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ABSTRACT 

Needle free injection system in a novel method for the introduction of 

medication into patients. It reduces the patient concern about the use of 

needles. It is effective for delivering a wide range of drugs and are 

found to be bioequivalent to that of the conventional needle and 

syringe. Not only it can benefit the pharmaceutical industry in 

increasing product sales, it has the added potential to increase 

compliance with various dosage regimens and improved outcomes. 

Today, they are emerging as a novel technology that promises to make 

the administration of medicine more efficient and less painful. 
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INTRODUCTION 

Needle-free injection system is a novel method for the introduction of drug into patients. 

Instead of creating a puncture on the skin surface needle-free injection devices forces the 

medication through skin pores by the help of air pressure, thereby effectively delivering the 

drug without the use of needles. First air powered needle-free injection devices were 

developed during 1940s for the mass administration of vaccine to the US soldiers. Needle 

injection is the one of the most invasive method of drug administration which damages the 

tissue which may not heal properly in case of patients suffering from diabetes and in case of 

careless injection, a patient can die from administering tiny bubbles of air into the vein, 

infection or inflammation. Needles although effective possess several drawbacks: they are 

painful, expensive, lacks reusability etc. Needle-free systems are designed to overcome these 

problems making them safer, less expensive and more convenient. This technology is being 

backed by World Health Organization and various groups including Bill and Melinda Gates 

Foundation. This technology find it highly useful in mass immunization programs, bypassing 
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the chances of needle stick injuries and avoiding other complications arising due to multiple 

use of single needle without proper sterilization. 

 

PRINCIPLE 

NFIT uses the energy which is stronger enough to propel a premeasured dose of medication, 

loaded in specific unique “cassettes” which can be rigged with the system. These forces can 

be generated from any of the ways ranging from high-pressure fluids including gases, electro-

magnetic forces, shock waves or any form of energy that is capable enough to impart a 

motion to the medicament.  

 

CLASSIFICATION 

1. On the basis of working 

 Spring systems. 

 Laser powered. 

 Energy propelled systems. 

 Lorentz force. 

 Gas propelled/air forced. 

 Shock waves. 

 

2. On the basis of type of load 

 Liquid. 

 Powder. 

 Projectile. 

 

3. On the basis of site of delivery 

 Intra dermal injectors. 

 Intramuscular injectors. 

 Subcutaneous injectors. 

 

1. ON THE BASIS OF WORKING 

Spring system 

Springs have been used to store energy and they were found to be quite effective in powering 

NFIT devices. The storage of energy and further transmittance via spring is one of the easiest 

and simplest and the design of the spring must follow the standard protocols. In spring 
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assisted NFIT, the pressure shall gradually decreases throughout the injection in accordance 

with the Hook’s law and it is one of the drawback of spring powered NFITs. 

 

Laser powered 

Laser powered NFI system blasts microscopic jets of drugs into the skin. This technology 

uses an erbium-doped yttrium garnet laser (which is used in the care of laser resurfacing of 

the skin) to drive a very fine and precise stream of medicament into the skin with the right 

amount of force. The device consists of an adapter to hold the drug to be administered and 

also contains a chamber for water which is used to drive the medicine and is separated from 

the medicament with the help of a membrane. 

 

Energy propelled system 

The force required to propel the drug in order to have a penetrating effect on the skin can also 

be generated by using energy in various forms. 

 

Lorentz force 

The main component of the device which uses the Lorentz force is the actuator which 

facilitates the entire process. It consists of a small and powerful magnet, surrounded by a wire 

coil that remains attached to a piston which is inside a drug ampoule. When current is 

applied, it interacts with the magnetic field and produce a force that pushes the attached 

piston forward, and the forces a thin stream of the medication from the device. This type of 

NFIT are system suitable for corneal drug application and for paediatric use. 

 

Gas propelled/air forced 

They are also known as jet injectors. They can be used for delivering large volume of 

medicaments. They are commonly employed for mass vaccination and can deliver the drug to 

the various tissue depths. The commonly used gases include nitrogen carbon dioxide, helium 

etc. The major drawbacks associated with this technology are the complicated validation 

protocols, foul odour due to combustion of reactants etc. 

 

Shock waves 

Shock waves are generated by a sudden release of energy and this can be utilised to target the 

medication to the required site. A micro-blast is induced and it propagates at supersonic 

speed, yielding high pressure and temperature. The pressure generated is strong and potent so 
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as to eject the drug and penetrate the skin without affecting the integrity of the skin and 

underlying tissues. 

 

2. ON THE BASIS OF TYPE OF LOAD 

Liquid NFI 

It is the first variant of NFI system. The mechanism of achieving a successful injection by 

needle free injection system depends upon the ability to produce a liquid jet that is stronger 

enough to penetrate the skin without damaging the skin and properties of the medicament. In 

this system the orifice of the device is placed exactly over the skin surface and the fluid is 

forced at an optimum pressure to keep the holes open and pressure should be sufficient 

enough to prevent the resealing of the hole. The pressure drops quickly so that it does not 

damage the underling tissues. 

 

Powder NFI 

In powder needle-free injection system a premeasured dose of powder medication is put into 

the drug cascade which is then opened by the means of compressed air and thus medication is 

delivered to the tissue. The powders used in this system should have specific properties and 

specific size to ensure their spreading in tissues. In this system the particle exist from the 

nozzle along with the gas stream and impinges on the skin surface. The powder gets 

deposited into the hole in a spherical pattern and spread across the stratus corneum. This 

method is more advantageous over other method as the therapeutic agent will be more stable 

and does not require process like cold storage. This method is suitable for DNA vaccines and 

local anaesthetics. Drug delivery through this system is limited only to those medications 

whose effective dose is about 1 mg max.  

 

Projectile/depot NFI 

It is a highly advanced method when compared to the other variants of the NFITs, the drug is 

processed into a long thin depot having sufficient mechanical strength and are given to the 

muscle where they create a store of drug which is then released continuously for a specific 

period of time. It is suitable for therapeutic agents like proteins antibiotics and other smaller 

molecules. 
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3. ON THE BASIS OF SITE OF DELIVERY 

Intradermal injector 

These systems have been used to deliver DNA-based vaccines to the intradermal layer i.e 

between the layers of the skin. 

 

Intramuscular injector 

The delivery of drug through this system is the deepest among all. This system is commonly 

used for the delivery of vaccines. 

 

Subcutaneous injector 

In this system medicament is delivered to the adipose layer just below the skin. This can be 

used for the delivery of therapeutic proteins like growth hormones to the subcutaneous depth. 

 

MANUFACTURING OF NEEDLE FREE INJECTION TECHNOLOGY 

There are a number of ways for manufacturing the NFIT devices; however, the following 

discussion gives an insight over the production of an air forced system. 

 

 

Figure 1: steps involved in the manufacturing of NFI. 
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As the device is in direct contact with the skin surface, it should be made from materials that 

are pharmacologically inert. Synthetically produced polycarbonates including thermoplastics 

are easier to mould and they are light in weight. This makes them the most suitable raw 

material for the preparation of outer compartment of NFI. Colorants are added if needed. The 

body of device is made such that it does not react with gases or other gents used in the 

preparation. 

 

An extremely versatile process of plastic manufacturing called injection moulding process 

is used in the preparation of needle-free injection device. I this method the raw materials are 

made into pellets and are fed in to the hopper by either manual or mechanical method. Then 

the pellets are directed into the cylindrical body of the machine with the help of a rotating 

screw. The pellets are then melt due to frictional forces generated by the gliding of pellets 

over one another and the tube may be heated externally to increase the temperature to aid the 

process. 

 

The melt is then introduced into the mold and it is kept for some time under increased 

pressure and then they are allowed to cool and harden. The mold parts are then opened and 

eject the formed design. It is then checked for deformities. 

 

It is then transported into the assembly line where markings are applied on its parts. These 

markings include those for dose level etc. any attachments like buttons are fixed in this stage. 

The devices are then first wrapped in sterile films and then put into cardboard or plastic 

boxes. 

 

The entire process is supervised by line inspectors for any visual defects and structural 

deformity. The device is also checked for accuracy and precision. These devices are 

manufactured under strict control of FDA and FDA conducts inspection of the manufacturing 

unit at regular intervals. 
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COMMERCIALLY AVAILABLE NEEDLE-FREE INJECTION DEVICES 

 

Figure 2: Commercially available NFI devices. 

 

ADVANTAGES 

 Eliminates needle phobia 

 Increases patient compliance and vaccination rate 

 It is trouble free, simple and self-administered.  

 Solid pellets can also be administered 

 Lower pain and stress. 

 Minimal skin response and no bleeding or bruising.  

 

DISADVANTAGES 

 High start-up cost.  

 Greater complexity.  

 Cannot be used for Intravenous route.  

 Infrastructure for exhaustible gas systems.  

 Higher requirement for training and maintenance 

 

APPLICATIONS 

 It can be used for the intramuscular, subcutaneous and intradermal administration of 

vaccines like small pox and measles vaccine. 

 It can be used for the intradermal administration of hormones like growth hormones. 

 It can be used for the intradermal administration of anaesthetics like local anaesthetics. 

 It can be used for the subcutaneous administration of insulin. 
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 It can be used in the treatment of migraine like for the administration of drugs like 

sumatriptan. 

 

CONCLUSION 

Needle free technology are capable of delivering a wide spectrum of medicinal formulations 

into the body with the same bioequivalence as that of drug administration by a two-piece 

syringe system, without inflating unnecessary pain to the patients. These are very easy to use, 

doesn’t require any expert supervision or handling, easy to store and dispose. They can even 

deliver the drug to the most sensitive parts of the body like cornea. They are efficient to 

administer the medication to intra-muscular, subcutaneous and intra-dermal layers of the 

skin. Most of the needle-free injection system are still in the developing stage. Researches are 

also being carried out to make them more user friendly, painless and to administer more 

dosage forms. If the current trend continuous, this system can be effectively implemented for 

increasing the vaccination rate in developing countries. To achieve this objective the 

initiation should be taken up by the multinational companies otherwise it will remain as a 

dream. 
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