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ORIGINAL STUDY

Paraspinal muscle volume in patients with Scheuermann’s Kyphosis

Radek Kaiser, Eyal BEHRBALK, Petr WALDAUF, Petr REHOUSEK, Belen PEREZ, Hossein MEHDIAN

From The Center for Spinal Studies and Surgery, QMC, Nottingham University Hospitals NHS Trust, Nottingham, UK

To measure the cross-sectional area (CSA) of para-
spinal muscles in Scheuermann’s kyphosis patients.
Preoperative MRI images of 16 Scheuermann’s Ky-
phosis patients were analysed and compared to 16 pa-
tients with normal MRI images (control group). The
CSAs were measured at L.3-4 and L4-5.

Both groups showed similar demographics and pa-
tient characteristics. The multifidus muscles CSA
were found to be significantly smaller at 1.3/4 level in
Scheuermann’s kyphosis patients (p =0.022 on the
left and p = 0.016 on the right side compared to con-
trol group). There was no significant change in mul-
tifidus CSA found at L.4/5. The mean CSA of the ex-
tensor spinae muscles group were significantly smaller
at all levels in Scheuermann’s kyphosis patients :
p = 0.001 bilaterally at 1.3/4 and p = 0.015 right side
and p = 0.009 left side at L4/5 level.

This study shows that patients with Scheuermann’s
kyphosis deformity have significantly smaller CSA of
lumbar multifidus and extensor spinae muscles.

Keywords : Scheuermann’s kyphosis ; Paraspinal mus-
cles ; Cross sectional area ; Psoas ; Multifidus ; Extensor
Spinae.

INTRODUCTION

Scheuermann’s kyphosis (SK) is the most com-
mon cause of thoracic and thoracolumbar structural
kyphosis in adolescents (23). It develops slowly
prior to puberty and accelerates in magnitude during
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the growth spurt (22). The diagnosis of SK is based
on presence both thoracic hyperkyphosis greater
than 60° and at least three consecutive vertebrae
wedged 5° or more on lateral spine imaging accord-
ing to Sgrensen’s criteria (20).

The prevalence of SK has been reported between
0.4-8% (22). Although several theories for the aeti-
ology have been postulated, the exact cause of SK is
still unknown (23). It has been reported that there is
no correlation between the weight, height and BMI
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and the magnitude of kyphotic curve in SK pa-
tients (3).

It has been stated that chronic spinal diseases
(e.g. chronic back pain, degenerative kyphosis or
scoliosis) are associated with atrophy of paraspinal
muscles (2,4,10,12,16,17). MRI is considered the gold
standard to assess muscle mass cross-sectional area
(CSA) and density (10).

The aim of this study is to compare the CSA of
the lumbar paraspinal muscles in SK patients with
the normal population, as well as to analyse the pos-
sible relationship between the muscles CSA to the
extent of thoracic kyphosis. To the best of our
knowledge no previous study has documented SK
patient’s lumbar muscles CSA.

MATERIAL AND METHODS

This study was approved by the Institutional Review
Board. The study group consists of sixteen consecutive
patients (twelve male and four female) operated on for
SK between 2011 and 2013 with available whole spine
sagittal MRI with axial lumbar cuts. MRI was performed
to exclude neuroaxis pathologies or any compressive
cord lesion prior to surgery (9). All patients had thoracic
hyperkyphosis (mean T4-T12 Cobb angle 83.6 + 6.1°)
and at least three consecutive vertebral bodies with mini-
mum 5° of wedging (20). Other than the SK deformity no
other comorbidities were found. The indications for sur-
gery in all patients were unacceptable cosmetic appear-
ance and pain in thoracolumbar area without neurologi-
cal impairment.

In the control group sixteen healthy patients with the
same demographic and patient characteristics as our
SKG were selected. These patients had no past history of
axial or radicular pain or any chronic spinal condition. A
whole spine MRI was performed for each patient. This
was reported by an independent neuro-radiologist, ortho-
paedic and neurosurgeon spinal consultants to be without
any spinal pathology.

A whole spine unsupported lateral X-rays were per-
formed on both groups and were available for assess-
ment.

The sagittal Cobb angle of the thoracic kyphosis (TK)
was measured between the superior endplate of T4 and
the inferior endplate of T12 vertebral body on standing
radiograph. Similarly, the lumbar lordosis (LL) was
measured between the superior endplate of L1 and the
superior endplate of S1. For better visibility of the upper
thoracic spine, the “Adjust contrast tool” was used in
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cases with poorer resolution. The radiographs were mea-
sured by 3 independent spinal surgeons who were blind
to the subject status. The mean values were used for anal-
ysis.

Whole spine sagittal MRI was performed in all pa-
tients according to a standardised protocol on a whole-
body system (1.5 T, Philips). The protocol consisted of
T1-weighted sagittal spin-echo scans and T2-weighted
sagittal gradient-echo scans. Both TIW and T2W axial
scans were obtained in the lumbar region with a mini-
mum three slices per disc level. All axial cuts were paral-
lel to the disc space.

Locating the centre of L3-4 and L4-L5 intervertebral
discs was performed using the PACS system internal
measuring tool (GE medical system information technol-
ogy centricity enterprise web). The split screen function
was used to review the MRI images, one showing sagittal
and the other axial cuts correlated to each other. An axial
cut of the inferior endplate of L3 (for L3-4 level) and at
the inferior endplate of L4 (for L4-5 level) were used to
draw lines from anterior to posterior and from right to left
borders of the vertebral body at their longest diameter.
The crossing point of these lines determined the centre of
the endplates on axial imaging. Finding of the disc centre
on axial cuts and correlating it with the sagittal recon-
structed images allowed us to measure the disc height at
its midpoint ; a height that was divided to find the disc
centre (13). The T2W axial cuts of the disc centre at L3-4
and L4-5 were saved as jpeg files for further analysis.
The MRI images were assessed and measured three times
by three spinal surgeons experienced in MRI imaging.
They were blind to the subject status. All measurements
of selected muscles were made on the saved jpeg files
using the KLONK Image Measurement software
(KLONK SmBa, Denmark). This method has been previ-
ously validated by several studies (Fig. 1) (2,5,7,8,10-12,16).
We measured psoas major, multifidus and the combined
bulk of the erector spinae (iliocostalis and longissimus
muscles) on both sides. The erector spinae muscles were
grouped together as their separate fascial boundaries
were difficult to determine in some cases (/7). For analy-
sis, the mean values of CSA measurements were calcu-
lated.

The results were compared and analysed using the
GEE (generalized estimating equation) analysis (for side
differences) and Mann-Whitney U test. The intraclass
correlation coefficient (ICC) were calculated to analyse
the intra- and interobserver reliability. The statistical
analysis was performed using Stata 13.1 software, Stata
Corp. LP, Texas, USA. Significance was assumed at
p <0.05.
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Fig. 1. — The figure shows sagittal view of lumbar spine and corresponding axial cut in L3/4 level in
SK patient with CSA of psoas (P), multifidus (M) and erector spinae (ES) muscles obtained by using
The KLONK Image Measurement software.

RESULTS

MRI images of 16 SK and 16 CG patients were
reviewed. The SK and CG demographic data
showed no significant differences (Table I — pa-
tients’ characteristics). BMI was 23.06 + 4.5 in the
SKG and 22.72 +4.9 in our CG, p>0.05. As ex-
pected, significant differences in the sagittal param-
eters between the groups was found ; SK patients
had TK of 83.6 + 6.1° and LL of 66.7 + 10.4° were
CG patients had TK of 34.6+54° and LL of
32.5+84° (p<0.001).

The mean values of the CSA of psoas, multifidus
and erector spinae muscles are summarized in Table
2. In SK patients the mean CSA of the multifidus
muscles was significantly smaller on the left when
compared to the right side at L3/4 level (p = 0.02).
Similarly, in the CG patients the CSAs of psoas
muscle at L.3/4 level and erector spinae muscle at
L4/5 level were smaller on the left side in compare
to their right side (p = 0.049 and p = 0.041, respec-
tively). Other side differences were not statistically
significant (p > 0.05).

The mean CSA of psoas muscles at L3-4 and
L4-5 showed no significant difference between both
groups. The multifidus muscles were found to be

smaller at .3/4 level in SKG patients (p = 0.022 on
the left and p = 0.016 on the right side in compare to
CG). The mean CSA of the extensor spinae muscles
were also significantly smaller in SK patients com-
pared to CG bilaterally at both levels (p = 0.002 and
0.003 at L3/4 — Fig. 2 and p <0.001 at L4/5 —
Fig. 3).

The intra- and interobserver ICC for all paraspi-
nal muscles was ICC =0.90 (95%CI =0.87-0.93)
and ICC = 0.83 (95%CI = 0.79-0.87), respectively.

DISCUSSION

Paraspinal and trunk muscles are considered as
dynamic stabilizers of the spine-pelvis complex as
well as providing motion to the different spinal
segments. Erector spinae muscle complex has the
longissimus muscle as its central component.
Although it has capitis and cervical parts, its main
functional mass arises from the posterior surface of
the medial parts of the ribs and transverse processes
of TI1-L5. Iliocostalis and lumborum muscles
constitute the most lateral parts of the lumbar and
thoracic erector spinae complex (2/). The innerva-
tion of multifidus bundle is uni-segmental and arises
from the root exiting below the transverse spinal
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Table 1. — Patients’ characteristics

SKG CG
Number of patients 16 16
Age (years+SD) 2025+6.3 2281 £5.1#
Gender, n (%)
Males 12 (75%) 12 (75%)
Females 4 (25%) 4 (25%)
BMI (n + SD) 23.06 £4.5 2272 +49
Thoracic Kyphosis (Degrees + SD) 83.6 £6.1° 34.6 £ 5.4°*
Lumbar Lordosis (Degrees + SD) 66.7 + 10.4° 32.5 + 8.4°%
SKG : Scheuermann’s Kyphosis Group ; CG : Control Group.
*p<0.001,#p=0.07.
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Fig.2. — Box plot showing the CSA of erector spinae muscle in L3/4 level on the left side. Box
plot shows the median value (horizontal line in box), and the interquartile range (25-75%) is
represented by the box. Vertical axis — values of CSA in cm?. Mann-Whitney U test, * p < 0.05.

process from which the fascicles. In contrast, inner-
vation of the other paraspinal muscles is multi-seg-
mental (/6). Trunk muscles are classified into two
groups : 1. Segmental spinal stabilizers - muscles
directly attached to the lumbar vertebrae (lumbar
multifidus, transversus abdominis and internal
oblique muscles) and 2. General trunk stabilizers
and large-torque producing muscles which are not
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attached to the lumbar vertebrae (erector spinae,
rectus abdominis and external oblique muscles).
Most of the extensor momentum of the trunk is gen-
erated from erector spinae muscle, rather than the
multifidus muscle (7,27).

It has been suggested that disuse, muscle dener-
vation or reflex inhibition could play a role in mus-
cle atrophy in patients with chronic LBP. However,
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Fig. 3. — Box plot showing the CSA of erector spinae muscle in L4/5 level on the left side.
Legend — see Fig. 1.

Table II. — The CSA of paraspinal muscles in cm?’+ SD (standard deviation)

L3/4 level SKG CG p-value coefficient (95% CI)
P Left 13.68 +3.54 14.04 + 4.38# 0.81 0.35(-3.3;2.6)
s0as
Right 13.80 + 3.58 1427 +4.24 0.746 -047 (-34;2.5)
o Left 5.25 £ 1.60# 6.64 +£1.53 0.022%* -1.38 (-2.6; -0.21)
Multifidus -
Right 544 +149 6.79 + 143 0.016* -14(-24;-0.27)
. Left 13.84 £3.1 20.15 +4.38 <0.001* -6.3(-9.1; -3.5)
Erector spinae -
Right 1372 +2.94 20.16 +4.34 <0.001* -6.4(-9.2;-3.7)
L4/5 level
P Left 1433 +3.85 1733 +4.44 0.057 -3 (6.1; 0.09)
s0as
Right 1450 +3.72 17.01 +4.49 0.106 -2.51 (-5.6; 0.56)
. Left 6.80 = 1.65 7.64 +£1.38 0.14 -0.84 (-2;0.29)
Multifidus
Right 6.87 £1.58 720 £1.95 0.62 -0.33 (-1.6; 0.99)
. Left 1127 +3.06 15.11 + 3.44# 0.003* -3.8(-6.3;-141)
Erector spinae -
Right 10.68 +3.87 1529 +3.37 0.002%* -4.6 (-7.3;-1.9)

# : statistically significant difference in CSA of specific muscle between left and right side (GEE test, p < 0.05).
* ¢ statistically significant difference between the groups (Mann-Whitney U test, p < 0.05). Linear regression coefficient — mean
difference in CSA between the groups (negative value means that median CSA in SKG is smaller).

it is still not clear whether muscle atrophy, asym- a replacement of muscle fibres with fat and fibrous
metry, or fatty infiltration results from LBP or rep- tissue, which might result in reduced functional
resent a risk factor (2). Paraspinal muscle atrophy is contractility of muscle (77). Lee et al postulated that
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the progression of acute LBP into chronic LBP is
higher in patients with relatively smaller erector spi-
nae muscle CSA to the total sum of lumbar muscles
CSA (12). The explanation would be the lower abil-
ity of the lumbar erector spinae muscles to maintain
the posture and balance since they are considered
the main lumbar stabilizers (21). This is true espe-
cially during a sudden posture change or loading on
the lumbar spine (12). In conclusion, it is noted that
the multifdus and erector spinae muscle groups
were smaller in patient with chronic LBP compared
to healthy population (2).

The results showed that patients with SK have
significantly smaller multifidus (in L3/4 level) and
extensor spinae (in L3/4 and L4/5 levels) muscles
than CG patients. The mean age of patients in con-
trol group was non-significantly higher (p = 0.07).
However, this is unlikely to solely account for the
difference observed between the examined groups
muscle CSA. Although some significant side differ-
ences in particular sub-groups were found, these are
not of high importance since the level of signifi-
cance is not very convincible statistically (p =0.02
for multifidus muscle in SKG and p =0.049 for
psoas and p=0.041 for erector spinac muscle in
CG). The differences may be explained by local
asymmetry or the different obliquity of the MRI im-
ages.

When trying to understand the reduced volume of
the extensor spinae in SK patients in compare to CG
one can look at a study by Sinaki e al (19). They
showed that in healthy postmenopausal women,
strength of the spinal extensors is inversely associ-
ated with their thoracic kyphosis. O’Sullivan et al
stated that sway-back posture, in which the C7
plumb line is behind the lumbar vertebral bodies
rather than slightly in front, is associated with ex-
tended trunk. This causes a decrease in the recruit-
ment of the lumbar erector spinae and an increase in
the recruitment of the abdominal muscles to main-
tain sagittal balance (74). Pezolato et al found sig-
nificant erector spinae muscle fat infiltration in low-
er lumbar area in individuals with sway-back
posture (15). Same logic might explain the extensor
spinae muscle weakness in the SKG. The reduced
volume of spinal extensors may be explained by
lumbar hyperlordosis which is often presented in
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SK patients (23). The hyperlordosis is most certainly
compensatory one since the surgical correction of
thoracic hyperkyphosis gives its predictable sponta-
neous decrease (6). Therefore it can be hypothesize
that this compensatory hyperlordosis curve shift the
axial loading forces posteriorly therefore necessitat-
ing less extensor muscle power to keep SK patients
erect.

Ristolainen et al stated that untreated patients
with SK have higher risk for back pain, reported
lower quality of life and reported poorer general
health than controls. However, these facts do not
correlate with the degree of kyphosis (18). It may be
postulated that the higher risk for back pain in these
patients may be due to multifidus and erector spinae
muscles atrophy as previously discussed.

The limitations of this study were : 1. Small co-
hort ; it could not be asserted whether the side dif-
ferences in particular muscles were true findings.
However, given that surgical correction of SK is a
complex and uncommon procedure we believe that
these limitations are inevitable. 2. No clinical data
collection ; further study is needed to assess back
pain in SK patients and correlate this with extensor
muscles atrophy.

CONCLUSION

Although the exact pathophysiology of
Scheuermann’s kyphosis is still unknown, these
results show that it is associated with reduced
volume of extensor spinae muscle. This fact might
be explained by SK patients’ compensatory lumbar
hyperlordosis. Increased back pain in SK patients
might be a result of their decreased extensor muscle
CSA.
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