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Loss of resistance (LOR) remains one of the most commonly used methods for identifying 
the epidural space, yet it can be challenging to teach because the endpoint is primarily 
tactile. Written descriptions and procedural demonstrations can explain the concept but 
cannot fully communicate the sensation of resistance followed by its characteristic 
reduction. Furthermore, allowing an inexperienced trainee to simultaneously advance the 
epidural needle and interpret an unfamiliar tactile endpoint may unnecessarily combine 
two distinct learning tasks. We believe that asking trainees to acquire both skills 
simultaneously during a procedure on a real patient is suboptimal, particularly given the 
potential clinical consequences of incorrect needle advancement or misinterpretation of 
the loss-of-resistance endpoint. In this expert educational perspective, we describe a 
progressive approach used by the authors to teach LOR. Trainees first receive focused 
education regarding epidural anatomy and the LOR concept, followed by observation of 
procedures performed by experienced physicians. The trainee is then introduced to a 
transitional stage in which the supervising physician retains complete control of needle 
advancement while the trainee operates the LOR syringe and concentrates solely on 
identifying the tactile endpoint. Once the trainee repeatedly demonstrates recognition of 
LOR, responsibility for needle advancement is progressively transferred under direct 
supervision. This staged approach separates tactile learning from needle manipulation 
and may provide a practical framework for teaching epidural access while maintaining 
patient safety. 

INTRODUCTION 

Epidural access is fundamental to anesthesiology and in
terventional pain medicine. Although fluoroscopy, contrast 
administration, ultrasound, and other technologies can as
sist with epidural procedures, identification of the epidural 
space frequently continues to involve the loss-of-resistance 
technique.1‑6 Contemporary practice is heterogeneous; a 
recent survey of physicians performing lumbar interlaminar 
epidural steroid injections found that 53.3% used LOR to 
saline and 42.4% used LOR to air.2 Such variation reinforces 
that trainees must understand the underlying principle 
rather than simply memorize one technical routine. 

LOR is particularly difficult to teach because it is a tactile 
skill. The trainee must appreciate changing tissue resis
tance during needle advancement and recognize when re
sistance decreases as the epidural space is entered. 
Anatomical variability, including ligamentum flavum and 
interspinous ligament characteristics, may further alter 
tactile feedback and contribute to false or equivocal LOR.7,

8 Studies of epidural training consistently demonstrate a 
substantial learning curve, with competence often requir
ing dozens of procedures rather than a predetermined small 
number of attempts.9‑12 

The authors therefore favor a staged model in which 
learning what LOR feels like precedes independent needle 
advancement. This article describes our consensus educa
tional approach. 

LITERATURE REVIEW AND EXPERT 
PERSPECTIVE 

A focused review of PubMed-indexed literature was per
formed regarding epidural access, LOR, procedural learning 
curves, simulation, tactile training, and interventional 
epidural techniques. Relevant studies addressing anatomy, 
technical variability, procedural education, and simulation 
were prioritized. 

This article is not intended as a systematic review. 
Rather, the literature is used to contextualize an educa
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tional framework developed through the collective clinical 
and teaching experience of the authors. The recommenda
tions represent expert opinion and are intended for appro
priately trained clinicians teaching epidural procedures un
der direct supervision. 

WHY LOR IS DIFFICULT TO TEACH 

Most procedural skills combine visual, cognitive, and tactile 
information. LOR is unusual because an important portion 
of the endpoint exists almost entirely through touch. A 
trainee can understand intellectually that resistance should 
decrease when the epidural space is entered without know
ing what that transition actually feels like. 

Furthermore, LOR can be difficult to feel in some indi
vidual patients. Anatomical studies demonstrate variability 
in the ligamentum flavum and interspinous structures, in
cluding gaps that may contribute to misleading changes in 
resistance.7,8 False LOR has also been demonstrated clini
cally, emphasizing that tactile information must ultimately 
be interpreted alongside anatomy, imaging, and appropri
ate confirmation techniques.6,13 

This creates an educational problem. Asking a novice 
simultaneously to advance a needle toward a sensitive 
anatomical space, interpret fluoroscopy if this is being uti
lized, maintain trajectory, manipulate the syringe, and rec
ognize an unfamiliar tactile endpoint creates substantial 
cognitive and technical demand. We believe these skills 
should initially be separated. 

OUR STEPWISE EDUCATIONAL MODEL 

Our approach progresses through five stages. 

This arrangement intentionally separates two skills: rec
ognizing LOR and advancing the epidural needle. The 
trainee can concentrate on developing tactile recognition 
without simultaneously being responsible for forward nee
dle movement. 

THE ROLE OF SIMULATION 

Simulation can supplement this process. Multiple epidural 
simulators have been designed specifically to reproduce re
sistance and the LOR endpoint.14‑18 These simulation mod
els may improve familiarity and allow trainees to practice 
without patient risk. Simulation may be particularly useful 
before the trainee’s first clinical epidural and when proce
dural volume is limited. 

However, we do not consider simulation a complete sub
stitute for supervised tactile learning in patients. Human 
tissue resistance varies with anatomy, body habitus, de
generative changes, approach, level, and needle trajectory. 
The educational value of the attending-controlled needle/
trainee-controlled LOR stage is that the learner experiences 
authentic human tactile feedback while procedural risk re
mains principally controlled by the experienced operator. 

COMPETENCY RATHER THAN PROCEDURE 
COUNTS 

Published learning curves demonstrate considerable vari
ability in acquisition of epidural competence. Early work 
suggested that improvement becomes apparent after ap
proximately 20-25 epidural procedures and that substan

1. Concept before instrumentation.   Before the trainee 
performs the procedure, we review the relevant 
anatomy, the expected tissue planes, the purpose of 
the LOR syringe, and what is meant by “resistance” 
and “loss of resistance.” We emphasize that LOR is 
an endpoint to be interpreted rather than a maneuver 
to be performed mechanically. Preprocedural imaging 
review and understanding the anticipated trajectory 
are incorporated into this discussion.1,3,4 

2. Observation of an experienced proceduralist.     The 
trainee next watches experienced physicians perform 
epidural access. During these cases, the instructor 
verbalizes relevant tactile observations when practi
cal: when resistance is increasing, when the needle is 
approaching the expected epidural depth, and when 
convincing LOR is obtained. Observation provides a 
visual and cognitive framework before tactile respon
sibility is introduced. 

3. Tactile learning without needle advancement.      
This is the most important feature of our teaching 
model. During the trainee’s initial hands-on expo
sure, the supervising physician retains control of the 
epidural needle and personally advances it. The 
trainee does not advance the needle. Instead, the 
trainee controls or feels the LOR syringe and focuses 

entirely on changes in resistance. When the trainee 
believes LOR has occurred, he or she verbalizes the 
finding. The experienced physician simultaneously 
evaluates the needle position and independently con
firms the endpoint before proceeding with routine 
confirmation. 

4. Progressive transfer of procedural control.     After 
the trainee demonstrates an understanding of the 
tactile endpoint, responsibility for needle manipula
tion is gradually transferred. Early attempts remain 
closely supervised, with deliberate advancement and 
frequent communication regarding resistance, depth, 
trajectory, and fluoroscopic appearance. As compe
tence increases, attending intervention decreases. In
dependent procedural performance should therefore 
represent the final stage of training rather than the 
trainee’s first meaningful exposure to the sensation 
of LOR. 

5. Independent practice with continued oversight.      
Once the trainee demonstrates consistent technical 
competency, clinical judgment, and appropriate 
recognition of the LOR endpoint, greater procedural 
autonomy may be permitted within the established 
supervisory framework. Progression should remain 
individualized and competency-based rather than de
termined solely by procedural volume. 
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tially more may be required to achieve consistently high 
success rates.9 Other analyses have similarly demonstrated 
wide interindividual variability and approximately 40-50 
attempts before many trainees meet defined competency 
thresholds.10‑12 

Accordingly, we do not recommend using a specific num
ber of procedures as the sole determinant of independence. 
A trainee who has performed many procedures but cannot 
reliably distinguish convincing from equivocal LOR should 
not be considered technically independent. Conversely, 
procedural progression should be individualized according 
to demonstrated understanding, tactile recognition, imag
ing interpretation, needle control, and judgment. 

DISCUSSION 

Traditional procedural teaching is frequently characterized 
as “see one, do one, teach one.” For LOR, we favor an al
ternative model: see it, feel it without advancing, then per
form it. 

The central educational principle is that tactile recog
nition and needle advancement are related but separable 
skills. Allowing the trainee to experience authentic LOR 
while an experienced physician controls the needle reduces 
the number of simultaneous tasks imposed on the novice 
and permits focused feedback at the precise moment the 
epidural space is entered. 

This framework is particularly applicable to pain med
icine fellows, anesthesiology residents, and other trainees 
learning interlaminar epidural access. It should comple
ment and not replace appropriate understanding of 
anatomy, preprocedural imaging, fluoroscopic technique, 
contrast confirmation, and established procedural safety 
practices.1‑6,19‑21 

CONCLUSION 

Loss of resistance is best understood through experience 
rather than description alone. Our preferred teaching se
quence is straightforward: teach the concept, allow obser
vation, teach the tactile endpoint while the attending con
trols needle advancement, and only then progressively 
transfer needle control to the trainee. Separating tactile 
recognition from independent needle advancement may 
provide a practical and reproducible approach to teaching 

Figure 1. Stepwise educational model for teaching loss       
of resistance (LOR). The flowchart illustrates       
progression from pre-procedure education and      
observation to focused tactile learning, during which        
the attending retains control of needle advancement        
while the trainee concentrates on recognizing the LOR         
endpoint, followed by guided procedural performance       
and increasing autonomy with continued oversight.       
The model emphasizes separation of tactile learning        
from needle advancement, progressive transfer of       
responsibility, patient safety, and competency-based      
rather than procedure-count-based progression.     

one of the most important psychomotor skills in epidural 
procedures. 
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