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A B S T R A C T   

Rhabdomyosarcoma (RMS) is one of the most common soft tissue sarcomas encountered in 
paediatric patients. Embryonal rhabdomyosarcoma (ERMS), a variant of RMS, is observed in 
more than 70% of the cases and predominantly arises from head and neck region and genito
urinary tract of children and young adults. Treatment is dependent on the size, location and 
extent of the tumor. This case report describes a 10 years old patient who received chemo- and 
radiotherapy. Three-dimensional (3D) conformal radiation therapy planning was carried out. The 
patient later suffered from asymmetric facial growth which was corrected with orthognathic 
surgery following 3D virtual surgical planning.   

1. Introduction 

Rhabdomyosarcoma (RMS) is a malignant tumor of neoplastic mesenchymal cells encompassing variable degrees of striated muscle 
cell differentiation [1]. RMS (Greek origin: rhabdo ¼ rod, myo ¼muscle, sarkoma ¼ fleshy growth) was first described by Weber 
(1854). Later on in 1946, Stout documented the distinct histopathological morphology of rhabdomyoblasts in this tumor [2]. RMS 
histological classification consists of four distinct subtypes, namely embryonal, alveolar, pleomorphic and undifferentiated form [3]. 

Embryonal rhabdomyosarcoma (ERMS) is considered to be the most common variant, accounting for more than 70% of RMS cases 
[4]. Based on its embryonal origin, it can occur at any anatomical location of the body irrespective of the skeletal muscle involvement. 
ERMS predominantly arises from head and neck region and genitourinary tract of children and young adults. Head and neck ERMS is 
most commonly observed in orbital and parameningeal areas, which include nasopharynx, nasal cavity, paranasal sinuses, pter
ygopalatine/infratemporal fossa and parapharyngeal space. In addition, non-parameningeal sites (oral cavity, oropharynx, larynx and 
parotid gland) can also be involved [5]. 

In RMS, three-dimensional conformal radiation therapy (3D CRT) planning is considered a valuable technique which specifically 
targets the tumor, thereby, avoiding the involvement of healthy tissue [6]. At the same instance, 3D planning in orthognathic surgery 
plays a vital role in improving the functional and aesthetic outcomes of a patient by overcoming the limitations associated with 
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conventional two-dimensional planning [7]. We here describe a case with 3D treatment planning and treatment protocol in ERMS and 
orthognathic surgery. 

2. Case report 

This case report was in compliance with the World Medical Association Declaration of Helsinki on medical research. Ethical 
approval was obtained from the Ethical Review Board of the University Hospitals Leuven (Reference number: S58253) and informed 
consent was attained from the patient. 

At the age of 10 years 10 months a female patient presented with ear pain and inability to eat for 2 weeks. Following evaluation 
from paediatric oncology clinic, ERMS was identified in the right parapharyngeal space with invasion of the right side of the 
oropharynx and nasopharynx with lung metastasis [Figure-1]. 

Chemotherapy was initiated according to Malginant Mesenchymal Tissue (MMT) 98 protocol (Ifosfamide, Vincristine and 
Adriamycin) [8]. Subsequently, radiation therapy treatment planning was performed in Eclipse software (version 8.6, Varian Medical 
Systems, Palo Alto, CA). Hereafter, a computed tomography (CT) scan (120 kVp, 3 mm slice thickness) of the patient, immobilized in 
treatment position using a 5-points thermoplastic mask, was acquired on a SOMATOM Sensation CT scanner (Siemens Healthineers, 
Erlangen, Germany) and rigidly co-registered with pre-chemo T2-weighted magnetic resonance images. Two clinical target volumes 
(CTV) were delineated, based on the gross tumor volumes (GTV) and accounting for potential microscopic spread and anatomical 
boundaries. CTV1 included the pre-chemo GTV while CTV2 included the post-chemo GTV. Organs at risk to be spared during treatment 
planning were delineated as well. To take into account positioning uncertainties during radiation therapy delivery, planning target 
volumes (PTV) were created by expanding the CTVs with a margin of 10 mm. The dose prescription was 50.4Gy to PTV1 and 55.8 to 
PTV2, both in fractions of 1.8 Gy using a sequential boost. Intensity-modulated radiation therapy planning was performed using a 
5-field (gantry/couch angles: 325�/0�, 35�/0�, 150�/0�, 270�/350�; 20�/270�) sliding window technique on a Clinac 2100 C/D 
(Varian Medical Systems). Delivery of the plan was verified before the start of the treatment using portal dosimetry [9]. Thereafter, 
maintenance chemotherapy involving high risk arm RMS2005 was initiated, with daily oral administration of cyclophosphamide and 
D1, D8, D15 Vinorelbine IV (6 cycles for total period of 6 months) which led to the complete regression of the tumor [10]. 

Patient’s skull and radiotherapy (RT) volume were segmented and registered in Amira software 6.5 for observing the 3D spread of 
radiation in maxillofacial area [Figure-2]. The patient developed postradiotherapy growth hormone (GH) deficiency and partial ad
renocorticotropic hormone (ACTH) deficiency for which she received somatotropin (Nutropin Aq 1mg/day) and hydrocortisone 
(13mg/day). At the age of 14, patient developed central hypothyroidism for which she received elthyrone 50μg/day. 

At the age of 17, patient was referred to oral and maxillofacial surgery clinic by her orthodontist for consultation regarding 
asymmetric face with mandible deviated towards the right side. Patient had a family history of breast cancer and burkitt’s lymphoma. 
Dental history revealed agenesis of left mandibular permanent 2nd premolar, correction of posterior crossbite with hyrax palatal 
expansion device and orthodontic treatment for alignment of teeth. Systemic examination revealed normal cardiovascular, nervous, 
respiratory and abdominal functions. 

Extra-oral findings revealed skeletal class II, convex profile, obtuse nasolabial angle and deviation of the chin towards the right 
side. Patient had posterior facial asymmetry with elongated mandible on the left side and a pronounced right cheek when compared to 
the left side [Figure-3a]. Maximum mouth opening of 36mm with no deviation on opening and closing of jaw. Facial height showed a 
ratio of 1:1:0.9. Intra-orally patient showed mandibular dental midline deviation of 1mm towards right. Skeletal midline deviation was 
observed 1mm and 4mm towards right side for maxilla and mandible respectively [Figure-3b]. The patient had an overjet of 3mm and 
overbite of 2mm. 

Cone beam computed tomography (CBCT) showed normal corticalization and trabecular patterns of both jaws. Bone quantity and 
quality of both the jaws and periodontal areas was found to be normal. At the age of 18, extraction of left and right maxillary and 

Fig. 1. Embryonal rhabdomyosarcoma spread to right parapharyngeal space, right side of the oropharynx and nasopharynx.  
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mandibular third molars was carried out under general anaesthesia with normal but delayed healing. 
The treatment plan for orthognathic surgery involved pre-surgical orthodontic levelling and alignment [Figure-4]. Patient was 

provided with hyperbaric oxygen (HBO) therapy before surgery. Based on the history of RT, pentoxyfilline and tocopherol were 
prescribed three months preoperatively to support bone healing and minocycline to prevent infection and bone resorption [11,12]. The 
mean associated radiation dose relative to the operative site was 44.3 Gy and the minimum dose was 10.9 Gy. 

The virtual planning of the surgical procedure was defined by the surgeon with the application a surgical planning software 
(Synthes ProPlan CMF 3.0, Materialise, Leuven, Belgium). Surgical planning involved Le Fort 1 advancement of maxilla (4mm), 
Hunsuck/Epker modified bilateral sagittal split osteotomy (BSSO) rotation and transverse movement of mandible towards left side 
(2mm) and advancement genioplasty (4mm) [Figure-5]. Thereafter, intermediate and final splints were generated using the same 
software and printed using Objet Connex 350 (Stratasys) printer [13,14]. 

The surgery involved Le Fort 1 osteotomy fixed with two L-shaped long titanium miniplates plus mono-cortical screws on each side 
of the osteotomy. BSSO was fixed with two 4-hole straight miniplates with monocortical screws on the left side, two 4-hole straight 
miniplates and a single 6-hole double-Y shaped long miniplate on the right side. Autogenous bone graft harvested from anterior iliac 
crest was fixed onto the gap created by rotational movement of mandible during BSSO on the right using four separate monocortical 

Fig. 2. 3D registration and visualization of planning target volume (PTV). A, B, Dose prescription of 50.4Gy to PTV1. C, D, Dose prescription of 
55.8Gy to PTV2. 

Fig. 3. Extra-oral and intra-oral findings. A, Frontal view of facial asymmetry. B. Intra-oral midline deviation.  

Fig. 4. Pre-surgical orthodontic levelling and alignment.  
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screws. Low sliding genioplasty was carried out and fixed with a prebent 4-hole titanium plate (Stryker-Leibinger, Dallas, Texas). 
Post-operative recovery was uneventful. Thirty sessions of post-operative HBO sessions were provided to the patient following 

surgery. Postoperative follow-up showed excellent functional and aesthetic results [Figure-6] with optimal soft tissue and bone 
healing. Patient is still undergoing further orthodontic treatment to stabilize the occlusion. 

3. Discussion 

Rhabdomyosarcoma is regarded as one of the most common paediatric soft tissue sarcoma affecting head and neck region in about 
35% of cases [15]. Its clinical presentation is dependent on the location and extent of the tumor. Common clinical features include an 
enlarging mass with or without pain, limited mouth opening, facial palsy/paraesthesia and nasal discharge [16]. Distant metastasis 
may involve bone marrow, cerebrospinal/peritoneal fluid and lungs [17]. In our case study, the tumor did not spread to bone marrow, 
however it metastasized to the lungs which was managed by chemotherapy. The patients’ overall treatment consisted of combined 
chemo- and RT, without any adenopathy or recurrence during follow-up. 

The crossbite of the posterior teeth indicated towards retarded maxillary growth which was corrected by hyrax palatal expansion 
therapy, whereas lower jaw deviation pointed towards mandible growth retardation. In the present study, an asymmetric development 
of the jaw bones started after receiving RT and worsened over the next few years. RT commonly leads to hypovascularity and cyto
toxicity of epiphyseal chondrocytes [18]. It effects craniofacial skeletal growth and maturation by damaging cartilaginous growth 
centres in condyles of mandible and sutural growth centres of maxilla [19]. At a radiation dose of 60–70Gy, paediatric patients are 
more prone to develop facial skeletal growth disturbances and associated malformations, however, depending on the age of patient, 
these disturbances can occur even at a lower dose [20,21]. Irradiation also has a deleterious effect on odontogenesis [17]. Tooth 
structure damage can be indirectly linked with radiation induced xerostomia. Dentition breakdown commonly initiates within 1st year 
following RT, thereafter, its affects become more detrimental with the passage of time. In patients receiving head and neck radio
therapy, minimal tooth damage can start at a radiation dose of below 30Gy, at a dose30-60Gy there is 2–3 times more likelihood of 
damage and 10 times increase in dental breakdown at a dose of above 60Gy [22]. Chemotherapy also has a direct effect on secretory 
functioning of GH and bone growth [18]. The combined radio- and chemotherapy factors might have influenced the growth retar
dation and jaw deviation in the patient. The 3D virtual planning of the RT showed the spread of the radiation which clinically effected 
the growth of the maxilla and mandible. 

In paediatric patients, RT combined with chemotherapy are more prone to undergo structural and physiological changes. A surgical 
procedure in such areas are accompanied with grave complications which can include; osteoradionecrosis, infection, poor wound 
healing, growth retardation, mucositis, pain and difficult haemostasis [23,24]. To overcome these complications a proper management 
and surgical strategy should be designed in 3D from both oncological and orthognathic surgery perspective. 

4. Conclusion 

In future, we suggest registration of virtual 3D RT on a pre- orthognathic surgery CT/Cone-beam CT scan using cranial base as a 
reference and three dimensionally modification of osteotomy cuts away from the area involved in RT, if possible to reduce the possible 
associated complications. 

Fig. 5. A, 3-D Pre-operative virtual patient. B, Planned surgical movements involving Le Fort I, bilateral sagittal split osteotomy and advancement 
genioplasty. 
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