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Abstract
Background  General pediatricians often initially address children’s musculoskeletal (MSK) issues and play a crucial 
role in triaging and managing patients’ rheumatologic conditions. This study assessed the effectiveness of a structured 
curriculum in enhancing pediatric residents’ knowledge, MSK examination skills, and confidence during a 4-week 
pediatric rheumatology rotation.

Methods  Pediatric residents in their either second or third year who participated in the 4-week rheumatology 
rotation once across three academic years (July 2020–June 2023) were enrolled. Residents’ knowledge, MSK 
examination skills, and confidence were assessed at pre- and post-rotation by using 25 multiple-choice questions, 
the Thai pediatric Gait Arms Legs Spine examination, and a questionnaire, respectively. The curriculum comprised 
instruction on MSK examinations, interactive lectures, case-based discussion, topic reviews, MSK radiology conference, 
clinical experience in rheumatology clinic and consultations, with self-guided learning with educational resources.

Results  Fifty-eight pediatric residents (48 females, 10 males) with a mean age of 28.9 ± 0.8 years participated. 
Significant improvements were noted postrotation. Knowledge scores rose from 63.0 ± 12.2 to 79.7 ± 9.1 (mean 
difference 16.7 ± 10.3, p < 0.001). Similarly, MSK examination scores increased from 67.5 ± 14.4 to 93.6 ± 8.7 (mean 
difference 26.1 ± 14.6, p < 0.001). Residents also reported a marked increase in confidence across all evaluated areas, 
including history taking, MSK examination, arthrocentesis, and diagnosing and treating rheumatologic conditions 
(p < 0.001).

Conclusions  The 4-week structured curriculum in the pediatric rheumatology rotation significantly enhanced 
pediatric residents’ knowledge, MSK examination skills, and confidence. These findings support the integration of 
pediatric rheumatology rotations into pediatric residency training programs.
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Introduction
Pediatric rheumatology has emerged as a subspecialty 
in recent years, aiming to provide healthcare services 
for children with rheumatic diseases. However, a short-
age of pediatric rheumatologists has led to inadequate 
pediatric rheumatology education and patient care [1, 2]. 
This has resulted in delays in diagnosis and treatment [3], 
potentially leading to disease-related damage and disabil-
ity in patients [4]. In Southeast Asia and the Asia-Pacific 
regions, limited access to pediatric rheumatologists has 
necessitated the involvement of general pediatricians 
in the care of these patients [2]. However, studies have 
shown that pediatricians often lack confidence in pedi-
atric rheumatology, particularly musculoskeletal (MSK) 
examination skills [5].

Given these challenges, enhancing pediatric rheuma-
tology teaching during pediatric residency training is 
crucial. Training programs have implemented various 
methods to improve pediatric rheumatology education 
and confidence among learners. These include case-
based discussions [6] and web-based teaching modules 
[7]. Additionally, online self-study resources such as the 
Pediatric Musculoskeletal Matters website are globally 
available to promote pediatric MSK education for physi-
cians and allied health professionals [8].

In Thailand, the Royal College of Pediatricians of Thai-
land has incorporated pediatric rheumatology into the 
core syllabus of pediatric residency training. However, 
due to the country’s limited number of pediatric rheuma-
tologists [9], formal teaching of pediatric rheumatology is 
not provided at all training institutes.

In the 2020 academic year, the Division of Rheumatol-
ogy developed and introduced a new 4-week structured 
curriculum for pediatric residents. The Division of Rheu-
matology is one of the subspecialties in the Department 
of Pediatrics, Faculty of Medicine Siriraj Hospital, Mahi-
dol University, Bangkok, Thailand. Our institute is the 
largest tertiary university-based hospital with 2,200 beds, 
which includes 303 beds for pediatric inpatient admis-
sions, and provides the largest 3-year pediatric residency 
training program, with 26–28 pediatric residents in train-
ing for each academic year.

Our division developed the curriculum for the pediat-
ric rheumatology rotation based upon Kern’s curriculum 
development model [10]. We used this model since it is 
widely used and accepted for curriculum development 
in medical education and provides a comprehensive sys-
tematic approach consisting of 6 steps including problem 
identification and general needs assessment, measurable 
goals, educational strategy, implementation, feedback 
and evaluation [10]. This curriculum aimed to enhance 
the pediatric residents’ knowledge and MSK examina-
tion skills in pediatric rheumatology. The objectives of 
the present investigation were to evaluate the impact of 

the structured curriculum on pediatric residents’ pedi-
atric rheumatology knowledge, MSK examination skills, 
and confidence. We also explored the learners’ attitudes 
toward pediatric rheumatology and their expectations of 
the clinical rotation.

Methods
Setting and participants
This prospective single-center observational cohort study 
with pre-post study design of educational intervention 
was conducted at the Division of Rheumatology, Depart-
ment of Pediatrics, Faculty of Medicine Siriraj Hospital, 
Mahidol University, Bangkok, Thailand.

The study was initiated in the 2020 academic year fol-
lowing the implementation of a new curriculum for the 
pediatric rheumatology rotation. The inclusion criteria 
consisted of pediatric residents in their second or third 
year of training who participated in the 4-week pediatric 
rheumatology rotation between July 2020 and June 2023, 
covering three consecutive academic years. Participants 
who could not complete the rotation activities or did not 
attend all the academic activities were excluded from the 
analysis.

Curriculum structure
The development of the curriculum followed Kern’s six-
step approach [10]. Problem identification and general 
needs assessments were based on our previous survey 
among 281 Thai residency-trained pediatricians [5]. The 
needs assessment of the specific target group was iden-
tified in a pilot group of current pediatric residents in 
training. The goals and objectives of the curriculum were 
to enhance knowledge of pediatric rheumatologic dis-
eases, foster the development of pediatric MSK examina-
tion skills, and improve confidence in the clinical practice 
of pediatric rheumatology.

Regarding the pediatric rheumatology rotation, on the 
first day, pediatric residents underwent a pretest consist-
ing of 25 multiple-choice questions covering various top-
ics in pediatric rheumatology (with a total score of 100). 
Additionally, a questionnaire was administered to evalu-
ate their experience and level of confidence in pediatric 
rheumatology clinical practice using a five-point Likert 
scale ranging from “very low” to “very high.” In the ques-
tionnaire, previous experience regarding the number of 
encountered cases with rheumatology chief complaints 
were self-reported by pediatric residents considering the 
average number of cases on a monthly basis.They also 
engaged in a self-study session using the pediatric Gait 
Arms Legs Spine (pGALS) tool [11]. 

During the first week of the rotation, a pretest of MSK 
examination skills was conducted at the pediatric rheu-
matology clinic, utilizing 18 items from the Thai pGALS 
[12]. Each item was scored 0 (not done), 1 (incomplete), 
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or 2 (complete), with a total score converted to 100. MSK 
examination skills were taught by a pediatric rheumatol-
ogist who served as the teaching attending physician.

Educational activities throughout the rotation included 
two interactive academic lecture sessions (“Approach to 
Arthritis” in the second week and “Emergency in Pedi-
atric Rheumatology” in the third week). There were also 
four weekly topic reviews on pediatric rheumatology, 
four sessions on case-based discussions, and an MSK 
radiology conference. These were complemented by four 
sessions in the rheumatology clinic and participation in 
inpatient and outpatient pediatric rheumatology consul-
tations. Pediatric residents were provided with self-study 
materials through the Pediatric Musculoskeletal Matters 
website (www.pmmonline.org), the pGALS application 
[8, 13], and pediatric rheumatology core lectures acces-
sible via the faculty’s online platform.

At the end of the 4-week rotation, pediatric residents 
were reevaluated through posttests and an exit ques-
tionnaire to assess their confidence and attitude toward 
pediatric rheumatology. This questionnaire was adapted 
from a validated questionnaire previously used in a study 
involving residency-trained pediatricians [5]. In our exit 
questionnaire, a five-point Likert scale ranging from 
“very low” to “very high” was used to assess the level of 
confidence in pediatric rheumatology clinical practice, 
and a five-point Likert scale ranging from “strongly dis-
agree” to “strongly agree” was used to assess the learners’ 
attitude and expectations toward pediatric rheumatology 
at the end of the rotation. Participants were also provided 
the opportunity to write free text for self-reflections such 
as what they have learned, what areas they want to learn 
more or improve, and suggestions to improve teach-
ing in the clinical rotation. In addition to the question-
naires, the learners’ expectations regarding the pediatric 

rheumatology clinical rotation were explored through 
direct interviews. A feedback and reflection session was 
conducted at the end of each rotation. The information 
from participants will be used as the input for poten-
tial curriculum development following this study. The 
structured curriculum development and the educational 
activities implemented during the 4-week pediatric rheu-
matology rotation are depicted in Fig. 1. The curriculum 
mapping for the pediatric rheumatology rotation with 
details in each academic activity/intervention can be 
viewed in the Supplementary Table.

Outcomes and measurements
The primary outcome variables assessed in this study 
included the pretest and posttest scores for pediatric 
rheumatology knowledge, MSK examination skills, and 
level of confidence in pediatric rheumatology practice. 
The intervention implemented was the structured pedi-
atric rheumatology curriculum and the academic activi-
ties provided during the 4-week clinical rotation. This 
approach aimed to mitigate potential confounders that 
could affect residents’ competency, such as variations in 
the types and levels of clinical experiences that residents 
may encounter during their rotations.

This study was conducted in accordance with the prin-
ciples outlined in the Declaration of Helsinki. Autho-
rization for the study was obtained from the Siriraj 
Institutional Review Board of the Faculty of Medicine 
Siriraj Hospital, Mahidol University (approval number 
Si384/2020). All participants provided written informed 
consent before participating in the study. A research 
associate was involved in the process of obtaining written 
informed consent throughout the study period to avoid 
potential undue influence among the trainees.

Fig. 1  Schematic representation of the structured educational activities within the 4-week pediatric rheumatology rotation curriculum
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Sample size
As previous studies focusing on pediatric rheumatol-
ogy education and/or MSK education did not directly 
assess the outcome by using pretest, posttest, or confi-
dence scores, we could not calculate the sample size by 
using effect size differences. Therefore, the sample size 
for this study was determined by the convenience sam-
pling method by considering the anticipated number of 
pediatric residents attending the rotation at our institute. 
At our institute, each academic year comprised 13 rota-
tions, with the expectation that there would be at least 
one pediatric resident per rotation. Therefore, we esti-
mated a minimum of 13 participants per academic year. 
To ensure an adequate sample size, we enrolled partici-
pants over three consecutive academic years, resulting in 
a total sample size of 39 participants or more, given the 
limited number of trainees available.

Statistical analysis
All data analyses were conducted using PASW Statistics 
(version 18, SPSS Inc, Chicago, IL, USA). Descriptive 
statistics were utilized to summarize the participants’ 
demographic data and baseline clinical experiences, with 
results presented as counts and percentages. Continuous 
data comparisons are expressed as the means ± standard 
deviations (SDs) or as the medians and interquartile 
ranges, and comparisons were made using paired t tests 
or Mann–Whitney U tests, as appropriate. Categorical 
data comparisons were performed using the chi-square 
or Fisher’s exact tests. Ordinal data comparisons were 
conducted using the Wilcoxon signed-rank test. Indepen-
dent sample t tests were employed to compare test scores 
between resident years 2 and 3, while a one-way analysis 

of variance was used to compare test scores between aca-
demic years. The threshold for statistical significance in 
this study was set at a p value of less than 0.05.

The reporting guidelines of the Strengthening the 
Reporting of Observational Studies in Epidemiology [14] 
were followed.

Results
A total of 60 pediatric residents were initially enrolled in 
the study. However, 2 residents had to be excluded from 
the analysis due to medical illnesses that prevented them 
from participating in all activities during their 4-week 
rotation. Therefore, the final sample included 58 pediat-
ric residents: 48 females (82.5%) and 10 males (17.5%). 
Their mean ± SD age was 28.9 ± 0.8 years. In terms of 
pediatric residency training, 38 residents (65.5%) were in 
their second year, while 20 residents (34.5%) were in their 
third year.

Regarding baseline clinical experiences, most residents 
(75.9%) reported having encountered 1 to 5 pediatric 
rheumatology cases per month. Only 3 residents (5.2%) 
reported encountering 6 to 10 cases, while 11 residents 
(19%) had never experienced pediatric rheumatology 
cases. The most common presenting manifestations 
observed by residents were joint pain (70.7%), followed 
by fever with unknown cause (65.5%), skin rash (53.4%), 
multiple organ involvement (44.8%), limb pain (25.9%), 
and limping (15.5%).

The mean ± SD posttest scores for knowledge and MSK 
examination skills showed a significant increase com-
pared to the pretest scores (p < 0.001) as shown in Table 1; 
Fig.  2A and B. No significant differences were observed 
in the pretest and posttest scores when comparing 

Table 1  Pretest and posttest assessments of pediatric rheumatology knowledge and musculoskeletal examination proficiency among 
participating pediatric residents (N = 58). 
Test score Pretest score

Mean (± SD)
Posttest score
Mean (± SD)

Mean difference p Paired samples correlation p

Pediatric rheumatology knowledge
(Score = 100)
All participants (N = 58) 63.0 (± 12.2) 79.7 (± 9.1) 16.7 (± 10.3) < 0.001 0.565 < 0.001
Resident year 2 (n = 38) 63.3 (± 13.0) 79.3 (± 9.6) 16.0 (± 10.6) < 0.001 0.600 < 0.001
Resident year 3 (n = 20) 62.2 (± 10.7) 80.2 (± 8.4) 18.0 (± 9.9) < 0.001 0.486 0.03
Academic year 2020 (n = 17) 64.0 (± 13.3) 81.6 (± 6.8) 17.6 (± 11.6) < 0.001 0.488 0.047
Academic year 2021 (n = 23) 62.3 (± 12.7) 80.2 (± 9.8) 17.9 (± 10.2) < 0.001 0.619 0.002
Academic year 2022 (n = 18) 62.9 (± 11.0) 77.1 (± 10.2) 14.2 (± 9.3) < 0.001 0.616 0.007
MSK examination skills
(Score = 100)
All participants (N = 58) 67.5 (± 14.4) 93.6 (± 8.7) 26.1 (± 14.6) < 0.001 0.276 0.036
Resident year 2 (n = 38) 68.5 (± 14.7) 93.8 (± 7.4) 25.3 (± 15.0) < 0.001 0.215 0.196
Resident year 3 (n = 20) 65.8 (± 14.0) 93.4 (± 10.9) 27.6 (± 14.1) < 0.001 0.375 0.103
Academic year 2020 (n = 17) 64.2 (± 16.5) 92.5 (± 8.9) 28.3 (± 17.4) < 0.001 0.165 0.526
Academic year 2021 (n = 23) 69.7 (± 12.8) 95.7 (± 9.0) 26.0 (± 14.9) < 0.001 0.092 0.676
Academic year 2022 (n = 18) 68.1 (± 14.4) 92.3 (± 8.1) 24.2 (± 11.5) < 0.001 0.603 0.008
Abbreviations: IQR, interquartile range; MSK, musculoskeletal; SD, standard deviation
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subgroups based on resident years 2 and 3 or between 
academic years.

The level of confidence in pediatric rheumatology clini-
cal practice significantly increased across various aspects 
at the end of the rotation compared to the beginning of 
the rotation. These aspects include the history taking of 
rheumatologic and MSK diseases, MSK examination 
in children, arthrocentesis, rheumatology laboratory 
request and interpretation, interpretation of MSK plain 
radiographs, synovial fluid analysis, diagnosis and treat-
ment of rheumatologic diseases, and common medica-
tion use in rheumatologic diseases such as nonsteroidal 

anti-inflammatory drugs, disease-modifying antirheu-
matic drugs, and corticosteroids. The p value for these 
improvements was < 0.001. Figure  3  A and 3B visually 
represent the level of confidence in each topic of pediat-
ric rheumatology at the beginning and end of the pediat-
ric rheumatology rotation.

The exit survey aimed to gather the attitudes and 
expectations of pediatric residents regarding pediatric 
rheumatology and pediatric rheumatology education. 
More than half of pediatric residents (33, 56.9%) agreed 
or strongly agreed that more teaching in pediatric rheu-
matology during pediatric residency training is essential. 

Fig. 3  Confidence levels in various pediatric rheumatology topics reported by residents at the commencement (A) versus the conclusion (B) of the rota-
tion. There was a significant increase in confidence levels at the end of the rotation (p < 0.001). Abbreviations: DMARDs, disease-modifying antirheumatic 
drugs; IgA vasculitis, immunoglobulin A vasculitis; JIA, juvenile idiopathic arthritis; MSK, musculoskeletal; NSAIDs, nonsteroidal anti-inflammatory drugs; 
SLE, systemic lupus erythematosus

 

Fig. 2  Analytical comparison of pediatric residents’ knowledge in pretests and posttests (A) and MSK examination skills in pretests and posttests (B) dur-
ing the pediatric rheumatology rotation. There was a significant enhancement in the posttest performance (p < 0.001)
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As for participants who disagreed with this statement, it 
was found that they thought that what was being taught 
during the study period was optimal and adequate for the 
residency training program without the need to inten-
sify more teaching than what was already provided. The 
vast majority of pediatric residents (53, 91.4%) expressed 
that diagnosing pediatric rheumatologic diseases is 
mostly difficult. Furthermore, all pediatric residents (58, 
100%) agreed that pediatric rheumatologists are needed. 
Figure  4 illustrates the attitudes of pediatric residents 
toward pediatric rheumatology at the end of the rotation.

Regarding expectations for pediatric rheumatology 
education, most residents preferred lectures (40, 69.0%), 
case-based discussions (35, 60.3%), and workshops (33, 
56.9%) as the preferred teaching methods. The most 
commonly requested teaching topics were knowledge 
and management in pediatric rheumatologic diseases (55, 
94.8%) and arthrocentesis (54, 93.1%). Additionally, the 
residents suggested the teaching topics of multisystem 
inflammatory syndrome in children, uveitis, and disease-
modifying antirheumatic drugs.

Discussion
The structured curriculum implemented during the 
4-week pediatric rheumatology rotation significantly 
impacted pediatric residents’ competency. The context 
of the pediatric residency training program provides 
predominantly both outpatient and inpatient clinical 
exposure, which also applies to context of the pediatric 
rheumatology clinical rotation. The curriculum led to 
improvements in both their knowledge of pediatric rheu-
matologic diseases and their MSK examination skills. 
Additionally, the rotation resulted in a notable increase 

in confidence among residents in various aspects of 
pediatric rheumatology clinical practice. The exit survey 
findings further emphasized the importance of pediat-
ric rheumatology teaching, with a majority of residents 
agreeing on its essentiality. Among the requested teach-
ing topics, management in pediatric rheumatic diseases 
and arthrocentesis were the two most commonly men-
tioned areas of interest.

Our study demonstrated that a structured curriculum 
incorporating a combination of teaching methods yielded 
positive outcomes for pediatric residents. The curricu-
lum included interactive academic lectures, hands-on 
demonstrations, case-based discussions, MSK radiology 
conferences, topic reviews, and self-directed learning. 
These methods facilitated the development of cogni-
tive and psychomotor skills, as well as the cultivation of 
positive attitudes toward pediatric rheumatology [5–8, 
13]. Previous research has shown that case-based studies 
are a favored option for pediatricians [5]. This teaching 
method has proven beneficial during residency training 
[6] as the studied cases are drawn from real-life prac-
tice. Our pediatric residents were also assigned cases to 
review, and they discussed the tentative management 
plans with their supervising attending physician a day 
before attending the rheumatology clinic.

The 4-week pediatric rheumatology rotation had a 
daily schedule starting from 9  A.M. to 4 P.M. on week-
days. All activities and assessment were accommodated 
within these working hours. Time slots specifically for 
self-study were allocated. Pediatric residents may also 
access self-study online platforms at available time slots 
during the working hours or afterwards. Pediatric resi-
dents also participated in morning inpatient rounds of 

Fig. 4  Survey insights into pediatric residents’ attitudes toward pediatric rheumatology (N = 58)
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pediatric rheumatology patients along with the fellows 
on weekdays and on alternate weekends. Although this 
curriculum may have some similarities with other sub-
specialty rotations such as outpatient and inpatient con-
sultation, attendance of outpatient clinic, topic reviews, 
the uniqueness of the pediatric rheumatology curriculum 
is its well-structured combination with various forms of 
teaching methods with intervention and assessment of 
outcomes for knowledge, skills, and confidence in clini-
cal practice, as well as providing work-life balance for the 
trainees.

It is widely acknowledged that clinical exposure plays a 
crucial role in developing competency [15]. Workplace-
based learning is fundamental in postgraduate teaching; 
however, the type of cases and conditions that learn-
ers encounter during their clinical practice can vary 
unpredictably, leading to differences in their learning 
experiences. To address the rarity of certain emergency 
conditions in rheumatology, we incorporated interactive 
academic lectures to cover essential conditions such as 
macrophage activation syndrome, catastrophic antiphos-
pholipid syndrome, pulmonary-renal syndrome, and 
scleroderma renal crisis. This approach aimed to mini-
mize variations in learning content resulting from chance 
clinical exposure. On the other hand, pediatric rheuma-
tologic diseases such as juvenile idiopathic arthritis and 
systemic lupus erythematosus are prevalent in rheuma-
tology clinics and inpatient consultation services [16]. In 
our study, we ensured consistent educational activities 
throughout each rotation in the academic year. Thus, the 
4-week rotation provided sufficient clinical exposure to 
these conditions.

The pGALS screening tool, developed by Foster et al., 
is valuable for screening MSK abnormalities in children 
[11]. It has proven to be practical and applicable in vari-
ous settings, including outpatient departments [12], pedi-
atric acute care [17], and sports medicine [18]. One of the 
advantages of the pGALS tool is that it can be performed 
by individuals who are not MSK medicine or rheuma-
tology experts [17]. The original English version of the 
pGALS tool has been translated into multiple languages 
and has gained widespread use worldwide [12, 19–23]. 
In our previous study, we linguistically validated the Thai 
version of the pGALS and confirmed its validity [12]. Our 
findings demonstrated that the Thai pGALS is not only 
beneficial for pediatric residents in detecting MSK abnor-
malities in children but also practical and well received 
by patients and their parents [12]. Based on these results, 
we incorporated formal teaching of the Thai pGALS into 
the curriculum development for our study. Our study 
also stressed the impact of formal hands-on teaching and 
practice of MSK examination using the pGALS tool. The 
results indicated that pediatric residents showed a signifi-
cant improvement in MSK examination skills at the end 

of the rotation compared to the beginning. This finding 
suggests that providing formal instruction and practical 
training in MSK examination enhances skills more effec-
tively than having residents rely solely on self-study with 
provided resources.

There has been limited research on medical education 
in pediatric rheumatology within the context of pediatric 
residency training. Gillispie et al. conducted a study that 
demonstrated the effectiveness of case-based discussions 
in improving the confidence and knowledge of pediat-
ric residents in pediatric rheumatology [6]. Similarly, 
Batthish et al. found that web-based teaching modules, 
particularly those using case-based approaches and mul-
timedia modalities, were valuable in teaching MSK exam-
ination methods to pediatric residents [7]. However, our 
study revealed a preference among pediatric residents for 
academic lectures rather than case-based discussions. 
This preference may reflect differences in individual 
learning styles and educational cultures between Asian 
and Caucasian trainees. Nevertheless, it is essential to 
note that according to the National Training Laborato-
ries learning pyramid model, the student retention rate 
for information delivered through lectures is only 5% 
[24]. Furthermore, a survey study involving pediatricians 
demonstrated that attending academic pediatric rheuma-
tology lectures did not significantly increase their confi-
dence in clinical practice skills [5].

Various innovative teaching methods have become 
available, such as flipped classrooms, interprofessional 
education, team-based learning, gamification, and aug-
mented reality [25–28]. Whether these novel approaches 
can be effectively applied to pediatric rheumatology 
remains to be seen, and further research is needed in 
this area. Additionally, virtual learning methods became 
especially beneficial during the Coronavirus disease 2019 
pandemic [28]. Our program was modified in response 
to the pandemic so that some educational activities were 
delivered through the Zoom platform.

The Pediatric Rheumatology European Society has 
developed educational portfolios to enhance the knowl-
edge of medical professionals in providing care for 
children with rheumatic diseases [8]. Additionally, 
the Pediatric Musculoskeletal Matters website (www.
pmmonline.org) is a valuable online resource accessible 
worldwide to physicians and allied health professionals 
[8, 13]. This resource has the potential to benefit pedia-
tricians in their practice. Therefore, we strongly encour-
age pediatric residents to not only utilize these valuable 
educational resources during their self-directed learning 
sessions but also to continue engaging in lifelong learning 
by using them.

The development of clinical competencies, as pro-
posed by Miller in 1990 [29], follows a hierarchical pyra-
mid model consisting of four processes. They are Level 

http://www.pmmonline.org
http://www.pmmonline.org
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1, “knows (knowledge)”; Level 2, “knows how (compe-
tence)”; Level 3, “shows how (performance)”; and Level 4, 
“does (action).” Each level can be assessed using different 
methods [30]. In our study, we employed multiple-choice 
questions to assess knowledge and the Thai pGALS 
tool for the performance of MSK examination through 
direct observation in the rheumatology clinic. Note that 
the posttests were conducted at the end of the rotation, 
reflecting short-term retention. When assessing compe-
tencies in medical education, long-term retention should 
also be evaluated [31]. It can be assessed through for-
mative and summative examinations, such as multiple-
choice questions, constructed response questions, and 
objective structured clinical examinations for the resi-
dency board examination. Additionally, workplace-based 
assessments using entrustable professional activities at 
different milestones during each academic level offer 
several benefits in medical education, such as feedback-
seeking stimulation [32]. While our institute has imple-
mented all of these assessment methods during training, 
they are beyond the scope of this study and will not be 
discussed in this context.

The level of confidence in pediatric rheumatology 
clinical practice significantly increased from the begin-
ning to the end of the rotation. In a study conducted by 
Chowichien et al., pediatricians reported low confidence 
in MSK examination, arthrocentesis, and interpreta-
tion of rheumatology investigations [5]. Interestingly, 
pediatricians who had received training from pediatric 
rheumatology specialists during their residency showed 
a relatively higher confidence level in MSK examination 
and arthrocentesis than those who did not receive such 
training [5]. Previous studies have also highlighted low 
confidence in MSK examination among trainee pediatri-
cians [33] and physicians from other specialties [34]. In 
our study, most residents initially reported a low level 
of confidence in the MSK examination methods at the 
beginning of the rotation but demonstrated a high to very 
high level of confidence by the end of the rotation. This 
marked improvement indicates that formal teaching of 
MSK examination and utilizing the pGALS tool are effec-
tive in improving residents’ confidence in MSK exami-
nation as well as their performance. Similarly, a study 
by Boulter et al. demonstrated the benefit of pGALS in 
enhancing confidence in MSK examination among junior 
doctors [35].

When assessing confidence in arthrocentesis, most res-
idents in our study initially reported a low level of confi-
dence at the beginning of the rotation, which improved 
to a moderate level by the end of the rotation. Although 
the statistical analysis showed a significant increase, the 
modest increase in confidence highlights the need to fur-
ther enhance the formal teaching of arthrocentesis. Using 
a knee model for practicing arthrocentesis has been 

shown to be beneficial in improving confidence and per-
formance among sixth-year medical students [36]. There-
fore, it is recommended to introduce innovative methods 
such as the use of models or simulations to facilitate 
arthrocentesis skills during residency training.

The level of confidence in diagnosing and treating pedi-
atric rheumatic diseases among pediatricians can vary 
depending on the specific diseases [5]. In our study, at the 
beginning of the rotation, pediatric residents reported 
a moderate level of confidence in diagnosing juvenile 
idiopathic arthritis but a low level of confidence in its 
treatment. This discrepancy could be attributed to their 
previous experiences in encountering children with joint 
pain, which is a common presenting symptom, and their 
familiarity with this condition. However, after attending 
the rotation, most residents reported high confidence 
in both the diagnosis and the treatment of juvenile idio-
pathic arthritis. For chronic systemic vasculitis, most 
residents reported an increase in confidence from low 
at the beginning to moderate at the end of the rotation. 
Limited exposure to these less common conditions dur-
ing clinical training likely contributed to their initial lack 
of confidence. However, given the complexity of pediatric 
rheumatic diseases, it is recommended that early referral 
to specialists for further evaluation and proper manage-
ment be emphasized. In real-life practice, general pedia-
tricians are often the first to encounter these patients [2]. 
Therefore, during residency training, emphasis should be 
placed on developing competency in disease knowledge, 
MSK examination skills, emergency management, initial 
treatment, and early referral to specialists.

Several limitations in our study should be acknowl-
edged. First, it is important to recognize the potential 
confounding factors that may have influenced the partici-
pants’ competency levels. Variations in clinical exposures 
by chance could have differed between participants, lead-
ing to potential bias. However, we attempted to mitigate 
this by implementing the same structured learning con-
tent and educational activities in each rotation. Addition-
ally, the identified areas of educational needs likely reflect 
the residents’ clinical exposure, and thus may be differ-
ent in other pediatric residency training programs with 
various contexts. As this is a single-center study, further 
studies to explore the educational needs in other pediat-
ric residency training institution should be explored. Sec-
ond, assessing competency through posttests within the 
4-week rotation may only partially capture the long-term 
retention of knowledge and skills. While the assessment 
methods used to evaluate competencies and skills have 
been assessed as part of the pediatric residency training 
program, they were not explicitly evaluated within the 
context of this study. In this study, we did not repeat the 
tests and questionnaire to assess the long-term knowl-
edge retention and confidence, nor were there formal 
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surveys of routine pGALS examination after attending 
the rotation. However, these assessment methods would 
be of great benefit to evaluate long-term retention, and 
should be considered to perform at 6 or 12 months in 
further studies. Third, there could be possibilities to over-
estimate the effects of interventions and underreport of 
unintended consequences of the curriculum as partici-
pants who cannot complete the rotation or did not attend 
all activities were excluded from the analysis. To accom-
modate these scenarios which may occur in real life set-
tings, we provided the opportunity for the trainees to 
catch up with the missed educational activities later, not 
limited to within the 4-week rotation, for their benefit 
in pediatric rheumatology education. Last, the number 
of participants in our study was limited even though we 
recruited pediatric residents over three academic years. 
However, it is worth noting that our center has the larg-
est pediatric residency training program in Thailand and 
is the only center with year-round arrangements for resi-
dents rotating in pediatric rheumatology. Despite these 
limitations, the findings of our study may have potential 
applicability to other institutes aiming to develop a struc-
tured curriculum with educational activities within their 
general pediatric residency training programs.

Conclusions
The 4-week structured curriculum in the pediatric 
rheumatology rotation significantly increased pediatric 
residents’ knowledge, MSK examination skills, and con-
fidence. Based on these findings, we strongly recommend 
including a pediatric rheumatology rotation in residency 
training programs. The structured curriculum and edu-
cational activities are a potential model for teaching pedi-
atric rheumatology during residency training.

Abbreviations
DMARDs	� Disease-modifying antirheumatic drugs
IgA vasculitis	� Immunoglobulin A vasculitis
IQR	� Interquartile range
JIA	� Juvenile idiopathic arthritis
MSK	� Musculoskeletal
NSAIDs	� Nonsteroidal anti-inflammatory drugs
pGALS	� Pediatric Gait Arms Legs Spine
SD	� Standard deviations
SLE	� Systemic lupus erythematosus

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12909-024-05043-8.

Supplementary Material 1: The curriculum mapping for the pediatric rheu-
matology rotation with details in each academic activity/intervention.

Acknowledgements
We thank Associate Professor Cherdsak Iramaneerat (MD) from the Siriraj 
Health Science Education Excellence Center for providing valuable advice in 
this study, Ms Kanokwan Sommai for the assistance in statistical analysis, and 

Mr David Park for the professional English-language editing of this manuscript. 
Last, we would like to thank all the pediatric residents who participated in this 
study for their contribution.

Author contributions
MS conceived and designed the study, collected and analysed the data, 
interpreted the results, drafted the manuscript, reviewed and revised the 
manuscript. SC conceived and designed the study, collected and analysed the 
data, interpreted the results, drafted the manuscript, reviewed and critically 
revised the manuscript with suggestions, and is the corresponding author. The 
authors meet the criteria for authorship as recommended by the International 
Committee of Medical Journal Editors, accept responsibility for the integrity 
of the work as a whole, contributed to the writing and reviewing of the 
manuscript, and have approved the final version of the manuscript to be 
submitted for journal publication.

Funding
This research did not receive any specific grant from funding agencies in the 
public commercial, or not-for-profit sectors.
Open access funding provided by Mahidol University

Data availability
The datasets used and/or analysed during the current study are available 
upon reasonable request by contacting the corresponding author.

Declarations

Ethics approval and consent to participate
The study protocol was approved by the Ethics Committee for Research in 
Humans of the Siriraj Institutional Review Board of the Faculty of Medicine 
Siriraj Hospital, Mahidol University (approval number Si384/2020). All 
participants provided written informed consent before participating in the 
study.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 3 November 2023 / Accepted: 7 January 2024

References
1.	 Srinivasalu H, Riebschleger M. Medical education in pediatric rheumatology-

unique challenges and opportunities. Clin Rheumatol. 2020;39(3):643–50.
2.	 Tangcheewinsirikul S, Tang SP, Smith N, Sukharomana M, Charuvanij S, 

Vilaiyuk S, et al. Delivery of paediatric rheumatology care: a survey of current 
clinical practice in Southeast Asia and Asia-Pacific regions. Pediatr Rheumatol 
Online J. 2021;19(1):11.

3.	 McErlane F, Foster HE, Carrasco R, Baildam EM, Chieng SE, Davidson JE, et al. 
Trends in paediatric rheumatology referral times and disease activity indices 
over a ten-year period among children and young people with juvenile 
idiopathic arthritis: results from the childhood arthritis prospective study. 
Rheumatology (Oxford). 2016;55(7):1225–34.

4.	 Tangcheewinsirikul S, Sukharomana M, Charuvanij S. Disability and disease-
related damage in Thai children and adolescents with juvenile idiopathic 
arthritis. Pediatr Rheumatol Online J. 2023;21(1):68.

5.	 Chowichian M, Sonjaipanich S, Charuvanij S. Attitudes toward pediat-
ric rheumatology among residency-trained pediatricians. Pediatr Int. 
2021;63(10):1162–9.

6.	 Gillispie M, Muscal E, Rama J, Falco C, Brown A. Pediatric Rheumatology 
Curriculum for the Pediatrics Resident: a Case-Based Approach to Learning. 
MedEdPORTAL. 2018;14:10767.

7.	 Batthish M, Bassilious E, Schneider R, Feldman BM, Hyman A, Tse SM. A 
unique, interactive and web-based pediatric rheumatology teaching module: 
residents’ perceptions. Pediatr Rheumatol Online J. 2013;11(1):22.

https://doi.org/10.1186/s12909-024-05043-8
https://doi.org/10.1186/s12909-024-05043-8


Page 10 of 10Sukharomana and Charuvanij BMC Medical Education           (2024) 24:83 

8.	 Foster HE, Vojinovic J, Constantin T, Martini A, Dolezalova P, Uziel Y, et al. 
Educational initiatives and training for paediatric rheumatology in Europe. 
Pediatr Rheumatol Online J. 2018;16(1):77.

9.	 Arkachaisri T, Tang SP, Daengsuwan T, Phongsamart G, Vilaiyuk S, Charuvanij 
S, et al. Paediatric rheumatology clinic population in Southeast Asia: are we 
different? Rheumatology (Oxford). 2017;56(3):390–8.

10.	 Thomas PA, Kern DE, Hughes MT, Chen BY. Curriculum development for 
medical education: a six-step approach Baltimore. MD: Johns Hopkins Univer-
sity Press; 2015.

11.	 Foster HE, Kay LJ, Friswell M, Coady D, Myers A. Musculoskeletal screen-
ing examination (pGALS) for school-age children based on the adult GALS 
screen. Arthritis Rheum. 2006;55(5):709–16.

12.	 Sukharomana M, Charuvanij S. The Thai translation of the Pediatric Gait, Arms, 
Legs, Spine Tool is useful for pediatric residents in detecting musculoskeletal 
abnormalities in children. J Clin Rheumatol. 2021;27(8):e323–e9.

13.	 Smith N, Foster HE, Jandial S. A mixed methods evaluation of the Paediatric 
Musculoskeletal matters (PMM) online portfolio. Pediatr Rheumatol Online J. 
2021;19(1):85.

14.	 von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP, 
et al. The strengthening the reporting of Observational studies in Epidemiol-
ogy (STROBE) statement: guidelines for reporting observational studies. PLoS 
Med. 2007;4(10):e296.

15.	 Goff I, Wise EM, Coady D, Walker D. Musculoskeletal training: are GP trainees 
exposed to the right case mix for independent practice? Clin Rheumatol. 
2016;35(2):507–11.

16.	 Jeamsripong S, Charuvanij S. Features distinguishing juvenile idiopathic 
arthritis among children with musculoskeletal complaints. World J Pediatr. 
2020;16(1):74–81.

17.	 Goff I, Bateman B, Myers A, Foster H. Acceptability and practicality of mus-
culoskeletal examination in acute general pediatric assessment. J Pediatr. 
2010;156(4):657–62.

18.	 Palermi S, Annarumma G, Spinelli A, Massa B, Serio A, Vecchiato M, et al. 
Acceptability and practicality of a Quick Musculoskeletal Examination into 
sports Medicine Pre-participation evaluation. Pediatr Rep. 2022;14(2):207–16.

19.	 Abernethy K, Jandial S, Hill L, Sanchez ES, Foster H. Acceptability and practi-
cality of a Spanish translation of paediatric gait arms legs and spine (pGALS) 
in Peruvian children. Pediatr Rheumatol Online J. 2014;12:48.

20.	 Batu ED, Kenis Coskun O, Sonmez HE, Karali D, Arslanoglu Aydin E, Bilginer Y, 
et al. Acceptability and practicality of the Turkish translation of Pediatric Gait 
Arm legs and spine in Turkish children. J Clin Rheumatol. 2017;23(8):421–4.

21.	 Moreno-Torres LA, Hernandez-Garduno AG, Arellano-Valdes CA, Salinas-
Rodriguez A, Rubio-Perez N, Pelaez-Ballestas I. Cross-cultural validation of the 
paediatric gait, arms, legs, spine (pGALS) tool for the screening of musculo-
skeletal disorders in Mexican children. Rheumatol Int. 2016;36(4):495–503.

22.	 Sabui TK, Samanta M, Mondal RK, Banerjee I, Saren A, Hazra A. Survey of 
musculoskeletal abnormalities in school-going children of hilly and foothill 
regions of Eastern Himalayas using the pediatric gait, arms, legs, spine 
screening method. Int J Rheum Dis. 2018;21(5):1127–34.

23.	 Kawishe JE, Ngugi A, Luchters S, Foster H, Migowa A. Screening utility and 
acceptability of the Kiswahili-pGALS (paediatric gait, arms, legs, spine) at a 
tertiary referral hospital in Kenya-A diagnostic accuracy study. Pediatr Rheu-
matol Online J. 2023;21(1):103.

24.	 Lalley JP, Miller RH. The learning pyramid: does it point teachers in the right 
direction? Eduation. 2007;128:64–79.

25.	 Dua AB, Kilian A, Grainger R, Fantus SA, Wallace ZS, Buttgereit F, et al. Chal-
lenges, collaboration, and innovation in rheumatology education during 
the COVID-19 pandemic: leveraging new ways to teach. Clin Rheumatol. 
2020;39(12):3535–41.

26.	 Cunha ALG, Terreri MT, Len CA. Virtual Learning Environment in Pediatric 
Rheumatology for Pediatric residents. Rev Paul Pediatr. 2020;38:e2018189.

27.	 Al Maini M, Al Weshahi Y, Foster HE, Chehade MJ, Gabriel SE, Saleh JA, et al. 
A global perspective on the challenges and opportunities in learning about 
rheumatic and musculoskeletal diseases in undergraduate medical educa-
tion: white paper by the World Forum on Rheumatic and Musculoskeletal 
diseases (WFRMD). Clin Rheumatol. 2020;39(3):627–42.

28.	 Bilal S, Shanmugam VK. Enhancing rheumatology education during the 
COVID-19 pandemic. Rheumatol Int. 2021;41(3):503–8.

29.	 Miller GE. The assessment of clinical skills/competence/performance. Acad 
Med. 1990;65(9 Suppl):63–7.

30.	 Witheridge A, Ferns G, Scott-Smith W. Revisiting Miller’s pyramid in medical 
education: the gap between traditional assessment and diagnostic reason-
ing. Int J Med Educ. 2019;10:191–2.

31.	 Butler AC, Raley ND. The future of Medical Education: assessing the impact 
of interventions on Long-Term Retention and Clinical Care. J Grad Med Educ. 
2015;7(3):483–5.

32.	 Bremer AE, van de Pol MHJ, Laan R, Fluit C. How an EPA-based curriculum 
supports professional identity formation. BMC Med Educ. 2022;22(1):48.

33.	 Myers A, McDonagh JE, Gupta K, Hull R, Barker D, Kay LJ, et al. More ‘cries from 
the joints’: assessment of the musculoskeletal system is poorly documented 
in routine paediatric clerking. Rheumatology (Oxford). 2004;43(8):1045–9.

34.	 Jandial S, Myers A, Wise E, Foster HE. Doctors likely to encounter children 
with musculoskeletal complaints have low confidence in their clinical skills. J 
Pediatr. 2009;154(2):267–71.

35.	 Boulter EL, Rogers JR, Borland ML. Improving junior doctors’ confidence 
in paediatric musculoskeletal assessment. J Paediatr Child Health. 
2014;50(10):787–90.

36.	 Chiowchanwisawakit P, Ratanarat R, Srinonprasert V. Improving sixth year 
medical students’ performance in knee arthrocentesis using a synthetic knee 
model. Int J Rheum Dis. 2015;18(7):742–50.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Implementation and assessment of a structured curriculum for a 4-week pediatric rheumatology rotation for pediatric residents
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Setting and participants
	﻿Curriculum structure
	﻿Outcomes and measurements
	﻿Sample size
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusions
	﻿References


