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Abstract

:

Background and Objectives: Diabetic foot (DF) disease is one of the myriad complications of diabetes. Positive outcomes are expected through a multidisciplinary approach as provided by primary care providers (PCPs). This study aimed to assess the knowledge of DF and attitude of physicians in primary healthcare settings toward DF diagnosis and prevention in Saudi Arabia. Materials and Methods: This observational cross-sectional study used a self-administered questionnaire that was completed by family medicine consultants, residents, and general practitioners working in primary care settings in Riyadh. Results: Of the 152 physicians who completed the survey, (43.4%) completed more than 10 h of diabetes continuing medical education (CME) over the past three years. Most (96.1%) PCPs educate patients about foot self-inspection, and only (64.5%) perform foot inspection at every visit in high-risk diabetic foot patients. PCP knowledge about diagnosing and managing diabetic foot infection was suboptimal. Only 53.9% of participants reported performing a probe-to-bone in DF patients with open wounds. Conclusions: We identified knowledge and action gaps among PCPs. Physicians had acceptable knowledge about preventive measures. However, deficits were found regarding diagnosing and management of DF infections. We recommend addressing these knowledge gaps by incorporating DF lectures and workshops within family medicine conferences and residency programs.
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1. Introduction


Diabetes mellitus (DM) is a metabolic disorder that is characterized by prolonged hyperglycemia. A study performed in 2019 estimated that DM international prevalence was 9.3% (463 million people) and by 2045 will increase to 10.9% (700 million people) [1]. Uncontrolled DM may cause different complications, such as retinopathy, nephropathy, neuropathy, vascular abnormalities, foot injuries, and ulcerations [2,3]. Many factors produce DM complications. The rise in glycation plays the major role. Advanced glycation end-products are complex compounds resulting from non-enzymatic glycation. Several publications showed the implication of these end-products in the development of diabetes micro- and macrovascular complications [4]. Primary care providers can utilize skin autofluorescence which is one of the novel techniques that can be used to detect the accumulation of glycation end-products, thus, can aid in the detection and follow-up of diabetes micro complications [5,6]. A study performed in Saudi Arabia reported that 3.3% of diabetic patients were diagnosed with diabetic foot (DF) complications [7]. In the United States, diabetic foot disease (DFD) management costs from 9 to 13 billion dollars a year apart from general DM costs [8,9]. DF ulcers heal poorly due to insufficient blood flow and nerve damage to the feet. DF causes almost two-thirds of all non-traumatic amputations; therefore, DF management is fundamental [10]. As part of the healthcare transformation strategy, the Saudi healthcare system is moving toward a focus on the delivery of care through primary care services. In light of the above-mentioned numbers about the DF comorbidities and treatment cost, and despite the central role of physicians practicing in primary care settings in the future of the healthcare system in the Kingdom, to our awareness, the knowledge of and attitude towards DF patients from primary care providers have not been assessed in the region. Riyadh is the capital of Saudi Arabia and has the majority of ministry of health resources. This study is meant to assess physicians’ knowledge of and attitude toward DF diagnosis and prevention in primary healthcare settings in Riyadh, Saudi Arabia.




2. Methods


2.1. Study Design, Subject Selection, and Sample Size


This study was conducted with the approval of the Institutional Review Board of King Fahad Medical City (KFMC), Riyadh, Saudi Arabia and in accordance with international ethical standards (project number: 19-034E). Participants gave their informed consent for the anonymous use of their data. This study was a cross-sectional design using self-administered questionnaires that were distributed between November 2021 and March 2022. The target respondents were physicians who work in primary care settings in Riyadh, Saudi Arabia. Therefore, the sample included family medicine consultants (attendings/staff), family medicine residents, and general practitioners (GPs). In Saudi Arabia, GPs are doctors who completed medical school but did not enroll in any residency program or doctors who completed a master’s degree in clinical medicine and started practicing without completing a residency. The sample size was calculated based on previous study findings, which indicated that the overall knowledge score of family medicine physicians about type 2 diabetes management is 66.6% [11]. Using a standard sample size equation that assumed balanced responses between groups with a confidence interval (CI) level of 95% and a margin of error of 5%, the minimum required sample size was estimated at 344; thus, we invited this number to participate in the study. Four-hundred fifteen primary care centers are located in Riyadh. We used conventional sampling technique in selecting primary care centers. We assigned a number to every primary care center from one to four-hundred fifteen. From our observation, each primary care center has between six to eight physicians. Therefore, we used a random number generator to select fifty numbers to be able to reach our target sample size. The data collectors provided the questionnaire to the participants and then collected them immediately after completion to avoid the possibility of participants looking up topics and to assure the credibility of participants’ replies.




2.2. Data Collection Tool


Considering the available guidelines, a self-report questionnaire was constructed with assistance from field experts [12,13]. The questionnaire was tested on a pilot sample of three physicians (n = 3) who were not included in the study, particularly regarding language and questions receptivity. There were no changes required to the adjusted questionnaire. The questionnaire included 24 questions. The questionnaire consisted of multiple-choice questions distributed in three parts. The first part included demographic data such as age, sex, primary care setting type (academic/community), number of continuing medical education (CME) hours spent on diabetes education, and years of experience. The second part included items that assessed knowledge about preventive measures against DF development, such as the frequency of foot inspections and the recommended glycemic control in diabetics. Furthermore, we asked how often they encourage patients to wear specialized therapeutic footwear and whether they provide preventive foot care instructions to them and their families. The final part assessed their understanding and attitudes towards diagnosis and management strategies for patients with diabetic foot infections (DFI). At the end of the survey, we asked them to identify the obstacles to delivering optimal care to DF patients (multiple answers allowed).




2.3. Statistical Analysis


The data were analyzed using IBM SPSS 21.0 version statistical software. For nominal variables, data were depicted as frequency and percentage, and for numerical variables, mean ± standard deviation (SD). We used the chi-squared test to compare proportions between groups. Statistical significance was determined at a p-value of <0.05 to report the precision of the results.





3. Results


The target number of participants for the study was 344; 152 physicians agreed to fill the questionnaire with a response rate of 152/344 (44.2%). Participants were segregated into three groups: family medicine consultants (31.7%), family medicine residents (44.7%), and GPs (23.7%). Male to female ratio is 0.9:1. More than half of physicians work in community settings (64.5%). The number of practice years differed based on their training level (p < 0.001). Less than 50% (43.4%) of the participants spent more than 10 CME hours on diabetes education over the last three years (p < 0.001). For further details, please see Table 1.



Respondents were deemed informed about the targets if they chose the responses based on the most recent guidelines [12,13]. A summary of recommendations is presented in Table 2.



When the participants were asked to self-evaluate their knowledge of therapies and prevention of DF, 71.1% of participants rated themselves as average. Only 19.7% of the participants evaluated themselves as above average. When the participants were asked about interval foot inspections for high-risk diabetic patients, only 64.5% (p = 0.04) of them answered “Every visit”. A total of 41.7% of consultants think feet should be inspected less frequently. Most participants (96.1%) educate their patients and their families about preventive foot care. Most family medicine consultants (70.8%) routinely advise their diabetic patients to use specialized therapeutic footwear. Of all participants, only 26.3% of participants picked the correct answer “footwear to high-risk patients”. Most (90.1%) physicians recommend wearing specific therapeutic footwear to aid in the prevention of new or recurrent foot ulcers in high-risk patients with healed DFUs. Most (95.8%) of these physicians were family medicine consultants. Many (88.8%( participants correctly identified the appropriate HbA1c level for those patients as “HbA1c less than 7%”; the majority of correct answers were from family medicine consultants (93.8%). Finally, regarding the ankle-brachial index/toe-brachial index (ABI/TBI) measurement for diabetic patients, only 28.3% chose “when patients reach 50 years of age”, and most of those participants were consultants. A small number of participants (15.1%) never order it. Further details are shown in Table 3.



Almost three-quarters (67.8%) of the physicians rated the percentage of their diabetic patients whom they have evaluated systematically to be at risk for DF as “less than 50%”; most of these were residents (50%; p < 0.001). Only 53.9% of participants probe to check for bone exposure in patients with DF infections. Less than three-quarters (63.8%, mostly consultants; p < 0.001) request serial plain radiographs of the affected foot to identify any bone abnormalities. More than half (61.1%) of the GPs do not request a serial plain radiograph, and 68.4% choose MRI as their imaging choice when soft tissue abscess is suspected, or a diagnosis of osteomyelitis remains uncertain. Less than 25% (22.4%) of incorrect answers were attributed to computed tomography (CT) scans. Almost 70% (67.8%) of the participants obtain measurements of DF wounds, with family medicine residents being the vast majority (46.6%). Around one-third of the consultants and GPs do not measure wound size. Furthermore, 54.2% of the family medicine consultants follow up with their patients with DF wounds for 2 to 3 weeks. A total of 66.7% of GPs follow them up as needed. Only 45.4% of the participants order daily dressings for DFD patients. Almost 25% (23%) do not manage diabetic foot wounds. In addition, 49.3% of the physicians, primarily consultants (44%), refer patients with diabetic foot wounds to a vascular surgeon. Further details are shown in Table 4.



When we asked the participants about the most important barriers to optimal DF care, in descending order, lack of DF management guidelines was the most agreed upon factor (57.9%) followed by the lack of continued education about the importance of DFD (55.2%), and lack of knowledge of treating physicians about DFD (51.3%). The absence of vascular medicine specialty in Saudi Arabia (5.3%) followed those choices, and finally, lack of specialized DF clinics in primary care settings, and lack of access to services (0.7%, each) were also mentioned (Figure 1). Last, we asked the participants if they could suggest any other barriers, and “no specialties to refer to in some facilities” (0.7%; n = 1), and “poor communication with the other specialties” (0.7%; n = 1) were the two qualitatively suggested answers causing possible obstacles.




4. Discussion


DFU is one of the myriad complications of diabetes. Among diabetic patients, the lifetime risk of DFU is 25% [14]. Around 60% of diabetic wounds are infected at presentation [15]. The lower extremity amputation rates in infected ulcers are as high as 28% [16]. Based on a large study performed involving Saudi diabetic patients, the risk of developing DFUs is 2%, and the amputation rate is 1% [7]. Seventeen percent of DFU patients who were presented to a tertiary hospital in Saudi underwent amputation, and this rate has been consistent over the past years [17,18]. Various resources to help manage this condition are available, but it is unknown whether PCPs and patients are aware of or have trouble accessing them. The way toward optimal DF care is a multidisciplinary approach. No clear coordinated multidisciplinary care is present in the region. The way to enact this care is most commonly through PCPs who form the first line of care in this model. Thus, we aimed to identify attitudes and obstacles facing PCPs when providing optimal care for DFU patients.



In our study, around one-third of the participants (35.5%) reported that they do not perform foot inspections and examinations at every visit for high-risk patients, which introduces a significant chance of missing early DFUs. In a study performed in four European countries, DFU diagnosis was incidentally found during routine examination in 20% of patients [19]. Most participants (96.1%) educate their patients about self-inspection. On the other hand, a study performed involving patients in Riyadh showed that only 33.3% of patients received education about foot care from their PCPs [19]. This difference most likely occurred because PCPs do not usually provide the education themselves but use a diabetes education specialist who is available in most of the primary care centers in Saudi; in the same study, the level of patient knowledge is reported to be good (76.6%). Even with proper education, some patients still do not perform a self-inspection. Even with adequate knowledge, only 28–47% of patients perform foot self-inspection [20]. Overall, studies assessing the benefits of educational intervention at the patient level are few and are considered low-level, showing modest improvement in outcome [21,22]. This finding sheds light on the importance of “every visit” inspection by PCPs. A study performed in Saudi showed an 8% (p = 0.3) reduction in amputation rates after implementing patient education programs. Although the small sample size may affect the statistical significance of their study, the clinical outcome is significant. Educating patients and their families about foot care makes empirical sense and is cost-effective. This education should be provided on an annual basis. Other forms of education can be online. This form of education can be accessed anytime and by any family member, which provides consistency and spread of knowledge about foot care [23].



Around 73% of the participants prescribe therapeutic footwear regardless of DFU risk. Well-fitted shoes can decrease callus development, and toe deformity, thus, decreases the risk of DFU [24]. However, therapeutic custom diabetic footwear cannot be recommended over a preventive footcare program in low-risk patients [12]. No difference was reported in a trial evaluating re-ulceration among patients with therapeutic footwear vs. control group [25]. On the other hand, the high prescription rate may cause a false patient perception that this kind of shoe can prevent ulcers, and therefore, the patient becomes less focused on other foot care measures.



Only 28.3% of PCPs correctly chose referring patients for ABI/TBI testing when the patients reach 50 years of age. Evidence suggests that TBI is useful in predicting not only wound healing but the potential of ulceration. The relation between DFU and peripheral artery disease (PAD) is complex. Mortality in patients with PAD and DFU who undergo amputation is 50% in two years [12]. Poor limb perfusion can result in ulcers, poor healing, and ultimately, amputation. Thus, early identification of PAD should be attempted, and if it contributes to delayed healing or non-healing, it should be treated [26]. Timing is essential for preventing amputation in addition to early referrals, imaging, and regular vascular tests [27]. Furthermore, early identification helps early establishment of the multidisciplinary circle.



Approximately 50% of the PCPs in our study probe to check for bone exposure. Furthermore, 68.4% order MRIs to rule out osteomyelitis. These percentages reflect concerning practice toward ruling out infections. Probe-to-bone can accurately diagnose DFU osteomyelitis in high-risk patients [28]. MRI is generally considered the best available imaging option for diagnosing osteomyelitis [29]. A study assessed knowledge of medical students concerning foot examination in DF patients and reported good overall knowledge [30]. A smaller number of students were assessed for foot edema and shoe suitability. The study did not ask questions related to ulcer examination or investigating infections. Therefore, it is unclear if knowledge gaps started in medical school.



Our study had a lower-than-expected response rate (44.2%), which may have affected the strength of its outcomes, and our results were disappointing. Unfortunately, our study results are in-line with previous global publications about diabetes management [31,32,33]. Participants were aware of maintaining adequate blood glucose levels. However, less awareness was observed regarding other aspects of care to improve DFU outcomes, such as adequate wound care and management, early identification of infection, and early restoration of blood flow [13]. Besides the low-quality of life, the cost of DFU care in one hospital in one year in Saudi is estimated to be 661,804.3 SAR (176,481.2 USD) [34,35]. Improving DFU outcomes should be approached using a multilevel approach. Participants in our study lean toward knowledge aspects as barriers rather than availability or accessibility of resources. To our knowledge, no standardized formal course is uniformly included in the core curriculum at all training institutions. Furthermore, conferences concerning wound care are less likely to be attended by PCPs. As seen in our study, more than half of participants have less than 10 CME hours. A myriad of reasons for this finding can be suggested. PCPs may be too busy. Their scope of practice may be broad and as such, the conferences and CME events they choose to attend are related to other disease entities. Interest in dealing with DFUs may also be low. A suggested action is to include lectures and workshops about DFD within the curriculum of family medicine conferences and residency programs. As per randomised controlled trials, educational interventions have been shown to be effective [31,32,33]. E-learning, when combined with a post session exam, can yield desired outcomes [36]. Although beyond the participants of this study, in more than 20% of DFU cases in a study, the PCP did not make the diagnosis, and the nurses played a significant role in the diagnostic process. Therefore, knowledge and education concerning DFUs should be reinforced to nurses as they are in closer contact to patients in in-hospital settings [37]. This study looked at PCPs practices in randomly selected centers in one city in Saudi Arabia. However, the sample is not representative of all Saudi family medicine physicians and GPs due to interregional differences in medical schools and physician training. This study has some limitations. Our survey is in a multiple-choice answer format; thus, it may limit the physicians’ choice to the most appropriate choice rather than their actual answers. Furthermore, the sampling technique was conventional. Thus, there is a risk of selection bias. However, the sample group is not the general population but rather medically trained and licensed physicians. Therefore, the utilization of this technique should not impose significant outcomes alteration.




5. Conclusions


Our results can serve as a screening result of the status of DF care in Riyadh, Saudi Arabia. Knowledge about diagnosis of DFD is adequate. However, diagnosis and management of infections, and requestions of appropriate imaging is suboptimal. The majority of participants think barriers concerning acquisition of knowledge are the most limiting factors toward adequate knowledge. These results have significant implications for family medicine program directors, medical schools, and healthcare stakeholders. Access to knowledge is an easy-to-overcome barrier with adequate spread of education during conferences, and through medical schools, residency programs, and E-learning.







Author Contributions


Conceptualization, S.A.; methodology, H.A., N.A. and S.A.; data collection, R.A. and O.A.; data analysis, G.A.; writing—original draft preparation, G.A., O.A. and R.A.; writing—review and editing, A.A., N.A. and H.A.; supervision, S.A.; project administration, S.A. and A.A. All authors have read and agreed to the published version of the manuscript.




Funding


The authors received no financial support for the research, authorship, and/or publication of this article.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki, and approved by the Institutional Review Board of King Fahd Medical City (19-034E, 24 January 2019).




Informed Consent Statement


Informed consent was obtained from all participants involved in the study.




Data Availability Statement


Data available upon request.




Conflicts of Interest


The authors declared no potential conflict of interest with respect to the research, authorship, and/or publication of this article.




References


	



Saeedi, P.; Petersohn, I.; Salpea, P.; Malanda, B.; Karuranga, S.; Unwin, N.; Colagiuri, S.; Guariguata, L.; Motala, A.A.; Ogurtsova, K.; et al. Global and regional diabetes prevalence estimates for 2019 and projections for 2030 and 2045: Results from the International Diabetes Federation Diabetes Atlas, 9th edition. Diabetes Res. Clin. Pract. 2019, 157, 107843. [Google Scholar] [CrossRef]

	



Khanolkar, M.; Bain, S.; Stephens, J. The diabetic foot. QJM 2008, 101, 685–695. [Google Scholar] [CrossRef]

	



Chawla, R.; Chawla, A.; Jaggi, S. Microvasular and macrovascular complications in diabetes mellitus: Distinct or continuum? Indian J. Endocrinol. Metab. 2016, 20, 546–551. [Google Scholar] [CrossRef]

	



Lee, J.; Yun, J.-S.; Ko, S.-H. Advanced Glycation End Products and Their Effect on Vascular Complications in Type 2 Diabetes complications. Nutrients 2022, 14, 3086. [Google Scholar] [CrossRef]

	



Boersma, H.E.; van Waateringe, R.P.; van der Klauw, M.M.; Graaff, R.; Paterson, A.D.; Smit, A.J.; Wolffenbuttel, B.H.R. Skin autofluorescence predicts new cardiovascular disease and mortality in people with type 2 diabetes. BMC Endocr. Disord. 2021, 21, 1–8. [Google Scholar] [CrossRef]

	



Varikasuvu, S.R.; Varshney, S.; Suleker, H. Skin autofluorescence as a novel and noninvasive technology for advanced glycation end products in diabetic foot ulcers: A systematic review and meta-analysis. Adv Ski. Wound Care 2021, 34, 1–8. [Google Scholar] [CrossRef]

	



Al-Rubeaan, K.; Al Derwish, M.; Ouizi, S.; Youssef, A.M.; Subhani, S.N.; Ibrahim, H.M.; Alamri, B.N. Diabetic Foot Complications and Their Risk Factors from a Large Retrospective Cohort Study. PLoS ONE 2015, 10, e0124446. [Google Scholar] [CrossRef]

	



Tennvall, G.R.; Apelqvist, J. Health-Economic Consequences of Diabetic Foot Lesions. Clin. Infect. Dis. 2004, 39 (Suppl. S2), S132–S139. [Google Scholar] [CrossRef]

	



Rice, J.B.; Desai, U.; Cummings, A.K.G.; Birnbaum, H.G.; Skornicki, M.; Parsons, N.B. Burden of Diabetic Foot Ulcers for Medicare and Private Insurers. Diabetes Care 2014, 37, 651–658. [Google Scholar] [CrossRef]

	



Alves, C.; Casqueiro, J.; Casqueiro, J.; Alves, C. Infections in patients with diabetes mellitus: A review of pathogenesis. Indian J. Endocrinol. Metab. 2012, 16 (Suppl. S1), S27–S36. [Google Scholar] [CrossRef]

	



Khan, A.R.; Al Abdul Lateef, Z.N.; Khamseen, M.B.; Al Aithan, M.; Khan, S.; Al Ibrahim, I.; Lateef, Z.N.A.A. Knowledge, attitude and practice of ministry of health primary health care physicians in the management of type 2 diabetes mellitus: A cross-sectional study in the Al Hasa District of Saudi Arabia, 2010. Niger. J. Clin. Pract. 2011, 14, 52–59. [Google Scholar] [CrossRef]

	



Hingorani, A.; LaMuraglia, G.M.; Henke, P.; Meissner, M.H.; Loretz, L.; Zinszer, K.M.; Driver, V.R.; Frykberg, R.; Carman, T.L.; Marston, W.; et al. The management of diabetic foot: A clinical practice guideline by the Society for Vascular Surgery in collaboration with the American Podiatric Medical Association and the Society for Vascular Medicine. J. Vasc. Surg. 2016, 63 (Suppl. S2), 3S–21S. [Google Scholar] [CrossRef]

	



Bus, S.; Van Netten, S.; Lavery, L.; Monteiro-Soares, M.; Rasmussen, A.; Jubiz, Y.; Price, P. IWGDF guidance on the prevention of foot ulcers in at-risk patients with diabetes. Diabetes Metab. Res. Rev. 2016, 32 (Suppl. S1), 16–24. [Google Scholar] [CrossRef]

	



Singh, N.; Armstrong, D.G.; Lipsky, B.A. Preventing Foot Ulcers in Patients with Diabetes. JAMA 2005, 293, 217–228. [Google Scholar] [CrossRef]

	



Lavery, L.A.; Armstrong, D.G.; Wunderlich, R.P.; Mohler, M.J.; Wendel, C.S.; Lipsky, B.A. Risk Factors for Foot Infections in Individuals with Diabetes. Diabetes Care 2006, 29, 1288–1293. [Google Scholar] [CrossRef]

	



Pickwell, K.; Siersma, V.; Kars, M.; Apelqvist, J.; Bakker, K.; Edmonds, M.; Holstein, P.; Jirkovská, A.; Jude, E.; Mauricio, D.; et al. Predictors of Lower-Extremity Amputation in Patients with an Infected Diabetic Foot Ulcer. Diabetes Care 2015, 38, 852–857. [Google Scholar] [CrossRef]

	



Altoijry, A.; AlGhofili, H.; Alanazi, S.N.; AlHindawi, D.A.; AlAkeel, N.S.; Julaidan, B.S.; AlHamzah, M.; Altuwaijri, T. Diabetic foot and peripheral arterial disease. Single centre experience. Saudi Med. J. 2021, 42, 49–55. [Google Scholar] [CrossRef]

	



Al-Tawfiq, J.A.; Johndrow, J.A. Presentation and Outcome of Diabetic Foot Ulcers in Saudi Arabian Patients. Adv. Ski. Wound Care 2009, 22, 119–121. [Google Scholar] [CrossRef]

	



Garcia-Klepzig, J.L.; Sánchez-Ríos, J.P.; Manu, C.; Ahluwalia, R.; Lüdemann, C.; Meloni, M.; Lacopi, E.; De Buruaga, V.R.-S.; Bouillet, B.; Vouillarmet, J.; et al. Perception of diabetic foot ulcers among general practitioners in four European countries: Knowledge, skills and urgency. J. Wound Care 2018, 27, 310–319. [Google Scholar] [CrossRef]

	



Alshammari, Z.J.; Alsaid, L.A.; Parameaswari, P.J.; Alzahrani, A.A. Attitude and knowledge about foot care among diabetic patients in Riyadh, Saudi Arabia. J. Fam. Med. Prim. Care 2019, 8, 2089–2094. [Google Scholar] [CrossRef]

	



Al-Wahbi, A.M. Impact of a diabetic foot care education program on lower limb amputation rate. Vasc. Health. Risk Manag. 2010, 6, 923–934. [Google Scholar] [CrossRef] [PubMed]

	



Goodall, R.J.; Ellauzi, J.; Tan, M.K.; Onida, S.; Davies, A.H.; Shalhoub, J. A Systematic Review of the Impact of Foot Care Education on Self Efficacy and Self Care in Patients with Diabetes. Eur. J. Vasc. Endovasc. Surg. 2020, 60, 282–292. [Google Scholar] [CrossRef] [PubMed]

	



Jyotsna, V.P.; Rahaman, H.S.; Sreenivas, V.; Krishnan, A.; Tandon, N. Effectiveness of a patient education module on diabetic foot care in outpatient setting: An open-label randomized controlled study. Indian J. Endocrinol. Metab. 2018, 22, 74–78. [Google Scholar] [CrossRef] [PubMed]

	



Spencer, S.A. Pressure relieving interventions for preventing and treating diabetic foot ulcers. Cochrane Database Syst. Rev. 2000, 3, CD002302. [Google Scholar] [CrossRef]

	



Reiber, G.E.; Smith, D.G.; Wallace, C.; Sullivan, K.; Hayes, S.; Vath, C.; Maciejewski, M.L.; Yu, O.; Heagerty, P.J.; LeMaster, J. Effect of Therapeutic Footwear on Foot Reulceration in Patients with Diabetes: A randomized controlled trial. JAMA 2002, 287, 2552–2558. [Google Scholar] [CrossRef]

	



Schaper, N.C.; Andros, G.; Apelqvist, J.; Bakker, K.; Lammer, J.; Lepantalo, M.; Mills, J.; Reekers, J.; Shearman, C.P.; Zierler, R.E.; et al. Diagnosis and treatment of peripheral arterial disease in diabetic patients with a foot ulcer. A progress report of the International Working Group on the Diabetic Foot. Diabetes/Metab. Res. Rev. 2012, 28 (Suppl. S1), 218–224. [Google Scholar] [CrossRef]

	



Lepäntalo, M.; Apelqvist, J.; Setacci, C.; Ricco, J.-B.; de Donato, G.; Becker, F.; Robert-Ebadi, H.; Cao, P.; Eckstein, H.; De Rango, P.; et al. Chapter V: Diabetic Foot. Eur. J. Vasc. Endovasc. Surg. 2011, 42 (Suppl. S2), S60–S74. [Google Scholar] [CrossRef]

	



Lam, K.; van Asten, S.; Nguyen, T.; La Fontaine, J.; Lavery, L.A. Diagnostic Accuracy of Probe to Bone to Detect Osteomyelitis in the Diabetic Foot: A Systematic Review. Clin. Infect. Dis. 2016, 63, 944–948. [Google Scholar] [CrossRef]

	



Dinh, T.; Snyder, G.; Veves, A. Current Techniques to Detect Foot Infection in the Diabetic Patient. Int. J. Low. Extrem. Wounds 2010, 9, 24–30. [Google Scholar] [CrossRef]

	



Abdulwassi, H.K.; Safhi, M.A.; Hashim, R.T.; Fallatah, A.M.; Hussein, S.S.; Almusallam, S.A.; Alsaad, M.S.; Alkhatieb, M.T. Knowledge of diabetic foot care management among medical students at King Abdulaziz University Hospital, Jeddah, Saudi Arabia. Saudi Med. J. 2020, 41, 59–67. [Google Scholar] [CrossRef]

	



McDermott, R.A.; Schmidt, B.A.; Sinha, A.; Mills, P. Improving diabetes care in the primary healthcare setting: A randomised cluster trial in remote Indigenous communities. Med. J. Aust. 2001, 174, 497–502. [Google Scholar] [CrossRef] [PubMed]

	



Glasgow, R.E.; Nutting, P.A.; King, D.K.; Nelson, C.C.; Cutter, G.; Gaglio, B.; Rahm, A.K.; Whitesides, H.; Amthauer, H. A practical randomized trial to improve diabetes care. J. Gen. Intern. Med. 2004, 19, 1167–1174. [Google Scholar] [CrossRef] [PubMed]

	



Meigs, J.B.; Cagliero, E.; Dubey, A.; Murphy-Sheehy, P.; Gildesgame, C.; Chueh, H.; Barry, M.J.; Singer, D.E.; Nathan, D.M. A Controlled Trial of Web-Based Diabetes Disease Management: The MGH diabetes primary care improvement project. Diabetes Care 2003, 26, 750–757. [Google Scholar] [CrossRef]

	



AlSadrah, S.A. Impaired quality of life and diabetic foot disease in Saudi patients with type 2 diabetes: A cross-sectional analysis. SAGE Open Med. 2019, 7, 2050312119832092. [Google Scholar] [CrossRef] [PubMed]

	



Alshammary, S.; Othman, S.A.; Alshammari, E.; Alarfaj, M.A.; Lardhi, H.A.; Amer, N.M.; Elsaid, A.S.; Alghamdi, H.M. Economic impact of diabetic foot ulcers on healthcare in Saudi Arabia: A retrospective study. Ann. Saudi Med. 2020, 40, 425–435. [Google Scholar] [CrossRef] [PubMed]

	



Aalaa, M.; Sanjari, M.; Amini, M.R.; Ramezani, G.; Mehrdad, N.; Tehrani, M.R.M.; Bigdeli, S.; Adibi, H.; Larijani, B.; Sohrabi, Z. Diabetic foot care course: A quasi-experimental study on E-learning versus interactive workshop. J. Diabetes Metab. Disord. 2021, 20, 15–20. [Google Scholar] [CrossRef]

	



Sánchez-Ríos, J.P.; García-Klepzig, J.; Manu, C.; Ahluwalia, R.; Lüdemann, C.; Meloni, M.; Lacopi, E.; De Buruaga, V.R.-S.; Bouillet, B.; Vouillarmet, J.; et al. Referral of patients with diabetic foot ulcers in four European countries: Patient follow-up after first GP visit. J. Wound Care 2019, 28 (Suppl. S8), S4–S14. [Google Scholar] [CrossRef]








[image: Medicina 59 00064 g001 550] 





Figure 1. Barriers toward optimal care for diabetic foot patients. DF, diabetic foot; DFD, diabetic foot disease. 
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Table 1. Participants’ demographics and clinical practice characteristics (N = 152).
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Family Medicine Consultants

(n = 48)

	
Family Medicine Residents

(n = 68)

	
General Practitioners

(n = 36)

	
All

(n = 152)

	
p Value






	
Age

	

	

	

	

	




	
Mean (SD)

	
43.40 (9.58)

	
31.54 (7.59)

	
38.11 (13.09)

	
36.84 (10.98)

	
<0.001 *




	
Sex, n (%)

	

	

	

	

	




	
Male

	
29 (60.4)

	
24 (35.3)

	
18 (50.0)

	
71 (46.7)

	
0.02 *




	
Female

	
19 (39.6)

	
44 (64.7)

	
18 (50.0)

	
81 (53.3)




	
Setting, n (%)

	

	

	

	

	




	
Academic center

	
19 (39.6)

	
26 (38.2)

	
9 (25.0)

	
54 (35.5)

	
0.32




	
Community center

	
29 (60.4)

	
42 (61.8)

	
27 (75.0)

	
98 (64.5)




	
Years in practice, n (%)

	

	

	

	

	




	
<5

	
3 (6.3)

	
61 (89.7)

	
18 (50.0)

	
70 (46.1)

	
<0.001 *




	
5–10

	
18 (37.5)

	
7 (10.3)

	
6 (16.7)

	
31 (20.4)




	
>10

	
27 (56.3)

	
0 (0)

	
12 (33.3)

	
51 (33.6)




	
Number of diabetic Continuing Medical Education (CME) hours completed in past three years *, n (%)




	
<5

	
6 (12.5)

	
21 (30.9)

	
14 (38.9)

	
41 (27.0)

	
0.07




	
5–10

	
7 (14.6)

	
28 (41.2)

	
10 (27.8)

	
45 (29.6)




	
>5

	
35 (72.9)

	
19 (27.9)

	
12 (33.3)

	
66, (43.4)








CME, continuing medical education; SD, standard deviation; * p < 0.05, statistically significant difference.
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Table 2. Current clinical practice guidelines by the society of vascular surgery in collaboration with the American Podiatric Medical Association and Society for Vascular medicine about the management of diabetic foot (DF).
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	Recommendation
	Class
	Level of Evidence





	Prevention of diabetic foot ulceration
	
	1
	C



	Foot inspection
	Annually, and more frequent in high-risk patients
	
	



	Foot care patient education
	Annually
	1
	C



	Therapeutic footwear
	Against (average-risk patients)
	2
	C



	
	Recommended (high-risk patients)
	1
	B



	Hb A1c
	<7%
	2
	B



	PAD and DFU
	
	
	



	ABI/TBI
	50 years of age
	2
	C



	Diagnosis of diabetic foot infection
	
	
	



	DF with open wound
	Performing probe to bone
	2
	C



	All patients presenting with new DFI
	Serial plain radiographs
	2
	C



	MRI
	When soft tissue abscess is suspected, or osteomyelitis diagnosis is uncertain
	1
	B



	Wound care in DFU
	
	
	



	Evaluation interval
	1–4-week intervals, with wound measurement
	1
	C



	Interval of dressing change
	Daily
	1
	B







HbA1c, glycated hemoglobin; DFU, diabetic foot ulcer; PAD, peripheral artery disease; ABI, ankle-brachial index; TBI, toe-brachial index; DF, diabetic foot; DFI, diabetic foot infection; MRI, magnetic resonance imaging. Class 1: evidence and/or general agreement that the target or treatment is beneficial. Class 2: conflicting evidence and/or a divergence of opinion, but the weight of evidence favors efficacy. Level B: Randomized or non-randomized clinical trials Level C: Consensus opinion of experts based on clinical experience.
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Table 3. Participants’ understanding and attitude toward prevention of DF ulceration in diabetic patients.






Table 3. Participants’ understanding and attitude toward prevention of DF ulceration in diabetic patients.





	

	
Family Medicine Consultants

(n = 48)

	
Family Medicine Residents

(n = 68)

	
General Practitioners

(n = 36)

	
All

(n = 152)

	
p Value






	
Self-assessment knowledge of therapies and prevention of DFI disease, n (%)




	
Below average

	
1 (2.1)

	
4 (5.9)

	
9 (25.0)

	
14 (9.2)

	




	
Average

	
31 (64.6)

	
53 (77.9)

	
24 (66.7)

	
108 (71.1)




	
Above average

	
16 (33.3)

	
11 (16.2)

	
3 (8.3)

	
30 (19.7)




	
How often should high risk diabetic foot patients undergo interval foot inspections? n (%)




	
Every visit

	
28 (58.3)

	
49 (72.1)

	
21 (58.3)

	
98 (64.5)

	
0.04 *




	
Every 6 months

	
7 (14.6)

	
5 (7.4)

	
10 (27.8)

	
22 (14.5)




	
Annually

	
13 (27.1)

	
14 (20.6)

	
5 (13.9)

	
32 (21)




	
Do you educate the diabetic patients and their families about preventive foot care? n (%)




	
No

	
0 (0.0)

	
1 (1.5)

	
5 (13.9)

	
6 (3.9)

	
0.002 *




	
Yes

	
48 (100.0)

	
67 (98.5)

	
31 (86.1)

	
146 (96.1)




	
In your practice, how often do you advise diabetic patients to use specialized therapeutic footwear? n (%)

	




	
Routinely

	
34 (70.8)

	
40 (58.8)

	
15 (41.7)

	
89 (58.6)

	
0.05 *




	
Rarely

	
5 (10.4)

	
8 (11.8)

	
10 (27.8)

	
23 (15.1)




	
Only high-risk patients

	
9 (18.8)

	
20 (29.4)

	
11 (30.6)

	
40 (26.3)




	
Do you recommend wearing specific therapeutic footwear to aid in the prevention of new or recurrent foot ulcers in high-risk patients with healed DFU?, n (%)




	
I do not know

	
0 (0.0)

	
3 (4.4)

	
3 (8.3)

	
6 (3.9)

	
0.32




	
No

	
2 (4.2)

	
4 (5.9)

	
3 (8.3)

	
9 (5.9)




	
Yes

	
46 (95.8)

	
61 (89.7)

	
30 (83.3)

	
137 (90.1)




	
Knowledge about adequate glycemic control in diabetic patients, n (%)




	
Fasting blood glucose < 120 mg/dL

	
1 (2.1)

	
1 (1.5)

	
2 (5.6)

	
4 (2.6)

	
0.37




	
HbA1c < 6%

	
2 (4.2)

	
6 (8.8)

	
5 (13.9)

	
13 (8.6)




	
HbA1c < 7%

	
45 (93.8)

	
61 (89.7)

	
29 (80.6)

	
135 (88.8)




	
When do you order ankle-brachial index (ABI) measurement for diabetic patients? n (%)

	




	
Never

	
6 (12.5)

	
13 (19.1)

	
4 (11.1)

	
23 (15.1)

	
0.01 *




	
When they have non-healing wounds

	
12 (25.0)

	
15 (22.1)

	
8 (22.2)

	
35 (23.0)




	
When they have wounds

	
4 (8.3)

	
8 (11.8)

	
5 (13.9)

	
17 (11.2)




	
When they reach 50 years of age

	
16 (33.3)

	
19 (27.9)

	
8 (22.2)

	
43 (28.3)




	
You do it to all diabetic patients.

	
9 (18.8)

	
12 (17.6)

	
3 (8.3)

	
24 (15.8)




	
I do not know

	
1 (2.1)

	
1 (1.5)

	
8 (22.2)

	
10 (6.6)








DFI, diabetic foot infection; mg/dL: milligrams per deciliter; HbA1c: glycated hemoglobin; CT: computed tomography; MRI: magnetic resonance imaging. ABI: ankle-brachial index; TBI, toe-brachial index; * p < 0.05, statistically significant difference.
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Table 4. Participants’ collective understanding and attitudes toward diagnosis and management of diabetic foot infections in patients with diabetic foot.
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Family Medicine Consultants

(n = 48)

	
Family Medicine Residents

(n = 68)

	
General Practitioners

(n = 36)

	
All

(n = 152)

	
p Value






	
Among what proportion of your diabetic patients have you evaluated systematically has a risk for the diabetic foot? n (%)




	
<50%

	
25 (52.1)

	
52 (76.5)

	
26 (72.2)

	
103 (67.8)

	
<0.001 *




	
>50%

	
20 (41.7)

	
13 (19.1)

	
2 (5.6)

	
35 (23.0)




	
None

	
3 (6.3)

	
3 (4.4)

	
8 (22.2)

	
14 (9.2)




	
In patients with DFI with an open wound, do you do probing to check for bone exposure? n (%)




	
I do not know

	
2 (4.2)

	
5 (7.4)

	
1 (2.8)

	
8 (5.3)

	
0.36




	
No

	
16 (33.3)

	
27 (39.7)

	
19 (52.8)

	
62 (40.8)




	
Yes

	
30 (62.5)

	
36 (52.9)

	
16 (44.4)

	
82 (53.9)




	
In patients with a DFI wound, do you request a serial plain radiograph of the affected foot to identify any bone abnormalities? n (%)




	
I do not know

	
0 (0.0)

	
2 (2.9)

	
2 (5.6)

	
4 (2.6)

	
<0.001 *




	
No

	
11 (22.9)

	
18 (26.5)

	
22 (61.1)

	
51 (33.6)




	
Yes

	
37 (77.1)

	
48 (70.6)

	
12 (33.3)

	
97 (63.8)




	
For those patients who require additional imaging—particularly when soft tissue abscess is suspected or the diagnosis of osteomyelitis remains uncertain—what type of imaging will you do?, n (%)




	
CT scan

	
10 (20.8)

	
16 (23.5)

	
8 (22.2)

	
34 (22.4)

	
0.62




	
Leukocyte or Anti-granulocyte scan

	
1 (2.1)

	
2 (2.9)

	
1 (2.8)

	
4 (2.6)




	
MRI

	
35 (72.9)

	
47 (69.1)

	
22 (61.1)

	
104 (68.4)




	
I do not know

	
2 (4.2)

	
3 (4.4)

	
5 (13.9)

	
10 (6.6)




	
Do you take wound size measurements of DFI wounds, n (%)




	
No

	
14 (29.2)

	
17 (25.0)

	
11 (30.6)

	
42 (27.6)

	
0.96




	
Yes

	
32 (66.7)

	
48 (70.6)

	
23 (63.9)

	
103 (67.8)




	
I do not know

	
2 (4.2)

	
3 (4.4)

	
2 (5.6)

	
7 (4.6)




	
How often do you follow up with patients with DFI wounds?, n (%)




	
2–3 weeks

	
26 (54.2)

	
32 (47.1)

	
5 (13.9)

	
63 (41.4)

	
0.006 *




	
6–8 weeks

	
2 (4.2)

	
3 (4.4)

	
2 (5.6)

	
7 (4.6)




	
As needed

	
13 (27.1)

	
29 (42.6)

	
24 (66.7)

	
66 (43.4)




	
I do not follow

	
7 (14.6)

	
3 (4.4)

	
5 (13.9)

	
15 (9.9)




	
I do not know

	
0 (0.0)

	
1 (1.5)

	
0 (0.0)

	
1 (0.7)




	
How frequent do you order dressing for patients with DFI wounds? n (%)




	
Twice a day

	
13 (27.1)

	
12 (17.6)

	
3 (8.3)

	
28 (18.4)

	
0.12




	
Daily

	
17 (35.4)

	
36 (52.9)

	
16 (44.4)

	
69 (45.4)




	
Every 2 days

	
8 (16.7)

	
3 (4.4)

	
6 (16.7)

	
17 (11.2)




	
I do not manage wounds

	
10 (20.8)

	
15 (22.1)

	
10 (27.8)

	
35 (23.0)




	
I do not know

	
0 (0.0)

	
2 (2.9)

	
1 (2.8)

	
3 (2.0)




	
Where do you order the dressing changes to be done for patients with DFI wounds? n (%)




	
At home

	
9 (18.8)

	
6 (8.8)

	
6 (16.7)

	
21 (13.8)

	
0.32




	
In a hospital

	
11 (22.9)

	
10 (14.7)

	
9 (25.0)

	
30 (19.7)




	
In the primary care center

	
28 (58.3)

	
51 (75.0)

	
20 (55.6)

	
99 (65.1)




	
I do not know

	
0 (0.0)

	
1 (1.5)

	
1 (2.8)

	
2 (1.3)




	
To whom may you refer your patients with DFI wounds? n (%)

	




	
General Surgeon

	
10 (20.8)

	
24 (35.3)

	
11 (30.6)

	
45 (29.6)

	
0.03 *




	
Emergency Department

	
3 (6.3)

	
13 (19.1)

	
8 (22.2)

	
24 (15.8)




	
Orthopedic Surgeon

	
2 (4.2)

	
1 (1.5)

	
3 (8.3)

	
6 (3.9)




	
Vascular Surgeon

	
33 (68.8)

	
28 (41.2)

	
14 (38.9)

	
75 (49.3)




	
I do not know

	
0 (0.0)

	
2 (2.9)

	
0 (0.0)

	
2 (1.3)








DFU, diabetic foot ulcer; DFI, diabetic foot infection; * p < 0.05: statistically significant difference.
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