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•	 The global burden of fracture-related infection (FRI) is likely to be found in countries 
with limited healthcare resources and strategies are needed to ensure the best available 
practice is context appropriate. This study has two main aims: (i) to assess the applicability 
of recently published expert guidance from the FRI consensus groups on the diagnosis 
and management of FRI to low- and middle-income countries (LMICs); (ii) to summarise 
the available evidence on FRI, with consideration for strategies applicable to low resource 
settings.

•	 Data related to the International Consensus Meeting Orthopaedic Trauma Work Group 
and the International Fracture Related Infection Consensus Group FRI guidelines were 
collected including panel membership, country of origin, language of publication, open 
access status and impact factor of the journal of publication. The recommendations and 
guidelines were then summarised with specific consideration for relevance and applicability 
to LMICs. Barriers to implementation were explored within a group of LMIC residents and 
experienced workers.

•	 The authorship, evidence base and reach of the FRI consensus guidelines lack 
representation from low resource settings. The majority of authors (78.5–100%) are based 
in high-income countries and there are no low-income country collaborators listed in any of 
the papers. All papers are in English.

•	 The FRI consensus guidelines give a clear set of principles for the optimum management of 
FRI. Many of these – including the approach to diagnosis, multidisciplinary team working 
and some elements of surgical management – are achievable in low resource settings. 
Current evidence suggests that it is important that a core set of principles is prioritised 
but robust evidence for this is lacking. There are major organisational and infrastructure 
obstacles in LMICs that will make any standardisation of FRI diagnosis or management 
challenging. The detail of how FRI consensus principles should be applied in low resource 
settings requires further work.

•	 The important work presented in the current FRI consensus guidelines is relevant to low 
resource settings. However, leadership, collaboration, creativity and innovation will be 
needed to implement these strategies for communities who need it the most.
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Introduction and aims

The global burden of fracture-related infection (FRI) is likely 
to be concentrated in countries with limited healthcare 
resources. Conditions associated with FRI (road injuries, 
other musculoskeletal disorders, falls and self-harm) are 
among the top 25 leading causes of disability-adjusted life 
years in the world (1). Studies have looked at the burden 
of musculoskeletal disease (including infection) in low- 
and middle-income countries (LMICs) (2, 3) but the focus 
in low- and middle-income settings is often on vertical, 
communicable disease programmes.

While there is a significant body of literature on the 
global surgical burden of disease (4, 5, 6), the burden of 
disease related to FRIs remains poorly characterised. The 
Lancet Commission on Global Surgery recognised the 
importance of orthopaedic trauma by including external 
fixation for an open fracture as a ‘bellwether procedure’ 
(6, 7). Others have proposed that a complete ‘basket’ of 
procedures should include internal and external fixation 
for fractures (open or closed) and amputation (8).

Injuries cause more than 5 million deaths per year (9) 
and it is estimated that 88% of injury-related deaths occur 
in LMICs (10). For every death, between 10 and 50 people 
are estimated to survive trauma and approximately half of 
these survivors will suffer permanent disability. A recent 
systematic review by Cordero et al. calculated an overall 
mean fracture incidence ranging from 779 (95% CI: 483.0–
1188.7) to 1574 (95% CI: 1285.1–1915.1) per 100 000 
person-years, across 14 countries (11). An epidemiological 
study in Rwanda carried out a national household survey 
and found a musculoskeletal impairment prevalence of 
5.2%. Of these, 4% had a diagnosis of musculoskeletal 
infection (12). This suggests a high burden of FRI across 
LMICs.

The majority of FRI is seen and managed in LMICs and 
there are particular considerations for these populations 
and contexts compared to high resource settings. These 
differences – such as delays in accessing care, resource 
constraints, population demographics, pathogen patterns 
and host comorbidities – may have an impact on how 
applicable guidelines are to these different contexts. In 
LMICs where fracture fixation with metalwork is possible, 
infection rates may be high (13, 14, 15, 16, 17).

There are significant delays in accessing care in 
underserved populations and these delays can impact 
significantly on the disease course. Patients with limited 
access to care – for economic, geographical and cultural 
reasons – may present with a more complex disease that 
is more difficult to manage. Upfront, out-of-pocket costs 
may result in catastrophic health expenditure and may 
make treatment impossible.

While many of the same pathogens have been identified 
in LMICs (18, 19, 20, 21), there is insufficient evidence to 

fully quantify the differences that are likely to be present. 
Musculoskeletal presentations of infectious diseases – such 
as from Echinococcus granulomatosus or Actinomycetoma 
or tuberculosis (TB) – are more common. In addition, 
co-infection with TB and human immunodeficiency virus 
(HIV) may be more common.

The pattern of patient comorbidities differs across 
populations. In low resource settings, malnutrition, 
anaemia of chronic disease (malaria, gastrointestinal 
parasites and sickle cell disease), dermatitis, HIV/acquired 
immunodeficiency syndrome and TB may all play a 
significant role. A systematic review of FRI in HIV-positive 
patients found a non-significant increased risk overall 
for FRI in HIV-positive patients for operatively managed 
fractures (open and closed). Infection rates ranged from 
3.1 to 100% in these 11 papers that cover the pre- and 
post-anti-retroviral era (22).

Given the importance and complexity of managing 
FRI well, experts came together to discuss definitions and 
management principles. The International Consensus 
Meeting (ICM) Orthopaedic Trauma Work Group and the 
International Fracture Related Infection Consensus Group 
were born out of the need to bring clarity to a complex 
problem for patients and clinicians and to share the best 
practice. These groups were largely made up of individuals 
from high resource settings and it is not clear how 
applicable their recommendations are for low resource 
settings. The management of musculoskeletal infection 
and FRI in particular in these contexts is challenging 
but possible (23, 24) and should be guided by the best 
available evidence. Given that high and low resource 
settings differ in significant ways, how are we to interpret 
the current FRI consensus guidelines?

This paper has two main aims:

1.	 To assess the applicability of recently published expert 
guidance from the FRI consensus groups on the 
diagnosis and management of FRI to LMICs.

2.	 To summarise the available evidence on FRI, with 
consideration for strategies applicable to low resource 
settings.

Methods

Elements of the ICM Orthopaedic Trauma Work Group (25) 
and the International FRI Consensus Group publications 
were analysed to define the applicability of the groups’ 
recommendations to LMICs. Data were collected on 
panel membership, language of publication, open access 
status and impact factor of the journal of publication as 
documented in the Journal Citation Report.

The authors who contributed to the consensus 
documents where then categorised according to the 
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income status of their country of origin. Countries of the 
listed authors and authors from the consensus groups were 
recorded and analysed using the World Bank Country and 
Lending Groups Database for the 2022 fiscal year (26). 
Income is measured using gross national income (GNI) per 
capita, in US dollars, converted from local currency using 
the World Bank Atlas method. The four groups the World 
Bank recognises are as follows: low-income economy 
GNI $1045 or less, lower middle-income economies GNI 
$1046–4095, Upper middle-income economies GNI 
$4096–12,695 and high-income economies GNI $12 696 
or more.

For the narrative component of this review, the 
recommendations and guidelines that were produced 
by the ICM Orthopaedic Trauma Work Group and the 
International FRI Consensus Group were summarised with 
specific consideration for relevance and applicability to 
LMICs.

Results

Consensus panels and publications

Table 1 illustrates the composition of the FRI consensus 
groups and the articles that emanated from these 
meetings. The majority of authors (78.5–100%) are based 
in high-income countries and there are no low-income 
country collaborators listed in any of the papers. It is 
worth highlighting that all papers are in English. Most of 
the papers are open access (87.5%).

General considerations on FRI

The consensus guides and systematic reviews highlight 
that the available literature on the management of FRI 
is heterogenous with few standardised guidelines. The 
consensus guides aim to address this by agreeing on a core 
set of general principles. There is, however, an ongoing 
need for more robust evidence.

The ICM Orthopaedic Trauma Work Group addressed 
49 key questions on the prevention, diagnosis and 
treatment of FRI (25). They documented the strength of 
evidence reviewed and the degree of consensus reached 

in discussions. A systematic review from an expert group 
in 2018 (27) highlighted that ‘standardised guidelines 
for the treatment of FRI are lacking’. They summarise the 
epidemiology and treatment described in 93 studies. A 
later paper from the International FRI Consensus Group 
(28) presents Level 5 evidence on the management of 
FRI and emphasises the importance of a multidisciplinary 
approach for all aspects of FRI management.

Definition and diagnosis

The consensus definition from the FRI expert group 
with suggestive and confirmatory criteria (29) was 
adopted by the ICM Orthopaedic Trauma Work group 
for musculoskeletal infection (26). A subsequent guide 
from the International FRI Consensus Group has further 
expanded on this, in particular making recommendations 
around diagnostic adjuncts (30).

A FRI is an infection in the presence of a bone fracture. 
The definition intentionally does not stipulate a temporal 
relationship between the two. Neither does it stipulate 
that the fracture was open or closed or has undergone 
surgical fixation with metalwork; this is important, 
particularly in low resource settings. The definition also 
allows a clear distinction between FRI and osteomyelitis 
or prosthetic infection. It also removes the ambiguity that 
previously surrounded terms such as postoperative or 
post-traumatic osteomyelitis, surgical site infection and 
infection following fracture fixation.

Figure 1 outlines the diagnosis of FRI with confirmatory 
and suggestive criteria. Alongside this are outlined 
recommendations from Disease Control Priorities 3rd 
edition (DCP3) (31). The infrastructure, equipment and 
supplies and human resources required for surgical 
services at a Level 2 Hospital (100 bed district hospital) 
listed include the essential elements required to diagnose 
an FRI.

The confirmatory diagnostic criteria include clinical 
signs and microbiological or histological examinations that 
are neither complex nor difficult to access and therefore 
applicable to low resource settings. Some of the laboratory 
diagnostic adjuncts are relatively low in cost and widely 

Table 1  Key characteristics of the FRI consensus papers.

Article Consensus group Percentage HIC Percentage UMIC/LMIC Language Impact factor Open access

Obremskey et al. (26) ICM 78.5 21.5 English 5.284 N
Metsemakers et al. (29) Early FRI group 94.7 5.3 English 2.586 Y
Depypere et al. (39) FRI group 93.3 6.7 English 2.512 Y
Metsemakers et al. (51) FRI group 93.3 6.7 English 2.512 Y
Metsemakers et al. (28) FRI group 93.3 6.7 English 3.067 Y
Govaert et al. (30) FRI group 93.3 6.7 English 2.512 Y
Bezstarosti et al. (27) Review 100 0 English 3.067 Y
Bezstarosti et al. (53) Review 87.5 12.5 English 3.067 Y

World Bank Country and Lending Groups: HIC, high-income country; UMIC, upper-middle-income country; LMIC, lower-middle-income country. There are no 
LIC, low-income countries listed. Impact factor from Journal Citation Report 2020.
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available: full blood count, erythrocyte sedimentation rate 
and presence of micro-organisms on histopathological 
examination. Blood test C-reactive protein and detailed 
culture and sensitivity analysis require more investment in 
infrastructure that may not be present in all clinical settings 
in low-income countries. Tissue sampling for histological 
and microbiological analysis is discussed below.

Plain radiographs are accessible in many hospitals, even 
in low resource settings. They are relatively cheap and do 
not require specialist interpretation. CT scanners are also 
available in some low resource settings. More detailed 
imagining for the diagnosis of FRI (nuclear imaging such as 
FDG-PET/CT or WBC scintigraphy +SPECT/CT) or planning 
its management (MRI) as discussed by the consensus 
group (30) are unlikely to be available in low resource 
settings. However, as pointed out by the consensus 
group the investigations listed under the suggestive 
criteria are not essential to make the diagnosis of FRI. If 
uncertainty remains about the presence of infection, 
tissue can be collected by biopsy for microbiological and 
histopathological examination. While this procedure can 
be performed in most settings, limited theatre time and 
associated costs may represent a challenge.

Classification

A systematic review of the literature identified 13 
different classification systems for osteomyelitis (32), 

some of which have applicability in low resource 
settings. The Cierny and Mader classification is the most 
widely used (33). It is based on host characteristics and 
morphological features of the diseased bone and is well 
suited to a low resource setting but may not provide all 
the information required in the management of FRI. The 
BACH classification provides a more complete picture 
and includes detail on antimicrobial options and soft 
tissue coverage (34, 35).

The BACH classification was evaluated in high resource 
settings where most patients had infection after fracture 
(FRI). Full utilisation of the BACH classification may be 
limited in very low resource settings. For example, the 
determination of the antimicrobial categories requires 
additional infrastructure and expertise. Nevertheless, the 
general principles it highlights in guiding the management 
of FRI by considering the bone, the antimicrobial 
options, soft tissue cover and the host are valuable. As 
a classification system, it is a useful guide for predicting 
outcomes. Osteomyelitis classified as ‘uncomplicated’ is 
a good prognostic indicator for improved quality of life 
following intervention (36).

Marais et al. present a useful staging system that was 
developed in a low resource setting (37). The modification 
of the host element of the Cierny and Mader classification 
allows for a more pragmatic definition of a type C host and 
places the emphasis on host optimisation prior to surgery 

Figure 1
Diagnosis of fracture-related infection with surgical service provision recommendations in DCP3. Adapted from Govaert et al. (30) 
and DCP3.
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to improve outcomes. Their work in South Africa is equally 
applicable to other middle- and low-income countries.

Host optimisation

The consensus guide (28) emphasis on host optimisation 
is applicable to low resource settings. The spectrum 
of conditions may be different depending on context 
but there is likely to be a need to optimise patients with 
poor nutrition, anaemia of chronic disease and infectious 
diseases such as HIV and TB. There is a well-recognised 
increase in non-communicable disease in LMICs – 
particular among wealthy and urban populations (38) who 
may be the population with more access to FRI treatment. 
Many patients who require optimisation of communicable 
disease (such as HIV, TB or malaria) will at the same time 
require optimisation of non-communicable disease (such 
as diabetes or ischaemic heart disease). The importance of 
host optimisation is echoed in Marais et al.’s paper (37).

Systemic antibiotic use

The consensus guide on systemic antimicrobial therapy 
(39) describes general treatment principles and the 
synergy between surgical approach and administration of 
systemic antimicrobials. The applicability of not only the 
type of antibiotic but also the method of its administration 
needs to be considered in low resource settings.

Specific recommendations are given on antibiotic 
regimes for FRI caused by specific pathogens. Some, 
but not all, of these antibiotics will be available in low 
resource settings and some will be prohibitively expensive 
for most patients, especially if prolonged courses of 
intravenous antibiotics are required. The duration and 
route of antibiotic administration impact on treatment 
efficacy. Evidence from the OVIVA trial (40) found that 
oral antibiotic therapy was non-inferior to intravenous 
antibiotic therapy. However, oral therapy regimes may not 
be taken by patients, due to side effects, relative high cost 
and distance to healthcare facilities to supply medication 
and do the required monitoring. There is little evidence 
around the duration of antimicrobial therapy in FRI. Trials 
looking at shorter courses would be helpful in guiding 
practical treatment options in LMICs.

Local antibiotic use may offer a significant advantage 
in the antimicrobial management of FRI in low resource 
settings. Low-cost local antibiotic delivery, such as the 
addition of locally sourced antibiotic to calcium sulphate, 
negates the challenges of cost, compliance and availability 
associated with systemic antibiotics. There is precedent for 
this approach (23, 41). The SOLARIO trial (42) is currently 
comparing very short versus long systemic antimicrobial 
treatment for bone infection, in patients who have had 
local antibiotics implanted. Shorter courses of systemic 
antibiotics, with an early switch to oral options, or no 

continuation of therapy, will be particularly advantageous 
in low resource settings.

Although pathophysiology and antimicrobial 
mechanisms of action are universal, not enough is known 
about causative organisms in musculoskeletal infection 
in LMICs. A few studies describe microbiology results 
in osteomyelitis case series but in most low-income 
countries, infrastructure and expertise are lacking to 
identify and characterise causative organisms (21). A study 
from Tanzania (43) highlights the lack of availability of 
bacterial cultures as a risk factor for recurrence in a cohort 
of osteomyelitis cases.

A study from India (44) reports isolates from 100 patients 
being predominantly Staphylococcus aureus. Of concern, 
they note 75% of isolates were resistant to gentamicin, 
81% to ciprofloxacin and 50% were methicillin-resistant 
Staphylococcus aureus (MRSA). Work from the UK (45), 
describing two patient cohorts from 2001 to 2004 and 
from 2013 to 2017 describes similar pathogens but 
different resistance patterns. In particular, they note the 
fall in MRSA from 11.4 to 8.3% of the S. aureus identified.

While a pragmatic approach to antibiotic choice and 
duration of systemic antibiotic cover may be reasonable, 
it is important to be mindful of the huge variation in 
pathogen distribution and in resistance patterns, much of 
which has not yet been studied. Addressing the contrast 
between the cohorts from India and from the UK, Dudareva 
et  al. highlight the important regional differences 
in micro-organisms responsible for bone infections 
and their significance in managing musculoskeletal 
infection. However, they also note that increasing rates 
of antimicrobial resistance are not inevitable if proper 
antibiotic stewardship can be implemented (46).

Surgical principles

Full implementation of the surgical principles outlined in 
the consensus guides is the most resource intense element 
of the recommendations. The primary aims of surgical 
management of FRI are outlined in Table 2.

The steps to achieve these aims include five principles: 
sampling, excision of non-viable bone and irrigation, 
local antibiotic therapy and dead space management, 
bone defect management and soft tissue management 
are adaptable to be implemented in different contexts. 
Supportive training may be needed to introduce these 
principles to centres without previous experience and this 
may be facilitated by international collaboration (47).

Table 2  Primary aims for surgical treatment of FRI (51).

1.	 Fracture consolidation
2.	 Eradication of infection as the final outcome (in certain cases, initial 

suppression of infection until fracture consolidation is achieved)
3.	 Healing of the soft-tissue envelope
4.	 Restoration of function
5.	 Prevention of chronic infection/osteomyelitis
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The method of bone and soft tissue sampling should 
minimise skin contamination and cross-contamination 
of samples. The use of separate sampling instruments 
and meticulous aseptic technique helps achieve this and 
is achievable in low resource settings although is more 
resource intensive (additional instruments and increased 
sterilisation costs). Evidence from high-income country 
laboratories suggests that the optimum number of 
microbiology samples in FRI is five (48). It is difficult to say 
with certainty that the same will hold true for less well-
equipped laboratories with different infrastructure and 
culture methods. Additional routine testing for TB may 
increase costs. It is recommended that at least two samples 
are sent for histology, particularly in cases where the 
diagnosis is not clear. Analysing the number of neutrophils 
per high power field has high sensitivity and specificity to 
diagnose infection in the context of non-union (49). This 
is a technique that is well suited to low resource settings 
as the infrastructure and reagents needed for this are low 
cost and similar to those needed to do malaria blood films.

Debridement principles and techniques can be 
universally applied and do not require additional 
equipment or infrastructure but do require theatre time 
which may be limited (due to other competing cases) 
or not accessible (due to prohibitive costs). The use of 
tourniquets and diathermy is helpful but not essential. 
Normal saline at low pressure is recommended for 
irrigation. There is insufficient evidence to recommend 
any other irrigation solution.

It is widely accepted that managing the dead space 
created by debridement is important in reducing infection 
recurrence and promoting fracture healing. There is 
insufficient evidence to make firm recommendations about 
specific techniques or materials for dead space management. 
Filling defects with living tissue is advocated but is not 
always possible. The use of antibiotic-loaded materials (such 
as PMMA or inorganic calcium salts) has been extensively 
studied (50). One type of antibiotic carrier cannot be 
recommended over another on the basis of current evidence 
(51) and costs of some of these commercially available 
products are likely to be prohibitive. However, the use of 
local antibiotics may offer overall cost savings by reduction 
in the use of systemic antimicrobials (41, 42). This approach 
facilitates a one-stage treatment which may be more cost-
effective and pragmatic in low resource settings.

Significant debridement and segment resection to 
achieve the important aim of removing all dead and poorly 
vascularised tissue may compromise stability or result 
in a critical size bone defect which requires additional 
stability. Stability is important for the management of 
FRI (52) and treatment options for these defects include 
cancellous bone grafting, induced membrane technique, 
vascularised graft or bone transport (53). Individual 
techniques need to be tailored to the clinical case and 

the resource available to the treating team. Examples 
of low-cost Ilizarov techniques demonstrate that these 
treatment modalities are feasible in low resource settings 
(54, 55). It is also possible to perform some microvascular 
reconstructions (56) but this is rare.

When the preceding surgical stages of sampling, 
non-viable bone excision, dead space management and 
bone stability have been achieved, soft tissue coverage 
is paramount. Single-stage bone excision and soft tissue 
reconstruction should be undertaken whenever possible 
(57). Single-stage procedures require significant expertise, 
infrastructure and resource. In a low resource setting, 
this initial upfront investment, even if it leads to overall 
reduced cost per patient, may be prohibitive. Soft tissue 
reconstruction with local, pedicled and free flaps may 
be required in complex cases and the complications 
associated with these cases and their reconstructive 
treatment requires significant expertise and resource (58) 
but is achievable in a low resource setting (56).

Multidisciplinary team

A recurring theme throughout the consensus guidelines, 
and the scientific literature which informs them, is the 
importance of multidisciplinary team (MDT) working. 
The recommendations are that this team should include 
microbiologists, surgeons (orthopaedic and plastic) and 
radiologists. Any health service plan to offer care for FRI 
patients should include MDT working but this may be 
a challenge to implement in low resource settings were 
specialty-trained clinicians may be few and not always 
present at the same geographical location. Team members 
often have a high burden of disease to deal with and many 
competing interests and thus cannot prioritise FRI. The use 
of technology – such as internet messaging groups – to 
facilitate virtual team working may help but internet costs 
are often prohibitive. Centralising care for patients with 
musculoskeletal infection may facilitate MDT working and 
has been recommended in some high resource settings 
(59) but comes at a significant cost to patients, who in 
low resource settings already face catastrophic out-of-
pocket costs. Low resource settings may have specific 
considerations around community involvement and the 
role of traditional medicine and ‘bone setters’ (60).

Overall treatment pathway

The FRI treatment pathway described by Metsemakers 
et  al. can be considered alongside the infrastructure, 
equipment and supplies and human resources described 
in DCP3. The resource required to deliver the optimum 
patient pathway is achievable with the resource described 
in the ideal Level 2 health facility in DCP3. Figure 2 
illustrates this. It is important to note that DCP3 presents 
‘the ideal’ and this is not always the reality.
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Discussion

The consensus FRI guidelines provide a good basis on which 
to build good practice in low resource settings. Key themes 
arise that will help guide this discussion and further work.

Adaptability of a set of principles

The FRI consensus guidelines give a clear set of principles 
for the optimum management of FRI. Evidence suggests 
that it is important that this core set of principles is 
prioritised in order to achieve optimum outcomes but 
robust evidence for this is lacking and the detail of how 
these principles should be applied in low resource settings 
requires further work. The additional detail associated with 
the basic set of principles, where the evidence is less clear 
(which antibiotic carrier to use for example) should be less 
of a priority. It is important that the basics of diagnosis and 
surgery are done well and this is achievable in low resource 
settings. Additions to this provide marginal gains and can 
be considered further down the line (Illustrated in Fig. 3).

Mutual learning

The authorship and reach of the FRI consensus guidelines, 
and the evidence base from which it draws, lack 
representation from low resource settings. Guidelines with 
78.5–100% HIC authorship and no LIC authors are likely 
to miss out on the wealth of knowledge and experience 

found in LMICs. It is likely that the published epidemiology 
and evidence for FRI does not reflect the global burden of 
disease or the best strategies to address the challenge. The 
experience, creative solutions and novel technology found 
in low resource settings treating musculoskeletal infection 
need to be better represented in scientific literature so that 
valuable lessons can be shared.

The inequity in research representation is seen across 
healthcare with less than 10% of global investment in health 
research spent in LMICs (61) and author representation in 
the published collaborative papers is often poor with less 
than a quarter of first authors being from the country of 
focus in the paper in one review (62). There is very limited 
data on the burden of disease related to FRI and there is 
a real need for the characterisation of the extent of the 
problem in LMIC’s. Available data are often not digitised and 
an emphasis is placed on data related to donor priorities- 
often mother and child health or communicable disease. 
There is a need for a broad-based collaborative effort to 
determine the prevalence and impact of FRI in LMICs.

Funding considerations

Musculoskeletal infection (including prosthetic joint 
infection and FRI) and surgical site infection related to 
trauma and orthopaedic surgery have significant cost 
implications for a health service (63). The management of 
FRI can be resource intensive and remuneration often not 

Figure 2
FRI patient pathway with resource available described in DCP3.
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adequate. A case has been made in a high-income setting 
for centralising services to improve the quality of care and 
reduce costs overall (59).

Advocacy for health care provision in low resource 
settings has often relied on economic arguments utilising 
return on investment calculations and cost-benefit 
analyses. This has historically been used to campaign for 
medication for HIV, TB and malaria. More recently, cost-
benefit calculations for surgical procedures such as cleft 
palate surgery and caesarean sections have been included 
in DCP-3 (64). It may be that similar work would be helpful 
for musculoskeletal infection care worldwide.

Innovation and technology

Innovation and appropriate technology have a role to play in 
providing high-quality care for FRI in low resource settings. 
Reverse innovation – where best practice from LMICs is 
brought to HICs – should be encouraged, and an emphasis 
placed on the experience of centres delivering high quality 
care in low resource settings. The Ganga Hospital delivering 
orthoplastic care in India (65), the Narayana Health Model 
delivering low-cost cardiac surgery and the orthoplastic 
centre in Uganda (66) are a few examples.

Measuring FRI treatment outcomes

Although patient follow-up is often challenging, outcome 
measures – including for longer-term follow-up – are 

important. Treatment aims, and patient expectations, 
may be different across cultures. Further work on FRI 
management should consider outcomes measures suited 
to a broad range of settings. This work should actively 
involve patients. It may be possible to consider a similar 
set of outcome measures for trauma patients, but it is likely 
that markers of more chronic musculoskeletal pathology 
will also need to be included. Marais et  al. (37) utilise 
amputation as an end point but clearly more nuance is 
needed for other outcomes.

Conclusion

The important work presented in the current FRI 
consensus guidelines is relevant to low resource 
settings and this paper sets out the salient aspects 
that can be applied in LMICs in a stepwise manner. 
There is, however, a need to build a robust evidence 
base for certain aspects of management and the best 
implementation strategies.

Treating the growing burden of FRI requires the best 
minds and the most innovative solutions. The lessons 
we need to learn are likely to be found in low resource 
settings. We need leadership, collaboration, creativity 
and innovation to implement the best knowledge and 
evidence available to us today to serve the communities 
who need it most.

Figure 3
A stepwise approach to improving the quality of care delivered in the management of fracture related infection.
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