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Abstract: Bio-medical instrumentation are 

smaller in size than the normal components that 

produced by manufacturing processes. This 

miniaturization in components is very difficult 

and costlier when these are manufactured in 

conventional machining processes. Here arises 

the need of Non-traditional machining (NTM). 

NTM processes are known for their accuracy, 

reliability and repeatability. Hence NTM has 

been a regular machining process for 

manufacturing biomedical components. But 

NTM is a costlier process. Hence, the component 

costs are higher. Its been a challenge for 

manufacturing Biomedical components in 

cheaper cost. This literature concentrates on 

scopes and issues with the NTM for biomedical 

components. 

Keywords Non-traditional Machining, Non-conventional 

machining, Bio-medical Engineering, Miniaturization 
 

 

1. Introduction 

In the past two decades, healthcare expenditure has grown 

rapidly. Solving the challenge of the increasing costs of 

healthcare requires a multidisciplinary approach. 

Manufacturing is a critical part of the solution. 

Manufacturing in the medical market demands superior 

accuracy, requires top precision, and needs the flexibility to 

accommodate the incredible demands of a constantly-

changing and rapidly evolving industry. Since the 1940s, a 

revolution in manufacturing has been taking place that once 

again allowed manufacturers to meet the demands imposed 

by increasingly sophisticated designs and durability; but in 

many cases they were nearly difficult to machine materials. 

This manufacturing revolution is now, as it has been in the 

past, centered on the use of new tools and new forms of 

energy. This has resulted in the introduction of new 

manufacturing processes used for material removal known 

today as NTM Processes. 

Machining is widely utilized in health care and is critical to 

the efficacy and outcome of the procedure. For example, 

needle insertion for vessel access, drug delivery, or biopsy 

is a tissue (Tissue is the workpiece in biomedical 

machining, the work material ranges widely; from soft 

tissue to hard bone and tooth) cutting and biomedical 

machining process. Dental drilling and root canal require 

extensive milling, grinding, and drilling processes [1]. 

Various NTM process specializes in manufacturing 

medical devices, medical components, medical tools and 

implants for all aspects of the field including diagnosis, 

therapy and surgery. 

NTM is an advanced type of machining which is 

employed to machine extremely hard and brittle materials 

into intricate and complicated shapes by using various 

sources of energies like mechanical, chemical, thermal, 

electrical or a combination of these energies. 

According to recent developments in these processes, 

some of the processes like micromachining, wire electrical 

discharge machining (WEDM), Water jet machining 

(WJM), ultrasonic machining (USM), laser beam 

machining (LBM) etc. have found extensive applications in 

the field of medicine and machining of medical 

equipments. In the course of the last decades medical 

surgery has been developing rapidly. A significant 

qualitative change is being noted at present when the 

development of technical and biological sciences is moving 

the field of medical surgery forward [2, 3]. In the present 

review an attempt has been made to throw light on some of 

the case studies and reviews in this regard. 

 
2. Why NTM Process in 

Current Scenario? 

Manufacturing industry is becoming ever more time and 

quality conscious with regard to the global competence, 

and the need to use complicated and precise components 

having some special shape requirements. The demand for 

materials made from exotic, high strength and temperature 

resistive materials, tool and die steels and advanced 

materials are growing day by day. These trends have 

placed a premium on the use of new and advanced 

technologies for quickly turning raw materials into usable 

goods; with less time or possibly no time being required 

for tooling. The conventional machining processes, in 

spite of recent technical advancement, are inadequate to 

machine complex shapes in hard, high strength 

temperature resistant alloys and die steels. Keeping these 
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requirements into mind, a number of NTM processes have 

been developed that remove excess materials by various 

techniques involving mechanical, thermal ,electrical, 

chemical or combinations of these energies but do not use 

a sharp cutting tools as it needs to be used for traditional 

manufacturing processes. Nontraditional processes are 

sometimes applied to increase productivity either by 

reducing the number of overall manufacturing operations 

required to produce a product or by performing operations 

faster than the previously used method. It is also used to 

reduce the number of rejects by increasing repeatability, 

reducing in – process breakage of fragile work pieces, or 

by minimizing detrimental effects on work pieces, or by 

minimizing detrimental effects on work piece properties. 

 

3. Non-traditional Machining 
Processes in Bio-medical 
Applications 

The current state of the art in the sphere of utilization of 

NTM techniques of cutting and machining in medical 

applications and related issues are discussed with respect to 

different NTM techniques like micromachining, wire 

electric discharge machining (WEDM), water jet 

machining, laser beam machining and ultrasonic machining 

 
3.1. Micromachining 

Micromachining technology increasingly plays a 

decisive role in the miniaturization of components ranging 

from biomedical applications to chemical micro-reactors 

and sensors. 

3.1.1. Micromachined Needles 

Micromachining enables fabrication of needles smaller 

than 300 µm, which is the limit of conventional machining 

methods. Typically, the length of the Micromachined 

needles is less than 1 mm. Microneedles have been used for 

drug delivery, bio-signal recording electrodes, blood 

extraction, fluid sampling, cancer therapy, and 

microdialysis. Frequently, microneedles are integrated and 

used in conjunction with microfluidic systems. Solid and 

hollow microneedles have been fabricated out of silicon, 

glass, metals, and polymers using micromachining 

processes. Microneedles have been demonstrated with 

various body shapes (cylindrical, canonical, pyramid, 

candle, spike, spear, square, pentagonal, hexagonal, 

octagonal and rocket shape) and tip shapes (volcano, 

snakefang, cylindrical, canonical, micro-hypodermis and 

tapered). 

Figure 1 shows solid microneedles fabricated by 

reactive ion etching of silicon [4] and hollow microneedles 

fabricated by laser machining of a polymer. 

. 

 

 

Figure 1. Micromachined needles: silicon based solid needles 

 
3.1.2. Micromachined Silicon Ultrasonic Surgical  

 

Figure 2. Ultrasonic phacoemulsification tool (Courtesy of J. Miller, 

University of Wisconsin, Madison) 

 

Tool for Eye Surgery 

Micromachined silicon ultrasonic surgical tools for 

phacoemulsification have been developed (Figure 2). In 

eye surgery there are many times when precision cutting is 

required. Highly sharpened steel, ceramic, or diamond 

scalpel blades are used, but are expensive to produce. 

Disposable silicon micromachined scalpels are an 

attractive alternative. They can be batch fabricated and 

sharpened to an atomic edge along their crystal planes. 

They are already being used at the Fyodorov Eye Care 

Center, Moscow, Russia, in nonpenetrating deep 

sclerectomy operations for the treatment of glaucoma [5]. 
 

 

3.1.3. Micromachined Pressure Sensors 



Dogo Rangsang Research Journal                                                   UGC Care Journal 

ISSN : 2347-7180                                                        Vol-10 Issue-06 No. 01 June 2020   

Page | 438                                                                                Copyright @ 2020 Authors 

The first Micromachined devices to be used in the 

biomedical industry were reusable blood pressure sensors 

in the 1980s. Micromachined pressure sensors have the 

largest class of applications including disposable blood 

pressure, intraocular pressure (IOP), intracranial pressure 

(ICP), intrauterine pressure, and angioplasty [6]. 

 
3.2. Wire Electric Discharge Machining (WEDM) 

 

Wire electrical discharge machining (WEDM) is 

extensively used in machining of conductive materials 

when precision is of prime importance. 

3.2.1. Machining of a Surgical Self-locking Bone Screw by 

WEDM 

The necessity of machining a screw which locks itself 

came in many medical cases one such being the case of 

slipped capital femoral epiphysis (SCFE) in which children 

are born with a critical case where the ball of the hip joint 

is separated from the thigh bone. Here, a screw needs to be 

induced which should lock itself so that the newly born may 

not have to face much pain. Earlier stainless steel screws 

were used but now a day’s titanium screws are used. 

WEDM [7-9] is used in the machining of such screws where 

the machine makes a series of wire-cuts radially, down the 

side and length of the screw, 120° apart. In use, the screw 

is threaded into a pre-drilled, “tap-size” hole in the bone 

with a hex key. The slot configuration lets a portion of the 

screw body flex inward when threaded under pressure. The 

compressed screw sections remain in tension and press 

outward like an expanding collet or mandrel, preventing the 

screw from loosening or moving. 

3.2.2 Machining of Self-retaining Suture Anchor by 

WEDM. 

When there was a dislocation in the bone-tendon regions, 

old conventionally machined screws were inserted to fix the 

same and it were very difficult to insert and the suture 

anchors had to be inserted in a pre-drilled hole and had to be 

held in place until the threads of the screw engage with the 

sides of the pre-drilled hole. With this invention, using the 

WEDM process, it was possible to machine an anchor which 

was self-retaining and was able to fix tendons and ligaments 

to bone with less difficulty when compared to the previously 

occurring anchors [10]. 

 
3.3. Water Jet Machining 

 

Using waterjets instead of rigid drill bits for bone drilling 

can be beneficial due to the absence of thermal damage and 

a consequent sharp cut. Additionally, waterjet technology 

allows the development of flexible instruments that 

facilitate maneuvering through complex joint spaces [11]. 

3.3.1. Surgical Cutting and Ablation by Water 

Jet Machining [12] 

Water jet cutting is a non-thermal technology for cutting 

of tissues, including bone [13, 14]. Advances in water jet 

systems are facilitating their increased use in new medical 

ablation or cutting applications in fields as diverse as 

cardiology, orthopaedics, ophthalmology, dermatology, 

oncology and neurosurgery. The key element is water jet 

travelling at high velocity. When the water stream strikes 

the tissue or bone, material can be rapidly removed by the 

erosive force of the water. The water jet method offers the 

advantages of no mechanical contact between tool and 

bone or tissue, with minimal mechanical force applied, 

minimal localized heat-affected zone, and accuracy of 

control. It should be noted that in established applications 

such as in cutting of steel and titanium by water-jet small 

diameter particles usually ground garent are injected into 

the water jet by means of a special nozzle. The water jet 

accelerates the particles which gather a large kinetic 

energy. Material removal is achieved by the combined 

effects of the particles and water jet. When softer 

biomaterials such as tissue are to be cut no such abrasive 

particles can be introduced, and cutting has to be effected 

solely by water. In the latter case pure water is replaced by 

saline. 

3.3.2. Disintegration of Bone Cement by Continuous and 

Pulsating Water Jet [15] 

Number of cemented and non-cemented endoprostheses 

reimplantations is increasing. Effective surgical process of 

total hip and knee replacement depends on technology. 

Problematic issues of artificial joints are wear and 

corrosion, which leads to aseptic failure of endoprostheses. 

The bio-material disintegration during revision 

arthroplasty issue is currently an existing problem of more 

surgeons even in regard to the fact that the bone tissue is a 

compact and living material. To make the damaged total 

cemented endoprosthesis extractable the interface between 

the bone and bone cement is inevitable to   be disturbed 

.Negative side effects of using classical tools during 

reimplantation of cemented endoprostheses are distinctive 

heat and deformation impacts, loosing of biological 

potential. It is the application of the water jet cutting that 

offers eventuality of eliminating the negative features of 

classical tools and unconventional processes. Water jet 

cutting is also used in Endoprosthesis revision surgery - 

removing prostheses rapidly with little damage to the 

surrounding tissue [16]. 

3.3.3. Pure Waterjet Drilling of Articular Bone 

The clinical application of waterjet technology for 

machining tough human tissues, such as articular bone, has 

advantages, as it produces clean sharp cuts without tissue 

heating. Additionally, water supply is possible via flexible 

tubing, which enables minimally invasive surgical access. 

This pilot study investigates whether drilling bony tissue
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with pure waterjets is feasible. Water pressures between 20 

and 120 MPa with an orifice of 0.6 mm were used to create 

waterjets to drill blind borings in the talar articular surface 

of cadaveric calcaneus bones [17]. Figure 3 shows water jet 

drilled holes in femur bone. 
 

 

Figure 3. Water jet drilled holes in femur bone 

 
3.4. Ultrasonic Machining 

3.4.1. Use of Ultrasonically-assisted Machining in 

Orthopaedic Surgeries 

Loughborough University researchers have developed a 

device which could revolutionize the way cutting, drilling 

and milling is done in manufacturing. The tool makes 

working on difficult-to-cut materials like aerospace-grade 

composites so easy it is like ‘cutting through butter’. It 

involves a technique called ultrasonically-assisted 

machining (UAM), which uses a specially designed 

piezoelectric transducer working in tandem with a 

traditional turning, drilling or milling machine. The 

technique is currently being extended into biomedical 

applications such as drilling holes in bones for orthopaedic 

surgery [18, 19]. 

USM is also used to correct conditions of the jaw and 

face, to achieve a correct bite, an aesthetic face and an 

enlarged airway, sinus lift, alveolar ridge expansion, 

exposure of impacted canines, lateralization of the inferior 

alveolar nerve removal of osseous tissue close to the IAN, 

orthognathic surgery, autologous bone graft, harvesting, 

periodontal surgery, IAN transposition, alveolar distraction 

osteogenesis, and the removal of osseointegrated implants 

[20-23]. 

3.4.2. Ultrasonic Machining for Bone and Hard Tissue [24] 

Ultrasonic techniques have been applied in case of 

machining of hard tissues as early as 1950s. Many efforts 

have been made in the field of dentistry. The initial study 

shows that ultrasonic cutting when compared to traditional 

burr produces superficial cuts which can be advantageous in 

controlling tissue damage. 

3.5. Laser Beam Machining 

Laser beam machining (LBM) is one of the most widely 

used thermal energy based non-contact type advance 

machining process which can be applied for almost whole 

range of materials. 

From surgical instruments used in cutting and biopsy, to 

needles containing unusual tips and side wall openings, 

and puzzle chain linkages for flexible endoscopes, laser 

cutting provides higher precision, quality, and speed than 

traditional cutting techniques. Laser beam machining is 

used for Rotational Acetabular Osteotomy (RAO), to 

understand changes induced in bone in terms of 

temperature rise and thermal damage, feasibility of 

performing complete osteotomy, examine bone healing 

under functional loading [25-28]. 

Laser micromachining of silicon was also used to 

develop groove-like patterns that may be used to facilitate 

the orientation of human aortic vascular smooth muscle 

cells [29]. 

Laser surface texturing can be used to produce well 

defined micro-grooves on biomedical materials such as Ti-

6Al-4V. Such micro-grooves can be optimized to improve 

the integration with surrounding tissue [30]. 

 
3.6. Other NTM Processes 

 

In surgery, surgeons need to cut tissue and coagulate 

blood using heat to form clots for hemostasis. In the past, 

a heated, sharp blade was used to cut and coagulate tissue 

at the same time in surgery. This procedure is performed 

by electrosurgical devices today. The first electrosurgical 

device was developed by Harvey Cushing, a surgeon, and 

William Bovie, a physicist, in 1926. The fundamental 

principles used in electrosurgery are similar to EDM and 

resistance heating [1]. 
Abrasive machining has been applied not only to the 

manufacturing of biomedical devices but also to the direct 

patient treatment and care: Abrasive tissue removal, such 

as rotational atherectomy, skin treatment, and cutting of 

enamel; Machining of medical parts, such as surface 

conditioning of medical instrument blades, machining of 

medical ceramic parts, polishing of surface of artificial 

joints Dental hard tissue machining [31]. 

Cryogenic cooling is known to provide a very 

sustainable machining process because of its 

environmentally benign, and economically and societally-

beneficial nature. In the context of biomedical machining, 

a key benefit of cryogenic machining [32] is the 

elimination of secondary cleaning processes usually 

necessitated to wash off contamination from flood coolant 

(water/oil emulsion). 

4. Conclusions 

Over the past five decades, more than twenty NTM 

processes have been invented and successfully 

implemented in production. The reason for the large 
number of NTM processes are that each process has its 

own characteristics, capabilities and limitations, so no 

process is best for all manufacturing situations. 

Medical advances in the last decade have produced 

numerous surgical tools, drug delivery equipment, 

diagnostic devices, and surgically implantable devices with 
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the aid of NTM processes. This proliferation created a 

major challenge to the high-volume producers of such ultra-

precise devices. 

NTM processes are powerful tools for enabling the 

miniaturization of devices useful in biomedical 

engineering. The need to precisely control gas and fluid 

flow is critical for diagnostic, surgical, and biomedical 

systems. With this as motivation, there have been many 

efforts to develop viable reliable low-cost high-precision 

micro machined surgical tools. NTM processes has the 

potential to reduce the cost of health-care management thus 

enables remote or small-scale clinics to offer fast high-

quality tests. 
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