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Can advances in medical additive manufacturing improve patient outcomes?

Additive manufacturing (AM) has helped the healthcare industry provide patients with new forms of treatment, from prosthetics to surgical tools. Advancements in AM have also led to the production of premium implants at reduced lead times and costs. Particularly for patients with chronic joint pain, additively manufactured replacements can often result in improved long-term functional recovery. Here Chris Dimery, AM EMEA Business Manager at global engineering technologies company, Renishaw, explores how advances in AM, particularly cemented and cementless prosthetics, have impacted the development of orthopaedic prosthetics. 

During replacement surgery, an orthopaedic surgeon must replace the existing joint surface with an artificial prostheses and adhere it to the patient’s bone. There are two common types of prosthesis, each with its own method of adhesion. Cemented joint prosthetics are designed to be used alongside fast-drying bone cement that glues itself into position. Cementless prosthetics, also known as ‘press-fit’ prosthesis, are typically additively manufactured with a porous structure to allow the bone to grow around the replacement and adhere over time.

Expanding the medical portfolio
Cementless products are still a relatively new option, so medical device manufacturers often produce both cemented and cementless implants. Historically, cemented products offered high-volume production for a lower cost per part compared to cementless but, increasingly, surgeons are moving towards cementless as it offers a simpler surgery. 

Arthritis Health also suggests that surgeons favour cementless as it reduces the risk of the implant breaking down and creating debris, extends the lifespan of the part and improves patient experience.[footnoteRef:2] In some cases, such as a knee replacement, some doctors may choose to use a hybrid approach, which uses a cementless femoral prosthesis and a cemented tibial prosthesis. [2:  Sood, Dr Vivek. “Cemented vs. Cementless Alternatives in Joint Replacement", Arthritis Health, 18 April 2014. https://www.arthritis-health.com/surgery/shoulder-surgery/cemented-vs-cementless-alternatives-joint-replacement#:~:text=A%20cemented%20joint%20prosthesis%20uses,adhere%20to%20it%20over%20time ] 


From a production perspective, cementless implants are considered a ‘premium product’ as they facilitate improved patient outcomes as well as typically being more expensive to manufacture. However, this doesn’t mean they are always used by surgeons as a direct replacement to cemented parts. The type of implant used depends entirely on the patient’s requirements and long-term functionality. 
 
A personalised approach
Both cemented and cementless products have their advantages and disadvantages, and the type of implant used often depends on the patient. Cemented implants are more common and known to be effective for around ten to 20 years before needing replacement. Cemented implants are also particularly beneficial for patients with fragile bones, as their bone growth wouldn’t be strong enough to hold a cementless implant in place. 

However, constant stress on the joint can break down the cement, potentially causing it to come loose from the bone and requiring a revision procedure to move it back into place. Broken down cement can also irritate the tissue surrounding the joint. If left untreated, the debris can cause osteolysis which further weakens the bone. 

Cementless products can be a more appealing option because of their porous surface which can only be created using AM to imitate the structure of bone and therefore promote bone ingrowth. The patient’s bone will grow around the implant to hold it in place, a method that some surgeons believe extends the lifespan of the implant . According to Liu, Y., Zeng, Y., Wu, Y. et al’s 2021 review of cementless and cemented fixation, cementless knee implants did not decrease the rate of revision compared to cemented implants - however, it did provide patients with a much better functional recovery.[footnoteRef:3] [3:  Liu, Y., Zeng, Y., Wu, Y. et al. “A comprehensive comparison between cementless and cemented fixation in the total knee arthroplasty: an updated systematic review and meta-analysis”, Journal of Orthopaedic Surgery and Research 16, 176 (2021). https://doi.org/10.1186/s13018-021-02299-4 ] 


The role of AM
AM offers medical manufacturers a host of benefits, from saving on time and floor space, to removing the need for spray coatings. For example, AM is ideal for mass customisation and can offer added flexibility to improve patient comfort. AM also offers medical manufacturers a significant return on investment as they will only use the amount of material required to create the part and manufacturers can easily produce products with complex geometries. A four-laser AM machine for example, can offer a lower long-term cost due to its high productivity while producing joint replacements with thin wall sections, and using its gas flow system to ensure component accuracy and consistent mechanical properties.

While not entirely new, cementless implants are beginning to become more popular for patients requiring joint replacements. The market is paving the way for more innovative designs that can improve patient health and offer a simplified surgical approach.

For more information on technological solutions in the medical device manufacturing industry, visit https://www.renishaw.com/en/medical-and-healthcare.  
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About Renishaw
Renishaw is a world leading supplier of measuring systems and manufacturing systems. Its products give high accuracy and precision, gathering data to provide customers and end users with traceability and confidence in what they’re making. This technology also helps its customers to innovate their products and processes.

It is a global business, with over 5,000 employees located in the 36 countries where it has wholly owned subsidiary operations. The majority of R&D work takes place in the UK, with the largest manufacturing sites located in the UK, Ireland and India.

For the year ended June 2023 Renishaw recorded sales of £688.6 million of which 95% was due to exports. The company’s largest markets are China, USA, Japan and Germany.

Renishaw is guided by its purpose: Transforming Tomorrow Together. This means working with its customers to make the products, create the materials, and develop the therapies that are going to be needed for the future.

Further information at www.renishaw.com
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