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Abstract

Objectives: Inaugural axial muscle involvement, defined as dropped head syndrome (DHS) and/or camptocormia (CC), is poorly described in
inflammatory myopathies (IM). This study aimed to further characterize IM patients with inaugural DHS/CC, their outcome and care
management.

Methods: This retrospective study included IM patients diagnosed between 2000 and 2021. The main inclusion criterion was IM revealed by
axial muscle deficit (DHS/CC).

Results: Twenty-seven patients were included; median (IQR) age at first symptoms was 66.0years (55.5-75.0); 21 were female (77.8%). There
were nine IBM, 33.3%, nine overlap myositis (OM, 33.3%), five DM, 18.5%, two immune checkpoint inhibitor-related myositis (7.4 %), one focal
myositis (3.7%) and one myositis with anti-Hu antibodies (3.7%). Age at first symptoms was <70vyears in 16 patients (59.3%), including all DM
patients and 8/9 OM patients (88.9%). In this group, partial remission of the disease was obtained in 9/16 (56.3%) and complete remission in 1/16
patients (6.3%); regression of DHS/CC was achieved in 3/16 patients (18.8%). Conversely, in the group of 11 patients aged >70vyears at first
symptoms, there were eight IBM (72.7%). Partial remission was obtained in 5/11 patients (45.5%), the disease was stable in 6/11 patients (54.5%);
no complete remission was obtained nor regression of DHS/CC.

Conclusion: The analysis of IM patients with inaugural DHS/CC delineates two groups of patients according to the age at first symptoms in
terms of clinical and outcome specificities, and proposes an adapted diagnostic and care management approach to prevent long-term
complications.

Keywords: dropped head syndrome, camptocormia, inflammatory myopathies, myositis

Rheumatology key messages

* Few data are available on inaugural axial involvement in patients with inflammatory myopathies.
* The present findings identify two groups of patients according to the age at first symptoms.

¢ This subgroup delineation should help to adapt diagnosis and care management.
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Inaugural axial muscle involvement in inflammatory myopathies

Introduction

Inflammatory myopathies (IM) are a heterogeneous group of
acquired diseases either idiopathic or drug-induced that can
affect muscles, skin, lungs, heart and joints. Increased knowl-
edge about clinical manifestations, histopathological findings
[1], and auto-antibodies identification have led to a new clas-
sification of four main idiopathic IM entities: DM, IBM,
immune-mediated necrotizing myopathy (IMNM) and anti-
synthetase syndrome (ASyS) [2]. Three more entities can be
added to the IM spectrum: overlap myopathies (OM) that
combine myositis and other autoimmune diseases as illus-
trated by scleromyositis [3]; immune checkpoint inhibitor-
related myositis (irMyositis) that has recently emerged with
the increasing use of these anti-cancer drugs [4]; and focal
myositis (FM), a very rare disease [5]. In all types of IM, mus-
cle weakness is generally symmetric and affects primarily
proximal muscles, except for IBM that affects distal muscles
[2] and FM that only affects a single muscle group [5].
However, axial muscle weakness is possible in each IM entity
[2], and despite its major functional impact, its involvement in
the course of IM is poorly described [6, 7]. Axial muscle
weakness presents as either dropped head syndrome (DHS)
that is characterized by a marked weakness of the neck exten-
sors (Fig. 1A) [8], or as camptocormia (CC) that is character-
ized by a marked weakness of the thoracolumbar paraspinal
muscles (Fig. 1B), and these may be associated with one an-
other [9, 10]. Axial muscle weakness can be the presenting
feature in inflammatory and non-inflammatory myopathies as
well as in a broad spectrum of diseases affecting the central
nervous system (dystonic, neurodegenerative disorders), the
motoneurons, or the neuromuscular transmission [11-13].
For example, in a cohort study that included 107 patients
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with predominant DHS from various causes, 8.4% of the
patients had IM including 1.9% of IBM [12], while another
study that included 276 patients with CC found that for
3.6% had IM with 1.4% of IBM [11], suggesting that IM is a
rare cause of DHS/CC. However, IM represents one of the
rare treatable causes of axial muscle weakness, and, as an in-
augural DHS and/or CC is a highly atypical presentation of
IM [12, 14], this may delay the IM diagnosis and the treat-
ment of these patients. No published study has investigated
inaugural axial involvement in IM.

We therefore aimed to describe IM revealed by DHS and/or
CC and their clinical, laboratory and histopathological
characteristics, as well as the treatments and outcomes.

Methods

Study design and participants

A retrospective study was conducted in a tertiary care centre.
Patients were selected for the study through an exhaustive
screening of the MYOLYON registry that includes all IM fol-
lowed at the University Hospital of Lyon (France). Inclusion
criteria were a diagnosis of IM between 2000 and 2021 in ac-
cordance with the current international criteria [5, 15-18]
and inaugural axial involvement (DHS and/or CC; Fig. 1).
The deficit was objectified by manual testing, using the 5-
point Medical Research Council (MRC) scale [19]. Data were
collected from medical records using an anonymous and stan-
dardized form. To exclude other causes of DHS and/or CC, as
neurological disorder [e.g. Parkinson’s disease, myasthenia
gravis, and amyotrophic lateral sclerosis (ALS)], clinical ex-
amination, laboratory analyses, imaging, muscle biopsy and
electroneuromyography (ENMG) data were gathered.

Figure 1. Dropped head syndrome (DHS) and camptocormia (CC) definitions. (A) lllustration of a patient with a DHS. DHS is defined as the limited ability
to maintain erect neck posture leading to head dropping, corrected by passive extension of the neck or in recumbent position [12]. (B) lllustration of a
patient with a CC. Consensual definition for CC was a 45° or greater forward flexion of the spine with resolution on assuming a supine posture [43]
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Patients with a lack of diagnosis workup were excluded.
Treatments used were recorded and classified into three cate-
gories: (i) first-line treatments included corticosteroids, MTX,
MMF and AZA; (ii) second-line treatments included intrave-
nous immunoglobulin (IVIG) and rituximab (RTX); and (iii)
third-line treatments included CYC and/or plasma exchanges
(PE). Treatment response was assessed by manual strength ex-
amination at the end of each line of treatment, and was classi-
fied into four categories: (i) active disease, defined as a
continuous worsening of whole muscle involvement despite
treatment (manual testing worsening); (ii) stable disease, de-
fined as neither improvement nor progression of muscle
weakness (stable manual testing); (iii) partial remission, de-
fined as a mild improvement of symptoms (improvement of
manual testing but persistent muscle weakness); and (iv) com-
plete remission, defined as the resolution of clinical manifesta-
tions (no muscle weakness). When extra-muscular symptoms
were associated, their course under treatment was considered.

Detection of antinuclear, anti-extractable nuclear
antigen and myositis-specific antibodies

ANA were detected by indirect immunofluorescence on HEp2
cells (Kallestadt/Bio-Rad, Marnes La coquette, France) speci-
fying the pattern of fluorescence as previously described [20].
Anti-extractable nuclear antigen (ENA) antibodies were mea-
sured using a multiplex flow immunoassay (MFA)
(BioPlex™ 2200, Bio-Rad). Anti-cytosolic 5>-nucleotidase 1A
autoantibodies (anti-cN1A) were detected using ELISA tech-
nique. The presence of other myositis-specific antibodies
(MSA) and of myositis-associated antibodies was identified
by dot immunoassays (Euroimmun, Liibeck, Germany; D-tek,
Mons, Belgium) [20].

Pathological analysis

A centralized, standardized and blind analysis of muscle biop-
sies was performed according to the last European
NeuroMuscular Centre (ENMC) recommendations [1] by
experts in neuropathology (N.S., T.F.). Muscle biopsies were
processed following a standardized protocol [21].
Morphological analysis was performed on haematoxylin-
phloxine-saffron stained sections. Immune cell infiltrate
within the muscle was phenotyped using anti-CD3 (2GV6
CC1 Std, prediluted; Ventana Medical Systems, Inc., Tucson,
AZ, USA), anti-CD4 (SP35, CC1 Std, prediluted, Ventana),
anti-CD8 (SP57 CC1 Std, prediluted, Ventana), anti-CD20
(L26 CC1 Short, prediluted, Ventana) and anti-CD68 (KP1,
CC1 Std, prediluted, Ventana) antibody. All staining was per-
formed with an immunohistochemistry automated instrument
(Ultra Benchmark, Ventana). Major histocompatibility com-
plex class (MHC) I and II (Dako, Agilent Santa Clara, CA,
USA) expressions, and C5b9 (aE11 1/50, Dako) deposits were
scored on immunohistochemistry. A diagnosis accuracy score
(from 0: poorly evocative of the suspected diagnosis, to 10:
highly evocative of the suspected diagnosis) was defined in ac-
cordance with current knowledge [22].

Statistical analyses

Descriptive analysis and frequency calculations were performed
using Microsoft Excel (Microsoft Corporation©, Redmond,
WA, USA). Medians are reported with interquartile ranges,

(IQR).

Marie Robert et al.

Ethics statement

Written inform consent was not required according to the leg-
islation in place at the time of the study. Nonetheless, for ethi-
cal consideration, patients were informed that their medical
records might be used for research in accordance with the pri-
vacy rule. The study was approved by the local ethics commit-
tee of the Hospices Civils de Lyon (Lyon, France—Approval
#22_5351) and conforms to the ethical guidelines of the 1975
Declaration of Helsinki. Written informed consent for publi-
cation of images was obtained from patients.

Results
Characteristics of patients at IM diagnosis

Twenty-seven patients with IM and inaugural axial involve-
ment were included, 21 of whom (77.8%) were female
(Table 1). Nine patients (33.3%) had one or multiple associ-
ated autoimmune diseases including Hashimoto’s thyroiditis
in five patients, Graves’ disease in two patients, Crohn’s dis-
ease in two patients, and autoimmune atrophic gastritis, pri-
mary biliary cholangitis, rheumatoid arthritis, cutaneous
lupus were found in one patient, respectively. Nine patients
(33.3%) had cancer. The median (IQR) age at first symptoms
was 66.0years (55.5-75.0); 16 patients (59.3%) were aged
<70vyears at IM onset. The median (IQR) interval between
first symptoms and diagnosis was 1.5 years (0.0-3.5). Ten
patients (37.0%) had an acute disease onset (<3 months;
Table 1). All included patients, except the patient with FM,
presented both axial and extra-axial muscle weakness at base-
line. DHS and CC were associated in 16 patients (59.3%),
DHS occurred alone in seven patients (25.9%), and CC alone
in four patients (14.8%). Clinical manifestations also included
myalgia in 11 patients (40.7%), dysphagia in 13 patients
(48.1%) and extra-muscular manifestations in 16 patients
(59.3%). Extra-muscular manifestations included cutaneous
lesions in 14 patients (e.g. hand oedema, systemic sclerosis or
DM lesions), Raynaud’s phenomenon in 11 patients, pulmo-
nary involvement in six patients (i.e. interstitial lung disease),
rheumatological manifestations in five patients (i.e. synovitis,
arthritis), and heart involvement in three patients (i.e. pulmo-
nary hypertension and/or right heart failure). Axial muscle
impairment-related complications, defined as malnutrition,
aspiration pneumonia and/or intensive care unit (ICU) admis-
sion, concerned 10 patients (37.0%). Four patients (14.8%)
died during follow-up; for two this was related to infectious
disease and for the remaining two the cause of death was not
known. Laboratory analyses found elevated creatine kinase
(CK) in 25 patients (92.6%), in whom the median x upper
normal limit (UNL) was 3.4 (2.0-8.1). C-reactive protein
(CRP) was elevated in seven patients (25.9%). ANA were
found in 21 patients (77.8%); the pattern of fluorescence,
available in 15 patients, was nucleolar in six of them, mixed
(nucleolar and homogeneous or speckled) in six patients,
speckled in one patient, and proliferating cell nuclear antigen
(PCNA) or PCNA-like in two patients. ENMG was per-
formed in 26 patients (96.3%; Table 1), 10 of whom (38.5%)
had an ENMG of axial muscles. ENMG was abnormal in all
but three cases (n=23/26, 88.5%), identifying either a myo-
genic pattern (n=16/26, 61.5%), a neurogenic pattern (n =1/
26, 3.8%), or both (n=6/26,23.1%). Imaging (computed to-
mography or magnetic resonance imaging) of axial muscles
was performed in nine patients (33.3%; Table 1);



Table 1. Characteristics of patients

Total IBM oM DM irMyositis FM Other®
n=27 n=9(33.3%) n=9(33.3%) n=>5(18.5%) n=2(7.4%) n=1(3.7%) n=1(3.7%)
General characteristics
Female, 7 (%) 21 (77.8) 8 (88.9) 8 (88.9) 5(100.0) 0 0 0
Age at 1st symptoms, years, median (IQR) 66.0 (55.5-75.0) 76.0(75.0-78.0) 56.0(33.0-65.0) 61.0(57.0-68.0) 76.5(75.3-77.8) 48.0 41.0
Age at 1st symptoms <70 years, 7 (%) 16 (59.3) 1(11.1) 8 (88.9) 5(100.0) 0 1 1
Interval between first symptoms and diagnosis, years, median (IQR) 1.5 (0.0-3.5) 3.0 (2.0-4.0) 2.0 (0.8-5.0) 0.0 (0.0-0.5) 0(0.0-0.0) 0.0 1.0
Acute disease onset (<3 months), 7 (%) 10 (37.0) 1(11.1) 3(33.3) 4 (80.0) 2 (100.0) 0 0
Length of follow-up, years, median (IQR) 6.0 (1.5-10.0) 4.0 (3.0-7.0) 8.0 (4.0-11.0) 10.0 (6.0-13.0) 1.0 (1.0-1.0) 1.0 12.0
Muscular manifestations
Pattern of axial muscle involvement
DHS + CC, n (%) 16 (59.3) 4 (44.4) 8 (88.9) 3 (60.0) 0 0 1
DHS alone, 7 (%) 7(25.9) 2(22.2) 1(11.1) 1(20.0) 2 (100.0) 1 0
CC alone, 7 (%) 4(14.8) 3(33.3) 0 1(20.0) 0 0 0
Myalgia, 7 (%) 11 (40.7) 0 6 (66.7) 3 (60.0) 0 1 1
Distal muscle weakness, 7 (%) 11 (40.7) 8 (88.9) 0 2 (40.0) 0 0 1
Dysphagia, n (%) 13 (48.1) 3(33.3) 6 (66.7) 3 (60.0) 1(50.0) 0 0
Extra-muscular manifestations, 7 (%) 16 (59.3) 2(22.2) 9 (100.0) 5(100.0) 0 0 0
Axial muscle impairment-related complications, 7 (%) 10 (37.0) 3(33.3) 3(33.3) 2 (40.0) 2(100.0) 0 0
Malnutrition, 7 (%) 9(33.3) 3(33.3) 2(22.2) 2 (40.0) 2 (100.0) 0 0
Aspiration pneumonia, 7 (%) 5(18.5 1(11.1) 0.0 2 (40.0) 2 (100.0) 0 0
ICU, 72 (%) 3(11.1) 0 1(11.1) 2 (40.0) 0 0 0
Death, 7 (%) 4(14.8) 0 3(33.3) 0 1(50.0) 0 0
Laboratory features
Elevated CK level (>N), 7 (%) 25 (92.6) 8 (88.9) 8 (88.9) 5(100.0) 2 (100.0) 1 1
CK values (xUNL), median (IQR) 3.4 (2.0-8.1) 1.9 (1.6-2.6) 3.7 (2.5-5.1) 8.0 (5.0-10.0) 26.0 (18.0-34.0) 2.0 8.4
Elevated CRP (>N), 7 (%) 7 (25.9) 1(11.1) 1(11.1) 3(60.0) 1(50.0) 1 0
ANA positivity, 7 (%) 21 (77.8) 7(77.8) 9 (100.0) 4(80.0) 0 1 0
ENMG performed, 7 (%) 26 (96.3) 8 (88.9) 9 (100.0) 5(100.0) 2 (100.0) 1 1
Myopathic pattern, 7 (%) 16 (61.5) 4 (50.0) 8 (88.9) 3(60.0) 0 0 1
Neurogenic pattern, 7 (%) 1(3.8) 1(12.5) 0 0 0 0 0
Both, 7 (%) 6(23.1) 2 (25.0) 1(11.1) 1(20.0) 2 (100.0) 0 0
Imaging performed,® 7 (%) 9(33.3) 2(22.2) 3(33.3) 2 (40.0) 0 1 1
Muscle biopsy performed, 7 (%) 27 (100.0) 9 (100.0) 9 (100.0) 5(100.0) 2 (100.0) 1 1
Treatment at biopsy, 7 (%) 6(22.2) 0 2(22.2) 3(60.0) 1(50.0) 0 0
Diagnosis accuracy score, median (IQR) 7.0 (3.0-8.0) 5.0 (2.0-9.0) 7.0 (7.0-7.8) 4.0 (2.5-5.3) 8.0 (8.0-8.0) N/A N/A

? Other refers to the patient with anti-Hu antibodies.

Imaging included either imaging of head and neck muscles or of thoracolumbar muscles.
CC: camptocormia; CK: creatine kinase; DHS: dropped head syndrome; ENMG: electroneuromyography; ICU: intensive care unit; IQR: interquartile range; irMyositis: myositis induced by immune checkpoint
inhibitors; N/A: not applicable; OM: overlap myositis; ULN: upper limit of the normal range.
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inflammation was found in two patients (22.2%), atrophy in
four patients (44.4%) and fat replacement in six patients
(66.7%). Muscle biopsy was performed for all patients; for
six of these (22.2%) this was taken while the patient was un-
der  immunosuppressive/immunomodulatory  treatments
(Table 1). Muscle biopsy was performed in various muscles:
semi-spinalis (=1, 3.7%), deltoid (=12, 44.4%), biceps
(n=4, 14.8%), quadriceps (n=6, 22.2%), gastrocnemius
(n=1, 3.7%) or tibialis anterior (n =1, 3.7%); the biopsy site
was unknown for two patients (7.4%). Eighteen of these mus-
cle biopsies were available for blind analysis. Myofibres were
atrophic in 16 patients, fibrotic in five patients, and necrotic
in 12 patients. Inflammation was found in 10 muscle biopsies
with various topographies and compositions. MHC-I was
overexpressed in all but one biopsy tested (Supplementary
Table S1, available at Rbheumatology online). The median di-
agnosis accuracy score established on each muscle biopsy was
7.0/10 (3.0-8.0) (Table 1).

Diagnosis of IM subgroups

The six IM subgroups found in the cohort were: IBM in nine
(33.3%), OM in nine (33.3%), DM in five (18.5%), irMyositis
in two (7.4%), FM in one (3.7%, semi-spinalis), and myositis
with anti-Hu antibodies in one patient (3.7%). Three of the nine
patients (33.3%) finally diagnosed with IBM were first diag-
nosed as having ALS. Cases of irMyositis were consecutive to
anti-PD1 or anti-PDL1 therapy, prescribed for metastatic lung
adenocarcinoma. The median (IQR) age at first symptoms
ranged from 56.0years (33.0-65.0) in OM to 76.0years
(75.0-78.0) in IBM and 76.5 years (75.3-77.8) in irMyositis.
Age at first symptoms was <70 years in 16 patients (59.3%), in-
cluding all DM patients and 8/9 OM patients (88.9%), whereas
this was the case in 1/9 IBM patients (11.1%; Table 1). The me-
dian (IQR) interval between first symptoms and IM diagnosis
was 0.0 years (0.0-0.5) in DM and reached 3.0 years (2.0-4.0)
in IBM. Physical examination found diffuse axial involvement
(DHS+CC) in 8/9 OM patients (88.9%), 3/S DM patients
(60.0%), 4/9 IBM patients (44.4%). The two patients with
irMyositis and the FM patient had a DHS without CC. Axial
muscle impairment-related complications concerned both
patients with irMyositis, 2/5 DM patients (40.0%), 3/9 IBM
and 3/9 OM patients (both 33.3%). ANA were found in all nine
OM npatients, in 4/5 DM patients (80.0%), and in 7/9 IBM
patients (77.8%; Table 1). Among the nine OM, anti-UTRNP
was found in two patients; among the seven IBM patients, anti-
SSA were found in two patients (52 kDa in one, 60 kDa in one),
anti-Scl70 in one patient, anti-PCNA in one patient, and anti-
PCNA-like in one patient. Anti-MSA were found in four
patients; anti-MDAS in one DM patient, anti-NXP2 in one DM
patient, anti-cN1a in two IBM patients. Three OM patients had
anti-PM/Scl auto-antibodies, one OM patient had anti-NOR90
auto-antibodies, and one anti-Hu auto-antibodies. ENMG
found a myopathic pattern in 8/9 OM patients (88.9%), in 3/5
DM patients (60.0%), and in 4/8 IBM patients (50.0%).
Blinded review of muscle biopsies revealed that the diagnosis ac-
curacy score ranged from a median score of 4.0/10 (2.5-5.3) for
DM to 8.0/10 for irMyositis (Table 1). Of note, among the four
DM biopsies available, three were performed under treatment.

Treatments

All but four IBM patients (14.8%) were treated during
follow-up. Twenty-one patients (77.8%) received first-line
treatments; all of these patients received corticosteroids, 10/
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21 MTX (47.6%), 7/21 MMF (33.3%) and 5/21 AZA
(23.8%). Twenty patients (74.1%) received second-line treat-
ments; all of these patients received IVIG, and three RTX
(15.0%). Second-line treatments were used in 8/9 OM
patients (88.9%), in 4/5 DM patients (80.0%) and in 5/9 IBM
patients (55.6%; Table 2). Among the total population, two
(7.4%) patients received third-line treatments; these were
both DM patients: CYC in both of them, and PE in one. The
median (IQR) number of treatments received during follow-
up was 3.0 (1.5-4.0) and ranged from 1.0 (0.0-2.0) in IBM to
3.0 (3.0-4.0) in DM and OM patients. Fifteen patients
(55.6%) remained treated at last visit, including 8/9 OM
patients (88.9%) and 3/5 DM patients (60.0%). Treatments
were discontinued in 7/9 IBM patients (77.8%; Table 2). All
16 patients who were aged <70 years at first symptoms were
treated, except one IBM patient; 13/16 patients (81.3%) re-
ceived second-line treatments and 2/16 patients (12.5%)
third-line treatments; 13/16 patients (81.3%) remained
treated at last visit. All but three patients aged >70 years at
first symptoms were treated; 7/11 patients (63.6%) received
second-line treatments, and none third-line treatment; 2/11
patients (18.2%) remained treated at last visit.

Outcomes

At last visit, IM remained active in three patients (11.1%), in-
cluding 2/9 OM patients (22.2%) and the patient with anti-
Hu antibodies. IM was stable in nine patients (33.3%), in-
cluding 6/9 IBM patients (66.7%) and 3/9 OM patients
(33.3%). Partial remission was obtained in 14 patients
(51.9%) and complete remission in one patient (3.7%); all
those with DM or irMyositis had either partial or complete
remission (Table 2). The use of second- or third-line treat-
ments vs first-line treatments was not significantly associated
with partial/complete improvement (P =0.73, Fisher’s exact
test). Regarding DHS/CC, complete regression of axial muscle
involvement was observed in three patients (11.1%), includ-
ing 2/5 patients with DM (40.0%) and 1/9 with OM
(11.1%). No DHS/CC remission was obtained in other
patients (Table 2). In the 16 patients aged <70 years at first
symptoms, partial remission was obtained in 9/16 (56.3%)
and complete remission in 1/16 patient (6.3%); complete re-
gression of DHS/CC was achieved in 3/16 patients (18.8%).
Conversely, in the 11 patients aged >70years at first symp-
toms, partial remission was obtained in 5/11 patients
(45.5%), and the disease was stable in 6/11 patients (54.5%);
no complete remission was obtained nor regression of DHS/
CC at last visit. Individual data are presented in
Supplementary Table S2, available at Rheumatology online.

Discussion

Inaugural axial involvement is an atypical presentation of IM,
poorly described so far. In the present study, the main diagno-
ses for inaugural DHS/CC were OM and IBM, followed by
DM. The overwhelming majority of patients with OM and
DM had first symptoms <70 years of age, required aggressive
immunosuppression with potential for improvement, while
those aged >70years at first symptoms had most frequently
IBM, without effective treatment. Taken together, these
results suggest that the age at first symptoms was an effective
parameter to delineate two groups.

IM diagnosis remains challenging when the disease is
revealed by inaugural axial involvement. In the present study,
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Table 2. Treatments and outcomes

Total IBM OM DM irMyositis FM Other®
n=27 n=9(33.3%) n=9(33.3%) n=>5 (18.5%) n=2(7.4%) n=1(3.7%) n=1(3.7%)
Treatment received, 7 (%) 23 (85.2) 5(55.6) 9(100.0) 5(100.0) 2 (100.0) 1 1
1st line, 72 (%) 21 (77.8) 3(33.3) 9 (100.0) 5(100.0) 2 (100.0) 1 1
Corticosteroids, 7 (%) 21 (100.0) 3(100.0) 9 (100.0) 5(100.0) 2 (100.0) 1 1
MTX, n (%) 10 (47.6) 1(33.3) 5(55.6) 2 (40.0) 0 1 1
MMEF, 7 (%) 7(33.3) 0 4 (44.4) 2 (40.0) 0 0 1
AZA, n (%) 5(23.8) 0 4 (44.4) 1(20.0) 0 0 0
2nd line, 7 (%) 20 (74.1) 5(55.6) 8 (88.9) 4 (80.0) 1(50.0) 1 1
IVIG, 7 (%) 20 (100.0) 5(100.0) 8 (100.0) 4(100.0) 1(100.0) 1 1
RTX, 7 (%) 3(15.0) 1(20.0) 1(12.5) 0 0 0 1
3rd line, 7 (%) 2(7.4) 0 0 2 (40.0) 0 0 0
CYC, n (%) 2 (100.0) 0 0 2 (100.0) 0 0 0
PE, n (%) 1(50.0) 0 0 1(50.0) 0 0 0
Number of treatments received, median (IQR) 3.0 (1.5-4.0) 1.0 (0.0-2.0) 3.0 (3.0-4.0) 3.0 (3.0-4.0) 1.5 (1.3-1.8) 3.0 7.0
Treatment at last visit, 7 (%) 15 (55.6) 2(22.2) 8 (88.9) 3(60.0) 0 1 1
Outcomes
Disease activity
Active disease, 7 (%) 3(11.1) 0 2(22.2) 0 0 0 1
Stable disease, 7 (%) 9(33.3) 6 (66.7) 3(33.3) 0 0 0 0
Partial remission, 7 (%) 14 (51.9) 3(33.3) 4 (44.4) 4 (80.0) 2 (100.0) 1 0
Complete remission, 7 (%) 1(3.7) 0 0 1(20.0) 0 0 0
DHS/CC at last visit
Persistent, 7 (%) 24 (88.9) 9 (100.0) 8 (88.9) 3(60.0 2 (100.0) 1 1
Complete regression, 7 (%) 3(11.1) 0 1(11.1) 2 (40.0) 0 0 0

? Other refers to the patient with anti-Hu antibodies.

CC: camptocormia; DHS: dropped head syndrome; IQR: interquartile range; irMyositis: myositis induced by immune checkpoint inhibitors; OM: overlap myositis; PE: plasma exchanges; RTX: rituximab.
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Table 3. Summary of the main published studies on axial muscle deficit

ZLS

References

Type of study (number of patients)

Axial muscle weakness

Diagnoses

Alietal. [11]

Drain et al. [13]

Alhammad et al. [12]

Ghosh et al. [14]

Retrospective cohort of all adult patients evaluated

at Mayo Clinic Rochester with a diagnosis of
camptocormia (CC)
(276 patients)

Systematic review of the literature reporting
underlying pathology for DHS and applied a
specific treatment regimen with outcome data

(129 patients, 74 studies)

Retrospective cohort of adult patients with a
myopathy presenting with DHS at the Mayo
Clinic

(107 patients)

Retrospective cohort of patients with myopathy
presenting with CC at the Mayo Clinic
(52 patients)

CC

DHS

Inaugural DHS

CcC

a

1. Neuromuscular and musculoskeletal disorders (7 =133, 48.2%)*: idio-
pathic axial myopathy (7 =39, 14.1%), degenerative joint disease (7 =36,
13.0%), amyotrophic lateral sclerosis (7 =26, 9.4%), facioscapulohum-
eral muscular dystrophy (7= 7, 2.5%), inflammatory myopathy (IM)
(n=6,2.2%), myasthenia gravis (n=15, 1.8%), inclusion body myositis
(IBM) (n =4, 1.5%).

2. Central nervous system and neurodegenerative diseases (7 =114,
41.3%)*: idiopathic Parkinson’s disease (7= 62, 22.5%), dystonia
(n=20, 7.3%), multiple system atrophy (n= 16, 5.8%), Lewy body
disease (7=9, 3.3%).

3. Miscellaneous/rare diseases (7 =17, 6.2%).

4. Immune-mediated diseases (n=7,2.5%).

5. Drug-induced diseases (n =35, 1.8%).

Of note, 40/276 patients (14.5%) also had dropped head syndrome (DHS).

1. Isolated neck extensor myopathy (n =41, 31.8%).

2. Parkinson’s disease (7 =26, 20.2%).

3. Myasthenia gravis (n =16, 12.4%).

4. Amyotrophic lateral sclerosis (n=9, 7.0%).

5. Drug-induced, endocrine/electrolyte abnormality, radiation-induced

(n=35, 3.9% respectively).

. Scleroderma (n=4, 3.1%).

. Polymyositis (n = 3, 2.3%).

. Other (n=15, 11.6%).

.IM (n=16,15.0%).

. Myopathy with rimmed vacuoles (7 =10, 9.3%).

. Radiation-induced myopathy (2=8, 7.5%).

. Sporadic late onset nemaline myopathy (n=7, 6.5%).

. Myofibrillar myopathy (n =4, 3.7%).

. Facioscapulohumeral muscular dystrophy (n=3, 2.8%).

. IBM, mitochondrial myopathy, scleroderma-myopathy (7 =2,1.9%,

respectively).

8. Myopathy not otherwise specified (n =50, 46.7%)

Of note, 15/107 patients (14.0%) also had CC.

1. Acquired myopathy (7 =11, 21.2%): sporadic IBM (n=35), IM (n =2),
necrotizing auto-immune myopathy (7 = 2), sporadic late onset nemaline
myopathy (n=2).

2. Genetically proven myopathy (n=9, 17.3%): facioscapulohumeral
muscular dystrophy 1 (7= 7), myotonic dystrophy 1 (7 =1), Pompe
disease (n=1).

3. Other (n=3, 5.8%): vacuolar myopathy (n =2), mitochondrial
myopathy (n=1).

4. Myopathy not otherwise specified (7 =29, 55.8%).

Of note, 15/52 patients (28.8%) also had DHS.
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Table 3. (continued)

References

Type of study (number of patients)

Axial muscle weakness

Diagnoses

Watanabe et al. [40]
Noguchi ez al. [41]

Mariampillai ez al. [2]

Leclair et al. [32]

Gallay et al. [5]

Rigolet et al. [42]

Touat et al. [33]

Prospective cohort of IM patients in Japan (460
patients)

Retrospective cohort based on the French myositis
network

(361 patients)

Prospective cohort of patients with scleromyositis
based on the Canadian Inflammatory Myopathy
Study group

(42 patients)

Retrospective cohort of patients with focal myositis
(EM)

(34 patients)

Retrospective cohort of patients with anti-Ku
antibodies

(30 patients)

Retrospective cohort of patients with immune-
checkpoint inhibitor-related myositis (irMyositis)

(10 patients)

DHS"

DHS=CCP

DHS=+CCP

DHS+CC"

DHS=CCP

DHSP

1. IM patients with anti-single recognition particle (anti-SRP) (n =48/68,
70.6%).

2. IM patients with anti-3-hydroxy-3-methylglutaryl-coenzyme A reductase
(anti-HMGCR) (7 =20/45, 44.4%).

3. IM patients with antisynthetase syndrome (# = 17/51, 33.3%): patients
with anti-OJ (n = 8/14, 57.1%), patients with anti-Jo-1 or anti-PL-7 or
anti-PL-12 (n=9/37,24.3%).

1. Dermatomyositis (nz = 46/70, 65.7%).

2.1IBM (n=65/106, 62.5%).

3. Polymyositis (72 = 106/185, 57.6%).

Scleromyositis (7 = 12/42, 28.6%); including 4/8 patients (50.0%) with
systemic sclerosis (SSc) specific antibodies (i.e. anti-centromere,
anti-topoisomerase 1, anti-RNA polymerase III, anti-Th/To,
anti-fibrillarin), 1/14 patients (7.0%) with SSc-overlap antibodies
(i.e. anti-PM/Scl, anti-Ku, anti-U1RNP), 7/20 patients (35.0%) without
SSc-related antibodies.

FM of head or neck muscles (7 = 3/34, 8.8%).

IM with anti-Ku antibodies (7= 5/11, 45.5%).

IrMyositis (n =7, 70.0%).

* Diagnoses with a frequency >1.5% are indicated.
b The study of the axial deficit was not the main objective of the study but we extracted the number of patients with such muscle involvement to illustrate axial muscle weakness frequency in IM. The bold text
corresponds to inflammatory myopathy subtypes.
CC: camptocormia; DHS: dropped head syndrome; FM: focal myositis; HMGCR: 3-hydroxy-3-methylglutaryl-coenzyme A reductase; IM: inflammatory myopathy; irMyositis: myositis induced by immune checkpoint
inhibitors; SRP: single recognition particle.
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the initial DHS/CC presentation led to a delay between IM
onset and diagnosis compared with the expected in IM as the
median interval is reported to be 3 [23] or 6 months [24]. This
could be explained by inaugural axial presentation being very
infrequent in IM and no dedicated study on this topic has
been reported. In particular, axial muscle weakness can also
be the presenting feature of a broad range of diseases, fore-
most among which are Parkinson’s disease, hereditary myop-
athy, myasthenia gravis and ALS [11, 13] as summarized in
Table 3. Herein, a third of cases of IBM had initially been
misdiagnosed as ALS, a very common cause of CC and DHS,
responsible for delayed diagnosis and care, not to mention the
psychological consequences, illustrating the diagnostic chal-
lenge in such patients.

The present study suggests that when axial muscle involve-
ment is inaugural in a patient suspected of IM, the main diag-
noses to consider are first and foremost IBM, OM and DM.
This modifies the spectrum of diagnoses to investigate; in par-
ticular, it is of note that no case of ASyS or INMN was found
although they account for, respectively, 15.0% and 21.9% of
IM cases [2]. This is of importance for clinicians as DHS/CC
is an atypical presentation of IBM (only 0.84% of patients
with this disease have axial weakness at diagnosis [6]) and
has been reported as the inaugural muscular manifestation in
only a few case reports of both OM [25-29] and DM patients
[30, 31]; however, there are reports of axial deficit occurring
in 62.5% of IBM patients [2], 28.6% of OM patients and
65.7% of DM patients during follow-up [2, 32], which could
suggest a certain level of underdiagnosis. The frequency of ax-
ial muscle weakness in each IM subtype during follow-up is
presented in Table 3.

The present study identified patient characteristics that can
help clinicians to diagnose patients presenting with DHS/CC.
First, age at first IM symptoms delineated two groups of
patients; those aged <70 years had mostly OM and DM, and
older patients had mostly IBM and irMyositis, which is in ac-
cordance with the expected age of symptom onset for the re-
spective IM [2, 32, 33]. The second useful parameter for
diagnosis was the diffuse or selective involvement of axial
muscles: OM and DM patients had frequently a diffuse in-
volvement of axial muscles (i.e. DHS+CC) while irMyositis
presented DHS alone as previously reported [33]. These find-
ings call for a standardized clinical assessment of axial
muscles which has recently been proposed [34]. In addition,
ENMG may help confirm a myogenic process and exclude
myasthenia gravis and ALS [35]. However, ENMG of axial
muscles is particularly difficult to interpret [34], and this may
explain the low number of patients who underwent axial
muscle ENMG in the present study. Similarly, only a few
patients had imaging of axial muscles; most patients had atro-
phy and fat replacement but direct signs of myositis were
scarce, indicating that IM diagnosis should not be eliminated
based only on these findings. However, a recent study pro-
posed features that can help to identify subclinical muscle in-
flammation and to evaluate muscle damage [36], which may
lead to better accuracy of imaging interpretation for the diag-
nosis of IM in the future. Muscle histology was found to be
more valuable than ENMG or imaging; it facilitated the diag-
nosis of IM but also that of the IM subgroup, except for DM
patients herein who had been treated before the biopsy and
for whom the diagnosis accuracy score was low. In addition,
all OM patients of the present study were found to have ANA
but for only a quarter of these the auto-antibody was

Marie Robert et al.

identified, suggesting that there are auto-antibodies remain to
be discovered.

Another point to note is that most patients included herein
received second-line treatments and infrequently complete
DHS/CC regression; in addition, axial muscle impairment-
related complications (i.e. malnutrition, aspiration pneumo-
nia, ICU admission) concerned almost half of the patients,
and these are associated with further disease progression and
mortality [37]. Thus, reducing diagnosis delay and improving
care management are key factors to prevent the occurrence of
these complications. To this aim, the age at first symptoms
may help the clinician to identify patients for whom medica-
tion has to be promptly started with a possible improvement
of axial muscle weakness, as illustrated by OM and DM
patients in this retrospective study. Conversely, the results em-
phasize the poor effectiveness of treatments in IBM; none of
the IBM patients presented a regression of DHS/CC nor a re-
mission of the disease, questioning the use of immunosuppres-
sive treatments in such patients [38]. In any case, medical
treatments must be accompanied by specific rehabilitation as
soon as the axial deficit appears [39].

The present study is limited by its retrospective design. For
instance, some muscle biopsies were not available for review,
and the heterogeneity of the management of IM patients with
inaugural axial muscle weakness limited some conclusions. In
addition, the small number of patients illustrated the rarity of
this condition and did not allow us to investigate clinical im-
provement according to therapeutic strategy. Nevertheless,
this is the first study to specifically address the inaugural axial
involvement in IM so far.

In conclusion, the analysis of IM patients with inaugural
DHS/CC delineates two groups of patients according to the
age at first symptoms in terms of clinical and outcome specif-
icities, and proposes an adapted diagnostic and care manage-
ment approach to prevent long-term complications.
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Supplementary material is available at Rheumatology online.
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