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Abstract

Introduction Heterotopic ossification (HO) is the formation of
bone in soft tissues. The purpose of the present study was to
evaluate the magnetic resonance imaging (MRI) findings on
clinical suspicion of HO in the knee joint of patients hospitalised
in the intensive care unit (ICU).

Methods This was a case series of 11 patients requiring
prolonged ventilation in the ICU who had the following
diagnoses: head trauma (nine), necrotising pancreatitis (one),
and fat embolism (one). On clinical suspicion of HO, x-rays and
MRI of the knee joint were performed. Follow-up x-rays and MRI
were also performed.

Results First x-rays were negative, whereas MRI (20.2 + 6.6
days after admission) showed joint effusion and in fast spin-
echo short time inversion-recovery (STIR) images a 'lacy pattern'
of the muscles vastus lateralis and medialis. The innermost part

of the vastus medialis exhibited homogeneous high signal.
Contrast-enhanced fat-suppressed T1-weighted images also
showed a 'lacy pattern.' On follow-up (41.4 + 6.6 days after
admission), STIR and contrast-enhanced T1-weighted images
depicted heterogeneous high signal and heterogeneous
enhancement, respectively, at the innermost part of the vastus
medialis, whereas x-rays revealed a calcified mass in the same
position. Overall, positive MRI findings appeared simultaneously
with clinical signs (1.4 £ 1.2 days following clinical diagnosis)
whereas x-ray diagnosis was evident at 23 + 4.3 days (p =
0.002).

Conclusion MRI of the knee performed on clinical suspicion
shows a distinct imaging pattern confirming the diagnosis of HO
earlier than other methods. MRI diagnosis may have implications
for early intervention in the development of HO.

Introduction

Heterotopic ossification (HO) is the formation of bone in soft
tissues where it is neither needed nor desired [1]. HO was first
described in 1883 by Reidel, and later, in 1918, Dejerne and
Ceilliar [2] reported the development of HO among paraplegic
patients injured in World War I. Common predisposing condi-
tions for HO are direct muscular trauma, total hip and knee
arthroplasty, spinal cord injury, head injury, prolonged seda-
tion, mechanical ventilation, and ankylosing spondylitis [1,3-5].
In critically ill patients, HO has been associated with paralysis
and prolonged immobilisation, head and spinal cord injury,
acute respiratory distress syndrome (ARDS), burns, and pan-
creatitis [6]. In the Toronto ARDS Outcomes Study, the prev-

alence of HO was 5% [7]. Genetically determined forms of
HO are fibrodysplasia ossificans progressiva and progressive
osseous heteroplasia [1,5]. The pathogenetic mechanism of
HO is unknown but probably results from an imbalance
between certain forms of bone morphogenetic protein and
their antagonists. Overexpression of bone morphogenetic pro-
tein in the para-articular soft tissues induces mesenchymal
stem cells to differentiate into bone via the enchondral path-
way [1,5].

Complications of HO are peripheral nerve entrapment, pres-
sure ulcers, and functional impairment of the joint [5,8]. Surgi-
cal resection may be performed to increase joint mobility but

ALP = alkaline phosphatase; ARDS = acute respiratory distress syndrome; HO = heterotopic ossification; ICU = intensive care unit; MRl = magnetic

resonance imaging; STIR = short inversion-recovery; US = ultrasonography.
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should be postponed until the HO matures and becomes less
active metabolically [9]. Prevention and early treatment of HO
are preferable but these necessitate early detection.

Scintigraphy using technetium-labeled pyrophosphate and
ultrasonography (US), which have been used for early detec-
tion, are both methods that are sensitive but not specific [10].
Scintigraphy cannot distinguish between early HO and musc-
uloskeletal tumours or infection, whereas US depicts early HO
as a non-specific hypoechoic mass [10]. X-rays and computer-
ised tomography scan have also been used, but the earliest
findings of HO (a soft tissue mass with peripheral calcifica-
tion—zone pattern) do not appear until two weeks after clinical
suspicion [1,10]. The earliest magnetic resonance imaging
(MRY) findings that have been described come from examina-
tions performed 13 * 18.4 days after clinical suspicion of HO,
in the hip joints of patients with spinal cord injury [11]. The pur-
pose of the present study was to evaluate the MRI findings on
clinical suspicion of HO in the knee joint of patients hospital-
ised in the intensive care unit (ICU).

Materials and methods

This was an observational, prospective case series study that
was carried out in the ICU of the University Hospital of loan-
nina, Greece, from December 2001 to November 2003. Dur-
ing this period, 670 patients who required prolonged
mechanical ventilation (defined as mechanical ventilation for
more than seven successive days) were considered eligible
for the study. Thirty-one patients developed HO. Eleven con-
secutive patients with HO of the knee joint who could safely
be transported to the radiology department were finally
included in the study. From the first day of admission to the
ICU, every patient received daily assessment of joint mobility
and appropriate passive range-of-motion exercises. Serum lev-
els of alkaline phosphatase (ALP), calcium, and phosphorus
were also measured on a daily basis. On the appearance of
physical signs (swelling, erythema, or decreased joint motion
with or without pain) indicating the development of HO, an x-
ray and MRI of the knee joint were performed. X-rays were
repeated every 7 days until the appearance of the radiologic
signs of HO or earlier if severe deterioration was observed.
Patients underwent a second follow-up MRI when x-rays
revealed abnormalities compatible with HO. All MRI examina-
tions were performed on the same 1.5-Tesla MR unit (Gyros-
can ACS NT; Philips Medical Systems, Best, The
Netherlands) using a knee coll, a field of view of 22 c¢m, an
acquisition matrix of 216 x 256, and slice thickness of 4 mm,
with an intersection gap of 0.4 mm. Sequences were sagittal
and axial fast spin-echo short time inversion-recovery (STIR)
with 3,000/80 (repetition time milliseconds/echo time millisec-
onds) and an inversion time of 165 milliseconds, axial spin-
echo plain T1-weighted 500/12 (repetition time milliseconds/
echo time milliseconds), and axial, sagittal and coronal con-
trast-enhanced fat-suppressed (selective partial inversion
recovery) T1-weighted spin-echo 650/17 (repetition time mil-
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liseconds/echo time milliseconds). X-rays of the knee joint
were performed in at least two orthogonal planes. Two senior
radiologists (MIA and PK) evaluated independently the x-rays
and MRIs for the presence of soft tissue and bone abnormali-
ties. The study was performed under institutional review board
approval, and informed consent was obtained for all subjects
in the study.

Statistical analysis

Data analysis was carried out using SPSS Base 14 for Win-
dows (SPSS Inc., Chicago, IL, USA). Differences in the times
of appearance of MRI and x-ray findings suggesting HO were
evaluated using the Wilcoxon test. A p value of less than 0.05
was considered significant. All data are expressed as mean *
standard deviation.

Results

All of the 11 patients included in the study were male, aged 22
to 70 years (mean 38.2 + 16.9 years). Admission diagnoses
were head injury (nine patients), necrotising pancreatitis (one
patient), and fat embolism syndrome (one patient). None of
these patients had spinal cord injury and none had received
neuromuscular blockade. Early MRI was performed on clinical
suspicion of HO (20.2 + 6.6 days after admission). Table 1
shows the times of appearance of clinical, biochemical, x-ray,
and MRI findings suggesting HO. Increase of serum levels of
ALP >125 IU/I was the earliest indication of HO (Table 1). On
the average, positive MRI findings appeared in all examined
patients simultaneously with clinical signs (at 1.4 * 1.2 days
after clinical diagnosis) whereas x-ray diagnosis was evident at
23 + 4.3 days (p = 0.002) (Figure 1). STIR images in all
patients demonstrated interstitial edema appearing as septa of
high signal intensity in the subcutaneous fat, in the intermus-
cular fascia, and in the vastus lateralis and vastus medialis
muscles. The muscular fibres preserved normal low signal
intensity, except for those at the innermost part of the vastus
medialis, which exhibited a high signal. Overall, the affected
muscles had a 'lacy pattern' and the innermost part of the vas-
tus medialis was homogeneously bright (Figure 2a). Contrast-
enhanced fat-suppressed T1-weighted images showed
enhancement of the intermuscular fascia and septa, with the
muscles again having a 'lacy pattern,' even at the innermost
part of the vastus medialis (Figure 2b,c). Intra-articular fluid
was also present, appearing with a high signal in the STIR
images. Synovial enhancement was observed on contrast-
enhanced T1-weighted images (Figure 2d). X-rays of the knee
joint synchronous to the first MRI did not reveal any abnormal-
ity. Follow-up MRI performed 41.4 + 8.2 days after admission
revealed restriction of the lesion to the innermost part of the
vastus medialis, which showed a heterogeneous high signal in
STIR images (higher than that of normal muscle), in T1-
weighted images, and heterogeneous enhancement in con-
trast-enhanced fat-suppressed T1-weighted images (Figures
2e—g and 3a—c). At the same time as the follow-up MRI, x-rays
depicted a calcified mass located close to the bone at the ana-
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Times of appearance of clinical, biochemical, MRI, and x-ray findings suggesting HO

Findings indicating HO Clinical

ALP MRI X-rays

Time in days mean * standard deviation

18.7+ 6.7

13.6 £ 4.7 20.2+6.6 414+82

Heterotopic ossification (HO) in the knee joint of 11 intensive care unit patients. Increase of serum levels of alkaline phosphatase (ALP) was the

earliest indication of HO. MRI, magnetic resonance imaging.

tomic position of the innermost part of the vastus medialis (Fig-
ure 2h) (Table 1). In all cases, there was agreement
(consensus) in the interpretation of x-rays and MRIs.

Discussion

The main finding in this study was the early MRI findings sug-
gesting HO. MRI was always performed soon after the first
clinical suspicion of HO. X-rays performed at the same time
revealed no abnormality. To the best knowledge of the authors,
the 'lacy pattern' in the affected muscles on MR is the earliest
radiological finding associated with HO and it is described
here for the first time.

There are only a few case reports describing MRI findings of
HO in the knee joint [12,13]. In those cases, MRI was per-
formed six weeks to three months after the onset of clinical
symptoms and the findings were similar to those observed at
follow-up MRI in the patients in the present study. Systematic
studies have been conducted only for evaluation of HO in the
hip joint [11,14]. The MRI pattern of HO described in other
studies is different from that observed in the cases in the
present study. This difference is probably because the first
MRI in the present study was performed early, on clinical sus-
picion, whereas the MRIs in previous studies were performed
later in the course of the disease. Ledermann et al. [14] evalu-
ated a series of bedridden paralysed patients by MRI of the
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Delay in the emergence of radiological signs after the clinical diagnosis
of heterotopic ossification. The difference between magnetic reso-
nance imaging (MRI) and x-ray is statistically significant (p = 0.002).

pelvis performed 10.6 + 8.93 years after the onset of paraly-
sis. According to their study, (a) immature HO appeared in
STIR images with hypersignal and in T1-weighted images with
isosignal to normal muscle, enhanced after contrast adminis-
tration, and (b) mature HO appeared in STIR images with
hyposignal to normal muscle and in plain T1-weighted images
with isosignal to the fatty marrow and did not enhance after
contrast infusion [14]. Wick et al. [11] described the MRI find-
ings of HO of the hip joint based on examinations performed
13 * 18.4 days after clinical suspicion, in a series of paralysed
patients with spinal cord injury. According to these authors,
HO in muscles exhibits hypersignal in T2-weighted images
and hyposignal in T1-weighted images and does not enhance
after contrast administration [11]. In the present study, MRI
performed on clinical suspicion of HO depicted a 'lacy pattern'
in the vastus lateralis and vastus medialis muscles in both con-
trast-enhanced T1-weighted and STIR images (except for the
innermost part of the vastus medialis, which exhibited a homo-
geneous high signal on STIR images). This was the only part
of the vastus medialis involved in the development of HO.

In previously reported cases of HO in the knee joint, precipi-
tated by either trauma or neurogenic causes, the lesion was
located at the anatomic position of the vastus medialis muscle
[3,12,13,15]. In agreement with these previous studies, in the
present series of bedridden ICU patients, HO affected the
vastus medialis muscle and particularly its innermost portion.
Several studies have demonstrated that gravitational unload-
ing due to oxidative stress causes muscle atrophy [16-20].
Slow-twitch muscle fibres develop greater atrophy than fast-
twitch muscle fibres [16-20]. This is probably because slow-
twitch muscle fibres, which are aerobic fibres and are normally
provided with energy from the Krebs cycle, are at disadvan-
tage under anaerobic conditions [21]. The vastus medialis, in
its deep portion, close to the bone, contains slow-twitch fibres,
which after exposure to weightlessness show increased lac-
tate dehydrogenase activity and develop the most severe atro-
phy [18]. Anaerobic conditions with low local oxygen
concentration also promote bone cell proliferation and there-
fore might play a role in the development of HO in slow-twitch
muscle fibres [22].

Central nervous system or local traumatic injuries are well-rec-
ognised predisposing conditions for the development of HO
[1,3-5]. This study demonstrated the development of HO in
previously normal knee joints, not only in patients with brain
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Figure 2
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Early and late magnetic resonance imaging (MRI) findings of heterotopic ossification (HO). HO in the right knee of a 35-year-old male patient hospi-
talised in the intensive care unit for traumatic brain injury. (a-d) First MRI performed on clinical suspicion of HO. (a) Sagittal fast spin-echo short
inversion-recovery MR image (3,000/80; inversion time, 165 milliseconds) shows high signal of the innermost part of the vastus medialis muscle
(arrows) and edema of the subcutaneous fat (arrowhead). (b) Sagittal contrast-enhanced fat-suppressed T1-weighted spin-echo MR image (650/
17) shows a 'lacy pattern' of the innermost part of the vastus medialis muscle (arrows). (c) Coronal contrast-enhanced fat-suppressed T1-weighted
spin-echo MR image (650/17) shows a 'lacy pattern' of the innermost part of the vastus medialis muscle (white arrow) and vastus lateralis muscle
(black arrow). (d) Mid-sagittal contrast-enhanced fat-suppressed T1-weighted spin-echo MR image (650/17) shows joint effusion and synovial
enhancement. (e-h) Follow-up MRI (e-g) and x-rays (h) performed 3 weeks later. (e) Sagittal fast spin-echo short inversion-recovery MR image
(8,000/80; inversion time, 165 milliseconds) shows heterogeneous high signal of the innermost part of the vastus medialis muscle (arrow). Sagittal
(f) and coronal (g) contrast-enhanced fat-suppressed T1-weighted spin-echo MR images (650/17) show heterogeneous enhancement of the inner-
most part of the vastus medialis muscle (arrows). (h) Anteroposterior x-ray depicts a calcified mass at the anatomic position of the vastus medialis

muscle (arrow).

injury but also in two patients with no overt predisposing neu-
rogenic factor. These two patients were under long-term seda-
tion and mechanical ventilation. Previous studies have
demonstrated that sedation and mechanical ventilation may
play a role in the development of HO by inducing a pathogenic
condition similar to neurogenic HO and by causing changes in
the local tissue PO, (partial pressure of oxygen) and pH
[3,4,22]. Apart from local disturbances in tissue oxygenation
and pH, other factors such as bone morphogenetic protein
have also been implicated in the pathogenesis of HO [23,24].
According to the current concept, bone morphogenetic pro-
tein, which is released from normal bone under conditions that
often accompany trauma and immobilisation, induces the
development of bone from mesenchymal cells found in the
intermuscular septa [24].

Early MRI findings of HO should be differentiated from the fol-
lowing: (a) Muscle necrosis is usually a focal process that has
been associated with diabetes and alcoholism. Patients
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present with acute painful muscle swelling, and the affected
muscle shows a peripheral enhancement that was not
observed in the present cases of early HO [25]. (b) Pyomyosi-
tis is a primary bacterial infection affecting skeletal muscle,
occurring more frequently in diabetic and immunocompro-
mised patients [26]. In the early purulent stage of pyomyositis,
a 'feather-like' pattern has been described that is in contrast to
the homogeneous high signal observed in STIR images at the
innermost part of the vastus lateralis muscle in early HO in the
present series. (c) Soft tissue tumours appear as masses
within a single muscle or multiple muscle groups and tend to
infiltrate and disrupt fascial planes in contrast to HO, in which
intermuscular fascia are preserved [25].

Late MRI findings should be differentiated from the following:
(a) Pellegrini-Stieda disease is a post-traumatic ossification
proximal to the medial femoral condyle. Ossification in Pel-
legrini-Stieda disease follows the course of the medial collat-
eral ligament and therefore extends further down than that in
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(b)

Late magnetic resonance imaging (MRI) findings of heterotopic ossification (HO). HO in the left knee of a 32-year-old male patient hospitalised in
the intensive care unit for traumatic brain injury. MRI performed 4 weeks after clinical suspicion of HO. (a) Sagittal fast spin-echo short inversion-
recovery MR image (3,000/80; inversion time, 165 milliseconds) shows heterogeneous high signal of the innermost part of the vastus medialis mus-
cle (arrow). (b) Sagittal T1-weighted spin-echo MR image (650/17) shows heterogeneous high signal of the innermost part of the vastus medialis
muscle (arrow). (c) Sagittal contrast-enhanced fat-suppressed T1-weighted spin-echo MR image (650/17) shows heterogeneous enhancement of

the innermost part of the vastus medialis muscle (arrow).

HO [27]. (b) Parosteal osteosarcoma is a low-grade, bone-
forming metaphyseal tumour characterised by thickening of
the cortex and a mineralised soft tissue component. Findings
that are helpful in distinguishing parosteal osteosarcoma from
HO are the lack of cortical thickening and the presence of a
cleavage plane between the bone and the calcified lesion in
the latter [28].

Early detection of HO in critically ill patients is a clinical chal-
lenge. The symptoms and signs are non-specific, and clinical
diagnosis is often delayed because of the sedation and immo-
bilisation of the patients. The laboratory findings, such as an
increase in serum ALP, are also non-specific. HO can be a
cause of fever in ICU patients and may mimic septic arthritis.
With every new episode of fever, ICU patients are often
exposed to a variety of diagnostic procedures and inappropri-
ate antimicrobial treatment. 'In advance' diagnosis of HO with
MRI could potentially reduce these unnecessary risks and
costs.

Survivors of critical iliness, and especially of ARDS, have per-
sistent functional disability and exercise limitation due to neu-
romuscular weakness, nerve entrapment syndromes, and
large-joint immobility due to HO [7]. Although the treatment of
HO remains a controversial issue, there is probably a place for
prophylactic treatment involving non-steroidal anti-inflamma-
tory drugs or single-dose irradiation [29]. Both of these treat-
ment options, which have been studied in patients with total
hip replacement, possibly act by suppressing early inflamma-
tory changes. To the best of our knowledge, there is no evi-
dence concerning the effect of these treatment options on HO
related to critical illness. Nevertheless, any intervention to
improve functional outcomes should be based on an effective
screening method. In this context, early diagnosis with MRI

might present an important advantage, which is to facilitate
effective prevention of HO.

In the present study, we described the MRI findings of HO in
the knee joint in a series of 11 patients. This was a small-scale,
albeit prospective, study that disclosed the capability of MRI
to detect early HO changes. From the clinical point of view, the
risks of transporting critically ill patients and the cost of the
method could pose limitations in the wider application of this
diagnostic modality. Further studies are needed to examine the
potential therapeutic and quality of life benefit associated with
an early diagnosis of HO.

Conclusion

The early MRI findings of HO in the knee joint are interstitial
edema of the subcutaneous fat, thickening of the intermuscu-
lar septa, joint effusion, and a 'lacy pattern' of the vastus later-
alis and vastus medialis muscles, except for the innermost part
of the vastus medialis, which exhibits a homogeneous high sig-
nal in STIR images. HO develops at the innermost part of the
vastus medialis, which is composed of aerobic slow-twitch
fibres that are at a disadvantage under anaerobic conditions of
weightlessness. These MRI findings confirm the clinical suspi-
cion of HO, whereas joint x-ray is negative. MRI diagnosis may
have implications for early intervention in the development of
HO.
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Key messages

MRI of the knee performed on clinical suspicion of HO
shows a distinct imaging pattern consisting of a 'lacy
pattern' of the muscles vastus lateralis and medialis.

These MRI findings confirm the clinical suspicion of HO
whereas x-ray is negative.

MRI diagnosis may have implications for early interven-
tion in the development of HO.

research, clinical studies, and manuscript editing. AKZ, DK,
and AK conducted literature research and clinical studies. EG
performed clinical studies, statistical analysis, and manuscript
editing. GN served as guarantor of integrity of the entire study
and conducted literature research and manuscript editing. All
authors read and approved the final manuscript.

Acknowledgements
The authors thank Aphroditi Katsaraki, statistician at the University Hos-
pital of loannina, for statistical advice.

References

1.

2.

Kaplan FS, Glaser DL, Hebela N, Shore EM: Heterotopic ossifi-
cation. J Am Acad Orthop Surg 2004, 12:116-125.

Dejerne A, Ceillier A: Para-osteo-arthropathies des paraple-
giques par lesion medullaire; etude clinique et radio-
graphique. (Para-osteo-arthropathy in paraplegics due to
medullar lesion; clinical and radiological study). Ann Med
1918, 5:497.

Sugita A, Hashimoto J, Maeda A, Kobayashi J, Hirao M, Masuhara
K, Yoneda M, Yoshikawa H: Heterotopic ossification in bilateral
knee and hip joints after long-term sedation. J Bone Miner
Metab 2005, 23:329-332.

Pape HC, Lehmann U, van Griensven M, Gansslen A, von Glinski
S, Krettek C: Heterotopic ossifications in patients after severe
blunt trauma with and without head trauma: incidence and
patterns of distribution. J Orthop Trauma 2001, 15:229-237.
Shehab D, Elgazzar AH, Collier BD: Heterotopic ossification. J
Nucl Med 2002, 43:346-353.

Jacobs JW, De Sonnaville PB, Hulsmans HM, van Rinsum AC,
Bijlsma JW: Polyarticular heterotopic ossification complicating
critical illness. Rheumatology 1999, 38:1145-1149.

Herridge MS, Cheung AM, Tansey CM, Matte-Martyn A, Diaz-Gra-
nados N, Al-Saidi F, Cooper AB, Guest CB, Mazer CD, Mehta S,
et al.: One-year outcomes in survivors of the acute respiratory
distress syndrome. N Eng/ J Med 2003, 348:683-693.

Brooke MM, Heard DL, de Lateur BJ, Moeller DA, Alquist AD: Het-
erotopic ossification and peripheral nerve entrapment: early
diagnosis and excision. Arch Phys Med Rehabil 1991,
72:425-429.

Freed JH, Hahn H, Menter R, Dillon T: The use of the three-phase
bone scan in the early diagnosis of heterotopic ossification
(HO) and in the evaluation of Didronel therapy. Paraplegia
1982, 20:208-216.

Parikh J, Hyare H, Saifuddin A: The imaging features of post-
traumatic myositis ossificans, with emphasis on MRI. Clin
Radiol 2002, 57:1058-1066.

Wick L, Berger M, Knecht H, Gliicker T, Ledermann HP: Magnetic
resonance alterations in the acute onset of heterotopic ossifi-
cation in patients with spinal cord injury. Eur Radiol 2005,
15:1867-1875.

Ben Hamida KS, Hajri R, Kedadi H, Bouhaouala H, Salah MH, Mes-
tiri A, Zakraoui L, Doughi MH: Myositis ossificans circumscripta
of the knee improved by alendronate. Joint Bone Spine 2004,
71:144-146.

Akgun |, Erdogan F, Aydingoz O, Kesmezacar H: Myositis ossifi-
cans in early childhood. Arthroscopy 1998, 14:522-526.

Page 6 of 6

(page number not for citation purposes)

20.

21.

22.

283.

24,

25.

26.

27.

28.

29.

Ledermann HP, Schweitzer ME, Morrison WB: Pelvic heterotopic
ossification: MR imaging characteristics. Radiology 2002,
222:189-195.

Saito N, Horiuchi H, Takahashi H: Heterotopic ossification in the
knee following encephalitis: a case report with a 10-year fol-
low-up. Knee 2004, 11:63-65.

Ohira Y: Neuromuscular adaptation to microgravity environ-
ment. Jpn J Physiol 2000, 50:303-314.

Hikida RS, Gollnick PD, Dudley GA, Convertino VA, Buchanan P:
Structural and metabolic characteristics of human skeletal
muscle following 30 days of simulated microgravity. Aviat
Space Environ Med 1989, 60:664-670.

Musacchia XJ, Steffen JM, Fell RD, Dombrowski MJ, Oganov VW,
llyina-Kakueva El: Skeletal muscle atrophy in response to 14
days of weightlessness: vastus medialis. J App/ Physiol 1992,
73(Suppl 2):44S-50S.

Desplanches D, Hoppeler H, Mayet MH, Denis C, Claassen H, Fer-
retti G: Effects of bedrest on deltoideus muscle morphology
and enzymes. Acta Physiol Scand 1998, 162:135-140.

Onishi Y, Hirasaka K, Ishihara I, Oarada M, Goto J, Ogawa T,
Suzue N, Nakano S, Furochi H, Ishidoh K, et al.: Identification of
mono-ubiquitinated LDH-A in skeletal muscle cells exposed to
oxidative stress. Biochem Biophys Res Commun 2005,
336:799-806.

Nishio ML, Jeejeebhoy KN: Effect of malnutrition on aerobic and
anaerobic performance of fast- and slow-twitch muscles of
rats. JPEN J Parenter Enteral Nutr 1992, 16:219-225.

Brighton CT, Schaffer JL, Shapiro DB, Tang JJ, Clark CC: Prolifer-
ation and macromolecular synthesis by rat calvarial bone cells
grown in various oxygen tensions. J Orthop Res 1991,
9:847-854.

Chalmers J, Gray DH, Rush J: Observations on the induction of
bone in soft tissues. J Bone Joint Surg Br 1975, 57:36-45.
Urist MR, Nakagawa M, Nakata N, Nogami H: Experimental
myositis ossificans: cartilage and bone formation in muscle in
response to a diffusible bone matrix-derived morphogen.
Arch Pathol Lab Med 1978, 102:312-316.

Kattapuram TM, Suri R, Rosol MS, Rosenberg AE, Kattapuram SV:
Idiopathic and diabetic skeletal muscle necrosis: evaluation
by magnetic resonance imaging. Skeletal Radiol 2005,
34:203-209.

Yu CW, Hsiao JK, Hsu CY, Shih TT: Bacterial pyomyositis: MRI
and clinical correlation. Magn Reson Imaging 2004,
22:1233-1241.

Niitsu M, lkeda K, lijima T, Ochiai N, Noguchi M, ltai Y: MR imaging
of Pellegrini-Stieda disease. Radiat Med 1999, 17:405-409.
Futani H, Okayama A, Maruo S, Kinoshita G, Ishikura R: The role
of imaging modalities in the diagnosis of primary dedifferenti-
ated parosteal osteosarcoma. J Orthop Sci 2001, 6:290-294.
Knelles D, Barthel T, Karrer A, Kraus U, Eulert J, Kélbl O: Preven-
tion of heterotopic ossification after total hip replacement. A
prospective randomised study using acetylsalicylic acid,
indomethacin and fractional or single dose irradiation. J Bone
Joint Surg 1997, 79B:596-602.


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15089085
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15089085
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15981031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15981031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11371787
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11371787
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11371787
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11884494
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10556271
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10556271
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12594312
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12594312
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1905528
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1905528
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1905528
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6215609
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6215609
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=6215609
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12475528
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12475528
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15856244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15856244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15856244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15050200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15050200
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9681548
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9681548
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11756725
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11756725
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14967331
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14967331
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14967331
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11016980
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11016980
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2764850
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2764850
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2764850
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9550225
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9550225
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16154111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16154111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16154111
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1386893
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1386893
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1386893
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1919847
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1919847
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1919847
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1090627
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1090627
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=580725
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=580725
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15700181
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15700181
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15700181
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15607094
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15607094
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10646975
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10646975
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11484126
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11484126
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11484126

	Abstract
	Introduction
	Methods
	Results
	Conclusion

	Introduction
	Materials and methods
	Statistical analysis

	Results
	Discussion
	Conclusion
	Competing interests
	Authors' contributions
	Acknowledgements
	References

