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Abstract

Introduction: Climate change presents an important threat to human health and wellbeing. Paradoxically, many facets of healthcare provision 
contribute significantly to greenhouse gas emissions. An important example of this is the use of single use, disposable orthopedic orthotics, 
widely dispensed in emergency departments and fracture clinics. 

This study aimed to understand patients’ attitudes towards climate change, single use plastics, and recycling of orthotics. 

Materials and methods: Fracture clinic patients wearing orthotics were invited to complete a questionnaire examining attitudes toward 
climate change and the recycling of orthotics. Questions explored patient attitudes towards climate change, single use plastics and re-use of 
orthotics. Free text was also included to identify any patient’s perceived concerns regarding brace re-use. 

Results: 93 out of 211 patients in clinic wore orthoses (44.1%). 40 completed the questionnaire giving a 43% response rate. 95% of patients 
were aware of climate change, attributing an average importance of 7.7 on a Likert scale of 0 (least important) to 10 (most important). 92.5% 
understood the issue of single use plastics, ascribing an average score of 8 to this. 90% of patients were willing to recycle their orthosis, with 
90% also willing to use a recycled orthosis. Free text analysis revealed concerns with infection and brace integrity.

Conclusions: Orthopedic trauma patients recognize the danger of climate change and welcome efforts to address the issue of single use 
plastic in orthoses by recycling braces. Further research is required to facilitate the production of reusable orthoses and the reprocessing of 
current orthoses.
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Background 

Climate change has been described by the Lancet as the 
“biggest global risk to human health in the 21st Century” [1] 
with over 800 million people worldwide likely to be directly 
affected by its impact. Paradoxically, healthcare and its 
provision contribute enormously to climate change from the 
use of single use plastics, the production, and distribution of 
medication to personal transport of healthcare staff [2]. The 
British National Health Service creates 133,000 tons of plastic 

annually, only 5% of this is able to be recycled [3].

Surgery may be a notable culprit. Rizan et al. [4] examined 
the carbon footprint of surgical operations, discovering 
814 kg of carbon dioxide equivalents can be generated per 
procedure. The literature examining the subject of plastic 
waste in orthopedics focuses on the waste generated in the 
operating theatre [2,5,6]. Operating theatres may generate up 
to 70% of hospital waste with 26% of waste by weight being 
plastic [7]. A recent literature review by Phoon et al. suggests 
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that up to 43.9% of waste generated in orthopedic procedures 
may be recyclable [8].

Few studies have investigated the impact of single use plastics 
in the outpatient setting, whilst those that have concluded 
that the environmental waste outweighs any realized benefits 
[9,10]. No studies have specifically examined the outpatient 
orthopedic population. 

Single use items are abundant in surgical treatment but 
also in non-surgical treatment in orthopedics. Further to 
this, these are wrapped in multiple layers of non-recyclable 
plastic packaging. Vast amounts of patients in trauma and 
orthopedics are managed with single use orthopedic braces. 
These are often made of plastic and fabric components. The 
rigid components of orthotic braces are typically composed 
of thermoplastics such as polypropylene or carbon fiber [11]. 
These components are also recyclable. 

There is a clear need to reduce plastic waste in Orthopedics, 
and across all surgical specialties. This change in behavior 
required the appropriate mindset of those involved. The 
aim of our study was to examine attitudes of fracture clinic 
outpatients towards climate change, single-use plastics, and 
recycling. 

Materials and Methods

A custom questionnaire was created (Appendix 1) to examine 
patient attitudes towards the issues of climate change, single 
use plastics, and the re-use of orthopedic braces. A Likert 
scale was utilized grading this from 0-10 with 10 indicating 

highest importance and 0 being lowest importance. Similarly, 
thoughts on re-using orthoses were graded on a 4-point 
Likert scale from ‘strongly agree, to strongly disagree’. Patient 
potential drawbacks to orthoses were also examined in the 
same manner. Free text was provided for qualitative feedback. 

Data was collected prospectively in fracture clinics using 
questionnaires. All patients with orthopedic braces were 
offered a questionnaire. The questionnaire collected 
demographic details and assessed patient awareness of 
climate change and single use plastics.

Inclusion criteria were all patients wearing orthoses who 
attended fracture clinic. Patients under 16 years of age and 
those not wearing braces were excluded.

The questionnaire was conducted on a voluntary basis, 
following the decision for treatment, and was not deemed 
to influence the management plans nor confound patient 
responses. The study was thus approved by the ethics 
committee of our institution. 

Results

Data was collected from fracture clinics over a 2-week period. 
211 patients attended, 93 of which were using orthopedic 
braces (44.1%). 40 responses were received in total, a response 
rate of 43%. 

52% of patients were male with a mean age of 49 (16-82). 
The most common types of orthotics utilized are shown in 
Figure 1. The most common orthotic amongst responders 
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Figure 1. Pie chart showing types of Orthopedic Brace Worn.
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was an ankle boot at 40%, followed by Futura (wrist) splints at 
27%. The rest are shown in the chart making up a third of all 
orthoses worn. The next part of the questionnaire assessed the 
importance patients gave to key issues surrounding climate 
change and recycling. Firstly, we assessed how important 
climate change was to our patients (shown in Figure 2 below) 
Likert scale data showed that patients found climate change 
to be a relatively important issue, scores averaged 7.7 (range 
5-10) with the majority of patients giving a score of 10.

38 out of 40 (95%) patients were aware of climate change, 
with 37 understanding the issue of single use plastics (92.5%).

Further Likert scale data was obtained to assess patient 

assigned importance of single use plastics (Figure 3) and 
recycling (Figure 4).

Most patients attributed high importance to the issue of 
single use plastics. The mean rating was 8 (range 1 to 10) with 
the most common response being 10.

Similarly, most patients assigned a high importance to 
recycling. The most common response was 10 with a mean 
rating of 8.6 (range 2-10). 

We then assessed patient attitudes towards re-use of 
orthotics. Firstly, we asked them to rate the statement: ‘I would 
like my brace to be re-used’ on a Likert scale. Results shown in 

 

  Figure 3. Cumulative bar chart showing patient perceived importance of single use plastics.

  

Figure 2. Cumulative bar chart showing patient perceived importance of climate change.
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the pie chart indicate 90% agreement to some degree (Figure 
5). Similarly, we asked whether patients would be happy to 
re-use a previously used brace. 90% of patients reported that 
they were happy to use a recycled brace (Figure 6).

We then assessed patient perceived barriers to brace re-use 
on a similar scale, shown in bar charts below (Figures 7 and 8). 
67.5% of patients agreed to some degree that infection would 
be a concern with brace re-use. 

 

  Figure 4. Cumulative bar chart showing patient perceived importance of recycling.
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Figure 5. Pie chart showing patient attitudes towards re-use of their used brace.
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Figure 6. Pie chart showing patient attitudes towards re-using a previously used brace.
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Figure 7. Bar chart showing whether patients perceive infection as a barrier to brace re-use.
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Figure 8. Bar chart showing whether patients perceive dysfunction as a barrier to brace re-use.
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The next question pertained to brace integrity, around 52.5% 
of patients felt that brace dysfunction would be a concern 
with brace re-use.

Finally, we examined the free space responses using an 
inductive approach. The recurring theme for those who 
commented were that they would re-use an orthotic if they 
could be satisfied that it could be cleaned appropriately. One 
response indicated that they would want the integrity of the 
orthotic to be monitored for subsequent uses.

Discussion

Our study demonstrates strong patient support for a strategy 
of re-use or recycling of orthotics. 

Despite the overall positive response, some concerns 
remained. The main apprehensions regarding a re-use 
strategy were infection and orthotic dysfunction with 68% 
being concerned about the possibility of cross infection. This 
mirrors work by the Association of Surgeons of Great Britain 
and Ireland, which suggested that 60% of patients fear the 
possibility of cross infection from a reusable product [12]. 
There is paucity of evidence in the literature that proves 
infection is transmitted between braces. Leichsenring et 
al. [13] demonstrated absent organic material present on 
cardiac catheters after application of a sterilization protocol, 
suggesting the catheters are safe for re-use with regards to 
infection. Similar protocols may be applicable to orthotics.

If orthoses are to be re-used, then appropriate sterilization 
processes will be required. The Spaulding classification [14], 
qualifies the level of decontamination required for different 
medical devices. Most orthopedic braces would be classified as 
low or intermediate risk. The WHO has published generalized 
guidelines on sterilization and re-use of medical devices [15], 
however more specific guidelines based on manufacturer 
recommendations would be required for each trust. 

There are recent examples of positive advances regarding 
sustainability in orthotics. The Orthotics department at Oxford 
University Hospitals have demonstrated successful re-use of 
steel from braces leading to an 80% reduction in steel as well 
as well as 78% reduction in spend, whilst also recycling more 
than 3.5 tons of thermoplastic since 2018 [16]. Elsewhere, 
Shiyo et al. [17] described a process of re-use of Plaster of Paris 
(POP), concluding that POP could be recycled continuously. 
Such a process would have obvious benefits in fracture clinics. 
Economic factors such as cost saving and waste reduction 
need to be demonstrated with a re-use strategy to make them 
attractive to patients and healthcare providers.

The principles of sustainability in healthcare are gradually 
gaining traction [18]. The UK legislature via the Health and 
Care Act 2022 has committed the National Health Service 
(NHS) to delivering a ‘net zero NHS’. The aim is to cut carbon 

emissions to a level matching output of emissions by 2045, 
with the preliminary target of 80% reduction by 2032 [19]. 

Surgical bodies have also responded to climate change with 
the Royal College of Surgeons (RCS) of England devising a 
‘Sustainability in Surgery’ strategy [20]. The strategy promotes 
the benefit of re-usable rather than single use items thereby 
reducing environmental impact. The published document 
highlights the importance of repair, the reduction of plastic 
packaging waste and re-use of instruments whilst censuring 
single use items. This has been reiterated by the Association 
of Surgeons of Great Britain and RCS Ireland emphasizing 
the importance of reduction, re-use, and recycling in theatre 
amongst other steps [12]. 

Internationally, Healthcare Without Harm Europe (HWHE), 
a multinational organization, with 137 members in over 
22 European countries work on initiatives encouraging 
more sustainable procurement practices, greener medicine 
production as well as accurate carbon emission measurements 
amongst others. The HWHE report “Measuring and Reducing 
Plastic in the Healthcare Sector” identified prevention of 
waste generation as key to reducing waste generation. The 
steps included reduction, re-use, reprocessing and repair of 
materials as key. Although the report does not highlight any 
examples from orthopedics, it gives the example of the re-use 
of linear suture machines and harmonic shears in Portugal, 
leading to a cost saving of 90,000 Euros, with the machines 
achieving the same clinical results [21]. 

The literature which concerns orthopedics and sustainability, 
mainly examines the production of peri-operative waste, De 
Sa investigated 5 hip arthroscopies for femora-acetabular 
impingement, discovered an average of 9.4 kg waste per 
case [22] whilst a similar study of 5 primary total knee 
arthroplasties noted an average of 13.3 kg [4]. Kooner 
evaluated 55 procedures in orthopedics, concluding that up 
to three quarters of plastic waste from orthopedic theatres 
could be recycled and waste reduction strategies should 
be employed to encourage this [23]. Other strategies to 
encourage sustainability in orthopedics have included 
the WALANT (wide awake, local anesthetic, no tourniquet) 
technique in hand surgery which utilizes field sterility rather 
than theatre sterility in turn reducing theatre waste whilst the 
absence of anesthetic personnel involvement, reduces the 
carbon footprint [24]. 

Literature does not always support the use of reusable 
materials. The emissions generated in the sterilization process 
may in some circumstances exceed those of single use 
products [25,26]. Leiden et al. evaluated the environmental 
impact of reusable and single use instrumented lumbar fusion 
instrumentation. The initial detrimental environmental effect 
of the single use instrumentation was supplanted by the 
energy expended on steam sterilization [27].
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Ethical considerations regarding re-use of medical devices 
have been discussed by both Collier [28] and Das [29]. Both 
authors examine the detriment to patient autonomy if patients 
are not aware of the use of reprocessed items. When giving 
patients options of treatment, all reasonable alternatives 
should be discussed to encourage patient centered decision 
making. This included the option to re-use braces. Thus, 
gauging patients’ understanding, and opinion is a vital first 
part of this process, which our study seeks to do. 

The limitations of the study include a low response rate as well 
as a lack of inclusion of patients in elective orthopedic clinics 
or those not wearing an orthoses. There is also a relatively high 
likelihood of selection bias, those who are willing to complete 
a survey about the environment are also those most likely to 
be well informed about such matters. 

Conclusion

This is the first study to have examined patient attitudes 
towards climate change and single use braces. Re-use 
strategies have been identified as crucial to address climate 
change by multiple bodies including the NHS, the RCS, 
and the BOA. Much literature already exists highlighting 
the role of surgeons in fighting climate change, however 
patient thoughts on sustainability in Orthopedics have been 
unknown, particularly in the outpatient setting. 

Our results show most of our patients are aware of climate 
change, single use plastics and the importance of recycling. 
There is overwhelming support for the re-use of orthoses in 
the outpatient setting. Further work should aim to identify 
strategies that can be employed locally for recycling and re-
use but there may also a role for industry using materials which 
can be more easily reprocessed and working to produce more 
environmentally sustainable products.
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