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Abstract Recently it has been postulated that there is an
atypical facioscapulohumeral muscular dystrophy (FSHD)
phenotype with isolated axial myopathy. Involvement of
paraspinal and limb muscles was evaluated in six patients
with molecularly proven FSHD and a predominant bent
spine phenotype. Consistent with the camptocormia phe-
notype, the most severely affected muscles in all six
patients were the thoracic and lumbar spinal tract together
with hamstrings. MRI disclosed severe axial muscle
degeneration but mostly subclinical involvement of limb
muscles. The involvement of hip extensor muscles in
FSHD might considerably contribute to the clinical phe-
notype of camptocormia due to axial muscle involvement.

Keywords FSHD - Camptocormia - Muscle MRI -
Bent spine - Axial myopathy

Introduction

Camptocormia, also referred to as bent spine syndrome, is
characterized by an abnormal posture of the trunk with
marked flexion of the thoraco-lumbar spine, which increases
during walking and abates in the recumbent position.
Camptocormia may be associated with a variety of
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neurologic etiologies including movement disorders (Par-
kinson disease, dystonia [36]), motor neuron disorders
(amyotrophic lateral sclerosis [21], spinal muscular atrophy),
and myasthenia gravis [1]. There are also various myopathies
with paraspinal muscle involvement leading to camptocor-
mia. These occasionally include nemaline myopathy [45],
inclusion body myositis [12], polymyositis [22], limb girdle
dystrophy 2B [35], myotonic dystrophy type 2 [18], X-linked
myopathy with postural muscle atrophy [46], central core
diseases such as RYR1-related myopathy [15], valosin-con-
taining protein myopathy [37], amyloid myopathy [8], and
metabolic myopathies such as acid maltase deficiency
(Pompe disease) [17], and carnitine deficiency.

However, myopathy with pure bent spine or campto-
cormia as the predominant clinical picture has been rarely
reported [19, 35, 46]. This phenotype is impressive and
may be misdiagnosed as the normal aging process [25].

Whereas the involvement of trunk muscles in FSHD has
been postulated to be a common phenomenon [39], there
has been only one recent case report on bent spine syn-
drome as the initial and leading symptom in FSHD [19].
Umapathy et al. [41] reported a 59-year-old woman pre-
senting with camptocormia, scapular winging and mild
facial and proximal weakness due to genetically verified
FSHD with normal spine MRI

Although MRI has been widely applied as an objective
assessment of muscle status in a variety of muscular disor-
ders, the imaging experience in FSHD is rather limited [7, 16,
18, 19, 29, 31, 34]. MRI provides additional information on
subclinically involved muscle groups and sometimes leads to
a typical diagnostic pattern of muscle disease [7, 18, 28, 34].

We present six cases of predominant axial myopathy as
the initial manifestation of FSHD with the corresponding
MRI and clinical data (clinical examination, genetics,
electrophysiological investigations).
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Methods
Subjects

Six consecutive patients with camptocormia in whom
FSHD diagnosis was genetically verified were included
into the present study. Clinical data are summarised in
Table 1. Beside the son of patient 6, other family members
were not investigated clinically and genetically. Age of
onset was defined as the time when the patient first noticed
functional impairment caused by the disease. There were
no other possible causes of the bent spine syndrome like
osteoporosis, degenerative disease of the spine, bed rest for
a longer time period or steroid medication. In particular,
the analysis of occupation of the patients gave no hint for
increased risk of developing spinal pathology.

Molecular genetics

DNA was obtained from peripheral blood, digested with
the restriction enzyme Eco RI, and double digested with
Eco RI/BIn 1 [3]. The restriction fragments were detected
by Southern blotting using the probe pl3E-11. In unaf-
fected individuals this method will show two 4q35 alleles
of >38 Kb on the basis of an EcoRI DNA digestion. In
individuals with FSHD, one of the two 4q35 alleles will be
between 10 and 38 Kb. Genetic confirmation of FSHD1
was done by S. Jakubiczka, MD (Division of Laboratory
Genetics at University hospital Magdeburg, Germany).

MRI
In each patient a standardised MRI was performed as fol-
lows using a 1.5-Tesla scanner (Siemens, Forchheim,

Germany) with implemented quadrature body coil and a

Table 1 Summary of clinical data of patients

flexible table top extension. The patients were placed in a
supine position with their arms beside the body. Separate
examination areas ranged from (1) shoulder region
including upper arm of both sides, (2) trunk muscles
ranging from vertebra Th 3 to L 4, (3) hip/thigh and upper
legs starting from vertebra L4, (4) lower legs. The lateral
parts of the upper limbs, especially the forearms, were not
available for analysis due to the maximum field of view
being exceeded. The MRI sequence protocol included axial
slices of the following sequences: T1-weighted Fast Spin
Echo FSE (TR 474 ms, TE 11 ms, matrix 512, FoV 40 cm,
slice thickness 5 mm, phase oversampling 100%), T2-
weighted spectral fat suppressed (TIRM) (TR 5400 ms, TE
80 ms, TI 120 ms, matrix 512, FoV 40 cm, slice thickness
5 mm, phase oversampling 100%)—depending on the
region the distance factor reached between 150 and 300%.
The investigation time was about 45 min per patient. No
contrast agent was administered.

Evaluation of MRI findings

The MRI scans were analysed by a neuroradiologist and a
neurologist who were not aware of clinical findings. The
scans were assessed for normal and abnormal muscle bulk
(atrophy/hypertrophy) and for abnormal signal intensity on
T1 weighted images. Changes were only considered to be
significant if they were present in more than two slices. The
muscles on either side of the body were evaluated sepa-
rately to detect asymmetric affection.

The degree of fatty degeneration was scored according
to a modified score as previously suggested [18, 30, 31]
using a four-point semiquantitative visual scale (MRI
score): 0, normal appearance; 1, discreet moth-eaten
appearance with sporadic scattered T1 hyperintense areas;
2, moderate moth-eaten appearance with numerous

Muscle weakness beside
camptocormia

Patient Age, Age at
sex  onset

CK level
elevation

Muscle biopsy Allele Spinal

fragment muscle

size (kb) EMG

Facial Periscapular Arm Hip/ Ankle Beevor’s
upper leg DF/PF sign
1 56, f 35 (+) + - + +/(+) + M. tib. ant.: Twofold 34 Myopathic
myopathic
2 74, f 60 - - - (+) - - Paravertebral: Twofold 33 Myopathic
fatty
3 77,f 55 (+) (+) — + +/— — Not done Twofold 24 Not done
82, m 65 +) — - - - + Paravertebral: Twofold 24 Myopathic
neurogenic
5 60, f 56 — — — — — — Not done Normal 33 Not done
70, f 55 +) — - + ++/— + Not done Twofold 21 Myopathic

weakness: (+) mild, + moderate, ++ severe
DF dorsal flexion, PF plantar flexion
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scattered T1 hyperintense areas; 3, late moth-eaten
appearance with numerous confluence areas of T1 hyper-
intensity; 4, complete fatty degeneration, replacement of
muscle by fat.

The following muscle groups were evaluated: upper arm
and shoulder girdle, thighs and hip girdle, lower leg and
trunk (spinal and abdominal part).

Clinical evaluation

Another neurologist blinded for the MRI findings evaluated
muscle strength in all patients by manual muscle testing using
the MRC scale (Medical Research Council scale) [26].

Statistical analyses

The frequency of fatty infiltration, frequency of atrophy
and degree of involvement measured by MRI score was
evaluated for every muscle. For every affected muscle,
appropriate individual MRI scores of affected patients was
added. This total amount was divided through number of
affected patients (mean MRI score, reported values are
mean =+ standard deviation). In addition, for every patient
an individual MRI score (1, spine score; 2, upper leg/lower
leg score; 3, arm score; 4, total MRI score) was calculated
including the total amount of appropriate MRI muscle
scores. Following other muscle MRI studies, the correla-
tion between these individual MRI scores and clinical
findings (age, age of onset, disease duration, allele frag-
ment size) were calculated using the non-parametric
Spearman rank analysis [31]. A p value of 0.05 or lower
was considered significant (two-tailed testing). Asymmet-
rical involvement of corresponding muscles was evaluated.

Results
Clinical characteristics

All patients presented with camptocormia, which was the
initial and predominant symptom of disease. The mean
duration of symptoms experienced by the patients was
15.6 years (range 4-22, median 14) (Table 1). The median
age of onset of muscle weakness was 55 years. The
detected allele fragment size ranged from 21 to 34 kilo
base pairs (normal range 41-350, FSHD <38) [43]. There
was a striking predominance of female patients.

The symptoms progressed slowly in all cases and led to
the need of intermediate or permanent walking aids in all
patients. All patients reported difficulties keeping the trunk
upright, especially while standing or carrying objects (e.g.
tray). However, an upright sitting position was held without
any difficulties.

@ Springer

Clinical examination revealed bent spine with predom-
inance in the thoraco-lumbar region which disappeared in a
supine position. There was mild to severe bilateral wasting
of the paravertebral muscles. Facial weakness was absent
in two patients, three patients showed a rather mild bilat-
eral positive signe des cils, one patient suffered from mild
bilateral non fluctuating ptosis. Prominent scapula (but not
scapular winging) was detected in three patients, whereas
an atrophy of shoulder girdle muscles appeared in two
patients. Two patients showed mild to moderate weakness
in the shoulder region, three patients presented hip girdle
weakness and a foot drop with slight asymmetry. Three
were generally not or only mildly affected but without
functional relevance. Beevor’s sign was positive in three
patients [4]. No patient suffered from respiratory distress.

Serum creatine-kinase levels at the time of investigation
were normal in one, but slightly increased in five cases
(approx. two times the upper normal limit). Electromyog-
raphy of paravertebral muscles performed in four cases
revealed myopathic findings consisting of a low amplitude
pattern during voluntary effort; short duration, low voltage,
polyphasic motor unit action potentials; and early recruit-
ment. Diagnosis of FSHD was genetically established.
There was no correlation between allele fragment size and
age of initial manifestation of weakness (data not shown).
Judging from the clinical picture as it was remembered by
patients, family history for FSHD (with/without campto-
cormia) was negative in four patients. The daughter of
patient 3 clinically suffered from undetermined muscle
weakness without camptocormia. The son of patient 6
presented with a typical genetically proven FSHD
phenotype.

Muscle MRI imaging
Trunk

The frequency of fatty muscle degeneration and mean MRI
severity scores are shown in Table 2. Age of disease onset
tended to be lower in patients with most severe erector
spinae involvement (Table 3). Muscle MRI (T1 and T2
weighted) findings showed a selective and extensive fatty
degeneration of the erector spinae muscles in all patients
(Figs. 1, 2). The lumbar segments were more involved than
the thoracic region showing complete (grade 4) degenera-
tion in five patients. The lateral tract of the erector spinae
system consisting of longissimus and iliocostalis muscles
was mostly affected and resembled fatty pseudohypertro-
phy in four patients. Grade 3 degeneration was mainly
assigned to muscles of the lumbar medial tract of erector
spinae group (predominantly Mm. multifidii). There was
severe and symmetric involvement in all cases. Quadratus
lumborum and iliopsoas muscles were completely spared
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Table 2 Muscle involvement
by MRI in six FSHD patients
with camptocormia

Mostly affected muscles

Mean MRI score of
affected muscle 4 standard

Fatty degeneration

Unilateral Bilateral

deviation
Shoulder/arm muscles
Trapezius 2/6 2.00 £ 0.00
Serratus 2/6 1.00 &+ 0.00
Deltoideus/supraspinatus 2/6 1.00 £ 0.00
Latissimus dorsi 3/6 2.50 + 0.83
Hip/upper leg muscles
Gluteus maximus 6/6 1.83 £ 0.49
Quadriceps group 3/6 2.30 £ 0.55
Adductor muscles 5/6 220 £ 1.23
Biceps femoris 2/6 3/6 231 £ 1.49
Semimembranosus 1/6 5/6 327 £ 0.75
Semitendinosus 1/6 2/6 2.80 + 1.30
Lower leg muscles
Soleus 4/6 3.00 &+ 1.07
Peroneal muscles 1/6 2/6 1.80 £ 0.45
Gastrocnemius 1/6 4/6 3.00 £ 0.90
Tibialis anterior 3/6 3.00 £+ 1.09
Paravertebral muscles
Thoracic Medial tract: Mm. multifidii etc. 6/6 2.33 + 0.54
The mean MRI score was Thoracic Lateral tract: M. longissimus/M. Iliocostalis 6/6 3.58 £ 0.49
calculated from all affected Lumbal Medial tract: Mm. multifidii etc. 6/6 3.17 £ 0.39
muscles. Normal muscles were Lumbal Lateral tract: M. longissimus/M. Tliocostalis 6/6 3.75 + 0.45

not included into the calculation

in five patients (Fig. 2). M. rectus abdominis seemed rather
atrophic in two patients (Figs. 2, 3). Both presented with
positive Beevor’s sign [4]. However, assessment of anter-
olateral abdominal muscles and M. rectus abdominis was
limited due to ventilation artefacts.

No signs of muscle edema were detected on T2
weighted images. MRI of the spine showed mild lumbar
spondylosis features in patient 4. Significant protrusions
and degenerative changes of intervertebral discs were not
found. There were neither gender-specific differences in
spinal muscle involvement nor significant age-dependent
effects on the number or severity of affected muscle
groups.

Extremities

The degree of MRI changes was clearly milder in extremity
muscles than in spinal muscles (Table 2). MRI showed
evidence of mild to moderate fatty degeneration of shoul-
der girdle and forearm muscles in four of six patients with
predominance in M. latissimus dorsi (mean MRI score
2.50 & 0.83; Table 2). Muscle involvement of hip and
lower body in MRI was shown in all patients (Table 2,
Figs. 3, 4). The muscles most frequently and severely

affected were the semimembranosus (frequency of fatty
degeneration 92%, mean MRI score 3.27 4+ 0.75) and
gastrocnemius (frequency of fatty degeneration 75%, mean
MRI score 3.00 & 0.90). Adductor muscles and gluteus
maximus were frequently affected as well; however, the
degree was only moderate (mean MRI score 2.20 + 1.23
and 1.83 £ 0.49, respectively). MRI revealed subclinical
muscle affection in three patients. MRI score of lower
extremity muscles significantly correlated with age at onset
of symptoms (r = —0.9, p < 0.05), but not with disease
duration (Table 3). No correlation with allele fragment size
could be detected. However, these results have to be
interpreted with great caution due to the small amount of
patients.

Discussion

In classical FSHD phenotype muscle weakness is primarily
restricted to facial and upper extremity muscles (especially
scapula stabilizer and humeral muscles). Lower extremity
involvement is common during disease progression and
ranges from distal anterior leg weakness (typical footdrop)
to hip girdle muscle weakness in advanced disease.

@ Springer
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Table 3 Correlation of MRI score in 6 camptocormia patients with clinical parameters

Spearman r (P); N =6

MRI score spine

MRI score upper leg/post. hip

MRI score lower leg ~ MRI score arm  Total MRI score

Age of disease onset —0.750 (n.s.) —0.899* (0.015)
Disease duration 0.145 (n.s.) 0.257 (n.s.)
Allele fragment length 0.119 (n.s.) —0.147 (n.s.)

—0.812% (0.050) —0.224 (n.s.) —0.841* (0.036)
0.600 (n.s.) 0.794 (n.s.) 0.314 (n.s.)
0.029 (n.s.) —0.682 (n.s.) —0.147 (n.s.)

A p value of 0.05 or lower was considered significant and given in bold (two-tailed testing)

Perisc

Fig. 1 MRI scan T1 weighted, demonstrating fat replacement of
thoracal paravertebral muscles (pat. 6). ES erector spinae muscles,
D deltoid muscle, P pectoralis muscle, Perisc periscapular muscles,
Rh rhomboid muscle, T trapezius muscle

Fig. 2 MRI scan T1 weighted, demonstrating fat replacement of
lumbal erector spinae and abdominal muscles, completely sparing
musculus psoas (pat. 6). IC iliocostal muscle, L longissimus muscle,
M multifidus muscles, P psoas muscle, O abdominal oblique muscles,
R rectus abdominus muscle

Abdominal muscles rather frequently seem to be involved
in FSHD patients [4].

Recently different atypical FSHD phenotypes presenting
as isolated monomelic lower limb weakness [42, 44], limb

@ Springer

Fig. 3 MRI scan T1 weighted of pelvis and hip, showing fatty
degeneration of hip extensors (glutei muscles) preserving hip flexors
(iliopsoas muscles) (pat. 6). BP bony pelvis, I iliacus muscle, P psoas
muscle, GMa gluteus maximus muscle, GMe gluteus medius muscle

Fig. 4 MRI scan T1 weighted of upper leg muscles showing severe
fatty degeneration of posterior muscles differing from anterior muscle
compartment (pat. 6). F' femur, A adductor muscles, B biceps femoris
muscle, G gracilis muscle, SM semimembranosus muscle, ST
semitendinosus muscle, S sartorius muscle

girdle asymmetric weakness [5], and facial-sparing scap-
ular myopathy [6, 14, 20] including isolated axial myopa-
thy [19] have been described. Camptocormia has
occasionally been reported in FSHD [19, 41, 47].

There are no systematic MRI studies on trunk muscle
degeneration in FSHD. A study on muscle involvement in
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various myopathies showed fatty involvement of erector
spinae muscles in a 47-year-old female FSHD patient
(clinical data not reported) besides similar changes in
gluteal muscles, vastus group, adductor muscles, semi-
membranosus and gastrocnemius (medial head) [34].

In our study the spine of all six patients was obviously
bent in standing position. This was in accordance to muscle
MRI findings ranging from severe to complete fatty, rather
symmetric, degeneration of the longissimus, iliocostalis
and medial spinal tract (Mm. multifidii etc.) muscles in all
patients (Table 2, Figs. 1, 2). There were some residual
muscle fibers of multifidii muscles in all patients. In our
series the trunk flexor muscles, M. iliopsoas and M.
quadratus lumborum seemed to be normal in five patients,
but slightly reduced in one patient. Atrophy of abdominal
muscles was seen in two patients who presented with
positive Beevor’s sign [4].

There is no doubt that partial fatty degeneration and
atrophy of erector spinae muscles in adults is an imaging
feature described in the context of chronic low back pain
[27], bed rest [10] and aging. In addition, focal myopathy
of paravertebral muscles has been postulated in patients
with Parkinson disease and multiple system atrophy as well
[33, 36]. However, the severe, almost complete replace-
ment of paravertebral muscles by fat in our study patients
considerably exaggerates the MRI findings reported in the
latter diseases [2, 9, 10]. In addition, they expand along the
whole thoracic, lumbar and lumbosacral spine which is not
common in degenerative spinal disorders [2, 9]. The
hypothesis of a distinct specific myopathic change is con-
firmed by the finding of complete degeneration not only of
multifidus muscles but of lateral erector spinae muscles
(i.e. M. longissimus and M. iliocostalis) typically preserved
with prolonged bed rest and low back pain [2, 10]. The
morphologic muscle changes in the latter conditions com-
monly resemble neurogenic atrophy, whereas changes in
our camptocormia patients fulfil the MRI criteria of myo-
genic amyotrophy (conserved muscle shape and size
demonstrated by MRI) [23].

In patients with other myopathies (myotilinopathy,
LGMD, desminopathy), probable subclinical fatty infiltration
of the erector spinae muscles was found in 11 out of 18
investigated patients, in 7 out of 18 patients the grade of
infiltration was severe. In contrast to our findings, oedema
was frequently present in patients with hereditary myopa-
thies, even in muscle groups with severe fatty infiltration [34].

The prevailing view is that axial weakness might simply
explain camptocormia. However, there are other patients
with complete erector spinac muscle fatty degeneration
(e.g. in primary dysferlin deficiency) without the occur-
rence of camptocormia [35]. These cases are in line with
our observation of some typical FSHD patients with fairly
fatty degenerated erector spinae muscles but without any

evidence of camptocormia (patients not included in the
study because they did not meet inclusion criteria). Another
study on patients with myotonic dystrophy type II showed
fatty degeneration of thoracic and lumbosacral erector
spinae muscles, whereas only 3 out of 14 showed clinical
trunk muscle involvement [18]. Thus, axial weakness alone
might not be sufficient to cause camptocormia in neuro-
muscular disease.

A quantitative analysis of upper body oscillations in
FSHD patients revealed an increased range of body
movement correlating with the clinical severity score [13].
This is in line with the previous finding that FSHD patients
usually fall in a forward direction [11] which might be due
to upper trunk and neck muscle weakness [13].

It has been shown that weakness of pelvic extensor
muscles (gluteus, adductor magnus, semimembranosus)
leads to increased pelvic tilt and hip flexion (hyperlordosis)
and sagittal spinal imbalance in early onset FSHD [24].
Patients stand with the spine hyperextended to maintain an
upright posture by a compensatory mechanism of strong
back extensor muscles [24]. The additional fatty degener-
ation of pelvic extensor muscles, especially of M. semi-
membranosus, and to a milder extent, of adductor magnus
and gluteus muscles, has been shown in all six patients with
camptocormia phenotype (Table 2).

Thus, it can be suggested that only combined insuffi-
ciency of pelvic extensor and erector spinae muscles con-
secutively leads to camptocormia. This might explain why
the tendency to lean forward becomes more pronounced
with continued standing or walking whereas patients sitting
and laying down are unremarkable. Patients prefer using a
walking aid and, while standing, to extend their arms
behind the back or to lay them on upper leg or lower
abdomen to maintain gravitational balance. On the other
hand, the aetiology of camptocormia does not necessarily
include neuromuscular and movement disorders, but may
occasionally arise due to spine deformities or idiopathic
reason as well [1].

MRI provides additional information on subclinically
involved muscle groups and sometimes leads to a typical
diagnostic pattern of muscle disease [7, 18, 28, 34]. In our
study, atrophy and fatty degeneration of lower extremity
muscles were found in all investigated patients (Table 2).
MRI revealed subclinical extremity involvement in 3 out of
6 patients. However, the degree of extremity involvement
was in neither patient as severe as in erector spinae mus-
cles. Although clinically asymmetric muscle involvement
is commonly described in FSHD in our study only 11% of
affected muscles showed asymmetry in MRI. This is in
accordance to a previous study by Olsen et al. [31] who
also found only an asymmetry rate of 15%. Often, the
degree of involvement was larger at the distal end than in
the remaining muscle as previously reported [16].
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Both spinal and extremity muscle affection in MRI
seemed to correlate with clinical severity as described
previously [31], but the severity of muscle degeneration did
not depend on disease duration. Posterior leg muscles have
been described as clinically relatively spared in FSHD [38]
or to be affected only in later stages of the disease [40].
However, it has previously been shown by MRI that
hamstrings and semimembranosus and gastrocnemius
muscles seem to be typically involved in FSHD [16, 31,
32]. This is consistent with our study (Table 2). There was
mostly subclinical severe fatty degeneration of gastrocne-
mius muscle in five out of six patients. However,
involvement of posterior leg muscles is not very specific as
it has been shown in many other myopathies (desminopa-
thy, myotilinopathy, LGMD2I, LGMD2A) as well [7, 34].

Conclusion

The study extends the spectrum of atypical clinical presen-
tations of FSHD. Isolated or predominant weakness of spinal
muscles leading to a camptocormia is a rare finding in FSHD
and seems to represent a new phenotype of disease. Since the
camptocormia phenotype is the initial clinical symptom it
may cause diagnostic confusion. We postulate that the pre-
dominant spinal muscle involvement not necessarily leads to
postural abnormality. In myopathic bent spine, insufficiency
of spinal muscles might be accompanied by weakness of hip
extensor muscles, especially of adductor and semimembr-
anosus muscles, leading to an increased pelvic tilt. In the
present study, MRI demonstrated not only severe fatty
degeneration of thoracic and lumbar erector spinae muscle
tract, but also involvement of hip extensors as well. Even
though MRI indicated some subclinical muscle involvement
(e.g. M. gastrocnemius), there seems to be a specific pattern
of predominant abnormality of axial muscles in bent spine
FSHD subgroup. As in other atypical forms of disease there
was no correlation with allele fragment length. In addition
the study shows that the axial phenotype is preserved for a
long course of disease sparing other in FSHD typically
involved muscle groups. The expanding clinical heteroge-
neity of FSHD is important to recognize so that DNA testing
for FSHD has to be considered in undiagnosed patients with
isolated bent spine syndrome.

Conflict of interest The authors declare that they have no conflict
of interest.
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