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This chapter provides concise findings of the results of this thesis 
along with a discussion, the implications of the findings and future areas to study. 

General discussion and future perspectives
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General discussion and future perspectives

Pain in Buruli ulcer
Buruli ulcer (BU) has always been described as a relatively painless condition. Mycolactone is 
considered to cause analgesia in BU [1, 2]. In contrast, some recent studies reported that patients 
with ulcers experienced pain [3-5] and clinical observations revealed pain during wound care 
dressings. Our study described in chapter 2 confirms these findings as we found that almost 30% 
of the BU patients experience severe pain during wound care dressings as measured with the 
Wong-Baker Faces Pain Rating Scale (WBS) [6]. To capture a broad picture of pain in BU, interviews 
were conducted with health care professionals elucidating pain perceptions and current pain 
practices. In addition medical records of BU patients were reviewed retrospectively to explore 
the prescription of pain medication. The results of this study are set out in chapter 3. Health care 
professionals reported that advanced BU stages are painful and that pain increases as a result 
of wound care dressings, or after a skin graft at the donor site. Furthermore they indicated that 
paying attention to mild pain is not part of daily practice, in the rural African socio-cultural 
context. Other studies conducted in Africa have elaborated on cultural expectations and norms 
influencing reports of, and acceptance of pain and described several cultural factors that can 
impede pain management. In various African contexts, it may be a cultural imperative to avoid 
admitting physical pain by rather showing a stoic reaction, and therefore patients might be 
less likely to express pain as this implies weakness; indeed, pain is considered a private matter 
and silent suffering is encouraged [7-11]. Reasons for so little attention to BU related pain by the 
international community might be that the focus has been on understanding transmission, 
diagnostics, and medical treatment of BU, since the Yamoussoukro declaration [12]. This contrasts 
with a steady flow of research papers, addressing other aspects of the socio-cultural context like 
stigma, fear and health seeking behavior concerning BU [13-17]. The findings in this thesis on BU-
related pain emphasize the need for regular assessment and adequate treatment of pain and to 
explore patients’ expectations concerning pain and pain relief during medical treatment of BU, 
as professionals indicate that patients expect to be pain-free during hospitalization. Chapter 4 
describes the findings of a multidisciplinary workshop that aimed to discuss pain management 
and develop a pain guide specifically for treatment of pain in BU patients. Although only 
measurements concerning procedural pain have been conducted (chapter 2) those attending 
the workshop discussed that continuous pain due to secondary bacterial infections or paradoxical 
reactions needs adequate assessment and treatment, as described in chapter 4. As the nervous 
systems of BU patients are affected, other types of pain such as chronic pain [18] and neuropathic 
pain in BU patients might deserve attention in future studies. 

To help improve pain management, we propose the following steps to be taken: 
 1. Further development and implementation of the proposed guide to treat pain in BU. 
     The proposed pain guide needs to be tailored at district level and health care level as 
     resources and  personnel are different.   
 2. Training of health care professionals involved in BU care on pain assessment in a standardized 
     fashion using the WBS and clinical judgment and non-pharmaceutical and pharmaceutical  
     ways for pain relief. One aspect deserving careful consideration is cultural values that have
     been shown to play a role in identification and expression of pain. In addition the training 
     should entail an aspect that will focus on the medical hierarchy and that health care    
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     professionals are trained to inform the patients on pharmaceutical and non-pharmaceutical 
     options to relieve pain. A patient  may be reluctant to ask for pain medication, as it is 
     frequently  believed that a healthcare professional would know when that is necessary.   
 3. Development of a culturally sensitive e-learning program on the physiology of pain, 
     pain assessment and treatment, which can be consulted by health care professionals 
     for background  information.  
 
As a next step a study should explore the efficiency and efficacy of the pain guide applying 
a monitoring and evaluation study, commonly used for implementation projects [19]. Yet the 
treatment of pain remains a complex issue due to the interplay between cultural, religious, political, 
educational, and logistical factors.The main struggles concern the accessibility, availability and 
affordability of pain medication. Children residing in African countries hardly receive morphine to 
relieve their severe pain [20] and the mean opioid consumption in Africa (about 1.0 mg/per capita) 
is far below the European average (125 mg/capita) [21]. Pain management is a universal human 
right [22] and might reduce BU related disabilities, and governments, pharmaceutical companies 
and policy makers should take action to achieve access to pain medication. 
 
Neopterin is of limited value to detect paradoxical reactions
Paradoxical reactions are common among patients medically treated for BU; these exaggerated 
inflammatory responses may easily be misinterpreted as treatment failure. Clearly, new tools to 
help clinicians differentiate treatment failure from a paradoxical reaction would be an enormous 
asset. Neopterin showed promise in detecting paradoxical reactions in leprosy patients [23, 24]. 
Nevertheless, chapter 5 provides the findings that in BU serum levels of neopterin were similar for 
BU patients with or without paradoxical responses. It can be concluded that the determination 
of serum levels of neopterin are not helpful to detect paradoxical responses. The potential 
importance of mycolactone in BU disease detection and monitoring has been highlighted [25], 
and future studies should investigate mycolactone levels along with paradoxical reactions. One 
problem is that systemic concentrations of mycolactone are extremely small [26], and sampling 
from lesions might be difficult to interpret because of the potential of sampling error [25]. The 
best way would be a marker to measure mycolactone production as the mycolactone product 
has a substantial half-life. Another option could be to examine excised tissue of the lesion for 
the presence of live Mycobacterium ulcerans [27, 28] to differentiate treatment failure or paradoxical 
response. Culture - though perhaps somehow the gold standard for detection of the presence 
of live bacilli - is flawed by its low sensitivity. On the other hand, there is anecdotal evidence that 
live bacilli have been cultured from lesions that nonetheless went on to heal subsequently [29]. The 
quest should therefore perhaps be to find a marker – e.g., RNA expression array [30] - indicating the 
presence or absence of ongoing enzyme activity indicating mycolactone production. 
 
Participation restrictions 
In chapter 6, we present the participation restrictions among former BU patients. Almost 50% 
of the former BU patients residing in endemic areas in Ghana and Benin indicate that they 
experienced social participation restrictions. Across both countries especially the employment 
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related restrictions were common. Restrictions perceived in other domains such as community, 
social and civic life and communication are different between the two countries. Different 
cultural values might shape views on aspects of participation restrictions and the impact in daily 
life that might explain differences across study sites.  Previous disability studies mainly addressed 
physical disabilities such as contractures, deformities, and functional limitations [31-35] and only 
few studies have touched upon aspects of participation restrictions [14, 15, 35, 36]. The results in this 
thesis show that former BU patients experience physical and social disabilities e.g. functional 
limitations and participation restrictions.  Moreover the results indicate that a clear-cut correlation 
between physical disabilities and social disabilities does not exist. Indeed, patients experiencing 
participation restrictions may not encounter functional problems, and vice versa. In order to pay 
attention to participation restrictions, researchers, health professionals, policy makers and other 
stakeholders involved in BU are challenged to go beyond clinical and physical approaches in 
patient care or scientific studies and include outcomes on the participation level. This is also 
advocated by the World Health Organization (WHO); indeed one should look at disabilities using 
a biopsychosocial perspective [37, 38]. Routinely assessing participation restrictions is one of the 
ways to advance attention on the participation level as can be recommended by the National 
Programs. Furthermore we encourage other researchers to assess participation restrictions in 
either experimental or observational studies, as data collection will shed light on the scope of 
the problems.  
 
The Participation Scale is a practical tool initially developed for use in developing countries 
to assess participation restrictions [39]. Chapter 7 presents the measurement properties of the 
Participation Scale among former BU patients in Ghana and Benin. At this point in time, due to 
limitations in studies conducted, we advise to solely use the Participation Scale to gain insights in 
the scope of participation problems. Future studies should investigate other aspects of reliability 
and responsiveness of the Participation Scale for the use of individual evaluation. Thus far, one 
aspect of cross-cultural validation could not be established as we had small sample sizes. In the 
future, a factor analysis can explain on measurement invariance between the original version 
and the translated version [40]. Furthermore, the Participation Scale was validated for patients with 
disabilities at least 15 years of age [39]. Another important focus of research should be to develop 
and validate a suitable instrument to assess participation restrictions among children as BU mainly 
affects children below age 15 [41].
 
To prevent functional limitations following BU, Prevention of Disability rehabilitation programs 
[42, 43] specifically for individuals affected with BU have been developed. This current program 
predominantly entails measures to prevent physical disabilities such as wound management, 
positioning of the limb and passive or active mobilization and entails solely one module concerning 
social and psychosocial considerations. In order to understand the current efficiency an essential 
future step would be a monitoring and evaluation study on this program both at district level 
and at health care facility level [19]. This would not only help in evaluating the current program, 
but also in comparing programs across different BU treatment centers. It might be possible 
that combating persisting participation restrictions demands intensified tailored activities, 
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especially concerning work related aspects starting already in the hospital for those affected 
by BU.  For hospitalized patients physiotherapists should pay attention to employment-related 
activities and address skills and activities related to employment. Support groups have been 
recommended [42]; social workers or former patients can support these volunteers. Social workers 
have been educated to address aspects of participation restrictions and former BU patients can 
share experiences to trigger discussions and solutions. During these sessions professionals are 
encouraged to listen carefully to concerns patients are faced with, as individual situations will 
vary greatly. Social workers and former BU patients can support patients to overcome hesitation 
and embarrassment to find paid employment or to pick up their previous employment activities. 
In addition they can support and encourage children (and their parents) to enter school and to 
join other children of their own age [42]. Community based rehabilitation programs have been 
developed in the 1970s and are being promoted as a strategy to provide rehabilitation measures 
using local resources at community level to ensure services can be reached by people with 
disabilities. These promising programs are advocated by the WHO and aim to reduce poverty 
and promote equal opportunities and social inclusion of people with disabilities [44]. Home-
based training targeted at reducing disabilities among persons with disabilities have described 
an increase in independence, mobility, communication skills and social integration in low- and 
middle income countries [45] and rehabilitation measures have been proven to assist people 
experiencing disabilities with returning to work, including adjusting daily work activities or work 
schemes [44]. To target disabilities among former BU patients such programs can be developed 
and implemented guided by a participatory approach involving important stakeholders to 
overcome cultural variation in perceptions of disabilities and to empower various stakeholders. 
For such programs, we can learn from a previous study that reported on community-based 
rehabilitation in Ghana and Benin. This study indicated that complementarities across national, 
intermediate and community level are required for successful community response [46]. It is also 
notable that concerns on community-based rehabilitation exist as the influence of traditional 
local beliefs on causes of disabilities might hinder implementation [47]. The development and 
implementation of a community based rehabilitation program can be guided by impact studies 
that will unravel evidence concerning effectiveness of community based rehabilitation deserving 
further exploration [45, 48, 49]. 
 
Community health volunteers in early case detection
Over the past years the contribution of community health volunteers in control of infectious 
diseases has been acknowledged. In BU control the contribution of community health volunteers 
seems promising [50-52].  In chapter 8 we describe the role of community health volunteers in BU 
control. Out of the 1965 individuals that presented to the health centers with BU, community 
health volunteers referred 521 (26.5%). Referral by a community health volunteer shows to protect 
against presentation at a late, advanced stage of the disease (Odds ratio of 0.43) as compared 
to referral by a health care worker. However this effect disappears when the treatment center 
is added to the model. This effect may be explained by differences across centers concerning 
decentralization of care. 
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The results in chapter 2 and chapter 6, showing less pain and less participation restrictions among 
patients with smaller lesions highlight the significance of early case detection to reduce disease 
burden. In chapter 8, we describe patients referred by the community health volunteers most 
frequently presented with an early lesion (68.1%).  For the first years to come, an essential area of 
research is to unravel more effective strategies to detect patients with early lesions. Apart from 
simply increasing the number of community health volunteers, former patients or teachers might 
be an alternative approach [50], while on the other hand using mobile (smart phone) devices 
can be a helpful tool to assist in early case detection [53]. Another area of further exploration is 
the inconsistency concerning training approaches of community health volunteers. Insights 
in effective training methods can assist in the development of essential components of health 
education for community health volunteers, but also for former patients and teachers [50]. The 
effectiveness of early case detection can be evaluated by a cost-effectiveness analysis, which can 
help in decision making for policy makers. The endpoints of this analysis should be the proportion 
of patients presenting with early lesions, with functional limitations and participation restrictions, 
and the direct and indirect costs per patient. 
Delay in seeking medical care remains attributed to social and economic reasons and remains one 
of the major problems in BU control [17]. The results of this thesis show higher pain scores among 
patients with larger lesions during wound dressings along with more participation restrictions 
among former BU patients. Thus patients that delay due to social and economic reasons only 
further aggravate their disease burden. The key focus of researchers, National Programs, policy 
makers and other stakeholders should be to optimize early case detection as this clearly is the 
single most important factor to reduce the psychosocial impact. 
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