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Musculoskeletal Tumor Society Information Statement 

Use of radiolucent implants in surgery for musculoskeletal oncology 

Novel Practice Assessment 

In these occasional Novel Practice Assessments, the MSTS Guidelines and Evidence Based 
Medicine committee will assess the evidence underlying novel diagnostics and therapies entering 
clinical practice in musculoskeletal oncology. The goal is assist MSTS members make more 
informed decisions for their patients. As evidence is expected to change rapidly, articles will be 
rewritten or removed after one year. 
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Summary  
Pros 

1. Radiolucency allows postoperative MRI and CT imaging for early detection of recurrence 

2. Radiolucency allows accurate delivery of both photons and protons in the postoperative 
period without beam perturbation 

3. Some carbon-fiber formats may offer fatigue strength which is superior to traditional 
metallic implants 

Cons 

1. Availability and cost may be barriers to widespread use 

2. Workability of the implants may be more difficult due to inability to bend/contour, and 
instrumentation / user interface may be inferior to current implants 

3. Implant position / failure / fracture may be difficult to visualize 
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Background 
 
The treatment of metastatic bone disease or primary tumors in the axial or appendicular skeleton 
frequently requires reconstruction or stabilization in order to maintain or restore functional capacity. 
Traditional metallic implants are the gold standard but may negatively impact postoperative 
imaging and radiotherapy plans. Additionally, patients requiring proton beam radiation frequently 
must have metallic implants removed in order to facilitate planning and delivery of accurate dosing.  

What is new ? 
 
A variety of radiolucent carbon-fiber reinforced implants have emerged for the reconstruction and 
stabilization of defects in both the spine and extremities. The rationale for use of these implants 
involves the ability to obtain immediate postoperative imaging without reduction in image quality, 
the ability to deliver radiation accurately without beam perturbation, and an improved fatigue 
strength profile.  
 

What is the evidence in favor? 

Methods 
 
A systema�c literature review of PubMed and Medline through June 01, 2022 was conducted us-
ing the terms “radiolucent implant surgery,” “radiolucent implant tumor,” “carbon implant spine 
surgery,” “carbon implant tumor,” and “carbon extremity tumor” for studies published in English. 
The reference lists of retrieved ar�cles were also manually searched for addi�onal qualified stud-
ies that reported the use of radiolucent implants in musculoskeletal oncology. Only full text stud-
ies were included in this meta-analysis. A�er the ini�al search, �tles and abstracts were reviewed. 
Then, each ar�cle that met criteria underwent full-text review. Ar�cles that did not have full text 
available were excluded. Ar�cles that did not evaluate the use of radiolucent implants for onco-
logic indica�ons were excluded. We included all peer-reviewed studies focused on radiolucent 
screws and implants in the se�ng of spine and extremity pathology including clinical, radia�on, 
and biomechanical studies.  
   
For each included study, the following informa�on was extracted using a standard data extrac�on 
form: 1) the first author’s name, 2) publica�on year and study type, 3) sample size, 4) clinical fol-
low-up �me, 5) clinical outcome metrics, 6) pa�ent-reported outcome metrics, 7) loca�on of tu-
mor, 8) local recurrence, 9) instrumenta�on, 10) surgical challenges, 11) complica�ons and 12) use 
of radiotherapy. Given the lack of larger studies and the heterogeneity of study design, quan�ta-
�ve analysis was not performed.  
 
Results: Spine 
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Eleven clinical studies have detailed the surgical efficacy, clinical outcomes and technical chal-
lenges of radiolucent implants in primary and metasta�c spinal tumors. Generally speaking, the 
studies were small and underpowered to show non-inferiority. Nevertheless, most studies claim 
similar clinical outcomes and periopera�ve complica�ons when comparing carbon implants to tra-
di�onal �tanium implants. Most studies highlight the anecdotal and non-quan�fied benefits of im-
proved postopera�ve imaging and more easily facilitated radia�on planning.  
 
The study by Ringel quan�fied MRI scater with �tanium screw implants compared to carbon 
screws. They concluded that the carbon implants had beter imaging characteris�cs but that the 
effect was mi�gated by constructs greater than 4 levels due to the fact that the system they as-
sessed had carbon screw shanks but �tanium heads. Neal et al highlighted that in their series they 
detected three early recurrences out of a total 28 cases (4, 4, and 7 months) thanks to the imaging 
characteris�cs of the carbon system. 
 
Two studies used cadaveric or spine phantom laboratory setups to assess the quan�fiable pertur-
ba�on of radia�on delivery for carbon implants in comparison to tradi�onal �tanium implants. 
Zhang et al showed up to 35% difference between plan and actual delivery in a cadaveric model 
using SBRT (photons) in the presence of metallic implants, in contrast to only 3% with carbon im-
plants. Muller et al, whose study sought to compare photons to protons using carbon or metallic 
implants, showed nearly twice the devia�on from plan with proton delivery around metallic im-
plants in comparison to photons. This highlights the importance of taking care with the use of me-
tallic implants with the use of protons specifically. 
 
Results: Extremity 
 
Two medium-size clinical studies have compared carbon intramedullary nails to �tanium implants. 
These studies featured over 140 total pa�ents with no complica�on or clinical outcome differ-
ences between the groups. No nail breakage events occurred, and Sache� et al highlight the bio-
mechanical strength of carbon implants. 
 
Piccioli et al showed the absence of ar�facts and op�mal visualiza�on of bone and so� �ssues on 
postopera�ve CT and MRI. In a case of cephalomedullary nail fixa�on for a pathologic fracture, 
Vles et al illustrated that a deep infec�on was ruled out owing to the lack of metal ar�fact on MRI.  
 
Use of carbon fiber plates or other implants in the extremi�es was limited to case reports or very 
small series. 
 

What is the evidence against? 
 
The studies by Neal et al and Cofano et al both highlight the poten�al for difficulty reducing spinal 
rods and for longer OR �mes due to workability of the implants. Boriani and Ringel both 
men�oned occasional difficulty in assessing implant posi�on and/or screw breakage with 
radiolucent implants. 
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Collis et al described difficulty inser�ng distal interlocking screws for a radiolucent humeral nail. 
They describe rota�ng and aligning radiopaque markers along the nail to make sure the hole is in 
adequate posi�oning for drilling and screwing.  
 
Piccoli et al highlighted a 13% intraopera�ve and 7% postopera�ve complica�on rate using a 
carbon intramedullary nail, with radiographic union in only 14/53 pa�ents. 

Future Directions 
 
Carbon implants may offer advantages over traditional implants in terms of postoperative MRI and 
CT imaging, as well as accurate delivery of radiation plans. While no clear inferiority has been 
established with regard to clinical outcomes and complications, concerns have been raised 
regarding implant visualization intraoperatively and implant system workability. Therefore, further 
clinical study and instrumentation evolution should occur before widespread adoption.  
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