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Aims

Chronic osteomyelitis (COM) of the lower limb in adults can be surgically managed by either
limb reconstruction or amputation. This scoping review aims to map the outcomes used in
studies surgically managing COM in order to aid future development of a core outcome set.

Methods

A total of 11 databases were searched. A subset of studies published between 1 October
2020 and 1 January 2011 from a larger review mapping research on limb reconstruction
and limb amputation for the management of lower limb COM were eligible. All outcomes
were extracted and recorded verbatim. Outcomes were grouped and categorized as per the
revised Williamson and Clarke taxonomy.

Results

A total of 3,303 records were screened, of which 99 studies were included. Most studies
were case series (77/99; 78%) and assessed one method of reconstruction (68/99; 69%).
A total of 511 outcomes were reported, which were grouped into 58 distinct outcomes.
Overall, 143/511 of all outcomes (28%) were provided with a clear, in-text definition, and
231 outcomes (45%) had details reported of how and when they were measured. The most
commonly reported outcome was ‘recurrence of osteomyelitis’ (62; 12%). The single-most
patient-reported outcome measure was ‘pain’.

Conclusion

This study has highlighted significant inconsistencies in the defining, reporting, and mea-
suring of outcomes across studies investigating surgical management for chronic osteomy-
elitis of the lower limb in adults. Future studies should clearly report complete details of how
outcomes are defined and measured, including timing. The development of a standardized
core outcome set would be of significant benefit in order to allow evidence synthesis and
comparison across studies.
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Introduction

Chronic osteomyelitis (COM) is a long-
standing (> six weeks) infection of the bone
in which patients can be affected with an
indolent infection for significant periods,
lasting years. The estimated incidence is
21.8 cases per 100,000 person-years, with
increased rates in diabetic patients.” Clin-
ical features of COM are highly variable and
may include long-standing pains, fever,

erythema, and pus drainage through sinus
tract formation.?

COM is typically managed with a watch-
and-wait policy and acute flare-ups are
managed with antibiotics. Patients with
frequent or constant discharge and/or
problems can be managed surgically.?
Surgical management is usually either limb
amputation or limb reconstruction. Patients
undergoing either of these surgical options
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Fig. 1

PRISMA flow-chart detailing the number of records identified at each stage of the methodology.

require a long rehabilitation period and are at risk of
infection recurrence. Limb reconstruction patients in
addition are at risk of bony nonunion and failure of
reconstruction surgery.*

There is a noted lack of consistency with regards to
outcome reporting within the field, including the timing
of outcome follow-up.>® This creates challenges when

making comparisons between studies and aggregating
data in meta-analyses. The outcome domains being
assessed, and the measurement instruments/methods
used have not been systematically mapped for COM. In
advance of designing our protocol, searches of PROS-
PERO,” Open Science Framework,® and COMET (Core
Outcome Measures in Effectiveness Trials) Initiative® did

VOL. 4, NO. 3, JANUARY 2023



148 J. CAMILLERI-BRENNAN, S. JAMES, C. MCDAID, ET AL

Table 1. Characteristics of the 99 included studies.

Table II. Outcomes as per the revised Williamson and Clarke taxonomy.?°

Year of publication N Outcome domain Outcome category

2020 18 Mortality/survival 1 Mortality/survival

2019 1 Physiological/clinical 2 Blood and lymphatic system

2018 1 3 Cardiac

2017 20 4 Congenital, familial, and genetic
2016 6 5 Endocrine

2015 8 6 Ear and labyrinth

2014 6 7 Eye

2013 8 8 Gastrointestinal

2012 5 9 General

201 4 10 Hepatobiliary

Trial protocols registered 2014, 2015 2 1 Immune system

Study location 12 Infection and infestation

China 37 13 Injury and poisoning

USA 9 14 Metabolism and nutrition

UK 8 15 Musculoskeletal and connective tissue
Turkey 7 16 Neoplasms

Germany 6 17 Nervous system

Italy 5 18 Pregnancy, puerperium, perinatal
Brazil, Switzerland, France 3 19 Renal and urinary tract

Taiwan, Nigeria, South Korea, Spain 2 20 Reproductive system and breast
Japan, Poland, South Africa, Vietnam, Malaysia, Egypt, 1 21 Psychiatric

Austria, Australia 22 Respiratory, thoracic, and mediastinal
Multinational 2 23 Skin and subcutaneous tissue

Study design 24 Vascular

Case series 77 Functioning 25 Physical

Cohort 8 26  Social

Retrospective cohort 7 27 Role

Randomized controlled trial 6 28 Emotional

Retrospective case control 1 29 Cognitive

Text availability 30 Global quality of life

Full text 93 31 Perceived health status

Conference proceedings 4 32 Delivery of care

Randomized controlled trial registry 2 33 Personal circumstances

Study size, patients Resource use 34 Economic

1Mto19 27 35  Hospital

20to 49 37 36 Need for further intervention

50to0 99 19 37 Societal/carer burden

100 to 499 16 Adverse events 38 Adverse events/effects
Interventions

Reconstruction one method 68

Reconstruction vs reconstruction 29 L.
Amputation vs reconstruction ] measured, how they were measured, and the timing of
Amputation ] measurement, in order to aid future development of a

not identify any published studies that have summa-
rized outcome reporting or developed a core outcome
set, to achieve consistent reporting in studies concerning
the surgical management of COM of the lower limb in
adults.

This paper is part of a wider scoping review, which
aims to map the existing evidence on limb reconstruc-
tion and amputation for the management of COM of
the lower limb." This paper reports the data, addressing
the specific objective of mapping the outcomes used
within studies, including details of what outcomes were

core outcome set.

Method

A scoping review methodology was chosen to summarize
evidence within this field.'? The methodology, including
full inclusion and exclusion criteria, follows a published
study protocol through the Open Science Framework."
This study is reported according to the PRISMA-Scoping
Review extension guidelines (Supplementary material
table ).

Inclusion and exclusion. Specifically, studies of adults
(age 2 16 years) surgically managed for spontaneous or
trauma-related lower limb COM were eligible. Studies
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Table I11. Most commonly reported outcomes.

Outcome reported Outcome category

Reported, n Definitions provided, n

OM recurrence 12. Infection and poisoning 62 18
OM eradication 12. Infection and poisoning 34 13
Bone union 15. Musculoskeletal and connective tissue 34 12
Functional status of limb 25. Physical 25 7
Wound healing complications 23. Skin and subcutaneous tissue 22 1
Complications (collective) 38. Adverse events 21 13
Time to bone union 15. Musculoskeletal and connective tissue 18 9
Limb weightbearing 25. Physical 17 8
External fixation index 15. Musculoskeletal and connective tissue 15 7
Pain 17. Nervous system 14 0

focusing on the surgical management of diabetic foot
disease and peripheral vascular disease were excluded
due to the distinct pathophysiology of these processes.'
Systematic/literature reviews and meta-analyses were ex-
cluded to avoid duplication of reporting. Articles were
limited to those written in English.

Search strategy. A comprehensive search strategy was
formulated with assistance from a university librarian
(Supplementary material ii), which was utilized for our
overall scoping review on the management of lower limb
chronic osteomyelitis.”” The search strategy was applied
to the following databases: MEDLINE, PubMed, EMBASE,
CINAHL, PsycINFO, Cochrane Library, Open Grey, and
Web of Science Conference Proceedings Index. Google
Scholar was searched and limited to the first ten con-
secutive web-pages generated by the search, approx-
imating to around 100 records. Additionally, ongoing
and completed trials were sought using ISRCTN and
clinical trials.gov.™ At the time of searches, the World
Health Organization International Clinical Trials Registry
Platform was not accessible due to COVID-19. Included
studies published between first January 2011 to first
October 2020 were eligible, providing information on
studies over a ten-year period, reflecting current use of
outcome reporting in the literature.’

Study selection and data extraction. Search results were
downloaded into Endnote (version 20; Clarivate, USA),
and duplicates removed. Eligibility criteria were first ap-
plied to titles and abstracts of identified records, followed
by full-text screening of potentially eligible records.
Independent screening was undertaken by two reviewers
(JC-B, S)) using the Rayyan platform,''® following pilot
screening of the first 50 records. Discrepancies in deci-
sions were discussed and resolved through consensus
and, if necessary, through discussion with a third inde-
pendent researcher (CM, HS).

An outcome was defined as a measure used to assess
the effect of an intervention. All outcomes were extracted
following an agreed data extraction form (Supplemen-
tary material iii), and were recorded verbatim in accor-
dance with COMET guidance for core outcome sets."”

Data extraction for each included study was undertaken
by one reviewer (GO, K|, ME, ZA, §J, JC-B) and checked
by a second (§J, K|, or GO). Disagreements on extraction
were discussed and a final version agreed by consensus.
Analysis. Outcome data was categorized by outcome
name and allocated to an outcome domain, following the
revised Williamson and Clarke taxonomy.?® Information
was taken from the methods or results sections of the
included paper. The data are reported for all included
studies combined (regardless of study design) and data
from randomized controlled trials (RCTs) is also reported
separately.

Results

There were 3,303 records following deduplication
(Figure 1). In all, 99 studies were included for data
extraction (Supplementary table iv, Supplementary mate-
rial v). The yearly number of included studies increased
with a more recent date of publication, with studies
mostly from Europe and Asia (82/99; 83%) (Table ).

The majority of studies were case series (77/99; 78%).
There were 15 cohort studies, four completed RCTs,
two ongoing trials identified on trial registries, and one
retrospective case-control study. Most studies assessed
one method of reconstruction (68/99; 69%). Two recon-
structive methods were compared in 29 studies (29%),
and amputation was compared to reconstruction in
one study. Lower-limb amputation was the sole surgical
treatment provided in one paper. The included studies
represent 5,809 participants. The two ongoing trials
have a combined planned sample size totalling 44 partic-
ipants; 36/99 studies (36%) included mixed populations.
Overall, 4,876 participants were identified as meeting
this study’s population eligibility criteria, though this is
an approximate as in larger studies it was sometimes not
possible to identify the exact number of eligible partici-
pants. Studies with mixed populations included groups
with individuals aged under 16 years, upper limb recon-
struction, and reconstruction for conditions other than
COM.
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Table IV. Outcomes reported within the physiological/clinical domain group.

Outcome category

Outcome reported Reported, n

2. Blood and lymphatic system

3. Cardiac

4. Congenital, familial, and genetic
5. Endocrine

6. Ear and labyrinth

7. Eye

8. Gastrointestinal

9. General

10. Hepatobiliary

Immune system
12. Infection and poisoning

13. Injury and poisoning
14. Metabolism and nutrition

Thrombosis 1 0
No outcomes reported

Allergic reaction 1 0
OM recurrence 62 18
OM eradication 34 13
Pin site infection " 0
Other 12 3

No outcomes reported

Definitions provided, n

Bone union 34 12
Time to bone union 18 9
Bone score 13 9
External fixation index 15 7

15. Musculoskeletal and connective tissue Structural deformity 1 5
Fracture 10 1
Leg length discrepancy 9 2
Non/mal union 8 3
Other 22 1

16. Neoplasms No outcomes reported

17. Nervous system Pain . " 0
Altered sensation 3 1

18. Pregnancy, puerperium, perinatal No outcomes reported

19. Renal and urinary tract

20. Reproductive system and breast

21. Psychiatric Anxiety/depression 6 1

22. Respiratory, thoracic, and mediastinal Pulmonary embolism 2 0
Flap survival 12 1
Flap necrosis 7 0

23. Skin and subcutaneous tissue Other flap complications 6 2
Wound healing complications 22 1
Other 15 1
Compartment syndrome 1 0

24, Vascular
Other 1 0

OM, osteomyelitis.

The included studies reported a total of 511 outcomes
(58 distinct) outcomes. Clear, in-text definitions were
provided for 143 outcomes (28%), and 231 outcomes
(45%) had details reported of how and when they were
measured. One included study, a conference abstract,
did not report any outcomes. In the remaining studies,
the number of outcomes reported ranged from 1 to
14. 68 reported outcomes (13%) were identified to be
patient-reported.

Outcomes were grouped and categorized as per the
revised Williamson and Clarke taxonomy (Table II).%°
More clinically applicable outcome category headings
have been used within the main text. The outcomes
reported in the studies mapped onto 18 of 38 categories,

predominantly, physiological/clinical categories.
Table Il outlies the most commonly reported outcomes
throughout the included studies.

Mortality/survival (category 1). ‘Mortality’ was report-
ed in four studies and ‘survival’ in two studies. No clear
time-points were reported at which these outcomes were
measured, although overall follow-up periods were pro-
vided within five of the six studies that reported these
outcomes.

Physiological/clinical (categories 2 to 24). This domain
was the most frequently recorded (340/511; 67%) of all
outcomes reported. Only four studies did not include an
outcome from this domain. Outcomes within the physio-
logical/clinical domain are summarized in Table IV.
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Table V. Working definitions reported for the outcome ‘eradication of infection’.

Study In-text reported definition

Dai (2020)*
Drampalos (2020)?

‘As per the criteria for evaluation of the recovery of osteomyelitis of Mckee et al, within 2 years postoperatively.
‘Recurrence of infection of the soft-tissues or bone, recurrent sinus formation, further surgery for infection or patient requiring

antibiotic treatment for persisting symptoms was defined as a failure’

Jiang (2015)%
Lam (2019)%
Li (2019)*

‘No relapse within one year.

‘Control infection without the need for amputation or chronic antibiotic suppression.”
‘Excellent if the following conditions were observed: no local swelling, heat, and pain; closed sinus tract; no local tenderness;

no new focus found in the affected region through radiograph radiography; affected bone segment recovery; and wide marrow
cavity. The patients were rated good if the following conditions were observed: occasional pain in local regions; no swelling, heat,
and pain; no pathological features detected through radiograph radiography; and affected bone segment recovery. The patients
were rated poor if the following conditions were observed: local swelling, heat, and pain; open sinus tract with seepage; and

focus revealed by radiograph radiography.’
Lin (2017)%

‘No inflamed hot pain and purulent secretion around the local focuses; the indicators of blood tests, are normal; and radiograph

examination shows that infected non-union are healed.

Lindfors (2017)¥

‘Excellent — no complications and no sign of infection within 15 days. Good — a small complication i.e. muscle flap or wound

healing achieved within 15 days with some drainage. Fair —a wound showing prolonged sterile drainage or serum leakage with
time to healing and less than six weeks. Poor — a temporary stable situation with sign of infection or a complication involving a

reinfection.
Marais (2015)%®
Niikura (2016)%

‘Remission was defined as the absence of clinical evidence of infection.”
‘Patients were considered to be free of infection when they had no fever, no wound drainage, no signs of local inflammation,

normal CRP (CRP) levels, ESR (ESR) < 20 mm/h, and normal white blood cell count for at least 4 weeks. Pre- and post-treatment
magnetic resonance imaging and scintigraphy findings were compared, and a decrease in the extent of abnormal signals and
uptake was considered to confirm the absence of infection.’

Opara (2020)*
Rod-Fleury (2011)*

”r

were allowed in the definition “remission”.
Wu (2017)3?
Zhou (2020)*

‘Defined by cessation of drainage and normalisation of CRP”
‘Remission was defined as complete clinical resolution of the former infection after a follow-up of two years. Mechanical sequels

‘Resolution of the clinical signs of infection and normalization of ESR and CRP.
‘Absence of any signs of osteomyelitis and a completely healed wound.’

Recurrence and eradication of infection (category 12: in-
fection and poisoning). The most commonly reported
physiological/clinical outcome was ‘recurrence of osteo-
myelitis” (162/511; 12%), with definitions provided for
approximately one-third. The recurrence of COM was
typically identified through utilization of a combination
of radiological, biochemical and clinical assessments in
20/62 studies (32%). Follow-up periods differed signifi-
cantly, across the studies, the mean follow-up range was
12 months to 11 years.

The successful clearance rate of osteomyelitis, focusing
on ‘eradication of infection’, was reported in 34 studies,
with 13 studies publishing a working definition (Table V).
The mean duration of follow-up ranged from 16 months
and 5.9 years. In total, 71/99 studies have reported on
either recurrence or clearance of osteomyelitis. In all, 14
studies reported on both “recurrence” and “eradication”
of osteomyelitis.

Bone union, structural outcomes, ‘bone results’, and post-
operative fracture rate (category 15: musculoskeletal and
connective tissue disorders). In all, 62 studies reported
140 musculoskeletal outcomes. Most commonly report-
ed was ‘bone union’ 34 times, and defined on 12 occa-
sions. Seven definitions were uniform in requiring three or
four cortices to show evidence of bridging. Radiological
assessment was the basis of measuring union and details
of this were reported 24/34 times (71%). No uniformity
was noted in the time-points at which the incidence of

‘bone union’ was assessed (e.g. 12-month bone union
rate); however, the mean duration of follow-up ranged
between 5.5 months to 11 years. ‘Leg-length discrepan-
cy (LLD)" and ‘limb deformity’ were reported nine and
11 times, respectively. LLD was defined twice. One study
reported LLD to be present if there was a > 1.5 cm dif-
ference, in comparison to a second study that defined it
as > 3 cm. ‘Limb deformity’ was defined in five papers.
Deformity was defined if there was sagittal malignment
of >5° or >7°, or frontal malalignment of >15°.

Thirteen studies reported on a composite outcome,
‘bone score/results’. Eight defined this according to a
scoring system including bone union, limb deformity,
regenerative quality, limb shortening and infection. This
was measured clinically and radiologically and graded as
excellent, good, fair, and poor.>** Four studies defined
‘bone score/results’ as per the Association for the Study
and Application of Methods of llizarov (ASAMI) criteria,
using the same categorizations.?*3> One study reported
on a modified radiological bone score based on
secondary fracture dislocation, radiological signs of bone
infection, implant-related complication, bone consol-
idation and the surgeon’s intraoperative evaluation of
stability following implant removal. The mean follow-up
for these studies ranged from 13.5 months to 63 months.

Ten studies reported on fracture formation post-
operatively. Four of these studies reported the tools
used in identifying postoperative fracture formation. The
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Table VI. Details of reported composite scoring systems assessing limb function.

Composite scoring sy

Papers reported,

Summary reported?, Outcome

Mean follow-up

reported author (yr) Brief y of ¢ p ts (as reported) n (%) defined, n (%) (range)
Association for the Study and Yushan et al (2020)* Joint stiffness, presence of reflex sympathetic 100% 4/5 (80) 15 to 38 months
Application of Methods of Tong et al (2017)*® dystrophy, limping, physical activity, requiring
llizarov3+3s Sigmund et al (2020)* amputation.

Shahid et al (2013)*

El-Sayed et al (2014)*
Paley et al>*3* Sen et al (2020)* Observable limp, joint stiffness, dystrophy, pain and  4/8 (50) 0(0) 14 to 63 months

Eralp et al (2012)* inactivity.

Eralp et al (2016)*

Ju et al (2018)*

Wang et al (2017)*

Tetsworth et al (2017)%

Qin et al (2018)*®

Zhang et al (2016)*°
American Orthopaedic Foot and Shahid et al (2013)* Function, pain and alignment. 1/3 (33) 2/3 (66) 15 months to 6 years
Ankle Score*® Kirienko et al (2013)%

Zhiju et al (2018)*?
Lower Limb Functional Scale Wu et al (2017)* 20 questions rating ability to perform tasks such as ~ 100% 0(0) 12 to 30 months
questionnaire® Yang et al (2013)** housework, shopping and aspects of mobilizing.
Enneking scoring system** Li et al (2019)* Limb pain, activity function, self-perception, brace 1/2 (50) 0(0) 1.9 years

Liu et al (2015)*¢ application, walking ability and gait change.
Modified Merchant Dietz score®” Schroter et al (2016)°® Ability to perform tasks e.g. housework. Freedom 100% 1/1 (100) 2 to 8 years

of pain at rest and mobilizing. Abnormalities to gait
such as limping. Range of motion of knee.

Kofoed Ankle score®® Dai et al (2020)* Not reported 0% 0(0) 2 years
Hospital for Special Surgery Zhiju et al (2018)*? Not reported 0% 1/1 (100) Not reported
Knee Scale®®
Shahcheraghi and Bayatpoor®’  Deng et al (2014)%? Functional status, range of motion of the knee and 100% 0(0) 22.6 months

ankle, presence of infection, shortening and pain.

range of mean follow-up in these studies was from 5.5
months to 65 months.

Pain (category 17: nervous system). ‘Pain’ was the most
frequently reported patient-reported outcome measure
(PROM; 13 studies), however, was never formally de-
fined, and largely non-specific regarding the location and
circumstances during which pain was assessed. For ex-
ample, questions included ‘pain that reduced activity or
impaired sleep’ or ‘pain of the leg after activity’. Only one
study specified pain at the donor site of bone grafting.
A visual analogue scale was the most commonly used
measure (four papers) — two papers recorded pre- and
postoperative pain (timeframe not reported); one eval-
uated pain at five time-points (day before surgery, then
one, four, eight, and 12 weeks postoperatively); and the
last did not specify reporting intervals, but described a
mean follow-up of 62 weeks. Two further measurement
tools were noted: one paper used a numeric rating scale
to assess residual pain on mobilizing a minimum of two
years postoperatively, and another used a non-validated
physician-led patient survey asking about the need for
narcotics, at least one year following frame removal.
Depression and anxiety (category 21: psychiatric). Five
different studies explored changes to mental health fol-
lowing surgery for COM. ‘Anxiety’ was assessed three
times using a self-rated anxiety scale, with no further
details provided. One study compared pre- and post-
operative anxiety and depression scores (mean follow-
up 18.9 months). ‘Depression” was reported in another
study, which defined patients as those who required
psychological support and antidepressant medication.

In another study, the revised symptom checklist 90-item
questionnaire (SCL-90-R) was used to determine gener-
al psychological changes in patients at four time-points
(perioperatively, two months after the docking site was
connected, when the external fixation device was re-
moved, and two months after the removal of the device).
Flap and wound complications (category 23: skin and
subcutaneous tissues). ‘Flap/graft survival’ was report-
ed within 12 studies. One study that reported specifi-
cally ‘partial flap loss’ defined this as < 20% of the flap.
‘Flap/graft necrosis’ was reported in seven studies with
no definitions provided. Mean follow-up ranged from
16 months to 11 years. A total of 22 outcomes that relat-
ed to complications to wound healing were reported by
14 studies. This included wound infection, haematoma
and seroma formation, wound breakdown, and delays to
wound healing. One study defined the outcome, specifi-
cally wound infection, based on the colour and odour of
the wound and absence of pus secretion.

Functioning (categories 25 to 33). Outcomes were re-
ported across four of the nine functioning categories. No
studies reported on the emotional or cognitive impact of
surgery.

Limb function (category 25: physical). Ambulation was
reported 17 times across 15 studies including ambulation
with or without mobility aides (7/17; 41%), full weight-
bearing (4/17; 24%), painful or pain-free mobilizing (3/17;
18%), and non-specific ability to walk or to weightbear
(3/17; 18%). Definitions were provided for 47% (8/17) of
the outcomes, but did not specify conditions e.g. distance
assessed. Non-validated patient questionnaires were
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Table VII. Primary and secondary outcomes reported within randomized control trial studies (published and unpublished).

Author (yr) Primary outcome Secondary outcomes

Finelli et al Relapse of COM Pain Comparative costing

(2019)54 What? When? How? What? When? How? What? When? How?

Huang et al Pain OM recurrence  Time to drain removal Total effectiveness rate Improvement of
(2018)%° What? When? How? What? When? How? What? When? How?  What? When? How? inflammatory markers

Zhiju et al (2018)*?

Hernigou et al
(2018)¢¢

Borens et al (in
press)®’

Microbion (in
press)®®

i) Device absorption
What? When? How?
ii)Bone ingrowth
What? When? How?
Adverse events
What? When? How?

Knee and ankle joint
function
What? When? How?

Bone union
What? When? How?

Bone healing
What? When? How?

Treatment failures
What? When? How?

Wound recovery
time
What? When? How?
Recurrence of
infection
What? When? How?

Infection recurrence
What? When? How?

Treatment failures in
antibiotic-resistant
infections
What? When? How?

What? When? How?

Treatment effectiveness
What? When? How?

Wound infection
What? When? How?

Normaliation of
inflammatory markers
What? When? How?

Mean graft resorption
What? When? How?

Number of surgical
procedures
What? When? How?

‘What?’ - has a definition been reported?
‘When?’ - have details of outcome measurement timings been reported?
‘How?’ - have details of how the outcome has been measured been reported?

An underlined phrase reflects that this outcome detail has been reported within the study.

utilised for three outcomes (‘ambulation with supportive
device’, ‘ability to walk’, and, ‘ability to weightbear’).

‘Limping” on mobilizing was reported in two studies
(no definitions provided). One study measured this with
a non-validated patient questionnaire (mean follow-up
was 22.6 months, and 3.9 years).

‘Joint movement’ was reported by ten studies. This
was defined only once, and was based on the maximum
angulation of the joint achieved on movement. The
movement of the knee joint was reported in seven
studies, ankle in three, and hip in two. Few details were
provided on how ‘joint movement’ was assessed, but
two studies reported details to suggest a clinical assess-
ment was performed. The mean duration of follow-up
ranged from 17.8 months to 96 months.

In all, 24 studies reported on 25 outcomes concerning

the functional status of the limb; 17/25 (76%) of these
outcomes were defined, and measurement was based
on various scoring systems to assess functional status
(Table VI).
Return to daily activities (category 26: social). ‘Return
to work/sport” was reported by six studies two of which
provided a definition. One study reported the use of a
non-referenced standardized questionnaire, which ‘de-
termined implant removal, return to work and daily
(sports) activity, ability of weightbearing, and reoccur-
rence of osteomyelitis with required additional surgery’
with a mean follow-up of 23 months.

Seven studies reported on ‘activities of daily living
(ADL)". Three different definitions were provided. One
study focused on the lack of symptoms and signs of
infection that interfered with the ability to perform ADLs,

while another focused on the interference of pain limiting
ADLs. Two studies reported the use of a ‘daily living
scale’; however, no citation or details of the scale were
provided. One study used the self-reported lower limb
functional scale.??
Quality of life (category 30). One study reported on qual-
ity of life using the 36-ltem Short Form survey (SF-36)
before and after surgery (mean follow-up 18.9 months).
Careprovision (category 32: delivery ofcare). ‘Treatment
success’ was reported seven times and has been includ-
ed within this outcome group as definitions were of-
ten multifocal. For example, one study defined success
as functional bone reconstruction with no infection
recurrence. Another defined success as radiologically
confirmed bone union with soft-tissue cover. A further
study simply defined it as ‘complete healing’ in com-
parison to a different paper that based the definition on
pain relief, lack of symptoms and signs, improved ra-
diological findings, and improved inflammatory mark-
ers. All outcomes were defined. The mean duration of
follow-up varied significantly between 19 to 64 months.
Four studies reported on the use of radiology to deter-
mine treatment success (including one report of MRI).
Five studies measured ‘patient satisfaction’, the focus
of which varied across studies. One paper measured
satisfaction with pursuing limb salvage over amputa-
tion (very satisfied, satisfied, unsatisfied). Another paper
recorded satisfaction with treatment and whether they
would undergo limb salvage again (yes/no) using a non-
validated, unreferenced, patient questionnaire (mean
follow-up 3.9 years). A further paper also measured
patient satisfaction with a non-validated self-reported
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questionnaire, prior to discharge, containing ques-
tions on satisfaction with the functional and aesthetic
outcome of the reconstruction, flap and donor site.
Patient outcome satisfaction was assessed with a seven-
point Likert-rating scale (dissatisfied to very satisfied) in
a separate study.

Resource utilization (categories 34 to 37). Outcomes
were reported across three of the four ‘resource utiliza-
tion” outcome domains. No outcomes were identified
that reported on societal care (category 37).

Costs of treatment (category 34: economic). One study
compared the total costs of delivering each treatment
arm of the study. A summary of costs was provided with
no measurement details provided.

Hospital stay (category 35: hospital). ‘Hospital length
of stay’ was reported nine times and was the most com-
monly reported outcome within this category. ‘Hospital
readmission’ and ‘ITU admission” were reported once
but no timeframe was provided.

Need for further surgery (category 36: need for further
intervention). ‘Number of surgical procedures’ was re-
ported by six studies. No definitions were provided, and
no explicit timeframe was reported, although the range
of mean follow-up was between 15 months to 7.5 years.
‘Need for reoperation’ was reported by a further 12
studies. One paper defined this as additional surgeries
following frame removal, however no other definitions/
criteria were provided. The mean follow-up of studies
varied, ranging from just under a year to over ten years.
‘Amputation rate’ was reported on eight occasions.
Category 38: adverse events. One study reported on
‘systemic reactions’. No definition or measurement
tools were described. ‘Complications’ was reported 21
times, by 19 different studies, relating to postoperative
surgical complications. The Paley classification system®
for complications was used in four papers.

Randomized controlled trials. Four published RCTs and
two ongoing RCTs identified from trial registries were
included. One study was due to be completed in 2017,
however, this status had not been updated on the regis-
try at the time of the searches. The other study was due
to be completed in 2018, and results were posted to the
registry in September 2021.

One of the four completed RCTs had an explicitly
reported primary outcome, which was the two-year remis-
sion rate of COM. This was clearly defined and methods
of measurement detailed. There was no clearly reported
primary outcome within the remaining completed RCTs.
In total, 17 outcomes were reported across the four
published RCTs. The outcomes within these trials reflect
the outcomes reported by other study designs (Table VII).

Only 5/17 of the reported outcomes (29%) had all
aspects fully reported (definition, time of measurement,
method of measurement). Two studies did not provide a
definition for ‘pain’ and did not specify the timeframe of

‘postoperative’” measurement of pain. One study did not
report on how costings to compare treatment arms were
obtained and another did not define ‘recurrence of infec-
tion”. Two studies did not encompass what determined
an improvement of inflammatory markers.

Seven outcomes have been documented within the
two RCT protocols. Details on the timing of outcome
measurement were provided for all outcomes. However,
the outcomes documented by one RCT registration
record had no details provided on the methods used to
measure outcome data.

Discussion

The outcomes reported in 99 studies for a ten-year
period from 2011 to 2020 were mapped against the
revised Williamson and Clarke taxonomy.?® The review
has highlighted significant disparities in the outcomes
utilized and the methods of defining and measuring
outcomes across studies of surgical reconstruction and
amputation for COM. Almost all studies (96%) reported
an outcome from the physiological/clinical domain;
however, no single outcome was common across the
included studies. Furthermore, outcomes were rarely
defined (143/511; 28%), and there was a lack of definition
consistency within individual outcomes. For example,
for the outcome of infection eradication, Niikura et al?
required radiological evidence, whereas Lam et al® based
this on the need for amputation or chronic antibiotic
usage. A more recent study by McNally et al,’® published
after our search end date, defined failure of eradication
as positive cultures from biopsies, recurrent sinus forma-
tion, need for further surgery or antibiotics for infection.
Standardization of outcome definitions and methods of
collection would be of benefit to overcome this problem.
The timing of outcome assessment also varied substan-
tially. Our findings echo those found in research with
other surgical populations. A recent systematic review
of outcome reporting following incisional hernia surgery
identified no single outcome that was reported in all
included studies.”” This was a similar finding following
surgery for colorectal cancer’? and lower limb amputa-
tion.”® Furthermore, there was great heterogeneity in the
list of outcomes used within studies.

This study has identified the most commonly reported
outcomes within the literature which can be used to guide
a Delphi consensus involving clinicians and patients in
the formation of a core outcome set. A core outcome
set will contribute to improving consistency in the use
of outcomes allowing more direct comparisons across
studies and ensuring that the most important outcomes
to patients are considered.

Surgical interventions for lower limb COM can leave
a patient with significant rehabilitation needs and, in
some cases, the requirement for lower limb ampu-
tation. Despite this potential impact on the patient,
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PROMs only represented a minority (68/511; 13%) of
outcomes reported. Quality of life, functional status,
mental health, and patient satisfaction are outcomes
that are likely to be important to patients and their
limited use may reflect surgeon and researcher prior-
ities in studies. Additionally, reporting of definitions
and methods of measurement were particularly poor
for PROMs and it was often unclear whether a stan-
dardized validated tool had been used. Although the
specific focus of this review was not quality of reporting
we observed that in three of the four reports of RCTs
the primary outcome was not explicit. Additionally,
while extracting the data we observed that there were
inconsistencies in methods and results sections in some
studies with outcomes appearing in the results which
had not been stated in the methods and vice versa.

This study has provided a comprehensive overview
of outcome reporting. The application of our search
strategy to multiple databases has resulted in a broad
search of the available evidence and has allowed the
mapping of the body of literature available. Duplicate
screening and checked extraction ensured thorough
and accurate data extraction. Furthermore, outcomes
were mapped against a published outcome framework.
Although the search strategy was comprehensive,
some relevant studies may have been missed if they did
not use the term osteomyelitis in the title or abstract.
However, it is unlikely that any additional studies would
add to the variation and change the conclusions of this
review. In addition, due to a large number of records
identified using the original plan of an unrestricted
search start date and any primary study design,' the
parameters of the search strategy had to be restricted
to those published in the past ten years, although the
majority of these papers were published in the most
recent five years. Studies with fewer than 11 partici-
pants and studies in which 50% or more participants
did not meet our inclusion criteria were also excluded.
Studies written in languages other than English were
also excluded. Inclusion of these studies may have
resulted in identification of other outcomes which
have not been represented in this study. Finally, due to
papers reporting on mixed populations, this study has
not distinguished between COM and fracture-related
infection, which has a recently published consensus
definition.” This study is limited to the surgical manage-
ment of chronic osteomyelitis and studies focusing only
on medical management have been excluded.

In conclusion, this study has highlighted significant
inconsistenciesin the reporting, defining and measuring
of outcomes across studies investigating surgical
management for COM of the lower leg in adults. There
was very limited use of PROMs. Future study designs
should explicitly report the definition, measurementand
timing of outcomes. The development of a standardized

core outcome set, through Delphi consensus, would
be of significant benefit in order to allow comparison
across studies investigating surgical treatments for
lower limb COM. This should be informed by patient
perspectives in addition to researchers and healthcare
professionals.

A Take home message

’) - This study has identified inconsistencies in the reporting of
outcomes in studies focusing on the surgical management of
lower limb chronic osteomyelitis.

- Future studies should ensure details of outcomes, such as the

definitions and timing of the outcomes, are provided.

- The development of a standardized core outcome set would allow

evidence synthesis and comparison across multiple studies.

Supplementary material
PRISMA ScR checklist; search strategy (PubMed/
e MEDLINE), data extraction sheet, table showing
list of included 99 studies, and reference list of
included studies.
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