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INTRODUCTION 
Osteochondromata are common benign bone tumors that occur as solitary tumors as 
well as in the setting of multiple hereditary exostoses (MHE). The majority of 
patients do not suffer sufficient symptoms to warrant surgery, and it is well 
documented that spontaneous regression can occur[1]. Surgical removal is reserved 
for patients who suffer from significant symptoms or in whom malignant 
transformation[2,3] is suspected. Osteochondromata at the proximal femur can 
frequently be symptomatic and may present with pain[4,5], impingement[6], and 
sciatica secondary to nerve compression[7,8]. Osteochondromata at the proximal 
femur can also result in abnormal proximal femoral development and result in 
deformities such as coxa valga and acetabular dysplasia[9,10]. Resection of 
osteochondromata of the proximal femur is unique from resections at other anatomic 
sites because of 1) the close proximity of vital structures to the tumor and challenges 
in obtaining adequate exposure, 2) the high stress and high load that the femoral neck 
is subjected to and 3) the frequent need for prophylactic fixation owing to the 
potential for affecting the structural integrity with resection. In this article, we 
present a technique for using computer navigation as an aid to resection of proximal 
femoral osteochondromata to achieve the dual goals of adequate tumor removal and 
preservation of native bone stock, and results of a series of patients who underwent 
this procedure. 
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MATERIALS AND METHODS 
We identified patients in our institution’s prospectively collected musculoskeletal 
oncology database who underwent computer-navigation aided resection of proximal 
femoral osteochondromata from February 2012 to August 2014. Approval for this 
study was obtained from the institutional review board, patients gave informed 
consent prior to study inclusion and hospital records for these patients were 
reviewed. Over the 30 month period, we identified seven eligible patients with a 
minimum of 6 months of follow-up. The mean age of these seven patients was 25.4 
years (Range: 18-38 years) and the group comprised three males and four females. 
Mean follow-up was 13.1 months (Range: 7 - 27 months). Pre-operative workup 
included radiographs and computed tomography. Patients were followed up at 3, 6, 
12, 18, and 24 months with radiographic imaging as well as assessment of their 
functional outcomes using the Musculoskeletal Tumor Society (MSTS) score[11]. 
RESULTS 
The presenting symptoms were pain and impingement in all of the patients, with one 
of the patients also having sciatica (Table 1). Five of the patients presented with 
isolated exostoses, while two of the seven patients had MHE. 
A posterolateral approach was employed for the three patients with tumors projecting 
posteriorly or posteromedially (Figure 1), while an anterior (Smith-Petersen) 
approach was used for the four patients with anteriorly and medially based tumors. 
Prophylactic fixation was performed in four patients; a sliding hip screw was applied 
in three and intramedullary nailing in one. In these patients, an anterior approach was 
performed to access the tumor, and a separate lateral incision was used for the 
plating and nailing. The mean duration of surgery was 196 minutes (Range: 120-285 
minutes) 
No intra-operative fractures occurred, no complications occurred, and no unplanned 
secondary procedures were required in this study. All patients were satisfied with the 
results of the surgery with the mean MSTS scores at last follow up being 28.8 
(Range: 27-30). 
Table 1. Patient characteristics 
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1 38 M L No Posterome
dial 

Femoral 
neck Posterolateral None None 27 30 

2 25 F L No Medial Subtroc
h Anterior Nail None 17 27 

3 29 M L No Posterome
dial 

Femoral 
neck Posterolateral None None 12 28 
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4 25 F L No Posterior Femoral 
neck Posterolateral None None 12 30 

5 18 M L Yes Anteromed
ial 

Intertroc
hanteric 

(IT) 
Anterior DHS None 9 28 

6 19 F R No Medial Femoral 
neck/IT Anterior DHS None 8 30 

7 24 F L Yes Anterior Femoral 
neck /IT Anterior DHS None 7 27 
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Figure 1.  

 
 
A: AP Pelvis xray, B: Computer screenshot during intra-operative navigation depicting axial CT 
image, coronal and sagittal reconstructions. Pre-operative plan for osteotomy marked in magenta, 
Green line depicting navigation stylus, Yellow circles depicting extent of tumor as plotted pre-
operatively.C: Exposure via a posterolateral approach D: Osteotomy plane marked using stylus. 
E: Femoral neck following tumor resection 
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DISCUSSION 
The proximal femur is a challenging location from which to resect osteochondromata 
and other tumors. Obtaining adequate exposure is of paramount importance, and 
different authors have described the use of a variety of approaches to provide 
surgical access to this area. These include the anterior (Smith-Petersen) 
approach[12], the posterolateral approach[4,6,7] the digastric approach[13] with 
accompanying hip dislocation, and the medial Ludloff approach[14]. Apart from 
permitting tumor visualization to facilitate removal, adequate exposure is essential to 
allow the surgeon to minimize unnecessary surgical trauma to this structurally 
important location. The biomechanical importance of the medial proximal femur[15] 
cannot be overstated, and femoral neck fractures[12,16] are a well described 
complication of resection of osteochondromata at this location. In our study, the 
patients underwent either an anterior or posterolateral surgical approach to expose 
the tumors depending on the location of the base of the tumor and the direction to 
which it projected. While the use of computer aided navigation cannot substitute for 
adequate exposure or pre-operative planning, it serves as an additional way of 
confirming the appropriate axes for performing osteotomies for the tumor resection. 
In the last decade, computer aided navigation has gained traction as a valuable tool in 
the field of orthopaedic oncology[17]. The advantages of this technology are that it 
provides additional confirmation when operating in relatively poorly accessible 
anatomical sites, guides the performance of complex 3-dimensional osteotomies, and 
facilitates precision in performing osteotomies[18]. Precision in the field of oncology 
is required to achieve the concurrent objectives of obtaining satisfactory surgical 
margins and preserving vital bony structures such as articular surfaces. The use of 
computer aided navigation in this study helped minimize the excessive removal of 
vital bone around the medial femoral neck, and guided the osteotomies where the 
tumors had resulted in significant anatomic distortion and left the surgeon with few 
anatomic landmarks. In the two patients with tumors located in the femoral neck 
without involvement of the calcar femorale, it was felt that the precision afforded by 
navigation allowed the excision to be performed while limiting the amount of bone 
removed and avoiding the need for prophylactic fixation. In approaching medially 
based tumors, while the anterior approach does not provide as ample an exposure as 
the digastric approach nor as direct an exposure as a Ludloff approach, utilizing the 
navigation system permitted the performance of accurate osteotomies through this 
approach that is familiar to all orthopaedic surgeons. 
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Computer modelling of femoroacetabular impingement (FAI)[19] has been described 
for pre-operative planning of osteoplasty in patients with FAI as a means of 
modelling hip movements and dynamic impingement. In that study, by taking into 
account dynamic factors and impingement arising from both femur and acetabulum, 
the authors predicted hip range of motion after osteoplasty accurately. The workflow 
in our study (described above) is predicated on the premise that restoring the normal 
anatomy of the proximal femur would address the patient’s functional symptoms 
caused by pain from bony impingement. While not as comprehensive a means of 
planning resection as computer modelling, our technique utilizes a commercially 
available navigation system without requiring custom modifications. 
In conclusion, our case series describes a novel application of computer aided 
navigation to aid in the resection of osteochondroma of the proximal femur with 
favorable outcomes in a small series of patients. When applied appropriately it can 
help the surgeon to achieve the goals of adequate tumor removal to address the mass 
effect, mechanical symptoms, or impingement while minimizing the removal of 
structurally important bone. 
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