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Abstract 
Introduction: Even though lumbar puncture (LP) represents an important 
tool in the diagnosis of certain neurological diseases, this procedure is little 
practiced by our students. We aimed to evaluate the attitudes and practices 
of students, interns, and residents about LP, and to assess their feelings 
about how this procedure is taught. Materials and Methods: We conducted 
a cross-sectional study of 160 participants, using an anonymous question-
naire, to evaluate the attitudes and practices of students, interns and residents 
in the pediatrics department concerning lumbar puncture. Results: Half of 
the participants had never performed LP, usually because of the risk involved 
or lack of confidence, while 20% had performed it more than 4 times. None 
of the participants had learned to perform the procedure through simulation 
sessions, while (42%) had learned it under the supervision of a senior physi-
cian and had not been able to perform it successfully the first time. Most par-
ticipants inform the patient about the procedure before performing it. Only 
44% of participants acknowledged that LP can be performed under local 
anesthetic. The sitting position (60%) was by far the most commonly used. 
Most LPs were performed for diagnostic purposes. Most participants stated 
that the pediatric ward and the pediatric emergency department are among 
the departments that perform LP most frequently, and that they would be in-
terested in taking part in simulated lumbar puncture sessions in children in 
the future. Conclusion: The results of our study show that LP is perceived by 
students as a risky procedure that is difficult to perform. Teachers should re-
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consider how this technical procedure is taught, by integrating simulation on 
mannequins into student training.   
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Lumbar Puncture, Learning, Healthcare Simulation, Stress, Clinical  
Competency 

 

1. Introduction 

Lumbar puncture (LP) is an invasive medical procedure, sometimes necessary, 
for the diagnosis of many pathologies, particularly neurological ones [1]. It in-
volves the removal of cerebrospinal fluid (CSF) from the lumbar subarachnoid 
space for diagnostic and/or therapeutic purposes [2]. In this procedure, CSF is 
withdrawn from the lumbar region by inserting an atraumatic needle between 
the spinous processes of two adjacent lumbar vertebrae until it reaches the sub-
arachnoid space. To avoid damage to the spinal cord, the sample should be taken 
between the 3rd and 4th vertebrae, or between the 4th and 5th vertebrae, where 
the spinal cord no longer exists [3]. 

Lumbar puncture (LP) plays a crucial role in pediatric medicine. The cerebros-
pinal fluid analysis from LP is instrumental in diagnosing infections, inflamma-
tory conditions, subarachnoid hemorrhages, demyelinating syndromes, and aid-
ing in the management of pseudotumor cerebri. This procedure provides valuable 
insights into neurological disorders, guiding appropriate treatment strategies [4]. 
Lumbar puncture requires patient consent, compliance with asepsis rules, mas-
tery of the procedure, and knowledge of contraindications and iatrogenic com-
plications. The use of appropriate, atraumatic needles with non-sharp tips re-
duces the incidence of post-lumbar puncture syndrome, an iatrogenic complica-
tion characterized by postural headaches [5]. It is one of the most challenging 
procedures in medicine, as its success depends not only on the skill of the physi-
cianbut also on the size, anatomy, and comfort of the patient [6]. Until recently, 
medical training for this procedure typically involved the “see one, do one, and 
teach one” learning model, where a trainee’s first attempt takes place in a real-life, 
high-stakes environment [7]. As a result, novice operators’ stress levels were 
elevated before and during PL completion compared to subjects with prior expe-
rience [8]. 

Simulation technology using lumbar puncture simulators is effective in im-
proving operator education and experience in technical gestures such as the case 
of LP practice [9] [10]. It has been reported to improve students’ theoretical 
knowledge and autonomy, as well as their success rate and confidence in per-
forming LP [10]. However, while simulation is becoming a necessary part of 
medical learning and study, it is far more resource-intensive than traditional 
learning [7]. Our study aimed to evaluate the skills of students from the Oujda 
Faculty of Medicine and Pharmacy, interns, and residents assigned to the pedia-
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tric department, in the practice of LP during their internship. To this end, we 
conducted this descriptive study with them to assess their experiences of learn-
ing lumbar puncture in pediatrics. 

2. Materials and Methods 

Study design: a cross-sectional study was conducted to evaluate the attitudes and 
practices of students, interns and residents in the pediatrics department con-
cerning lumbar puncture. 

Study setting and population: the Oujda Faculty of Medicine and Pharmacy 
came into being in 2008, thanks to the will of His Majesty King Mohammed VI, 
may God assist him, who wanted the Oriental region to enjoy all the autonomy it 
deserves and needs, particularly in terms of socio-economic and educational in-
frastructure. It is one of Morocco’s eleven public higher education establish-
ments for medicine and pharmacy. It is affiliated to the Mohamed I University 
of Oujda. Every year, the Oujda Faculty of Medicine and Pharmacy welcomes 
over 300 Moroccan students from Oujda and neighboring towns, as well as for-
eign students, notably Tunisians, students from the Middle East and sub-Saharan 
Africans, all of them supervised by a team of teaching staff. After passing the bac-
calaureate and the entrance exam to the Faculty of Medicine and Pharmacy in 
Oujda, the curriculum is divided into 3 cycles: the 1st cycle consists of the first 
two years. The 2nd cycle lasts 3 years. The 3rd cycle, 2 years, corresponds to the 
internship. After defending the thesis, the student obtains the diploma of Doctor 
of Medicine. 

Students’ practical activities and internships are carried out at the Mohammed 
VI University Hospital in Oujda, which is affiliated to the Ministry of Health and 
Social Protection. The center comprises four hospitals: the Hospital for Special-
ties, the mother and Child Hospital, the Hassan II Oncology Center and the 
Hospital for Mental Health and Psychiatric Diseases. The pediatrics department 
is located in the mother and child hospital, and receives students from the Oujda 
faculty of medicine and pharmacy, interns and residents pursuing their pedia-
trics specialty. 

The study included 160 participants. The inclusion criteria were: all OUJDA 
Faculty of Medicine and Pharmacy students (4th and 6th years) doing their medi-
cal studies and hospital internship in the pediatrics department, as well as all in-
terns and residents pursuing their Pediatrics specialty. 

Variables: variables included age of participant, gender, level of medical edu-
cation, faculty of study, number of lumbar punctures performed, reasons for not 
performing lumbar puncture, methods of learning the lumbar puncture proce-
dure (by supervision, by simulation, other…), indications for lumbar puncture 
(diagnostic or therapeutic), contraindications, informing the patient about the 
procedure, the preferred position for performing the procedure, complications 
encountered, departments that perform lumbar puncture more frequently, and 
learning how to perform lumbar puncture in children using simulation. 
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Data collection tool: data was collected in a structured manner using a 
pre-established questionnaire.  

Data collection: the questionnaire was anonymous and included general in-
formation (age, sex), information on medical education (level of medical educa-
tion, learning methods, etc.), and information on lumbar puncture training and 
its importance (number of LPs performed, reasons why they were not performed, 
success or failure on the first attempt, indications and contraindications for LPs, 
and complications, etc.). 

Sample size: the sample size was calculated using a single proportion. All 
questionnaires were usable, the response rate was 100%, so we obtained a num-
ber of responses equal to the size of the population studied. Using a 95% confi-
dence level, the margin of error was 0%, reflecting the degree of certainty of the 
margin of error. 

Data analysis: data were coded with SPSS version 24 and analyzed with Sta-
tistica version 7.1. Variables with missing data were excluded from the analysis. 
The dependent variable was the number of lumbar punctures performed by our 
participants. Independent variables included demographic variables, level of edu-
cation and method of learning lumbar puncture. Descriptive analysis was per-
formed, with categorical variables (gender, etc.) expressed as frequencies, and 
numerical variables (age, etc.) presented as means. Analytical statistics were used 
to measure the association between independent and dependent variables. using 
univariate analysis. 

3. Results  
3.1. Demographic Characteristics Analysis  

Out of a total of 160 participants, women predominated (60%), male partici-
pants presented only 40%. The most common age group was between 20 and 25 
years (62%), the age distribution of participantsis shown in Figure 1. Our par-
ticipants were divided between interns (6%), residents (26%), 6th-year students 
(20%) and 4th-year students (48%), Table 1 summarizes the distribution of stu-
dents, interns and residents assigned to the pediatrics department by gender and 
level of medical study. The majority of participants were graduates and students 
of the Oujda Faculty of Medicine and Pharmacy.  

3.2. Practice of Lumbar Puncture Analysis  

Half of the participants had never performed an LP (56%), while (20%) had done 
so more than 4 times, Figure 2 shows the distribution by number of lumbar 
punctures performed. The risk associated with performing lumbar puncture (33%), 
lack of confidence (27.2%), lack of patient compliance (11%), and other unspeci-
fied reasons for 18 participants (28.8%) were the reasons reported by partici-
pants who had never performed LP. Participants who had performed at least one 
LP (44%) were unable to do so successfully the first time. On average, boys per-
formed more LPs than girls, whatever the participant’s level of education or sta-
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tus. All participants said they had never learned to perform this procedure dur-
ing the simulation sessions, while (42%) had learned it under the supervision of 
a senior doctor (Table 2). 

Most lumbar punctures were performed on patients aged between 2 and 5 
years, with a percentage of 67%. Most participants (80%) said they informed the 
patient about the procedure and its importance before performing it. Only 44% 
of participants acknowledged that LP can be performed under local anestheticor 
sedation. Local anesthesia by anesthetic patch was used rarely in our patients, 
with a percentage of 13%. Only 3 patients benefited from the procedure under 
general anesthetic in the operating room. On a technical level, most participants 
preferred the half-seated position to perform the procedure (60%). Two-thirds 
of LPs performed by our participants were for diagnostic purposes (65%), nota-
bly to check for meningitis or meningoencephalitis, or to measure intracranial 
pressure. A third of the LPs performed were for therapeutic reasons, in particu-
lar: iterative lumbar puncture or intrathecal injection. The complications most 
frequently encountered following LP were traumatic LP (62%) and headache 
(22%), rarely pain in the lower limb due to nerve root damage. Sixty percent 
(60%) of the participants stated that the pediatric department and pediatric 
emergency department are among the departments that perform the LP proce-
dure most frequently (Table 3), and they are interested in taking part in simula-
tion sessions on LP in children in the future. 

 

 
Figure 1. Age distribution of students, interns and residents assigned to the pediatrics 
department of the Mohammed VI University Hospital in Oujda (Morocco) (n = 160). 

 
Table 1. Distribution of students, interns and residents assigned to the pediatrics department of the Mohammed VI University 
Hospital, by gender and level of study (n = 160). 

Level of education 
Gender  

Total  
Male  Female  

Resident 6 35 26% (41 participants) 
Intern 4 4 6% (8 participants) 

6th-year student 13 20  20% (33 participants) 
4th-year student 41 37 48% (78 participants) 

Total 40% (64 participants) 60% (96 participants) 100% 
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Figure 2. Distribution of students, interns and residents assigned to the pediatrics de-
partment of the Mohammed VI University Hospital according to the number of lumbar 
punctures performed in Oujda (Morocco) (n = 160). 

 
Table 2. Percentages of students who practiced or learned lumbar puncture, those who were supervised, those who successfully 
performed their first lumbar puncture, and those who provided information to the patient before lumbar puncture. 

The practice of lumbar puncture Yes No 

Lumbar puncture practiced 44% 56% 

Lumbar puncture learned by simulation method 0% 100% 

Lumbar puncture supervised by a senior 42% 58% 

Lumbar puncture successful 1st time 0% 100% 

Patient informed 80% 20% 

 
Table 3. Frequency of lumbar puncture according to hospital department solon the participants in our study (n = 160). 

Department Pediatrics  Pediatric emergencies Neurology  Internal medicine  
Intensive care - 

anesthesia 
Total 

Percentage (%) 28% 31% 26% 12% 3% 100% 

Number of patients (n) 45 49 42 20 4 160 

4. Discussion  

The importance of lumbar puncture as a key diagnostic tool for neurological 
diseases is well established. It is often used to exclude intracranial infection in 
febrile children, by enabling cerebrospinal fluid analysis, it can provide crucial 
information for diagnosis and guide treatment [11]. In our study, all participants 
affirmed that lumbar puncture is an important procedure, but the results of our 
study tend to show that this practical procedure is little practiced and poorly 
taught to our students during their internships; indeed, almost 48% of them de-
clared that they had learned to perform LP without being supervised by a senior 
doctor, while 18% had never learned to perform this procedure, the vast majori-
ty of the latter being in their 4th year of medical studies. The study by Barr et al. 
reported that out of a total of 644 students in their 4th year of medical studies, 
57% had never performed a single lumbar puncture and that boys were often 
more experienced and confident than girls [12], with results similar to those of 
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our study. Barr’s study also demonstrated that medical students are underex-
posed to common medical procedures and feel uncomfortable performing them, 
a trend that has worsened over the last 25 years [12]. The study by Lammers et 
al. reported that of the 83% of participants who had already performed LPs dur-
ing their training; only 40% of these were supervised on their first attempt, the 
study concluded that most first-year residents need direct and close supervision 
from their seniors until they fully master the LP technique [13]. In New Zealand, 
LP is an important examination that is routinely performed in emergency and 
neurology departments; the study by Alamri et al. reported that medical students 
in Australia and New Zealand do not often have the chance to perform it during 
their basic training [14]. Although pediatric residents were tasked with teaching 
students the lumbar puncture procedure far more frequently, the study by Brea-
key, Vicky R et al. reported that they reported fewer training opportunities dur-
ing residency [15]. 

In our study, the reasons why participants never performed a lumbar punc-
ture were: lack of patient compliance, the risks associated with the procedure, 
lack of self-confidence, and 28.8% abstained from answering. The same reasons 
were reported by Abderrahmane Moulaye in a study of students at the Nouak-
chott Faculty of Medicine [3]. According to Guillaume Ficheux, the concerns 
reported by students were of three kinds: fear of complications, notably pain 
(49%), but also neurological sequelae (18%), aseptic errors and nosocomial in-
fections (9%), traumatic puncture (8%), post-PL syndrome (4%) or needle brea-
kage during the procedure (one student); followed by fear of failure of the pro-
cedure (39%); finally, apprehension linked to lack of experience and theoretical 
knowledge for a procedure perceived as complicated [6]. 

To assess parents’ attitudes towards lumbar puncture in children, the study by 
Aslıhan Sahin et al. reported that the rate of acceptance of an LP by parents per-
formed by pediatric specialists was 7.1 times higher than that of parents in-
formed by residents [16]. In Santen et al.’s study of 202 patients, most refused to 
have their first LP performed on them by a resident. They felt that this could 
have implications for medical training and patient consent [17]. In the same 
sense, Williams et al. reported that there is a risk of compromising the training 
of students and future doctors if patients refuse the LP procedure performed by 
a student for the first time. According to the same author, the acceptance rate for 
first-time LPs was 52% for students, 62% for interns, and 66% for residents [18]. 
Several studies have demonstrated that the use of virtual reality and simulation 
methods in lumbar puncture training improves teaching and provides an im-
mersive environment for a better learning experience for students in medical 
training [10] [19] [20] [21]. 

In Ireland, Sinéad Lydon et al. reported that the simulation-based lumbar 
puncture teaching program achieved behavioral fluency in lumbar puncture in 
pediatric trainees. Thus, at the end of training, the performance of these partici-
pants was equivalent to or better than that of senior pediatricians [19]. Accord-
ing to Agathe Vrillon et al., the use of 180-degree 3D stereoscopic video in lum-
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bar puncture training for 168 participants (108 novice third-year medical stu-
dents and 60 residents) could increase knowledge retention and skill acquisition 
in association with simulation training [7]. Similarly, in a study conducted on a 
pediatric department in Canada, Hugh J. McMillan et al. demonstrated the use-
fulness of speech therapy simulation methods combined with an interactive 
training session in improving residents’ procedural skills and reducing anxiety 
and stress levels [22]. The study by Jeffrey H. Barsuk et al. found improved skills 
in internal medicine residents who learned lumbar puncture using simulation 
learning methods, compared with neurology residents who were trained tradi-
tionally [23]. Many other studies have shown that students benefit from innova-
tive learning experiences through simulation, and not only acquire skills in the 
given task but are also made confident and prepared to deliver real care, without 
danger or discomfort to the patient, thus contributing to improving the quality 
and safety of care [24] [25] [26] [27]. 

5. Conclusion  

Understandably, lumbar puncture can be perceived as a difficult, potentially 
painful, and risky procedure, sometimes causing anxiety and stress; whose com-
plications, although rare, can prove serious; this is because they are not suffi-
ciently trained to perform such a procedure. Simulation-based learning me-
thods have become an essential training tool for healthcare professionals, enabl-
ing them to significantly improve medical students’ skills in performing lum-
bar punctures. 

5.1. What Is Already Know on This Topic 

• Lumbar puncture is a relatively frequent procedure, potentially painful, some-
times anxiety-provoking, and whose complications, although rare, can be se-
rious; it is perceived by students as a difficult and potentially risky procedure; 

• It is a highly useful diagnostic procedure, but not without side effects and 
potential complications; 

• The success rate in real-life conditions is higher for students who have re-
ceived simulator training; simulation significantly improves medical students’ 
performance in performing lumbar punctures. 

5.2. What This Study Adds 

• This practical gesture is poorly taught to our students during their intern-
ships; 

• The doctors in charge of training students are not doing enough to improve 
the way they teach and learn this technical procedure, and thus perfect their 
students’ skills; 

• Today, simulation is an essential and indispensable training method for the 
healthcare professions, enabling a significant improvement in the performance 
of medical students in performing lumbar punctures.  
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