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Summary

Ultrasound-guided fascial plane blocks are increasingly used as part of multimodal perioperative analgesia, yet opportunities for structured training in deliberate targeting of fascial planes remain limited. We describe a low-cost ultrasound phantom designed to teach core technical skills required for fascial plane blocks, including ultrasound recognition of tissue layers, tactile feedback on plane entry, and accurate needle-tip positioning. The phantom combines readily available soft-tissue analogues with a compliant film layer to simulate fascial resistance and a simple electrical circuit that provides objective confirmation of needle contact with defined anatomical boundaries. The design is material-agnostic, reproducible, and adaptable to simulate techniques with or without bony end points. This ultrasound phantom provides an accessible educational tool that integrates sonographic, haptic, and objective feedback for training in ultrasound-guided fascial plane blocks across a range of teaching environments.

Introduction
Fascial plane blocks have exploded in popularity, are generally safe, and are increasingly used as an opioid sparing technique for perioperative analgesia [1]. Recent guidelines have strongly recommended that fascial plane blocks should be used as part of the perioperative pain management strategy for cardiothoracic, breast, and abdominal surgery [2]. As such techniques are adopted across a broad range of clinical contexts, a recurring challenge is how to teach the essential technical components in a manner that is accessible and reproducible for learners with varying levels of experience.

From an educational perspective, the successful performance of fascial plane blocks can be simplified for teaching into three key core skills: recognising two muscle layers and the intervening fascial plane on ultrasound imaging; appreciating the characteristic tactile “pop” as the needle enters the plane; and positioning the needle tip accurately within the plane to allow hydrodissection.

The accurate depositing of local anaesthetic into the fascial plane where nerve fibres run is crucial to the success of a fascial plane block [3]. An issue with current commercially available ultrasound training phantoms is that the majority do not reproduce fascial layers, nor do they provide both tactile and objective feedback when the needle enters (or exits) the plane. In this report, we describe a simple, generalisable, and low-cost simulation model that reproduces a fascial plane and provides real-time objective feedback when the needle is in the correct position. The design is intentionally material-agnostic, and the materials described are easily sourced within most hospital settings or obtained at minimal cost.

Methods

The model is based on four core functional components: a soft-tissue ultrasound analogue; a compliant film interface providing tactile resistance; a thin conductive interface representing the fascial plane; and a simple electrical circuit providing objective confirmation of needle-tip position. Additional anatomical structures may be incorporated by rendering them conductive, creating further points of contact within the circuit (e.g. bony surfaces, vascular or nerve analogues). The malleable nature of the conductive foil allows it to be shaped or wrapped around underlying structures, enabling flexible definition of anatomical boundaries within the model.

The construction described below demonstrates one application of this framework in simulating a serratus anterior block with a rib surrogate (Figure 1).

Using a non-conductive plastic tray (AA Catering Disposables, Hull, UK), a rib surrogate is created using size 1.5 white Guedel airways (Intersurgical, Berkshire, UK) glued to the base of the tray. These are wrapped individually in aluminium foil (Tesco, Hertfordshire, UK), with the foil tails gathered and connected to a crocodile clip (Activate Education, Manchester, UK). A layer of aqueous dietary fibre antifreeze mix gel (ADAMgel) tissue analogue is placed over the rib surrogate [4]. Alternative ultrasound-compatible tissue analogues, including gelatin-based phantoms, agar- or gellan-based gels, or symbiotic culture of bacteria and yeast (SCOBY), may be substituted depending on availability and teaching objectives [5, 6]. A further strip of aluminium foil is placed over this layer to form the conductive fascial interface, overlapping the container and electrically connected to the foil-wrapped rib surrogate.

Both the conductive foil interface and the compliant film layer introduce ultrasound artefact and can degrade image quality. Ultrasound gel (MediSupplies, Poole, UK) is therefore applied over the foil interface before a transparent adhesive film dressing (Tegaderm™; 3M Health Care, St Paul, MN, USA) is stretched over the gel to generate mechanical resistance. Interposition of gel between the conductive foil and film layer was critical for maintaining needle visualisation; additional gel between other layers further improved acoustic coupling. Optimisation of ultrasound settings, in particular increased time–gain compensation in the far field, is required to maintain a clinically recognisable image.

A second ADAMgel soft-tissue layer is added. The foil interface and foil-wrapped rib surrogate are connected via extension leads to a simple battery-powered indicator circuit. Circuit completion was indicated by illumination of a light source, although alternative indicators (e.g. LEDs or audible alarms) may be substituted. An echogenic insulated stimulating block needle (Pajunk, Geisingen, Germany) is connected to the circuit by stripping a short segment of insulation distal to the nerve stimulator connection. This configuration creates an open circuit until the needle tip contacts a conductive interface. Use of an insulated needle is essential to preserve tip-specific feedback.

Under ultrasound guidance (Sonosite, Fujifilm, Washington, USA), the learner advances the needle toward the fascial interface. The compliant film layer simulates tissue resistance followed by a tactile “pop,” which serves as the primary cue for plane entry. This often corresponds to correct needle placement; however, transient overshoot may occur, particularly during early learning. In such cases, withdrawal until foil contact re-establishes circuit completion provides objective confirmation of appropriate needle-tip position. Further advancement extinguishes the indicator until contact with the rib surrogate again completes the circuit, allowing differentiation between fascial plane and bony contact corresponding to superficial and deep serratus anterior block approaches.

The construction and use of the model are further demonstrated in the supplementary video (Video 1).

Results

The simulation model was successfully constructed using readily available materials and repeatedly assembled for teaching sessions without degradation of function. The model consistently demonstrated two discrete soft-tissue layers separated by a recognisable hyperechoic interface on ultrasound imaging, with reproducible tactile resistance and a characteristic “pop” on entry into the simulated fascial plane. Objective electrical feedback reliably indicated needle-tip contact with the conductive fascial interface and the rib surrogate.

During teaching use, the model enabled demonstration of ultrasound image optimisation, controlled needle advancement, and differentiation between fascial plane and bony end points. No adverse events or equipment failures were encountered during use.

Discussion

Fascial plane blocks are now embedded within perioperative multimodal analgesia pathways, with a growing number of techniques and clinical applications. While a range of educational resources exists, there remains a gap in available training models designed to support deliberate targeting of discrete fascial planes. 

Commercial ultrasound training phantoms, such as those produced by Blue Phantom and Laerdal, are widely used for teaching ultrasound-guided needling and probe–needle coordination [7]. However, these models are generally designed with predefined targets and do not explicitly reproduce a discrete fascial interface with associated tactile resistance or provide objective confirmation of needle position at the plane. Animal tissue–based phantoms, including meat-based analogues, offer convincing haptic feedback and realistic ultrasound appearances [8], but are limited by cost, durability, storage requirements, and ethical or infection-control considerations.

High-fidelity virtual and augmented reality platforms offer standardised scenarios with integrated objective performance metrics for psychomotor skill assessment [9]. Many systems, however, remain hybrid and rely on a physical needle interface for resistance and spatial reference, with educational fidelity therefore dependent on the underlying physical component and limited by cost and infrastructure requirements.

The present model occupies a complementary position within this landscape by focusing on recognition of a discrete fascial interface using combined sonographic, tactile, and objective electrical cues. Objective electrical feedback has previously been described in simulation models for ultrasound-guided regional anaesthesia, typically as confirmation of needle contact with predefined targets [10, 11]. In contrast, the present design integrates electrical feedback specifically to reinforce fascial plane and boundary recognition, functioning as a confirmatory and corrective teaching aid.

Haptic feedback is also critical for training in fascial plane identification. The inclusion of a compliant film layer allows reproducible simulation of fascial resistance and a tactile “pop,” enabling learners to practise controlled needle advancement and withdrawal in conjunction with ultrasound guidance.

A further strength of the design lies in the use of a thin, malleable conductive interface to define anatomical boundaries. While used here to represent bone, the same principle could be extended to other structures of educational relevance, such as nerve or vascular analogues, allowing objective feedback related to needle contact or proximity within a modular framework.

Several limitations should be acknowledged. The model does not replicate the microanatomy of true fascial planes or permit simulation of injectate spread or hydrodissection. It is therefore not intended to reproduce the full anatomical or fluid dynamic behaviour of fascial plane blocks. Instead, it deliberately prioritises reproduction of key functional cues encountered during needle advancement, and precise needle tip positioning. 

In summary, we present a low-cost, accessible simulation model for teaching fascial plane blocks. By integrating haptic feedback and objective electrical confirmation of needle-tip position, the model addresses an educational gap by supporting targeted training and practice of ultrasound-guided fascial plane blocks, including techniques with bony end points, while remaining broadly deployable across teaching environments.
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Figure 1. Low-cost fascial plane block simulation model with tactile and electrical feedback

(A) Assembled simulation model with conductive interfaces connected to a simple indicator circuit.

(B) Ultrasound image (left) and physical cross-section (right) acquired in the same imaging plane. Numbered labels denote: (1) superficial soft-tissue analogue; (2) compliant film layer providing tactile resistance; (3) conductive interface representing the fascial plane; (4) deep soft-tissue analogue; (5) conductive foil wrapped around the rib surrogate; (6) Guedel airway rib surrogate producing posterior acoustic shadowing.

Video 1. Construction and use of a low-cost fascial plane block simulation model

The video demonstrates assembly of the simulation model, ultrasound imaging in the corresponding plane, and needle advancement through the compliant film layer into the simulated fascial plane, with activation of the indicator circuit on contact with the conductive interfaces.
