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Topic Exploration Report 
Topic explorations are designed to provide a high-level briefing on new topics submitted for 
consideration by Health Technology Wales.  The main objectives of this report are to: 

1. Determine the quantity and quality of evidence available for a technology of interest. 
2. Identify any gaps in the evidence/ongoing evidence collection. 
3. Inform decisions on topics that warrant fuller assessment by Health Technology 

Wales. 

 

Topic: 
3D printed patient-specific implants in cranial 
neurosurgical and craniomaxillofacial (CMF) 
surgery 

Topic exploration report number: TER261 
 

Introduction and aims 

3D printing (additive manufacturing) is a process by which physical objects are created by 3D 
printing hardware layer-by-layer from raw materials, guided by a compatible digital file.  

Applications within healthcare include printing of custom implants, patient-specific moulds 
to manufacture prosthetics, anatomical models, surgical patient-specific guides or patient-
matched instrumentation, and prototyping of medical devices. 3D printing may be used in 
diverse clinical areas, such as craniomaxillofacial surgeries, cardiology, limb prosthetics and 
occupational therapy. 

The initial focus of this topic exploration report was to consider how a 3D printing service could 
be delivered. Delivery models might include a central all-Wales facility with hub and spoke 
design centres, decentralised manufacturing hubs serving multiple hospitals, delivery within 
individual hospitals, or printing at a commercial medtech company. Health Technology Wales 
researchers searched for evidence on service delivery for a 3D design and 
printing/manufacturing facility and more broadly on 3D printing. Due to a lack of evidence on 
service delivery and design, the topic exploration report was re-focused on the application of 
creating patient-specific implants in cranial neurosurgical and craniomaxillofacial (CMF) 
surgery on the upper skull. 

Currently available polymer implants for cranial applications are milled from 
polyetheretherketone (PEEK) or polyetherketoneketone (PEKK). However, due to high machine 
costs and complex manufacturing of custom implants, cranial defects are usually treated by 
using autologous bone material, intraoperatively moulded bone cement, titanium plates or 
meshes or ceramic implants. 3D printing with PEEK and PEKK materials produces comparable 
mechanical properties (static pressure and impact) to milled PEEK and PEKK and the final 
product characteristics are similar. The main difference is related to the production process 
and the possibilities for customisation offered by 3D printing. 3D printing has the potential to 
improve patient outcomes (for example through reducing revision rates) and reduce costs.  
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Summary of evidence 

Health Technology Wales researchers did not identify any evidence relating to service design 
or delivery of 3D printing services. 

Health Technology Assessments (HTAs) 

EUNetHTA Rapid Relative Effectiveness Assessment OTCA11 (2019) compared custom-made or 
customisable 3D printed implants and cutting guides with non-3D printed standard 
implants and cutting guides in people undergoing knee, maxillofacial or cranial surgery. 
Three randomised controlled trials and one prospective study were identified which reported 
on maxillofacial patients (people undergoing mandibular reconstruction) and a further 
prospective study examined people undergoing cranioplasty. The review concluded that there 
were no clinically relevant or significant differences in effectiveness between surgery using 
3D printed technology and standard surgery and that further evaluation is required once 
higher quality evidence becomes available. It concluded that there was no overall difference 
in complications between the technologies, but observed a decrease in ischaemic time in the 
group using individual 3D printed surgical guides compared to the standard reconstruction 
group. The review commented that only short-term complications were assessed in the 
studies, and that long-term complications such as implant failure, prosthesis problems, and 
continued pain need to be assessed. The review also considered organisational and legal 
aspects, highlighting that the main legal issues regarding 3D printed technology concern 
whether or not customisable devices must be CE marked.  

The Belgian Health Care Knowledge Centre (2018) health technology assessment (HTA) on 
‘Responsible use of high-risk medical devices: the example of 3D printed medical devices’ 
considered the effectiveness and safety of 3D printing for medical indications. It focused on 
RCTs comparing an intervention group using 3D printed technology versus a control group 
not using 3D printed technology. The HTA found two randomised controlled trials on 3D 
printed surgical guides for maxillofacial surgery, one randomised controlled trial of models 
for implant shaping in maxillofacial surgery and one randomised controlled trial for cranial 
surgery. Regarding the clinical effectiveness evidence, the study concluded that the 
identified trials were small and/or did not find significant effects and so could not make any 
conclusions on the effectiveness of 3D printing on patient-relevant outcomes. Two cost-
consequence analyses in the USA and The Netherlands, in maxillofacial and cranial surgery 
respectively, were identified. In addition, three cost comparison studies were found which 
considered maxillofacial surgery. The HTA concludes that study results varied and there is no 
evidence that 3D printed applications improve patient safety or reduce surgical time and 
costs. 

Primary studies 

Health Technology Wales researchers did not find any secondary evidence published since 
2018 (when the search was undertaken for OTCA11), though several ongoing systematic 
reviews were registered on the international prospective register of systematic review 
(PROSPERO). We focused on primary studies published since 2018, which reported patient-
relevant outcomes following the use of patient-specific implants in cranial neurosurgical 
and CMF surgery, and identified five observational studies.  

Studies by Cheng et al (2018) and Basu et al (2021) monitored operative outcomes and 
complications in 10 people with large skull defects who underwent cranioplasty using 3D 
printed prefabrication moulds and implants of polymethyl methacrylate over six months of 
follow-up.  



 
Page 3 of 6 TER261 May 2021 

A study by Low et al (2019) used 3D printed moulds to produce patient-specific hybrid 
polymethyl methacrylate-autologous cranial implants in 11 patients undergoing 
decompressive craniectomy. Outcomes were assessed up to three months post-operatively 
and included implant alignment, cosmesis, duration of intra-operative reconstruction and 
quality of life measured using SF-36. A cost analysis was also undertaken. 

Desai (2019) was a non-comparative retrospective analysis of 30 patients with skull defects 
undergoing acrylic cranioplasties with polymethyl methacrylate, 43% of which were based on 
3D printed patient-specific moulds and 57% of which used an alginate impression technique. 
The study considered surgical time, blood loss, 3 scales of patient satisfaction, improvement 
of facial symmetry, and need for additional surgery along with the rate of wound 
complications. 

Park et al (2019) compared two different methods for cranioplasty, both involving a 3D 
printed titanium implant. It measured major and minor complications. 

Duric et al (2019) included 29 patients undergoing polymethyl methacrylate cranioplasty 
using customised 3D printed moulds. It reported aesthetic outcomes and infections. 

One randomised controlled trial comparing 3D printed personalised titanium plates with 
CAD/CAM surgical splints in maxillary repositioning of orthognathic surgery was completed 
in April 2019, though no results are available. 

One single arm study (NCT03057223) on 3D printing of patient-specific titanium plates for 
jaw surgery was completed in April 2021, though results were not yet reported. The study 
measured intraoperative success and incidence of postoperative adverse events. 

Three other relevant studies are currently in the recruitment stages. 

 

Areas of uncertainty 

Previous HTAs have concluded that higher quality evidence is required to assess the 
effectiveness of surgery using 3D printed technology in comparison to standard surgery. The 
evidence that has been published since the HTAs were concluded is unlikely to change this 
conclusion. 

If this topic was to be taken forward for a full appraisal, then further refinements may be 
required to the intervention and population considered in the assessment. For instance, 
consideration would be needed on whether the appraisal should cover 3D printed implants, 
3D printed moulds or both. 

There is some uncertainty around current practice in Wales for cranial neurosurgical and 
craniomaxillofacial surgery. If a full appraisal was to be undertaken then further work would 
be required to establish whether autologous bone material, intraoperatively moulded bone 
cement, titanium plates or meshes or ceramic implants are used routinely in NHS Wales.  

The previous assessment by EUNetHTA suggests that there is some uncertainty around 
medical device regulation for customised patient-specific implants. This is something that 
would need to be explored further if a full assessment was undertaken. 
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Conclusions 

Recent HTAs concluded that there were no clinically relevant or significant differences in 
effectiveness between surgery using 3D printed technology and standard surgery. Health 
Technology Wales researchers did not find any systematic reviews or economic evaluations 
published since the EUNetHTA OTCA11 Rapid Review search, conducted in 2018. We identified 
five relevant observational studies, which have been published since 2018. There are several 
ongoing systematic reviews and ongoing studies in this area. 
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Brief literature search results 

Resource Results 
HTA organisations  
Healthcare Improvement Scotland We did not identify any relevant evidence from this source. 
Health Technology Assessment Group We did not identify any relevant evidence from this source. 
Health Information and Quality Authority We did not identify any relevant evidence from this source. 

EUnetHTA 

DEFACTUM, Osteba. Custom-made or customisable 3D printed implants and cutting guides versus non-3D 
printed standard implants and cutting guides for improving outcome in patients undergoing knee, 
maxillofacial, or cranial surgery. EUnetHTA Project ID: OTCA11. 2019. https://eunethta.eu/otca11-custom-made-
or-customisable-3d-printed-implants-and-cutting-guides-versus-non-3d-printed-standard-implants-and-
cutting-guides-for-improving-outcome-in-patients-undergoing-knee-maxillofacial-o/ 

International HTA Database 

Vinck I, Vijverman A, Vollebregt E, Broeckx N, Wouters K, Piët M, Bacic N, Vlayen J, Thiry N, Neyt M.Responsible 
use of high-risk medical devices: the example of 3D printed medical devices. Health Technology Assessment 
(HTA) Brussels: Belgian Health Care Knowledge Centre (KCE). 2018. KCE Reports . D/2018/10.273/03. 
https://kce.fgov.be/sites/default/files/atoms/files/KCE_297_impression_3D_Report.pdf 

UK guidelines and guidance 
SIGN We did not identify any relevant evidence from this source. 
NICE We did not identify any relevant evidence from this source. 
Secondary literature and economic evaluations 
Cochrane library -Cochrane Reviews and Other 
Reviews 

We did not identify any relevant evidence from this source. 

Medline (via Ovid)  We did not identify any relevant evidence from this source. 
Primary studies  
Cochrane library We did not identify any relevant evidence from this source. 

Medline 

• Cheng CH, Chuang HY, Lin HL, Liu CL, Yao CH. Surgical results of cranioplasty using three-
dimensional printing technology. Clin Neurol Neurosurg. 2018 May;168:118-123. doi: 
10.1016/j.clineuro.2018.03.004 

• Basu B, Bhaskar N, Barui S, Sharma V, Das S, Govindarajan N, Hegde P, Perikal PJ, 
Antharasanahalli Shivakumar M, Khanapure K, Tekkatte Jagannatha A. Evaluation of implant 
properties, safety profile and clinical efficacy of patient-specific acrylic prosthesis in 
cranioplasty using 3D binderjet printed cranium model: A pilot study. J Clin Neurosci. 2021 
Mar;85:132-142. doi: 10.1016/j.jocn.2020.12.020 

• Low PH, Abdullah JY, Abdullah AM, Yahya S, Idris Z, Mohamad D. Patient-Specific Reconstruction 
Utilizing Computer Assisted Three-Dimensional Modelling for Partial Bone Flap Defect in Hybrid 
Cranioplasty. J Craniofac Surg. 2019 Nov-Dec;30(8):e720-e723. doi: 
10.1097/SCS.0000000000005713 

http://www.healthcareimprovementscotland.org/
https://www.hse.ie/eng/about/who/healthwellbeing/htag/publications/
https://www.hiqa.ie/reports-and-publications/all-publications
https://www.eunethta.eu/
https://eunethta.eu/otca11-custom-made-or-customisable-3d-printed-implants-and-cutting-guides-versus-non-3d-printed-standard-implants-and-cutting-guides-for-improving-outcome-in-patients-undergoing-knee-maxillofacial-o/
https://eunethta.eu/otca11-custom-made-or-customisable-3d-printed-implants-and-cutting-guides-versus-non-3d-printed-standard-implants-and-cutting-guides-for-improving-outcome-in-patients-undergoing-knee-maxillofacial-o/
https://eunethta.eu/otca11-custom-made-or-customisable-3d-printed-implants-and-cutting-guides-versus-non-3d-printed-standard-implants-and-cutting-guides-for-improving-outcome-in-patients-undergoing-knee-maxillofacial-o/
https://database.inahta.org/
https://kce.fgov.be/sites/default/files/atoms/files/KCE_297_impression_3D_Report.pdf
http://www.sign.ac.uk/
http://www.nice.org.uk/
http://www.thecochranelibrary.com/
http://ovidsp.dc2.ovid.com/sp-4.03.0b/ovidweb.cgi?&S=DKOOFPICKFEBONEKIPBKJEPEACJJAA00&New+Database=Single%7c4
http://www.thecochranelibrary.com/
http://ovidsp.dc2.ovid.com/sp-4.03.0b/ovidweb.cgi?&S=DKOOFPICKFEBONEKIPBKJEPEACJJAA00&New+Database=Single%7c4
https://doi.org/10.1016/j.clineuro.2018.03.004
https://doi.org/10.1016/j.jocn.2020.12.020
https://doi.org/10.1097/scs.0000000000005713
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• Desai JB. Cost-Effective Technique of Fabrication of Polymethyl Methacrylate Based Cranial 
Implant Using Three-Dimensional Printed Moulds and Wax Elimination Technique. J Craniofac 
Surg. 2019 Jun;30(4):1259-1263. doi: 10.1097/SCS.0000000000005539 

• Park SE, Park EK, Shim KW, Kim DS. Modified Cranioplasty Technique Using 3-Dimensional 
Printed Implants in Preventing Temporalis Muscle Hollowing. World Neurosurg. 2019 
Jun;126:e1160-e1168. doi: 10.1016/j.wneu.2019.02.221 

• Đurić KS, Barić H, Domazet I, Barl P, Njirić N, Mrak G. Polymethylmethacrylate cranioplasty using 
low-cost customised 3D printed moulds for cranial defects - a single Centre experience: 
technical note. Br J Neurosurg. 2019 Aug;33(4):376-378. doi: 10.1080/02688697.2019.1566514 

Ongoing primary or secondary research 
PROSPERO • https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=135846 

• https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=43094 
• https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=145960 
• https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=144935 
• https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=134143 

Clinicaltrials.gov Completed 
• https://clinicaltrials.gov/ct2/show/NCT03057223 
• https://clinicaltrials.gov/ct2/show/NCT02914431 

Recruiting 
• https://clinicaltrials.gov/ct2/show/NCT03673865 
• https://clinicaltrials.gov/ct2/show/NCT04035928 
• https://clinicaltrials.gov/ct2/show/NCT04635865 

Other 
Evidence provided by the topic proposer https://plasticstar.io/kumovis-high-temperature-peek-medical-printer/ 

https://www.plastech.biz/en/news/Kumovis-to-showcase-new-3D-printing-solutions-with-more-than-15864 
www.kumovis.com 

 

Date of search: May 2021 

Concepts used: 

3D printing/bioprinting/additive manufacturing 
Printing, Three-Dimensional/ 
Service design 
"organization and administration"/ or "delivery of health care"/ 
Maxillofacial Development/ or Maxillofacial Abnormalities/ or Maxillofacial Injuries/ 
cranial.mp. 
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