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To systematically review clinical practice guidelines (CPGs) on diabetes foot and assess the consistency of recom-
mendations, quality of CPGs and to present an evidence-map for explicating research trends and gaps. We per-
formed a literature search on PubMed, Embase, and Web of Science, guideline databases and websites of
diabetes society to include the diabetic CPGs. The basic information, recommendations for the diabetic foot,
methodological quality and reporting quality of diabetic CPGs were exacted by the Excel. Four researchers eval-
uated themethodological and reporting quality of diabetic foot CPGs byAGREE II instrument andRIGHT checklist.
R3.5.1 software was used to create all bubble plots. A total of 22 diabetic CPGs were included, eight CPGs were
from different professional diabetes societies. Recommendations on diabetic foot complications involve Diabetic
foot ulcer (DFU), Charcot neuropathy (CN) and Osteomyelitis (OM). Eight DFU diagnostic systems presented in
22 CPGs. According to the recommendations of diabetic CPGs, the treatment of DFU can be summarized in four
major items; six recommendations on CN diagnosis and six recommendations on treatment of CN were consis-
tent among studies. However, there were inconsistencies in three OM diagnosis recommendations and four OM
treatment recommendations. Some recommendations in CPGs were not very specific and clear, and hence they
were not reliable for OM diagnosis and treatment. Once these inconsistencies are resolved, validated, accurate
and effective diagnosis and treatment of diabetes foot will lead to reduced costs and adverse complications.
The results of this review add to our knowledge and promote the development of trustworthy CPGs on diabetes.

© 2019 Elsevier Inc. All rights reserved.
Keywords:
Evidence mapping
Diabetes foot
Clinical practice guideline
International review
Contents
1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
2. Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2

2.1. Search strategy and selection criteria. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
l Endocrinologists; ADA, American Diabetes Association; ADFN, Australian Diabetes Foot Network; APMA, American Podiatric
e; CDA, Canadian Diabetes Association; DFU, Diabetic foot ulcer; CMA, Chinese Medical Association; CN, Charcot neuropathy;
al Systems Improvement; IDF, International Diabetes Federation; IWGDF, International Working Group on Foot Infections;
Diabetes Society; KDA, Korean Diabetes Association; MHS, Ministry Of Health Singapore; MH&FWGI, Ministry of Health &
n Government National Health and Medical Research Council; NICE, National Institute for Health and Care Excellence; OM,
O, Registered Nurses' Association of Ontario; RSSDI, Research Society for the Study of Diabetes in India; SIGN, Scottish
yperbaric Medical Society; WHS, Wound Healing Society.
e Center, Tianjin University of Traditional Chinese Medicine, No. 312 Anshanxi Street, Nankai District, Tianjin 300193, China.
Center, School of Basic Medical Sciences, Lanzhou University, No. 199, Dong gangWest Road, Chengguan District, Lanzhou City,

96@163.com (J. Tian).

http://crossmark.crossref.org/dialog/?doi=10.1016/j.metabol.2019.153956&domain=pdf
https://doi.org/10.1016/j.metabol.2019.153956
mailto:zjhtcm@foxmail.com
mailto:tjh996@163.com
https://doi.org/10.1016/j.metabol.2019.153956
http://www.sciencedirect.com/science/journal/00260495
www.metabolismjournal.com


2 Y. Sun et al. / Metabolism Clinical and Experimental 100 (2019) 153956
2.2. Data extraction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
2.3. Assessment of guideline quality . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
2.4. Data synthesis and analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

2.4.1. Statistical analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
2.4.2. Mapping the quality . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
2.4.3. Summarizing and grading diabetic foot recommendations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

2.5. Strength of recommendation and level of evidence. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
3. Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

3.1. Analysis and grading of methodological quality and reporting quality of CPGs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
3.2. Level of evidence and strength of recommendation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
3.3. Summarizing and grading recommendations for diabetes foot . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

3.3.1. Diagnosis and therapeutic strategies of DFU. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
3.3.2. Diagnosis and therapeutic approaches of CN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
3.3.3. Diagnosis and therapeutic strategies of OM . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

4. Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
4.1. Limitations and strengths . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

5. Conclusions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
Disclosures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
Author contributions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
Acknowledgments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
References. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
1. Introduction

The number of people livingwith diabetic mellitus has been increas-
ing exponentially worldwide [1]. The International Diabetes Federation
(IDF) estimated the overall prevalence of diabetes mellitus to be 366
million people in 2011, and predicted a rise to 552 million by 2030 [2].
Diabetic foot is one of the common complications of diabetes, which
presents a major challenge to diabetologists, internists as well as sur-
geons [3], and affects nearly 6% of peoplewith diabetes and is character-
ized by infection, ulceration, or destruction of tissues of the foot [4,5].
The foot is the most vulnerable part of diabetic patients, it is exposed
to frequent trauma and requires sensitive sensory protection, which is
often lacking in diabetic patients. The foot, being farthest away from
the central nervous system and hemodynamically disadvantageously
placed, becomes the common site of complicated lesions [6]. Due to
loss of protective sensation (LOPS) and impaired vascular supply, diabe-
tes mellitus can lead to serious foot complications including Diabetic
foot ulcer (DFU), Charcot neuropathy (CN) and Osteomyelitis (OM),
which remain prevalent and challenging to be treated. It is estimated
that 10% of people with diabetes will have a diabetic foot ulcer at
some point in their lives. After the first amputation, people with diabe-
tes are twice as likely to have a subsequent amputation as people with-
out diabetes [7]. Mortality rates after diabetic foot ulceration and
amputation are high, with up to 70% of people dying within 5 years of
after amputation and around 50% dying within 5 years of developing a
diabetic foot ulcer. In conclusion, the diabetic foot should be recognized
enough that it can lead to very serious consequences, including ulcera-
tion, infection, amputation and once these conditions are confirmed,
concentrated and correct diabetes foot diagnosis and treatment will
likely avoid the costly and adverse complications [5,6].

Clinical practice guidelines (CPGs) of diabetes mellitus can help the
doctor to improve the clinical practice [8]. However, different
organization's CPGs may give conflicting recommendations [9]. Con-
flicting recommendations from respected organizations can result in
confusion and raise concern about the quality of the CPGs and the un-
derlying evidence [10]. Therefore, we conducted a systematic investiga-
tion and critical evaluation of the authoritative CPGs, including the
evaluation and collation of the quality and recommendations for the di-
abetic foot [11,12].

Evidence mapping is an emerging rapid review method that in-
volves systematic search and characterization of existing research on
topics of interest, aiming to identify the gap between knowledge and fu-
ture research needs [13]. In this study, evidencemappingmethodswere
used to present the CPGs about diagnosis, therapeutic strategies and
recommendation conflicts for diabetic foot complications.

2. Methods

2.1. Search strategy and selection criteria

CPGs were searched in PubMed, Embase, and Web of Science using
medical subject headings and keywords. At the same time, the guideline
databases were searched, including National Guidelines Clearinghouse
(NGC), National Institute for Health and Care Excellence (NICE), Scottish
Intercollegiate Guidelines Network (SIGN) and Guidelines International
Network (GIN). The official websites for diabetes society were searched
to identify additional CPGs which could have been missed.

CPGs meet the following criteria: ① the 1990 IOM definition of a
guideline [14], ② documents developed by a nationally recognized
committee, or a medical society that provided recommendations for
the diabetes or diabetic foot,③ the most recent version of publications,
④ containing recommendations on management for the diabetic foot,
⑤ limited to English-language.

2.2. Data extraction

First, two investigators (Y.S. and Y.G.) independently screened the
acquired records. Secondly, two reviewers (Y.G. and J.C.) independently
extracted the CPGs which met the inclusion criteria. Disagreements
were resolved by discussion or by a third reviewer (L.G) if no consensus
was reached. A standard form was constructed and CPGs data was ex-
tracted, including title, publication time,whether it was a novel publica-
tion or update, locations of the development, funding, methods of
forming recommendations and the recommendations for the diabetic
foot.

2.3. Assessment of guideline quality

Four independent reviewers (Y.S., Y.G., J.C. and L.G.) who were
trained to perform CPG appraisals using the Appraisal of Guidelines Re-
search and Evaluation (second version) (AGREE II) and Reporting Items
for Practice Guidelines in Healthcare (RIGHT) conducted an indepen-
dent review of the quality of each eligible CPG. Whenever a disagree-
ment arose, we resolved discordant evaluations by discussion to reach
consensus and issued the final verdict. Finally, Intraclass correlation co-
efficients (ICCs) were calculated to assess inter-rater reliability.
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The AGREE II instrument comprises 23 items (each with specific
reporting criteria) in six domains, including scope and purpose; stake-
holder involvement; rigor of development; clarity of presentation; ap-
plicability; and editorial independence [15]. The assessor must
respond to 23 questions using a scale of 1 for “strongly disagree” to 7
for “strongly agree” based on examples and instructions described in
the AGREE II [15]. The overall assessment included whether the CPG
can be recommended for use in clinical practice [16]. The consensus
was reached according to the performance of partial item assessment
and the global judgment by reviewers. Each CPG was classified as:
“strongly recommended” for overall scores N60%, “recommended with
modifications” for scores between 30% and 60%, and “not recom-
mended” for scores b30% [17]. The overall assessment was divided
into three categories: recommended (R), recommended with modifica-
tions (RM), and not recommended (NR) [17].

In addition, the reporting quality of CPGs was appraised by the
RIGHT checklist, which consists of 22 items: basic information (items
1 to 4), background (items 5 to 9), evidence (items 10 to 12), recom-
mendations (items 13 to 15), review and quality assurance (items 16
and 17), funding, declaration and management of interests (items 18
and 19), as well as information (items 20 to 22) [18]. Four reviewers
(Y.S., Y.G., J.C. and L.G.) independently assessed the adherence of CPGs
with the RIGHT checklist, each item is evaluated as “Yes”, “No” and “Par-
tial” according to its own reporting content.
2.4. Data synthesis and analysis

2.4.1. Statistical analysis
For each CPG, the AGREE II score for each domainwas calculated as a

percentage of themaximumpossible score and standardized range, and
the descriptive values included mean and standard deviation (SD).
Reporting quality datawere presented as the number of RIGHT checklist
items reported in each CPG, aswell as the number of CPGs that reported
individual RIGHT checklist items.

Intraclass correlation coefficients (ICCs) were calculated to assess
inter-rater reliability [19] and the measure of agreement between re-
viewers. The degree of agreement between 0.01 and 0.20 was deemed
minor, 0.21–0.40 fair, 0.41–0.60 moderate, 0.61–0.80 substantial, and
0.81–1.00 very good [20]. SPSS 12.0 software was used for statistical
analysis.
2.4.2. Mapping the quality
After computing the scores of CPGs quality by the AGREE II and the

number of reported items by the RIGHT checklist. The methodological
overall assessment scores and the number of reported items of the in-
cluded CPGswere ranked byMicrosoft Excel 2013 (Microsoft Corp, Red-
mond, WA, www.microsoft.com).
2.4.3. Summarizing and grading diabetic foot recommendations
Descriptive analyses were conducted to summarize recommenda-

tions of the CPGs, including diagnosis and therapeutic strategies of
foot complications including DFU, CN and OM. To visualize gaps in rec-
ommendations of diabetes or diabetic foot CPGs, all analyses were con-
ducted and bubble plots were generated using R 3.5.1 software to
visualize gaps in diabetes CPG recommendations. The number of the
bubble was proportional to the number of CPGs and the color depth of
the bubble represented the quality of CPGs.
2.5. Strength of recommendation and level of evidence

Information on the strength of the recommendation and the
level of evidence was extracted to determine the main gap between
evidence and treatment.
3. Results

Fig. 1 shows the detailed results of the CPGs, 22 CPGs [21–42] proved
eligible, 10 CPGs [21–23,25,30,31,38–41] were devoted to diabetic foot
practices; while the rest focused on practices for diabetes mellitus,
and included recommendations for the diabetic foot. Of the 22 eligible
CPGs, eight CPGs [27,32–34,36,37,40,42] were from different profes-
sional diabetes societies, two CPGs [25,26] were developed by the pro-
fessional CPG development organizations, two CPGs [39,41] were from
government Health and Medical Research and other CPGs
[21–24,28–31,35,38] were frommedical centers or health systems (Ap-
pendix A).

3.1. Analysis and grading of methodological quality and reporting quality of
CPGs

The ICC for the assessment between the four reviewers in the
study was 0.89 (95% CI: 0.87–0.92). The highest mean score was
75.82 ± 12.97 for scope and purpose, and the main low mean scores
was 42.62± 19.37 for applicability and 52.84± 22.26 for rigor of de-
velopment. 12 CPGs (54.55%) didn't clearly describe the strengths
and limitations of the body of evidence and 17 CPGs (77.27%) poorly
provided advice and tools on how the recommendations can be put
into practice. The overall assessment of each CPG was showed in Ap-
pendix B. Generally, Seven CPGs [22,23,25,26,29,33,36] scored
higher on all domains and were classified as recommended for clin-
ical practice, 13 CPGs [21,24,27,28,30–32,34,35,37,38,40,41] were
recommended with modifications; and two CPGs [39,42] were not
recommended.

The RIGHT checklist contains 22 requirements organized into 7 sec-
tions with a total of 35 items. The CPGs with the largest number of re-
ported items using RIGHT checklist was NICE and SIGN (34), followed
by CDA (32) and RNAO (31). It was found that among the seven do-
mains of RIGHT checklist, field one (basic information) had the highest
reporting rate (86.31%) and field five (review and quality assurance)
obtained the lowest reporting rate (40.91%). 13 CPGs (59.09%) just indi-
cated whether the draft guideline underwent independent review, but
did not clearly explain the process of review, which lead to the lowest
score (Appendix C).

According to the ranking results of two evaluation tools by using
Microsoft Excel 2013, the CPGs were divided into three levels and we
used three different colored spheres to represent different levels.
There were seven high-level CPGs [22,23,25,26,29,33,36] represented
by seven green spheres, which were from NICE, SIGN, RNAO, IWGDF,
ICSI, CDA and PDA. 13 yellow spheres shown 13 medium-level CPGs
[21,24,27,28,30–32,34,35,37,38,40,41], including ADFN, AACE, JDS,
IDSA, APMA, WHS, RSSDI, KDA, MHS, ADA, UHMS, IDF and NHMRC.
The remaining two low-level CPGs [39,42] shown by red spheres were
developed by CMA and MH&FWGI (Fig. 2).

3.2. Level of evidence and strength of recommendation

Of the 22 included CPGs, 16 CPGs [22–31,33–37,41] used 11 grading
systems to rate the level of evidence and the strength of recommenda-
tion, among which, five CPGs [23,25,28–30] adopted GRADE system,
two CPGs [22,26] used SIGN system, and other systems include
NHMRC, ADA, KDA,WHS, AACE, JDS, PDA, CDA andMHS. The level of ev-
idence was based on the type of study and the most system defined the
strength of recommendation depending on the quality of evidence
(Table 1).

3.3. Summarizing and grading recommendations for diabetes foot

The evidence map was created to summarize and describe recom-
mendations of the CPGs for diabetic foot usingR 3.5.1 software. A bubble
plot can graphically present multiple categorical data on study

http://www.microsoft.com
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characteristics in a single, two-dimension chart by displaying the
evidence-map data according to specific, special locations defined by
the X-axis and Y-axis, as well as according to the color, shape or size
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Table 1
Grading systems used in the included CPGs.

Grading
system

Codes of evidence and
recommendation

Number
of guidelines

Guidelines
organization

Level of
evidence

Strength of
recommendation

GRADE A, B, C, Da 1, 2b 5 IWGDF [23], NICE [25],
IDSA [28], ICSI [29],

APMA [30]
SIGN 1, 2, 3, 4a A, B, C, Dc 2 RNAO [22], SIGN [26]
AACE 1, 2, 3, 4a A, B, C, Dd 1 AACE [24]
JDS 1, 2, 3, 4a A, Be 1 JDS [27]
WHS I, II, IIIa 1 WHS [31]
CDA 1, 2, 3, 4a A, B, C, Dc 1 CDA [33]
KDA A, B, C, D, Ea 1 KDA [34]
MHS 1, 2, 3, 4a A, B, C, Dc 1 MHS [35]
PDA A, B, C, D, Ea 1 PDA [36]
ADA A, B, C, D, Ea A, B, Cc 1 ADA [37]
NHMRC I, II, III, IVa A, B, C, Dc 1 NHMRC [41]

GRADE: Grading of Recommendations Assessment, Development and Evaluation.
SIGN: Scottish Intercollegiate Guidelines Network.
AACE: American Association of Clinical Endocrinologists.
JDS: Japan Diabetes Society.
WHS: Wound Healing Society.
CDA: Canadian Diabetes Association.
KDA: Korean Diabetes Association.
MHS: Ministry of Health Singapore.
PDA: Poland Diabetes Association.
ADA: American Diabetes Association.
NHMRC: Australian Government National Health and Medical Research Council.

a The level of evidence is based on the type of study.
b The strength of a recommendation reflects the extent to which we can be confident

that the composite desirable effects of a management strategy outweigh the composite
undesirable effects.

c Grade of recommendation depending on the quality of evidence.
d Grade of recommendation based on best evidence levels (BELs), subjective factors,

and consensus map to recommendation grades.
e Grade of recommendation based on the total body of evidence as well as the risk-

benefit balance, value, patient preferences, cost, and resources.
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CPGs. Bubble color corresponded to the quality of CPGs and the depth of
the bubble color represented the three levels of the CPGs.

3.3.1. Diagnosis and therapeutic strategies of DFU

3.3.1.1. CPG recommendations on DFU diagnosis. If the DFU is identified, a
thorough assessment of the ulcer should be completed. This is achieved
by the following recommendations: Wagner classification system; The
size (area, depth), sepsis, arteriopathy, denervation system (SAD) sys-
tems; Site, ischemia, neuropathy, bacterial infection and depth (SIN-
BAD) score; International Working Group of Diabetic Foot (IWGDF);
Table 2
Diabetic foot ulcer classification systems.

Classification system Year CPG recommended
system

Characteristics

Wagner [31,33,41] 1981 WHS, CDA, NHMRC Based on depth or penetration of
SAD [41] 1999 NHMRC Scored on ulcer size (area, depth)
SINBAD [25] Unclear NICE Scoring based on site, ischemia, n

IDSA/IWGDF
[23,24,28,38,39]

2012 IWGDF, AACE, IDSA,
UHMS, MH&FWGI

Divides ulcer infection into four g
mild moderate and severe infecti

PEDIS
[22,24,28,36,38,39]

2003 RNAO, AACE, IDSA,
PDA, UHMS,
MH&FWGI

Designed specifically to provide a
research. Graded according to per

TEXAS
[22,24,25,28,31,33]

1998 RNAO, NICE, IDSA,
WHS, AACE, CDA

Evaluation of diabetic foot ulcers
severity and etiology

WIFI [30,38] 2014 APMA, UHMS Assess tissue loss, ischemia, and f

DEPA [41] 2002 NHMRC Includes the depth of the ulcer (D
phase of ulcer healing (P) and th
Perfusion (ischemia), Extent(area), Depth, Infection, Sensation (neu-
ropathy) (PEDIS) system; University of Texas classification system
(TEXAS); wound, ischemia, and foot infection (WIFI); Depth, extent of
bacterial colonization, phase of healing and associated etiology (DEPA)
scoring system. Eight diagnostic systems were presented in 22 CPGs.
Six CPGs [22,24,28,36,38,39] supported the use of the PEDIS system as
a DFU classification system and three diagnostic systemswere only pro-
posed once, including SAD, SINBAD and DEPA classification system
(Table 2).

3.3.1.2. CPG recommendations on DFU treatment. According to Fig. 3, 13
CPGs [22–27,30–34,41,42] contained four major recommendations for
DFU treatment as follows. We summarized the treatment therapeutic
strategies of recommendations in Appendix D.

Recommendation on DFU treatment (1) Provided wound care with
consideration of choice of wound dressings (strong recommendation
[25,27,30],weak recommendation [23], andnotmentioned the strength
of recommendation [22,26,31–33,41,42]);

(2) Multi-disciplinary foot care team/service (strong recommenda-
tion [25,27], and not mentioned the strength of recommendation
[24,26,33,34,41,42]);

(3) Debridement of wounds should be performed as it improves
ulcer healing (strong recommendation [25,30], and not mentioned the
strength of recommendation [22,31–33,41,42]);

(4) Redistribute pressure was applied to foot ulcer(s) by the use of
offloading devices (strong recommendation [23,25,27,30], and not
mentioned the strength of recommendation [22,26,32,33,42]).

3.3.2. Diagnosis and therapeutic approaches of CN

3.3.2.1. CPG recommendations on CN diagnosis. Fig. 4 shows the six
recommendations of CN diagnosis, which included six CPGs
[24,25,30,33,39,40]. Recommendation summarized in Appendix E.

Recommendations on CN diagnosis (1) Technetium bone scans are
generally nonspecific when assisting OM and acute CN (not mentioned
the strength of recommendation [24]);

(2) If acute CN is suspected, arrange a weight-bearing X-ray of the
affected foot and ankle (strong recommendation [25]);

(3) Plain radiographs have low sensitivity and specificity in differen-
tiatingOM fromCN changes (notmentioned the strength of recommen-
dation [33]);

(4) If acute CN is suspected, and the X-ray is normal but clinical sus-
picion still remains, anMRI is considered (strong recommendation [25],
not mentioned the strength of recommendation [39,40]);

(5) The risk of MRI to patients is minimal in the differentiation be-
tween OM and CN changes (weak recommendation [30], and not men-
tioned the strength of recommendation [33]);
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(6) When examining the foot, there is usually a temperature differ-
ence between the affected feet (not mentioned the strength of recom-
mendation [40]).
3.3.2.2. CPG recommendations on CN treatment. Seven CPGs
[25,26,30,33,36,39,40] focused on six recommendations of CN treat-
ment in Fig. 5. The summary of recommendationswas shown in Appen-
dix E:

Recommendation on CN treatment (1) If suspecting acute CN, the
treatment with a non-removable offloading device is offered (not men-
tioned the strength of recommendation [25,39,40]);

(2) If a non-removable device is not advisable because of the clinical,
or the person's circumstances, the treatment with a removable
offloading device is considered (not mentioned the strength of recom-
mendation [25]);

(3) Suspected CN of the foot is an emergency and should be referred
immediately to the multidisciplinary foot team (not mentioned the
strength of recommendation [26,36]);

(4) In high-risk patients with healed CN, wearing specific therapeu-
tic footwear with pressure-relieving insoles to aid in the prevention of
new or recurrent DFUs was recommended (strong recommendation
[30], and not mentioned the strength of recommendation [36]);

(5) Further studies are necessary to fully evaluate bisphosphonate in
the routine treatment of CN (notmentioned the strength of recommen-
dation [33,36]);

(6) Donot offer bisphosphonates to treat acute CN, unless as part of a
clinical trial (not mentioned the strength of recommendation
[25,26,39]).
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Fig. 4. Evidence map of CN diagnosis recommendation of CPGs.
3.3.3. Diagnosis and therapeutic strategies of OM

3.3.3.1. CPG recommendations on OM diagnosis. Fig. 6 shows the 11 rec-
ommendations of OM diagnosis, which included 13 CPGs
[21–25,28–31,36,39–41]. Recommendations were summarized in Ap-
pendix F.

Recommendation on OMdiagnosis (1) “Probe to bone” test is highly
suggestive of OM and inserting a sterile instrument into the ulcer to de-
termine whether bone can be probed at the base (strong recommenda-
tion [23,25,28], and not mentioned the strength of recommendation
[21,22,24]);

(2) TakingX-ray to the patient's foot to determine the severity of the
diabetic foot problem (strong recommendation [25], weak recommen-
dation [30],and not mentioned the strength of recommendation [36]);

(3) If OM is suspected in a personwith diabetes but is not confirmed
by initial X-ray, consider an MRI to confirm the diagnosis (strong rec-
ommendation [25,28,30], and not mentioned the strength of recom-
mendation [21,39]);

(4) Markedly elevated serum inflammatory markers, especially
erythrocyte sedimentation rate (ESR) are suggestive of OM in suspected
cases (weak recommendation [23], and not mentioned the strength of
recommendation [36]);

(5) A definite diagnosis of bone infection usually requires positive
results on both histological and microbiological examinations of an
aseptically obtained bone sample (strong recommendation [23,28,30],
and not mentioned the strength of recommendation [40]);

(6) MRI has emerged as the investigative modality of choice to dis-
tinguish OM (strong recommendation [23], and not mentioned the
strength of recommendation [41]);
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Fig. 6. Evidence map of OM diagnosis recommendation of CPGs.
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(7) Tests for serum inflammatory markers are costly and not widely
available (not mentioned the strength of recommendation [39]);

(8) When MRI is contraindicated or unavailable, leukocyte or anti
granulocyte scan, preferably combinedwith a bone scanwas the best al-
ternative (weak recommendation [28,30]);

(9) Suspected OM, bone biopsy to determine the type of pathogen
(not mentioned the strength of recommendation [29,31]);

(10) Avoid using results of soft tissue or sinus tract specimens for
selecting antibiotic therapy for OM (strong recommendation [23]).

(11) Bone scans and white cell scans generally lack specificity for
diagnosing OM (not mentioned the strength of recommendation [21]).

3.3.3.2. CPG recommendations on OM treatment. There were 11
recommendations for OM treatment included in 11 GPGs
[21–23,25,28,31,33,39–42]. The summary of the recommendations
was as follows in Fig. 7 and Appendix G.

Recommendation on OM diagnosis (1): Medical management of
focal OM with antibiotics or antibiotics combined with limited surgical
resection is the main treatment (not mentioned the strength of recom-
mendation [21,41]);

(2) For diabetic foot OM, 6weeks of antibiotic therapy is required for
patients who do not undergo resection of infected bone (notmentioned
the strength of recommendation [31]);

(3) Patients who have not undergone bone resection require at least
4–6 weeks of antibiotic treatment (not mentioned the strength of rec-
ommendation [33]);

(4) OM is treated by removal of the infected bone, followed by 2–
4 weeks of antibiotics (not mentioned the strength of recommendation
[42]);

(5) When the affected bone is resected, and residual bone is in the
wound, the client will require 4 to 8 weeks of antibiotic therapy based
onwound culture results (not mentioned the strength of recommenda-
tion [22]);

(6) When the affected bone is resected and residual bone is in the
wound, the client will require 6 weeks of antibiotic therapy based on
wound culture results (strong recommendation [23,25]);

(7) No more than a week of antibiotic therapy is needed if all in-
fected bone is resected (not mentioned the strength of recommenda-
tion [40]);

(8) 2 weeks of antibiotic therapy is needed if all infected bone is
resected (not mentioned the strength of recommendation [42]);

(9) When a radical resection leaves no remaining infected tissue,
prescribing antibiotic therapy for only a short duration (2–5 days) was
suggested (weak recommendation [28], not mentioned the strength of
recommendation [39]);

(10) When there is persistent infected or necrotic bone, at least
4 weeks antibiotic treatment was suggested (weak recommendation
[28], not mentioned the strength of recommendation [39]);
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Fig. 7. Evidence map of OM therapeutic strategies recommendation of CPGs.
(11) No available evidence supports the use of any adjunctive ther-
apies, such as hyperbaric oxygen, granulocyte-colony stimulating factor
or larvae (not mentioned the strength of recommendation [39,41]);

4. Discussion

A total of 22 CPGswere identified in the current international review
of CPGs on diagnosis and treating diabetic foot complications. Based on
the results of the CPGs quality evaluation, it was found that the quality
of the included CPGs varied. The quality of CPGs [22,23,25,26,29,33,36]
developed by RNAO, IWGDF, NICE, SIGN, ICSI, CDA and PDA were rela-
tively high. The diabetic CPGs were analyzed and evaluated to summa-
rize their recommendations using standardized grades as a basis. But
we found the level of evidence distribution and the strength of the rec-
ommendations varied widely between the different categories of
criteria. Different grading systems using various coding systems were
used to classify the evidence quality and strength of recommendations
in diabetic CPGs, which may confuse and hinder communication be-
tween CPGs developer. Therefore, a standardized grading system, such
asGRADE should be used to provide clear information on the level of ev-
idence and the strength of recommendation.

Clinical diagnosis and treatments of CPGswere reviewed to establish
the challenges that may be encounteredwhenmanaging diabetes com-
plications, including DFU, CN and OM. However, there were some con-
flicts in some important organization's CPGs.

For the diagnosis of DFU, many CPGs recommended a series of clas-
sification systems. The purpose of the research classification was to en-
able the categorization of different populations of diabetic patients with
a DFU, at a certain timepoint, according to strict criteria and using terms
that are relevant and unambiguous [44]. Each of these classifications
systems can beused in clinical practice, but theyhad not been compared
in a large prospective trial. Furthermore, there were some recommen-
dation conflicts, thus CPGs developed by WHS, CDA and NHMRC were
proposed Wagner classification system as DFU diagnostic strategy
[31,33,41]. However, NICE CPG [25] clearly disregarded the use of the
Wagner classification system in assessing the severity of a DFU.

Standard care for DFU management includes offloading of high-
pressure areas, wound care, multi-disciplinary foot care team/service,
and wound debridement. These recommendations were highly advo-
cated for in the CPGs. The offloading or taking pressure away from the
wounded portion of the foot, is paramount for wound healing and redis-
tribute pressure applied to DFUs by the use of offloading devices. Al-
though many CPGs were explicitly proposed, off-loading was
universally acceptable in reducing the pressure and strain rate on a DFU.
A real-world study showed that only 2.2% of 221,192 visits involving
DFU documented offloading, and confirmed that its practice remains
underutilized inwound care [45]. An important tenet of DFU care includes
regular debridement of the wound which removes the obvious necrotic
tissue, excessive bacterial burden, and cellular burden of dead and senes-
cent cells. Maintenance debridement is necessary to keep the appearance
and readiness of the wound bed for healing. The health care provider can
choose from a number of debridement methods including surgery [31].
Multidisciplinary team-based (MDT) care was reported to improve the
treatment outcomes of DFUs [46,47]. A systematic review revealed
some positive effects of the MDT on DFUs, namely; amputation rate, the
severity of amputation and resource use [48]. With the establishment of
multidisciplinary team care, the incidence of amputation is gradually re-
duced, indicating that multidisciplinary disease team care is effective in
preventing DFU [49]. The principal function of a wound dressing is to
help achieve an optimal healing environment. Many types of dressings
were designed to suit a variety of different needs, such as protecting
wounds, encouraging wound healing, and preventing or treating infec-
tions. However, there is no sufficient evidence for recommending one
specific dressing type over another in CPGs.

CN is a painless and progressive degeneration, which ismost notable
in the ankle or midfoot joints. Autonomic neuropathy with increased
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blood flow, peripheral neuropathy with repeated insensible trauma,
leading to the development of CN, remains one of the most challenging
late complications of diabetic foot [50,51]. In the acute active stage, the
patient typically presents with unilateral-dependent erythema, edema,
increased skin temperature, and joint effusion in an insensate foot
[52,53]. It is always difficult to distinguish the onset of acute CN from
other conditions, as skin infections or deep vein thrombosis can easily
be misdiagnosed by clinicians who are less experienced in the diabetic
foot. Although plain radiographs are valuable in working towards the
diagnosis of CN, they have low sensitivity and specificity in differentiat-
ing OM from CN changes, and signs indicative of CN occur as the condi-
tion progresses [54,55]. According to the AACE CPG recommendation
[24], technetium bone scans were generally nonspecific in assisting in
the differentiation betweenOMand acute CN.However, other advanced
NI techniques are able to provide increased specificity making them
more valuable to the clinician. One such NI technique is the labelled
white blood cell bone scans. This process involves taking a sample of
the patient's blood, separating the white blood cells and processing
them so they are tagged with a radiotracer, either indium-111 or Tc-
99m. Leukocyte imaging with indium-111 or Tc-99m has varying re-
ported sensitivities and specificities for detection of OM ranging from
50% to 100% and 29% to 100% respectively [56,57]. The use of
fluorodeoxyglucose (FDG) PET is a NI technique that uses FDG. Accord-
ing to a study [58], the sensitivity and accuracy for diagnosing CN was
100% and 93.8%, whereas those forMRIwas 76.9% and 75%, respectively.
The diagnosis of acute CN in the early stages is crucial to avoid the det-
rimental consequences of fractures and foot deformities, as this may
stop the progression of the deformity and reduce the occurrence of
complications [59,60]. However, if the diagnosis is initially missed,
there is always a high risk of amputation [61].

CPGs developed by NICE, MH&FWGI, and IDF suggested that acute
CN treatment should be offeredwith a non-removable offloading device
[25,39,40]. When a non-removable device is not advisable because of
the clinical, or the person's circumstances, NICE CPG emphasized the
treatmentwith a removable offloading device [25]. A systematic review
[62] showed that offloading is a key treatment strategy for themanage-
ment of DFUs and total contact castswere found to be the gold standard
immobilization therapy for acute CN and most effective devices to
achieve ulcer healing. It occurs by reducing mechanical stress and
edema and redistributes plantar pressure while maintaining the weight
of the sole. However, the offloading device is notwithout complications,
CPGs have no specific analysis of costs, and the impact on the quality of
life is unclear. CN of the foot is considered to be an emergency and
should be immediately referred to the multidisciplinary foot team and
prompt immediate referral to a dedicated multi-disciplinary foot care
service. PDA CPG [36] support the involvement of a multidisciplinary
team including a cardiologist, respiratory medicine specialist, psycholo-
gist or psychiatrist, anesthesiologist, and dietician in patient selection. In
high-risk patients with healed CN, wearing specific therapeutic foot-
wear with pressure-relieving insoles to aid was recommended by
MH&FWGI [39] in prevention of new or recurrent DFUs, but the time
for wearing and material of the shoes are not clearly defined; It's
worth noting that bisphosphonate therapy was not clear, CDA and
PDA CPGs [33,36] emphasized that further studies are necessary to
fully evaluate bisphosphonate in the routine treatment of CN. SIGN,
NICE and MH&FWGI CPGs [25,26,39] discourages the use of
bisphosphonates to in treating acute CN, unless as part of a clinical trial.

OM is the most common diabetic foot infection, with N20% of moder-
ate infections, N50% of serious infections, and a high rate of amputation
[63]. The diagnosis of OM often begins with a clinically suspected infec-
tion. When OM is associated with soft tissue infection, ulcers near the
bony bulge have clinical signs of pain, fever, redness, swelling, and cellu-
litis. However, a previous study found that the clinical signs associated
with bone infection are not very relevant for diagnosis [64]. “Probe to
bone” test was strongly recommended by six CPGs from ADFN, RNAO,
IWGDF, AACE, NICE, IDSA [21–25,28]. Probe-to-bone (PTB) test, which
consists of bone palpation through the ulcer with a sterile blunt probe
and can beused as ameans of thefirst screening. If the PTB test is negative
and a positive PTB test is poorly specific, taking X-ray is recommended by
NICE and PDA CPGs [25,36] to determine the severity of the diabetic foot.
However, five CPGs emphasized on the consideration of an MRI to con-
firm the diagnosis, when OM is suspected not to have been confirmed
by the initial X-ray. CPGs [23,41] from IWGDF and NHMRC suggested
that MRI has emerged as the investigative modality of choice to distin-
guish OM. There was no cost analysis for X-ray and MRI; Recommenda-
tions from IWGDF and NHMRC CPGs [23,41] suggested, when MRI was
contraindicated or unavailable, leukocyte or anti-granulocyte scan, pref-
erably combinedwith a bone scan could be the best alternative. However,
ADFN [21] CPG questioned bone scans andwhite cell scans, which gener-
ally lack specificity for diagnosing OM.When diagnostic suspicion is sup-
plemented with thementioned above clinical tests, it is advisable to have
laboratory tests providing information related to OM [65]. Markedly ele-
vated serum inflammatory markers, especially ESR were suggestive of
OM in suspected cases in IWGDF and PDA CPGs recommendations
[23,36]. Malabu et al. found that ESR was the hematological parameter
which best discriminated between OM and cellulitis [66]. However, ac-
cording to MH&FWGI CPGs [39], tests for serum inflammatory markers
are costly and not widely available. It is crucial to isolate pathogens that
cause infection, especially for patients who only use antibiotics. A definite
diagnosis of bone infection usually requires positive results on both histo-
logical and microbiological examinations of an aseptically obtained bone
sample, when the diagnosis is in doubtful, determining the causative
pathogen's antibiotic susceptibility is crucial [23,28,30,40]. CPGs from
IDSA and APMA [28,30] proposed bone biopsy to determine the type of
pathogen and IWGDF CPG [23] supported percutaneous bone sampling
as the best alternative. However, there is need to be aware that sampling
procedures for bone culture may also affect results, as there may be false
positives from positive potential contamination during sampling through
ulcers, or false negatives from areas that have not been infected during
prior treatment [63].

The CPGs published by ADFN and NHMRC [21,41] defined medical
management of focal OM with antibiotics or antibiotics combined
with limited surgical resection as the main treatment. There were mul-
tiple recommendations on the treatment of OM fromdifferent CPGs, but
there was no agreement regarding the most appropriate option. Stan-
dardization of a single treatment option was far from easy and DFO
may have several clinical presentations. Conservative surgery (defined
as the removal of infected bone only, without amputation) combined
with antibiotic treatment is an attractive option because it may reduce
the changes in foot biomechanics and minimize the duration of antibi-
otic therapy [67]. CDA CPG [33] suggested that patients who have not
undergone bone resection requiring at least 4–6 weeks of antibiotic
treatment. But in the same situation, CMA [42] CPG defined 6 weeks
of antibiotic therapy and there was almost no difference in non-
surgical antibiotic treatment time. On the basis of WHS CPG [31], OM
was best treated by removal of the infected bone, followed by 2–
4 weeks of antibiotics. At the same time, 2 weeks of antibiotic therapy
was recommended by MH&FWGI CPG [39]. It was noticed that these
two CPGs did not clarify the specifics of the procedure and didn't specify
how to treat any remaining infected tissue after antibiotic therapy.
When a radical resection leaves no remaining infected tissue, the rec-
ommendations on the time of antibiotic therapy were different. IDF
CPG [40] suggested that antibiotics should not be administered for
more than a week if all the infected bone was resected; However,
IDSA andMH&FWGI CPGs [28,39] supported prescribing antibiotic ther-
apy for a short duration (2–5 days). Two CPGs recommended taking out
infected bones and then using antibiotics for a period of time and while
WHS CPG [31] suggested 2–4 weeks of antibiotics, however, CPG devel-
oped by MH&FWGI [39] defined 2 weeks of antibiotic therapy as the
most appropriate. The recommended duration of antibiotic therapy de-
pends on the presence of residual tissue infection and prior surgical de-
bridement. According to the RNAO CPG [22], When the affected bone is
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removed and the remaining bonewas in thewound, 4 to 8weeks of an-
tibiotic treatment was performed. But IWGDF and NICE CPGs [23,25]
strongly recommended 6 weeks. In addition to surgery and anti-
infective treatment, there is no available evidence in NHMRC CPG
which supports the use of any adjunctive therapies, such as hyperbaric
oxygen, granulocyte-colony stimulating factor or larvae.

4.1. Limitations and strengths

This is the first study to analyze the CPGs recommendations on
major complications of the diabetic foot. Meanwhile, on the basis of
combining two guideline quality evaluation tools, we presented the
CPGs recommendations, CPGs quality and strength of recommendation
by evidencemapping. The results from this study enriched the develop-
ment of CPGs recommendations for diabetes and promote the efficient
application of CPGs to improve patient prognosis.

Many of the CPGs analyzed in this study did not show an explicit link
between the recommendations and the supporting evidence (for exam-
ple, systematic reviews). At the same time, different grading systems
based on various coding systems were used to classify the evidence
quality and strength of recommendations in diabetic CPGs. Therefore,
it is hard for us to identify the components of the body of evidence rel-
evant to each recommendation and make a further study.

5. Conclusions

To improve the treatment outcomes of DFU, CN and OM, we used the
CPGs recommendations to recognize the disease and treat it accordingly.
However, the recommendations in some CPGswere not very specific and
clear, and they even showed inconsistencies. Application of evidence
mapping can facilitate the process of knowledge transfer and reduce re-
searchwaste [13,43]. The results of this study can be used to promote im-
provement in the development of trustworthy CPGs on diabetes.
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