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Abstract 

Background 

Since the 1800s, human activities have been the main contributor to climate change. This is 

mainly due to the burning of fossil fuels like coal, oil and gas, which generates greenhouse gas 

emissions (1). The global annual temperature has increased since the Industrial revolution. And 

for the last 40 years, the global annual temperature has risen by 0,2 degrees Celsius. In 2015, 

the Paris agreement codified the recommendation of climate scientists to limit global warming 

to 1,5 degrees Celsius (2). The health sector makes a major contribution to the climate crisis. 

In 2014, the global health care sector had a climate footprint of 2,0 GtCO2e, equivalent to 4,4% 

of global net emissions (3). 

Methods 

This study used a scoping review approach to provide an overview of the existing literature on 

the environmental impact of orthopaedics. After defining the research question, systematic 

literature searches were conducted in MEDLINE and Embase, where 481 articles were found. 

After removing duplicates, title and abstract screening and full text review, 24 relevant articles 

were included in the review. The data was charted, and results were collected and summarized.  

Results 

21 out of 24 included studies were published after 2020, and most of them investigated the 

carbon footprint and waste production of TKRs and THRs. Studies showed that TKRs had a 

larger carbon footprint and waste production than other orthopaedic procedures (4-8). One 

study found that 5 TKRs produced in total 66,7 kg waste (9). A life cycle assessment showed 

that the carbon footprint of one TKR was 190,5 kg of CO2 (10), which is equivalent to driving 

a petroleum car 1262 km (11).  

Conclusions 

Several possible measures to improve the carbon footprint of orthopaedic surgery was found, 

switching to Ecopulse lavage systems (12), using the PRiSM protocol (13), minimizing implant 

waste, surgical waste and surgical trays (9, 14-16) and improving waste management and 

recyclables (5, 7, 9, 15, 17-19). Also, reducing the number of orthopaedic surgeries seems to 

be crucial to reduce the environmental impact of orthopaedics. Future research should be 
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pointed at electricity and heating in ORs, better surgical waste management, new technology 

such as virtual consultations and new diagnostic tools to reduce the number of unnecessary 

surgeries, more sustainable treatment options and ways to reduce the incidence of orthopaedic 

diseases in need of surgical intervention. 
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Introduction 

Climate change can be referred to as long-term shifts in temperatures and weather patterns. 

These shifts can be natural, due to changes in the sun’s activity, but since the 1800s, human 

activities have been the main contributor to climate change. This is mainly due to the burning 

of fossil fuels like coal, oil and gas, which generates greenhouse gas emissions that traps the 

sun’s heat and leads to raising temperatures on the Earth. The main sectors causing 

greenhouse gases are energy, industry, transport, buildings, agriculture and land use (1). The 

global annual temperature has increased by a little more than 1 degree Celsius even since the 

Industrial revolution. And for the last 40 years, the global annual temperature has risen by 0,2 

degrees Celsius, which is more than a doubling in the rate of increase compared to the 1980s. 

In 2015, the Paris agreement codified the recommendation of climate scientists to limit global 

warming to 1,5 degrees Celsius. This, in order to reduce the effects of climate change, such as 

extreme droughts, wildfires, floods and tropical storms (2).  

The health sector makes a major contribution to the climate crisis. In 2014, the global health 

care sector had a climate footprint of 2,0 GtCO2e, equivalent to 4,4% of global net emissions. 

71% of these emissions were primarily derived from the health care supply chain; production, 

transport, use and disposal of services and goods that the sector consumes. These include 

pharmaceuticals and other chemicals, medical devices, hospital equipment, instruments and 

more. 17% came directly from the health care facilities, whereas 12% was indirect emissions 

from purchased electricity, steam, cooling and heating (3). There are published several articles 

investigating the health care in relation to climate change. The health care sector consists of 

various medical specialities, all with different focuses, procedures and handlings. Therefore, it 

is interesting to investigate how one specialty alone contributes to emission of greenhouse 

gasses and influences the environment. This scoping review seeks to provide an overview on 

what existing literature states on the environmental impact of orthopaedics. A secondary goal 

is to discover important, unresearched subjects, and thereby highlight areas for future 

research.  

Methods 

There are few definitions of scoping review, but at a general level, scoping reviews might aim 

to map the key concepts underpinning a research area and the main sources and types of 
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evidence available (20). This differs from a systematic review, which aims to answer a 

specific question, and where clarity of the question is crucial (21). There are several reasons 

one might choose to conduct a scoping review, with different end goals. A scoping review 

may be undertaken as a step in the process of producing a full systematic review, or as a 

method in its own right. It can especially be undertaken as a stand-alone project where an area 

is complex and has not been reviewed comprehensively before (20).  

In this study, a scoping review was conducted with the aim of assessing the extent of research 

activity, summarizing current findings, and identifying gaps in the literature. Given the broad 

and multifaceted topic of environmental impact, a scoping review was considered a more 

appropriate methodological approach than attempting to address a narrowly defined research 

question in a systematic review. The purpose of this review was to gain an overview of what 

is currently known and unknown within the field and thereby highlight areas for future 

research attention. The method that was used in this scoping review was based on the model 

proposed by Mak and Thomas in 2022 for conducting a scoping review (22). This 

methodological model involves the following steps: 

1) Step 1: Identifying the Research Question 

2) Step 2: Identifying Relevant Studies 

3) Step 3: Selecting Studies to Be Included in the Review 

4) Step 4: Charting the Data 

5) Step 5: Collating, Summarizing, and Reporting the Results 

6) Step 6: Consulting Stakeholders (Optional) 

The 6th step was not conducted due to limited time and budget. The 5 stages conducted were 

as follows: 

 

Step 1: Identifying the Research Question 

I have had a longstanding interest in orthopaedics, which made it a natural choice of specialty 

when deciding on a topic for my research project. I reached out to my project thesis advisor, 

Prof. Stephan Maximillian Herbert Röhrl, an orthopaedic surgeon currently conducting 

research on CT-RSA (Computed Tomography–Radiostereometric Analysis) as a tool for 

precision diagnostics. His work aims to improve diagnostic accuracy and potentially reduce 

the number of patients requiring orthopaedic surgery. This led to the question of whether 
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reducing the number of surgical procedures could also have environmental benefits by 

lowering pollution levels. 

I was intrigued by the idea of exploring the environmental impact of orthopaedics and, in 

collaboration with Prof. Röhrl, we developed the following initial research questions: 

1. What proportion of total climate emissions is caused by the healthcare sector, 

compared to other contributors? 

2. How large a share of the emissions from the healthcare sector is caused by 

orthopaedics compared to other specialties? 

3. What aspects of orthopaedics contribute most significantly to environmental impact? 

With the assistance of a librarian, I conducted a preliminary literature search to assess the 

scope of existing research on these questions. I realized that addressing all three research 

questions would require conducting two separate literature searches - a task that would be 

both extensive and time-consuming. As a result, I decided to narrow the focus of my project 

to concentrate solely on orthopaedics. 

A second preliminary search revealed that no scoping review had yet been conducted on this 

specific topic. Furthermore, I identified a sufficient number of relevant publications to support 

such a review. Based on this, I refined my research aims and developed a final set of broader 

research questions to ensure comprehensive coverage of the topic while minimizing the risk 

of overlooking important studies. 

The purpose of this scoping review is to map the existing literature on the environmental 

impact of orthopaedics. It seeks to answer the following primary research questions: 

1. How does orthopaedics contribute to environmental pollution? 

2. What aspects of orthopaedics have the greatest environmental impact? 

In addressing these, I also aim to explore the following sub-questions: 

3. What measures can be taken to reduce the environmental impact of orthopaedics? 

4. Is there a need for further research in this area? 
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Step 2: Identifying Relevant Studies 

A comprehensive literature search was conducted across two databases to identify relevant 

articles for this study. The initial search took place on June 12th, 2025, using MEDLINE and 

Embase. These databases were recommended by the university librarian due to their frequent 

updates and broad coverage of medical and scientific literature. 

The librarian provided guidance in developing the search strategies and offered support in 

identifying appropriate keywords and subject terms. To ensure consistency between the 

databases, many of the same keywords were applied across both searches. However, subject 

terms were adapted to align with the indexing systems specific to each database. 

Search terms focused primarily on orthopaedics and orthopaedic procedures, as well as 

environmental impact and pollution. The searches were limited to publications in English and 

Norwegian, which may introduce a language bias in the selection of articles included in this 

review. 

An overview of the search strategies and the number of results retrieved is presented below: 
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Figure 1: The advanced literature search conducted in MEDLINE June 12th 2025 and 

results retrieved

 

 

 

Ovid MEDLINE(R) ALL <1946 to June 12, 2025> 

1 Orthopedics/ 25277 

2 Orthopedic Procedures/ 30018 

3 Arthroplasty, Replacement/ or Arthroplasty, Replacement, Hip/ or Arthroplasty/ 

or Arthroplasty, Replacement, Knee/83160 

4 bone-anchored prosthesis/ or internal fixators/ or joint prosthesis/ or hip 

prosthesis/ or knee prosthesis/ 57594 

5 (orthopedic* or orthopaedic* or orthopedic procedure* or arthroplast* or joint 

reconstructive surgery or hip replacement or knee replacement or orthopaedic 

surgery).mp. 278753 

6 environment/ or climate/ 95123 

7 Greenhouse Effect/ or Climate Change/ 40047 

8 Carbon Footprint/ 1588 

9 Water Pollution/ or Air Pollution/ or Environmental Pollution/ 79865 

10 (environmental impact or environmental sustainability or climate change* or 

greenhouse effect or carbon footprint or pollution).mp. 336774 

11 1 or 2 or 3 or 4 or 5 296416 

12 6 or 7 or 8 or 9 or 10 418359 

13 11 and 12 208 

14 limit 13 to (english or norwegian) 188 
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Figure 2: The advanced literature search conducted in Embase June 11th 2025 and the 

results retrieved

 

Step 3: Selecting Studies to Be Included in the Review 

The selection process in this review was conducted in three phases, all performed using the 

online platform Covidence.org. 

Phase 1: Removal of Duplicates 

Initially, citation files (.RIS format) containing the search results from both databases were 

exported and imported into Covidence, which automatically identified and removed duplicate 

Embase Classic+Embase <1947 to 2025 June 11> 

1 orthopedics/ 33546 

2 orthopedic surgery/ 46245 

3 knee arthroplasty/ or hip arthroplasty/ or replacement arthroplasty/ or total 

arthroplasty/ or arthroplasty/ or total knee arthroplasty/ 106094 

4 prosthesis fixation/ or hip prosthesis/ or prosthesis/ or total hip prosthesis/ or 

orthopedic prosthesis/ or prosthesis implantation/ or knee prosthesis/ or total knee 

prosthesis/ 103667 

5 (orthopedic* or orthopaedic* or orthopedic procedure* or arthroplast* or joint 

reconstructive surgery or hip replacement or knee replacement or orthopaedic surgery).mp.

 385664 

6 1 or 2 or 3 or 4 or 5 436816 

7 carbon footprint/ or environmental footprint/ or greenhouse gas emission/ 18178 

8 climate change/ 78561 

9 greenhouse effect/ 21095 

10 air pollution/ or pollution/ or water pollution/ 180920 

11 (environmental impact or environmental sustainability or climate change or 

greenhouse effect or carbon footprint or pollution).mp. 515001 

12 7 or 8 or 9 or 10 or 11516627 

13 6 and 12 315 

14 limit 13 to (english or norwegian) 293 
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records. Subsequently, additional duplicates not detected by the software were removed 

manually. 

Phase 2: Title and Abstract Screening 

The next phase involved screening titles and abstracts to identify studies relevant to the 

research questions and exclude those that were not. Inclusion and exclusion criteria were 

developed post hoc, as the author became increasingly familiar with the literature: 

Inclusion criteria 

• Include orthopaedic surgery and/or knee/hip arthroplasty/replacement/prostheses  

• Include environment/carbon footprint/pollution 

• Focus on the environmental impact of orthopaedic surgery and/or knee/hip 

arthroplasty/prostheses 

• Original research article, presenting primary data 

Exclusion criteria 

• Did not include the environmental impact of orthopaedic surgery and/or knee/hip 

arthroplasty/replacement/prostheses  

• Studies that assessed the environmental impact of other medical specialties or surgery 

in general, without specific reference to orthopaedic procedures. 

• Studies that investigated whether orthopaedic diseases may be caused by pollution, 

rather than the environmental impact of treatment 

• Studies focused exclusively on orthopaedic consultations without involving surgical 

interventions 

• Studies examining ventilation, air pollution and post-operative infections without 

assessing the environmental impact of orthopaedic procedures 

• Studies investigating air quality in ORs and its effects on healthcare workers, rather 

than environmental consequences 

• Studies exploring novel or hypothetical methods for reducing pollution, where such 

methods are not yet in clinical practice. 

• Studies primarily focused on anaesthesiology 

• Review articles, summaries, editorials, or other forms of non-original research 
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Phase 3: Full-Text Review 

In the third phase, full-text articles of the studies that passed the title and abstract screening 

were reviewed to confirm their relevance. The same inclusion and exclusion criteria from the 

previous phase were applied consistently during this step. 

Exporting included articles 

Upon completion of all three phases, the final set of included studies was exported to the 

programme EndNote 21. This was done to ensure alphabetical organization of the references 

and to facilitate citation management and insertion into the final thesis document. 

Step 4: Charting the Data 

To systematize the selected articles, they were organized into a table using Microsoft Excel 

with the following headings: author, year of publication, country, study aim, population and 

sample size, research method, study design, key findings relevant to the environmental impact 

and footprint of orthopaedics, measures and additional remarks. Findings relevant to the 

research question were extracted and recorded in the table. This approach facilitated 

comparison of the studies across different populations and research designs and enabled a 

clearer overview of the number of studies with similar aims.  

Step 5: Collating, Summarizing, and Reporting the Results 

Data was charted, and the answers to the research questions is structured in Results below and 

further elaborated in the Discussion part of the review. 

Use of artificial intelligence (AI) 

ChatGPT was used in some parts of this review to help phrase and formalize the English 

language. It was also used to help organize and categorize the different study designs found in 

the included articles in this review, which is presented later in Table 1 in Results.  
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Results 

This review aimed to assess the extent of research activity on the environmental impact of 

orthopaedics to gain an overview of what is known and find areas for future research. The 

results of this scoping study are divided into 3 categories: selection of sources of evidence, 

characteristics of source of evidence, results of sources of evidence.  

Selection of Sources of Evidence 

The search yielded a total of 481 records, in which 93 were removed as duplicates: 91 using 

Covidence software and 2 manually. The remaining 388 records were screened for title and 

abstract, where 329 records were removed in regard to the inclusion and exclusion criteria. 59 

records underwent full-text review. Following full-text screening, 24 studies were included in 

the review. The full screening process is illustrated in figure 1: Prisma flowchart.  
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Figure 13: Prisma flowchart showing the full selection process 

 

Characteristics of Sources of Evidence 

The general characteristics of the studies included in this review is summarized in table 1.  

The 24 studies were published in the period between 2012 and 2025, whereas 87,5% were 

published after 2020. The studies originated from the UK (n = 11), the United States of 

America (n = 5), France (n = 3) and other locations (n = 5). The study designs used were 

mostly prospective observational study (n = 14), including LCA studies (n = 3), in addition to 

other study designs; RCT (n = 1), retrospective studies (n = 3), observational descriptive 

studies (n = 3) and other LCA-based studies (n = 3). Sample sizes ranged from 5 to 1250. The 

main topic of the studies was either waste (n = 13) or life cycle assessment and/or carbon 

footprint and environmental impact (n = 11).  17 out of the 24 included studies included total 

knee replacement surgery and/or total hip replacement surgery, whereas the remaining studies 

only included other orthopaedic procedures.  
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Table 1: Characteristics of Sources of Evidence 

General Characteristics of the Included Studies (n = 24) 

Characteristic n 

Publication year 2012 1 

2013 2 

2021 1 

2023 3 

2024 12 

2025 5 

Study location UK 11 

USA 5 

France 3 

Spain 1 

The Netherlands 1 

Australia 1 

Ireland 1 

Germany 1 

Study design Prospective randomized controlled trial (RCT) 1 

Prospective observational study 

       Prospective observational descriptive study 

       Prospective observational descriptive study with life  

       cycle assessment (LCA) 

       Prospective observational descriptive cross-sectional  

       study 

       Prospective observational cross-sectional study 

14 

     2 

      

     3 

      

     7 

     2 

Retrospective observational study 

       Retrospective observational study 

       Retrospective cohort study 

       Retrospective observational descriptive study 

3 

     1 

     1 

     1 

Observational Descriptive Study 

       Descriptive study 

       Observational descriptive cross-sectional study 

3 

     1 

     2 
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Modeling / LCA Study 

       Descriptive observational life cycle assessment  

       (LCA) study 

       Observational modelling study using LCA 

3 

 

     2 

     1 

Population size 0-49 11 

50-99 2 

100-149 2 

150-200 1 

>1000 2 

Not applicable 6 

Main topic Waste 13 

Life cycle assessment (LCA) and/or Carbon footprint and 

environmental impact 

11 

Procedure TKA/TKR (incl. RKA and rTKR) 6 

THA/THR (incl. RHA and rTHR)  2 

Both TKA and THA 9 

Other orthopaedic procedures 7 

LCA: life cycle assessment, TKA: total knee arthroplasty, TKR: total knee replacement, RKA: revision 

knee arthroplasty, rTKR: revision total knee replacement, THA: total hip arthroplasty, THR: total hip 

replacement, RHA: revision hip arthroplasty, rTHR: revision total hip replacement  

Results from sources of evidence 

Carbon footprint  

One study that compared several surgeries found that TKR had a larger carbon footprint at 

85,5 kg CO2e compared to carpal tunnel surgery at 12kg CO2e. The greatest contributions 

were from single-use equipment and medical devices (24%), and by reusable instrument sets 

and individually wrapped reusable instruments (24%). This was followed by single-use 

patient or instrument table drapes (14%), pharmaceuticals (13%), single-use personal 

protective equipment (PPE) (11%), single-use items associated with cleaning and waste (6%), 

reusable PPE (4%), reusable patient and instrument table drapes (3%) and non-set reusable 

equipment (0.1%). The highest contributing products for TKR were bone cement mix and 

single-use pulsed lavage system (4).  

Another study found that the overall emissions for HVAC per procedure ranged between 13.9 

kg CO2e for knee arthroscopy and 39.5 kg CO2e for RKA, averaging 32.8% of an operation’s 
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carbon footprint. This made air conditioning the largest single contributor in energy 

consumption and the second largest contributor for the entire operation. Between 1.4 trays 

(knee arthroscopy) and 11.1 trays (RKA) were used. Washing of the trays produced 3.4 kg 

CO2e per rinsing cycle, and the sterilization process itself produced 0.5 kg CO2e per tray. 

Sterilization was responsible for 11.6% of total emissions. The use of electronic devices in the 

operating room caused 74.6 g CO2e/min for direct electricity consumption, except in 

arthroscopy, which was 84.7 g CO2e/min. Each operation generated between 5.8 kg (elective 

foot surgery) and 13.3 kg (RKA) of domestic waste. Emissions from waste incineration only 

comprised 3.2% of the carbon footprint. The carbon footprint ranged between 53.5 kg CO2e 

for knee arthroscopy and 125.9 kg CO2e for revision knee arthroplasty. Energy consumption 

was the largest contributor (57.5%), followed by other indirect emissions (38.8%) and then 

direct emissions (3.7%). The largest single contributors were the supply chain (34.6%) and 

energy consumption for ventilation, heating, and air conditioning (32.7%) (23).  

Change in carbon footprint over the years 

One study looked at the carbon footprint for TKRs over 9 years, from 2013 to 2022. They 

found that in general, outcomes improved over the study period. The per-patient carbon 

footprint associated with the index procedure fell by around 30% from 2013/2014 to 

2021/2022, with a fall in length of stay by 1 day as the major contributor to this decline. Rates 

of early revision fell from 0.4% to 0.2% across the nine years, although low rates in the post-

COVID-19 period may partly reflect lower surgery volumes and longer waiting lists for 

revision surgery. The relative fall in the per-patient carbon footprint associated with revisions 

was slightly larger at almost 50% over the study period, but small in absolute terms. Likewise, 

the fall in the per-patient carbon footprint associated with presurgery arthroscopy was small in 

absolute terms, but large in relative terms, falling from 2.7kg CO2e to 0.2kg CO2e over the 

nine years. The number of knee arthroscopies performed in the year before primary TKR fell, 

from 5.9% in 2013/14 to 0.5% in 2021/22. The median number of pre- and postsurgery 

outpatient attendances was relatively constant over time. Declines in the per-patient carbon 

footprint associated with emergency readmissions and outpatient attendances were more 

modest, with outpatient attendances falling most noticeably from 2018/2019 onwards (24).  

Another study looked at the carbon footprint of THRs during the 8 years between 2014 and 

2022. They found that the median number of face-to-face outpatient appointments pre- and 

post-THR were stable, but that the number of outpatient appointments conducted virtually 
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increased substantially over the study period. The carbon footprint associated with the index 

procedure fell by around 25% from 2014/15 to 2021/22. The fall in length of stay from 4 days 

in 2024/15 to 2 days in 2021/22 was almost entirely responsible for this decline. The 

proportion of patients with 30-day emergency readmission and early revisions fell slightly 

over the study period. The relative fall in the carbon footprint associated with revisions was 

slightly larger at almost 50% over the study period, but small in absolute terms. Declines in 

the carbon footprint associated with emergency readmissions and outpatient attendances were 

more modest (25). Life cycle assessment (LCA) 

One study found that the life cycle carbon footprint of a TKR was 190,5kg of CO2, consisting 

of 53.7 kg CO2 (28%) for the manufacture of the prosthesis, 50.9 kg CO2 (27%) for travel, 

57.1 kg CO2 (30%) for surgery, and 28.8 kg CO2 (15%) for waste management. 

Consumables accounted for 94% of the carbon footprint for the surgery category. It also 

represented 28% of the total impact of the LCA, with 40.6 kg CO2 for raw materials, 9.3 kg 

CO2 for manufacture, and 3.8 kg CO2 for transportation to supply and distribute. The 

management of consumables emitted 27 kg CO2, compared to only 1.5 kg CO2 for waste 

from prosthetic implant packaging. They found that the production and transport of 

consumables accounts for about 44% of the total impact on resource depletion (10).  

Another study investigating the life cycle carbon footprint of a THR found that preparatory 

consumables such as anaesthetic consumables, scrub brushes and gowns contributed to a total 

carbon footprint of 3,46 kg CO2e. Intraoperative consumables such as drapes, surgical 

instruments and gloves had a collective carbon footprint of 17,24kg CO2e per THR. They 

also found that the hip pack made a substantial contribution to the carbon footprint for each 

THR at 21,41 kg CO2e. The hip pack included drapes, bowls, needles, syringes, bandages, 

skin glue and other necessities. Reusable instrument sets made a minimal contribution with 

0,02kg CO2e. The average waste per THR was 13,5kg, resulting in a carbon footprint of 20kg 

CO2e. They also found that emissions attributable to energy consumption per THR were 

37,7kg CO2e. Among these, resterilization and water usage were the primary contributors. 

They concluded that the cumulative carbon footprint associated with an uncemented THR 

amounted to 100.02 kg CO2e (15).  

A third study did an LCA of anterior cruciate ligament repair (ACLR) and found that the 

estimated carbon footprint was 47 kg of CO2eq. The biggest product contributors were 

disposible cotton OR towels, laparatomy sponges and disposable plastics. Production of all 

products accounted for 58% of global warming potential. The total mass of all products for 
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one ACLR was estimated at 12.73 kg, including 7.55 kg for disposable materials and 5.19 kg 

for reusable materials. They did a scenario with a combination of all minimum impact 

interventions, that resulted in the largest reduction in global warming potential of an ACLR, 

with a 42% reduction from baseline. The best isolated intervention scenarios include 

minimum custom pack, maximize recycling, and recycled content (26). Another study 

demonstrated that the surgical procedure itself accounted for <40% of the life cycle, and that 

the ITBG technique in terms of graft preparation, fixation and LEAP had the lowest carbon 

footprint compared to BPTB+LT, QTG+LT and ST4+G2 (27).  

Waste production 

One study collected all waste produced from all ORs, not only orthopaedic procedures, and 

found that other non-orthopaedic surgeries produce more waste per surgery than orthopaedic 

procedures, but because TKRs is one of the most preformed procedures TKRs were the 

procedure that produced the second most waste in total (28). 4 studies that compared waste 

production in different orthopaedic procedures concluded that TKRs produced the most waste 

out of the procedures (5-8), closely followed by THRs (5, 7, 8) and shoulder arthroscopy (6, 

8). 3 studies concluded that THRs produced more or the same amount of waste as TKRs (17, 

18, 29). One study that investigated revision surgeries for both TKR and THR, found that the 

revision surgery produced more waste than primary knee and hip surgery (5). Another study 

that compared rotator cuff repair (RCR) and anterior cruciate ligament repair (ACLR) found 

that RCR produced slightly more plastic and paper waste than ACLR (30).  

Another study compared the amount of waste created by non-cemented TKR in a hospital 

operating room (OR) and ambulatory surgery center (ASC). They concluded that performing 

TKRs in an ASC as opposed to a hospital could lower the environmental footprint by 19% 

(31).  
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Types of waste 

One study found that 5 TKRs produced in total 66,7 kg waste, of which most was normal 

solid waste (64,5%), and hazardous waste only made up 19,2% of the total waste produced by 

a TKR (9). Another study found that hazardous waste made up the largest proportion of the 

waste streams for both TKR and THR (69,2-73,4%). They also found that on average, TKR 

generated a significantly greater amount of hazardous contaminated waste than THR. 

Nonhazardous waste (mostly surgical instrument tray wrapping sheets and sterile glove 

packaging) made up 15.1% and 11.3% of total waste for TKR and THR, and TKR generated a 

greater quantity og nonhazardous waste (2,59kg) than THR (1,63kg) (7). Another study found 

that CSSD Blue Wrap contributed on average 13,5% of OR waste in knee and hip surgery (5). 

One study found that about one-third of the overall waste collected from TKR and THR 

surgery was clean, uncontaminated waste (19). Recyclable waste 

Several studies looked at TKR, THR and other surgeries to investigate recyclable and 

potentially recyclable materials. The recyclable component varied between the studies; 2,9-

5,4% (7), 22-22,8% (19), 44% (17) of total waste. Another study found that out of all the 

domestic waste from THRs, TKRs and facet joint injections, 47% was recyclable dry paper 

and card, 47% was potentially recyclable plastic and only 6% was definitely not recyclable 

/wet paper or card, non-recyclable plastic (18). One study found that for an uncemented THR 

case, 73% of the waste was non-recyclable and 12% was recyclable (15). Another study found 

that out of all the items discarded in the nonhazardous (general) waste, only 2 items (scrub 

brush packaging and sterile towel packaging) were labelled as recyclable (7). Another study 

found that in TKRs, 12.1% of the waste was recyclable blue sterile wrap and 2.2% was 

recyclables (9). Several studies found that TKRs had the highest recyclable proportion of 

waste compared to THR and other surgeries (7, 17, 19). 

Implant waste 

One study looked at foot and ankle surgery, tibia surgery and femur surgery in regard to 

implant wastage. Of these procedures, 71.2% involved the use of metal implants, with 

wastage observed in 82.4% of the procedures. Screws accounted for the most wastage, 

representing 92.9% of implants. Among these, locking screws were the most commonly 

discarded, followed by cortical screws and cannulated screws. Across ORIF and 

intramedullary nailing procedures, an overall screw wastage rate of 20% was observed with 
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2.4 screws wasted per trauma procedure. Other wasted implants included plates and nails 

(14).  

Surgical items waste 

One study found that many items were prepared and opened for surgery, but remained unused 

at the end of the TKR surgery. These items were mostly green sterile towels and sterile 

surgical gloves (9). Another study found that 66% of the prepared surgical instruments in a 

THR were not used regularly (15).  

Pulse lavage systems 

One study found that the highest contributing products for TKR were bone cement mix and 

single-use pulsed lavage system (4). Another study looking at THR, TKR and RSA found that 

pulsatile lavage irrigation systems generated 1,28kg of plastic in each surgery (8). One study 

compared the carbon footprint of three pulse lavage systems and found that Ecopulse 

produced around half as much carbon emissions compared to the battery and AC-powered 

counterparts due to lighter weight due to no motor and simpler design that leads to more 

efficient manufacturing process, amongst other reasons. They also found that the AC-powered 

system had around 1/3 less carbon emissions as the battery-operated system. It highlights that 

battery-powered options are the least environmentally friendly of all pulse lavage models, and 

that Ecopulse is the most (12).  

Optimising the surgical instrument trays 

One study found that there was wastage of surgical instruments (15). Another study studied 

the effect of optimising the surgical instrument trays (SIT) for revers shoulder arthroplasty 

(RSA) to reduce the environmental impact. They found that of the 254 instruments included 

in the surgery, 139 instruments were classified as removable. After removal the overall 

reduction of instruments was 55%. After creating a new standardised arrangement of the 

instruments, a reduction of three of the ten base trays was possible. The reducing of three 

trays saves 5.62 kg CO2-eq. They found that the overall reduction will be 28% because of this 

(16).  

PRiSM protocol 

The Program for Research in Sustainable Medicine (PRiSM) designed a protocol for minor 

foot and ankle surgery intended to reduce waste, streamline instrument trays, and minimize 
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laundry. In the PRiSM protocol, they used a streamlined tray (“Excision Kit”), a basic OR 

pack, an extremity drape, and a conscious effort to use fewer positioning blankets. The 

operative limb was placed on Bone Foam. Surgical gowns, gloves, and the mini c-arm drape 

were used as needed, identical to the Traditional protocol. They found that the total estimated 

carbon footprint of PRiSM cases was 65.3kg CO2e less than the Traditional cases. Waste 

related emissions were responsible for the greatest proportion. The modeled instrument 

processing–related emissions were 0.34 kg CO2e for PRiSM cases using the Excision Kit and 

0.91kg CO2e for Traditional cases using the Hand and Foot Set, representing a 63% 

emissions reduction associated with the PRiSM protocol. However, the average estimated 

laundry-related emissions for PRiSM cases and Traditional cases were statistically 

indistinguishable (13).  

Other measures to improve the environmental impact of orthopaedics 

One study found that by avoiding an extension orthosis after TKRs, one could save 0.48 kg of 

plastic per surgery. By using sutures to close the wound instead of staples, one could avoid 

using 0.07 kg of plastic per surgery. Additionally, they were able to reduce plastic from 0.28 

to 0.05 kg by changing the aspiration system used to a closed waste management device (8).  
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Discussion 

Summary of evidence 

This scoping review identified 24 studies that investigated the environmental impact of 

orthopaedics. The results highlighted that existing literature on this subject was relatively 

recent as 21 out of 24 were published after 2020. This shows an increasing interest and focus 

on this subject the past years and might indicate a growing interest in the years to come. This 

might provide us with valuable research and areas of improvements in the near future.  

11 out of 24 included articles originated from the UK and 5 from the United States of 

America. This indicates that these are the two countries that place the greatest emphasis on 

the environmental impact of orthopaedics, with the UK as the biggest contributor to research 

on this field.  On one hand, the UK provides us with important research that is essential in 

order to work towards a more substantial health sector. On the other hand, most of the 

research we have today originates from one single country, and it is therefore important to 

bear in mind that not all research is transferable to other countries and regions of the world. 

One should consider one’s own country’s procedures, guidelines and methods of practice 

before implementing new measures in the national health care system. This highlights the 

importance of other countries and regions of the world also beginning to direct their focus 

toward sustainability challenges and potential interventions adapted to their respective 

emission levels. 

13 articles focused on waste management, whilst the remaining 11 articles investigated the 

carbon footprint of either specific orthopaedic procedures or surgical equipment. According to 

Health Care Without Harm and Arup, only 3% of the health care’s emissions of greenhouse 

gases can be attributed to waste treatment, whereas distribution of electricity, gas, heating and 

cooling makes up 40% (3). This indicates that the primary focus today is waste management, 

whereas the future research areas should direct more attention towards electricity and heating 

in the ORs.  

Several studies concluded that TKRs had the biggest carbon footprint and produced more 

waste than other orthopaedic procedures (4-8).  They also found that the revision surgery 

produced more waste than primary surgery (5).  
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Figure 4: Waste produced from 1 total knee replacement. Waste from left to right: 1 bag of blue sterile wrap, 2 bags 

of reusable linens, 1 bag of recyclable clear plastics, 1 sharps container, 1 bag of biohazard waste and 4 bags og 

regular solid waste (9). 

Studies showed that one of the highest contributing products for TKR were single-use pulsed 

lavage system (4), and that pulsatile lavage irrigation systems generated 1,28kg of plastic in 

each surgery (8). However, another study found that emissions from pulse lavage systems can 

be reduced by switching to Ecopulse, which is a new system that is powered using the power 

tool handpiece available on most arthroplasty sets. The motor from the power tool provides 

the propulsion of fluid so no motors are required in the product itself. The packaging for 

Ecopulse is more space-saving than Pulsvac which allows more sustainable transportation due 

to larger quantities in a single trip (12).  

Figure 5: Comparison of packaging of Ecopulse® and Pulsvac® sets (12). 
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A life cycle assessment showed that the carbon footprint of one TKR was 190,5 kg of CO2 

(10). This is equivalent to driving a petroleum car 1262 km (11). If you consider the 790 000 

TKRs performed in the U.S. annually (32), 150 500 000 kg of CO2 is produced, which is 

equivalent to driving almost 1 000 000 000 km (11). Thus, reducing the number of 

orthopaedic surgeries seems to be crucial to reduce the environmental impact of orthopaedics. 

In 2019, the annual volume of primary TKRs and THRs in the United States was 480 958 and 

262 369 respectively. A regression analysis projected an annual growth rate of 5,2% for THRs 

and 4,44% for TKRs. Based on these yearly projections, the annual number of TKRs and 

THRs by the year 2040 is projected to be 1 222 988 and 719 364 respectively. By 2060, these 

numbers are projected to be 2 917 959 for TKRs and 1 982 099 for THRs (33).Further areas 

of research should therefore focus on methods to reduce the number of surgeries to prevent 

this massive annual growth, either by finding more sustainable treatment options, or find more 

accurate diagnostic tools to avoid unnecessary surgery. However, it is also important to 

consider the ethical aspects of it all. Reducing the number of surgeries in order to reduce the 

environmental impact should not overshadow the need for these procedures in patients for 

whom they represent the best course of treatment. With this in mind, research should aim not 

only at investigating alternative treatment methods or better diagnostic tools, but also at 

identifying preventive measures that may lower the incidence of orthopaedic diseases and 

consequently reduce the need not only for these procedures but for medical intervention 

overall.  

The types of the waste produced in orthopaedic surgery varied between the studies. There 

were inconsistencies in the proportion of hazardous and recyclable waste generated (5, 7, 9, 

15, 17-19). Regardless, finding recyclable alternatives and proper waste management might 

reduce the emissions and should be an area of further research. Minimizing implant waste, 

surgical waste and surgical trays are other measures found to reduce the carbon footprint (9, 

14-16).   

It is clear from all these studies that orthopaedic surgery contributes significantly to 

greenhouse gas emissions. However, two studies found that the carbon footprint of 

orthopaedics has been reduced over the past 8-9 years. The most important reason being 

shorter length of stay. But also, the introduction of virtual consultations has shown results and 

should be implemented more in the daily practice (24, 25).   
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Limitations 

11 out of 24 studies originated from the UK. Most of the articles were prospective 

observational studies and had a small population size. In addition to this, 17 out of 24 studies 

investigated TKRs and THRs. All this proves that most of the studies were small and specific 

to one procedure and one country and therefore might not give a representative over-all 

picture of the full environmental impact of orthopaedics as a large medical speciality. 

However, total joint replacement is one of the most common elective orthopaedic procedures 

performed worldwide for end stage osteoarthritis, which is the most common musculoskeletal 

condition (33). So even though most of the studies focused on TKRs and THRs, they might be 

still somewhat representative for the total environmental impact of orthopaedics due to these 

procedures’ frequent occurrences.  

There are some limitations in this scoping review. The review only included 5 stages in the 

methodology. A 6th optional step named “consulting stakeholders”, was not conducted due to 

limited time and budget. Second, the literature searches were limited to English and 

Norwegian, which might lead to a language bias and the possibility of more relevant articles 

not being included in this review. Lastly, only two electronic databases were used to search 

for relevant articles, and there was not conducted a search in unpublished studies, research 

reports from organizations, masters’ and doctoral theses or other grey literature. Due to this, 

there is a possibility that there are more relevant articles in other databases or grey literature 

not included in this review. 

 

 



 

 28 

Conclusions 

This scoping review identified 24 studies that investigated the environmental impact of 

orthopaedics. Several studies concluded that TKRs had the biggest carbon footprint and 

produced more waste than other orthopaedic procedures, especially revision surgeries (4-8). 

Several possible measures to improve the carbon footprint of orthopaedic surgery were found; 

switching to Ecopulse lavage systems (12), using the PRiSM protocol (13), minimizing 

implant waste, surgical waste and surgical trays (9, 14-16) and improved waste management 

and recyclables (5, 7, 9, 15, 17-19). Nevertheless, reducing the number of orthopaedic 

surgeries seems crucial in order to reduce the environmental impact of orthopaedics.  

 

This scoping review found several areas for further research: electricity and heating in ORs, 

better surgical waste management and new technology such as virtual consultations are some 

of them. It is also indicated that reducing the total number of orthopaedic surgeries is crucial, 

either by finding more sustainable treatment options, new diagnostic tools to reduce the 

number of unnecessary surgeries or, perhaps the most important measure, reduce the 

occurrence of orthopaedic diseases needing surgical treatment by aiming future research at 

preventive measures. 
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