, et al. Lumbar spinal musc
tion in adult lumbar spinal stenosis. Orthop Traumatol Surg Res (2017

.5.2. Psoas muscle
The psoas volume significantly (P < 0.01) increased from L1–L2

o L3–L4 and was maximum at L3–L4 level. The psoas fat infiltration
0.91
0.91

significantly (P < 0.01) increased at each intervertebral level from
L1–L2 to L5–S1.

3.5.3. Posterior paraspinal muscles (Fig. 4)
The paraspinal muscles volume was  maximum at L3–L4 level.

Fat infiltration percentage significantly (P < 0.01) increased pro-
gressively from 35% at L1–L2 level to 55% at L5–S1 level.

4. Discussion

Lumbar spine muscles imaging description has widely been
described, but three-dimensional MRI  studies remain limited. It
offers the ability to study a muscle entirely without any radiation
exposure. The protocol used in this study, with Dixon acquisitions,
was previously reported and permits a quantitative and qualitative
muscle characterization [15]. If muscle importance in degenera-
tive lumbar spine seems admitted, its relationship with lumbar
spinal stenosis remains controversial. To our knowledge, no three-
dimensional studies evaluating lumbar spinal muscles and lumbar
vertebral canal were reported. The main purpose of this study was
to study together lumbar muscles and lumbar vertebral canal and
investigate possible relationships. Despite some limits concerning
the number of included patients, and control group absence, several
conclusions can be drawn.

Muscle volumes correlated with height (r = 0.68) but not age,
weight or BMI. This is in contrast with most CSA studies were cor-
relation between muscle volumes and age were reported [21,22].
On the opposite Valentin et al., in a tridimensional reconstruction
study, concluded that the effect of age cannot be generalized across
all muscles [23]. These findings underline the interest of studying
entire muscles as CSA studies only consider muscle surface. Muscle
les and spinal canal study by MRI  three-dimensional reconstruc-
), http://dx.doi.org/10.1016/j.otsr.2016.10.025

volume appears more as a morphologic parameter. In this cohort,
height and sex are highly correlated (r = 0.88) introducing a poten-
tial bias. Indeed no multivariate analysis can be performed, but the
relationship between muscle volume’s and height is in accordance

dx.doi.org/10.1016/j.otsr.2016.10.025
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Fig. 4. Paraspinal muscles volume and fat infil

ith previous literature reports [15,24]. Further studies including
 larger number of patients should be performed, to investigate the
ge-muscle volume relationship and the influence of sex and height
n muscle volumes. Another limit that could be pointed out is the
atient’s physical activity that was not taken into account in this
tudy.

If muscle volume did not correlate with age, muscle FI was sig-
ificantly correlated with age (r = 0.66 for psoas and r = 0.68 for
araspinal muscles), underlining that muscle FI takes part, or is

 consequence, of degenerative processes. Increased muscle FI has
een associated with ageing and low back pain [25], but studies on
uscle FI produced inconsistent results. Fortin et al. [26] reported

 modest and inconsistent effect of age on muscle composition.
hese disparities could be explained by the different measuring
ethods used. Magnetic field inhomogeneity’s making accurate FI

uantification impossible was reported for MRI  sequences [14]. MRI
rotocol using three-point Dixon images eliminates inhomogeneity
o obtain reliable muscle FI quantification. Muscle FI and age highly
orrelate with lumbar spinal canal volume. To our knowledge, this
s the first published study evaluating lumbar spinal canal volume
nd its relationship with muscle volumes and muscle FI. If lum-
ar canal volume correlated with age, it is mostly related with
uscle FI (r = 0.9). These finding open a new field of investiga-

ions. Indeed muscle FI has been associated with clinical functional
cores [27], and no correlation was found between the importance
f LSS and functional scores [28]. These reports seem contradictory
onsidering the relationship between muscle FI and LSS. Correla-
ions between these two parameters agree with literature report.
ndeed Chen et al. [27] reported differential muscle changes in uni-
ateral chronic compressions. These preliminary results should be
nhanced with a larger cohort to investigate more precisely the
elationship between age, lumbar canal volume and muscle FI.

Studying the entire muscles made a proper segmental analysis
ossible to evaluate the intervertebral level influence. LSS sever-

ty was maximal at L4–L5 level, underlining the consistency with
nclusion criteria. Lumbar canal volume and muscle volume appear
s morphologic parameters depending on patient’s anatomy. Mus-
le volume was maximal at L3–L4 level, and lumbar canal volume
ecreased with intervertebral level. Muscle FI also decreased with

ntervertebral level. These findings are similar with disc degener-
tion processes with a maximum at L5–S1 level and a minimum
t L1–L2 level. D’Hooge et al. [29] reported similar findings with
ncreased muscle degeneration at the lower levels.
Please cite this article in press as: Boissière L, et al. Lumbar spinal mus
tion in adult lumbar spinal stenosis. Orthop Traumatol Surg Res (2017

. Conclusion

This study, with an original three-dimensional reconstruction
ethod, reports correlations between muscle volumes and height

[
[

 percentage according to intervertebral level.

and between muscle FI, age and lumbar spinal canal volume. Muscle
FI was maximum at the lower spine levels and decreased progres-
sively. Despite the small number of patients included, muscle FI
seems more related to muscle degeneration than muscle volume.
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