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Background: Camurati-Engelmann disease (CED) is a rare genetic skeletal disorder characterized by limb pain, muscle emaciation
and weakness, and cortical thickening of the diaphysis of long bones. It is caused by mutations in the transforming growth factor
beta 1 (TGFB1) (type I) or other unknown gene(s) (type II). We present 8 consecutive patients with type | CED.

Methods: We retrospectively reviewed medical records and radiographs of type | CED patients with special reference to the mode
of presentation, process of diagnostic work-up, and disease course. They were 4 sporadic patients, and two pairs of mother and
son.

Results: We categorized the mode of presentation into three groups. Group | had 4 patients who mainly presented with motor
disturbances in young age. They drew medical attention for waddling gait, awkward ambulation or running, difficulty in going up-
stairs, or a positive Gower's sign at age 4 to 6 years. Subsequent development of limb pain and radiographic abnormality led to the
diagnosis of CED at age 6 to 29 years. Group Il had 3 patients who mainly presented with limb pain at age 15, 20, and 54 years, re-
spectively. Radiographic evaluation and molecular genetic test led to the diagnosis of CED. The remaining 1 patient (group Ill) was
asymptomatic until age 9 years when bony lesions at the tibiae were found incidentally. For the last 10 years, he intermittently
complained of leg pain in the morning or after sports activities, which did not interfere with daily life. All the patients in group |
showed a body mass index in the underweight range (< 18.4 kg/m’). At the latest follow-up, 4 patients in groups | and Il required
medication for the limb pain.

Conclusions: CED presents with a wide range of severity. Awareness of this rare disease entity may be the key to timely correct
diagnosis. This disease entity should be considered in the differential diagnosis of limb pain or motor disturbance in children to
avoid unnecessary diagnostic work-up.
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1,000,000.” Mutations of transforming growth factor beta
1 (TGFBI1) gene were identified as causative for this phe-
notype;‘” however, some patients with the same phenotype
do not have any mutation in that gene.” CED is classified
as type I (MIM 131300) when a pathogenic mutation in
TGFBI is identified; otherwise, it is classified as type II
(MIM 606631).”

The severity of clinical manifestations and radio-
logical abnormalities and onset of disease are variable
from patient to patient, which along with the rarity of this
disease makes a timely diagnosis challenging. Especially in
childhood, it may present only with gait disturbances and
muscle weakness, misleading doctors to consider neuro-
muscular disorders. The purpose of this study was to in-
vestigate the mode of presentation of mutation-confirmed
type I CED in order to facilitate adequate diagnostic work-

up.

METHODS

This is a retrospective study approved by the Institutional
Review Board of Seoul National Univeristy Hospital (IRB
No. H-1504-014-662). Written consents were obtained
from all patients or their parents for presentation of the
case or images. In total, 8 type I CED patients were re-
cruited from our skeletal dysplasia database. Genetic study
for TGFBI1 gene mutation was performed by Sanger se-
quencing, and pathogenic mutation was confirmed (Table
1). They were 4 sporadic patients, and two pairs of mother
and son. There were 6 males and 2 females. We conducted
a thorough review of their medical records and radio-
graphic data. The age of symptom onset, mode of initial
presentation, and process of diagnostic work-up, followed
by the cause of referral to the authors, causative mutation
in the TGFBI1 gene, and course of disease progress were
recorded (Table 1). The bone segment(s) involved, their
symmetry, and progression of bony involvement with age
were reviewed on the available plain radiographs. Patients
were classified into three groups according to the mode of
initial presentation to medical service.

RESULTS

We categorized the patients into three groups according to
the mode of presentation.

Group I comprised 4 patients presenting with mus-
cle weakness or gait disturbance at a young age. The mean
age at symptom onset was 3.8 years (range, 1.7 to 5 years),
and that at the first hospital visit was 4.1 years (range, 2.3
to 5.5 years). Three of them (patients 1-3) were initially

seen by orthopedists and then referred to pediatric neu-
rologists, and the remaining 1 patient (patient 4) was first
seen by a pediatrician. They underwent electromyography
(EMG) examination and muscle biopsy, which showed a
nonspecific myopathic pattern or no abnormality (Table 1).
They had been followed under a tentative diagnosis of my-
opathy until they developed limb pain, and were referred
to the authors at an average age of 16.8 years (range, 8.6
to 29 years). The severity of limb pain varied from being
transient and subsiding without any intervention (patient
2) to making the subject wheelchair-bound (patient 4).
Skeletal survey and subsequent molecular test for TGFB1
mutation confirmed the diagnosis of type I CED in these
patients.

Group II consisted of three patients (patients 5, 6,
and 7) whose main complaint was limb pain at the initial
presentation. There were two mothers of the two patients
in group I (patients 6 and 7). Their mean age at onset of
symptom was 13.6 years (range, 9.9 to 16 years). The se-
verity of limb pain ranged from mild (patient 5) that was
tolerable without any medication to severe that required
narcotic analgesics (patient 7). They finally visited the
authors at age 20, 46, and 59 years, respectively, and the
diagnosis of type I CED was made based on plain radio-
graphic findings and genetic tests. The latest ambulatory
status of these patients ranged from ambulatory without
(patient 5) or with intermittent pain (patient 6) to wheel-
chair-bound (patient 7). One patient (patient 8) in group
III was found to have multiple asymptomatic bony lesions
on plain radiographs taken after a minor vehicle accident
at age 8 years. He was followed under a tentative diagnosis
of polyostotic fibrous dysplasia for 10 years. CED was not
considered because of the lack of limb pain at that time.
He recalled having mild intermittent leg pain in the morn-
ing or after sports activities, which he had not complained
of until specifically asked. He was diagnosed with type I
CED when presented to the authors at age 18 years. At the
latest follow-up, he remained asymptomatic.

All patients in group I showed a slender body habi-
tus with a body mass index (BMI) in the underweight
range (Table 1). Two of 3 patients in group II and the only
patient in group III showed a BMI in the normal range.
None of the patients with a BMI in the normal range be-
longed to group I. There was no patient showing a BMI in
the overweight range in our series.

Other musculoskeletal manifestations included flat
feet (patient 2); bilateral radial head dislocation and bilat-
eral ankle valgus deformity (patients 4 and 7); and bilateral
hallux valgus with subluxation of the first metatarsopha-
langeal joints (patient 7).
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Fig. 1. Photographs and radiographs of a
19-year-old man (patient 2) show slim body
habitus (A) and cortical hyperostosis of the
long bones of the upper (B, C) and lower
(D, E) extremities.

Fig. 2. Radiographs of a 10-year-old boy (patient 3) show symmetrical cortical hyperostosis of the long bones (A, B), and scintigraphy shows moderate
hot uptake in the diaphyses of femora, tibiae and both forearm bones (C).
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Skeletal survey of all patients revealed symmetrical
cortical hyperostosis in various severities with or without
expansion of medullary cavities in the long bones in vari-
ous combination of involvement, including the skull (Figs.
1-3). Radionuclide bone scans of 3 patients (patients 4, 6,
and 8) showed diffuse hot uptake in the affected areas of
long bone segments.

DISCUSSION

In the present study, we described a variety of clinical and
radiographic phenotypes of type I CED patients. We cat-
egorized them into three groups according to the mode of
initial presentation because clinical features of the disease
changed over time to resemble each other during the pro-
gression of the pathologic condition. We could not find
any notable difference in the mode of manifestation ac-
cording to the mutation.

Limb pain was the most common clinical symp-
tom of CED, comprising 68% in a big series of CED.”
However, the rarity and subsequent unawareness of this
disease made a timely diagnosis difficult as in patient 6
who underwent unnecessary bone biopsy and remained
undiagnosed until age of 43 years. It appears that in young
patients as those in group I of our series, muscle weak-

Fig. 3. Radiographs of a 57-year-old
woman (patient 7) show marked defor-
mities of the foot and ankle (A, B), hype-
rostosis of the skull (C), and anterior dis-
location of the radial head (D).

ness and motor disturbance are the prevailing symptoms,
which leads to the use of EMG and muscle biopsy and sub-
sequent misdiagnosis of myopathy. Misdiagnosis of CED
as myopathy has been reported in several studies with®®
or without’"” confirmation of TGFB1 mutations. Muscle
biopsy for identification of specific changes usually gives
negative results,'® except for atrophy of muscle fibers'” as
in our series. TGFB1 inhibits myogenesis'” and adipogen-
esis'” which might explain the prevalence of underweight
in CED patients.” BMI was in the underweight range for
5 patients of our series, whereas it was within the normal
range in the remaining 3 patients. However, low BMI and
slender body habitus are not always seen in CED patients.
Some studies described 2 CED patients with obesity (BMI,
27 kg/m’) and limb pain.”"¥

Although the majority of CED is diagnosed before
the age of 30 years,”" the asymptomatic course of the dis-
ease might contribute to delayed diagnosis. Patient 8 was
categorized into a separate group (group III) due to the
absence of pain at the time of diagnosis, however he expe-
rienced pain for some period in adulthood. If the patient
had not taken radiographs for a motor vehicle accident, he
could have belonged to group II or remained undiagnosed.
CED has been incidentally found in several patients with'”
or without'"*” confirmed TGFB1 mutation. Low et al."”
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reported a 62-year-old lady without any limb pain, whose
headache along with radiographic findings of the skull and
long bones led to the diagnosis of CED.

Radiographic findings of CED include (1) hyper-
ostosis of one or more of the long bones that begins in
the diaphyses of the long bones and can progress to the
metaphyses and rarely to the epiphyses; (2) periosteal in-
volvement with uneven thickening and increased diameter
of the cortices; (3) endosteal bony sclerosis that can lead
to narrowed medullary canal; and (4) which are usually
symmetric in the appendicular skeleton but may be asym-
metric.”” The femur (98%) and tibia (96%) are the most
frequently and initially involved bone segments followed
by the humerus (88%), radius (87%), and ulna (85%).”
Cortical thickening along the long bone diaphyses occurs
as a result of both endosteal and periosteal bone forma-
tion, leading to diaphyseal broadening and narrowing of
the medullary canals. Contrarily, endosteal bone removal
appears to be defective and broadening of the medullary
canal may ensue as a result.”” As the disease progress, the
metaphyses also become affected and late involvement of
the femoral capital epiphyses, albeit rare, has been report-
ed.” In our series, the affected mother in a family revealed
epiphyseal involvement of the femoral heads (patient 7).
Involvement of the short tubular bones is uncommon.”
We had one patient only involving the metacarpals as
thickened endosteum that was found incidentally by skel-
etal survey (patient 5). Other radiological findings variably
seen are skull involvement beginning at the base of the
anterior and middle fossae and often including the frontal
bone, and mild osteosclerosis in the posterior neural arch
of the spine and parts of the flat bones that correspond to
the diaphysis.”” Scintigraphy could be normal in patients
with apparent radiographic hallmarks as described by Cly-
bouw et al.* Thus, it is advised to combine radiographic
examination with bone scintigraphy to confirm or rule out

the diagnosis of CED.

In spite of the proposed conservative™ and opera-
tive'” treatment options, no effective treatment has been
established for CED. Losartan was reported to be effective
in relieving limb pain®” due to down-regulation of the
expression of TGFB type 1 and 2 receptors.” However, 3
patients in our series (patients 3, 4, and 6) did not respond
to Losartan treatment. Patient 7 was prescribed oxyco-
done/naloxone for pain control and showed borderline
response. The remaining two patients did not require any
medical intervention.

In summary, CED presents with a wide range of
clinical manifestations including muscle weakness and
motor disturbance in early childhood and limb pain in lat-
er childhood or adulthood, and it can be even asymptom-
atic. Awareness of this rare disease entity may be the key
to timely, accurate diagnosis. This disease should be con-
sidered in the differential diagnosis of limb pain or motor
disturbance in children to avoid unnecessary diagnostic
work-up. Furthermore, physicians in other fields, such as
pediatrics and neurology, should be well acquainted with
possible clinical manifestations of this disease.

CONFLICT OF INTEREST

No potential conflict of interest relevant to this article was
reported.

ACKNOWLEDGEMENTS

This study was conducted at Seoul National University
Children's Hospital. This research was supported by
Genome Technology to Business Translation Program
of the National Research Foundation (NRF) funded by
the Ministry of Science, ICT & Future Planning (NRF-
2014M3C9A2064684).

REFERENCES

1. Grey AC, Wallace R, Crone M. Engelmann's disease: a 45-
year follow-up. ] Bone Joint Surg Br. 1996;78(3):488-91.

2. Brat HG, Hamoir X, Matthijs P, Lambin P, Van Campen-
houdt M. Camurati-Engelmann disease: a late and spo-
radic case with metaphyseal involvement. Eur Radiol.
1999;9(1):159-62.

3. Janssens K, Vanhoenacker F, Bonduelle M, et al. Camurati-
Engelmann disease: review of the clinical, radiological, and
molecular data of 24 families and implications for diagnosis
and treatment. ] Med Genet. 2006;43(1):1-11.

4. Kinoshita A, Saito T, Tomita H, et al. Domain-specific mu-
tations in TGFBI1 result in Camurati-Engelmann disease.
Nat Genet. 2000;26(1):19-20.

5. Nishimura G, Nishimura H, Tanaka Y, et al. Camurati-
Engelmann disease type II: progressive diaphyseal dys-
plasia with striations of the bones. Am J Med Genet.
2002;107(1):5-11.

6. Lucke T, Illsinger S, Das AM, Schirg E, Hartmann H. Pitfalls
in paediatric gait disturbances: painless bone diseases. Eur ]
Pediatr. 2006;165(12):909-12.



115

10.

11.

12.

13.

14.

15.

16.

17.

18.

Yuldashev et al. Orthopedic Manifestations of Type I Camurati-Engelmann Disease

Clinics in Orthopedic Surgery * Vol. 9, No. 1, 2017 « www.ecios.org

Ferraz-Amaro I, Delgado-Frias E, Hernandez-Hernandez
V, Diaz-Gonzalez F. A woman with joint pain and enlarged
upper limbs. Reumatol Clin. 2011;7(3):210-1.

Plaiasu V, Costin A. Skeletal dysplasia presenting as a neu-
romuscular disorder: report of a family with Camurati-
Engelmann syndrome. Maedica (Buchar). 2015;10(1):48-51.

Stenzler S, Grogan DP, Frenchman SM, McClelland S, Og-
den JA. Progressive diaphyseal dysplasia presenting as neu-
romuscular disease. ] Pediatr Orthop. 1989;9(4):463-7.

Low LC, Stephenson JB, Stuart-Smith DA. Progressive di-
aphyseal dysplasia mimicking childhood myopathy: clinical
and biochemical response to prednisolone. Aust Paediatr J.
1985;21(3):193-6.

Sparkes RS, Graham CB. Camurati-Engelmann disease:
genetics and clinical manifestations with a review of the lit-
erature. ] Med Genet. 1972;9(1):73-85.

Baretic M, Korsic M, Potocki K, Horvatic GH, Orlic ZC.
Camurati-Engelmann disease in a family from Croatian
Island: an old bone scan confirmed pattern of inheritance.
Coll Antropol. 2014;38(2):755-8.

Bondestam ], Pihko H, Vanhanen SL, et al. Skeletal dyspla-
sia presenting as a neuromuscular disorder: report of three
children. Neuromuscul Disord. 2007;17(3):231-4.

Yoshioka H, Mino M, Kiyosawa N, et al. Muscular changes
in Engelmann's disease. Arch Dis Child. 1980;55(9):716-9.

Massague J, Cheifetz S, Endo T, Nadal-Ginard B. Type beta
transforming growth factor is an inhibitor of myogenic dif-
ferentiation. Proc Natl Acad Sci U S A. 1986;83(21):8206-10.

Ignotz RA, Massague J. Type beta transforming growth fac-
tor controls the adipogenic differentiation of 3T3 fibroblasts.
Proc Natl Acad Sci U S A. 1985;82(24):8530-4.

Simsek S, Janssens K, Kwee ML, Van Hul W, Veenstra J,
Netelenbos JC. Camurati-Engelmann disease (progressive
diaphyseal dysplasia) in a Moroccan family. Osteoporos Int.
2005;16(9):1167-70.

Collet C, Laplanche JL, de Vernejoul MC. Camurati-Engel-
mann disease with obesity in a newly identified family car-

19.

20.

21.

22.

23.

24.

25.

26.

27.

rying a missense p.Argl56Cys mutation in the TGFB1 gene.
Am ] Med Genet A. 2013;161A(8):2074-7.

Bhadada SK, Sridhar S, Steenackers E, et al. Camurati-En-
gelmann disease (progressive diaphyseal dysplasia): reports
of an Indian kindred. Calcif Tissue Int. 2014;94(2):240-7.

Girdany BR. Engelmann's disease (progressive diaphyseal
dysplasia): a nonprogressive familial form of muscular
dystrophy with characteristic bone changes. Clin Orthop.
1959;14:102-9.

Wallace SE, Wilcox WR. Camurati-Engelmann disease [In-
ternet]. Seattle, WA: University of Washington; 2015 [cited
2015 Dec 31]. Available from: http://www.ncbi.nlm.nih.gov/
books/NBK1156/.

Wallace SE, Lachman RS, Mekikian PB, Bui KK, Wilcox
WR. Marked phenotypic variability in progressive diaphy-
seal dysplasia (Camurati-Engelmann disease): report of a
four-generation pedigree, identification of a mutation in
TGFB1, and review. Am ] Med Genet A. 2004;129A(3):235-
47.

Vanhoenacker FM, Janssens K, Van Hul W, Gershoni-
Baruch R, Brik R, De Schepper AM. Camurati-Engelmann
disease: review of radioclinical features. Acta Radiol.
2003;44(4):430-4.

Clybouw C, Desmyttere S, Bonduelle M, Piepsz A. Camura-
ti-Engelmann disease: contribution of bone scintigraphy to
genetic counseling. Genet Couns. 1994;5(2):195-8.

Castro GR, Appenzeller S, Marques-Neto JF, Bertolo MB,
Samara AM, Coimbra I. Camurati-Engelmann disease:
failure of response to bisphosphonates: report of two cases.
Clin Rheumatol. 2005;24(4):398-401.

Simsek-Kiper PO, Dikoglu E, Campos-Xavier B, et al. Posi-
tive effects of an angiotensin II type 1 receptor antagonist
in Camurati-Engelmann disease: a single case observation.
Am ] Med Genet A. 2014;164A(10):2667-71.

Ayyavoo A, Derraik JG, Cutfield WS, Hofman PL. Elimina-
tion of pain and improvement of exercise capacity in Camu-
rati-Engelmann disease with losartan. J Clin Endocrinol
Metab. 2014;99(11):3978-82.



