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Abstract— Intensive vibration can be transmitted to the 

hands and arm of the operator from vibrating tools, 

vibratory machinery or vibrating workpieces. Such situation 

occurs, for example, when a person handles tools such as 

pneumatic, electric, hydraulic, percussive tools. Depending 

on the type and place of work, vibration can enter one arm 

only, or both simultaneously, and may be transmitted 

through the hand and arm to the shoulder. The vibration of 

body parts and the perceived vibration are frequently a 

source of discomfort and possibly reduce proficiency. 

Continued, habitual use of many vibrating power tools has 

been found to be connected with various patterns of disease 

affecting the blood vessels, nerves, bones, joints, muscles or 

connective tissues of the hand and forearm. 

Key words: Hand-arm vibrations, Dental tools, Rotary 

instruments, vibration harmfulness, SLV, LDV 

I. INTRODUCTION 

A substantial amount of a dentist time is spent filling teeth 

or replacing existing restorations. These are procedures 

which patients often associate with the unpleasant sensations 

of pain and vibration. It is therefore important to consider 

the drilling and cutting tools that are used to remove 

diseased tissues and prepare cavities for restoration, and the 

nature of the vibrations they emit. The main dental tissues 

removed in simple restorative procedures are enamel and 

dentine. The underlying pulp is involved in the reactionary 

responses to disease and trauma. In an unfavorable oral 

environment, the disease process of caries progressively 

destroys these tissues. Once operative intervention becomes 

necessary, restoration usually involves preparation of a 

cavity using cutting instruments, in readiness for placement 

of a filling material. Various apparatus have been used for 

gaining access to caries and for removal of diseased tissue, 

but using rotary handpieces and their associated instruments 

remains the most common method. The development of 

these tools underwent significant change in the 1950s when 

high speeds of instrument rotation became possible. There 

have been continued improvements in the design of these 

devices over the subsequent years, and various means of 

testing efficiency have been introduced.  

Use of rotary instruments can lead to the 

production of heat, cracking of enamel, and deposition of 

debris on the cut surfaces. There are possible implications 

for the long-term health of the operator in terms of auditory 

damage and the effects of vibrations on the upper limbs. 

Patient perceptions of handpiece vibrations are associated 

with pain. The equipment can also become damaged through 

repeated use. Understanding the physical characteristics of 

these tools under a variety of conditions can help to identify 

potential problems and lead to improvements in design. 

Measurements of handpiece vibration in the past have been 

hindered by a lack of appropriate technology. However 

modern techniques such as biometric data logger with 

accelerometer attachments have been introduced into many 

different areas of engineering and show great potential for 

assessing the vibrations of dental handpieces. 

II. LITERATURE REVIEW 

A. HAND ARM VIBRATION 

1) EFFECTS ON MAN 

The human body is a complex, active, intelligent and 

dynamic structure. Its vibration characteristics and responses 

to vibration are not easily predictable not well known. 

Knowledge of injurious effects of hand-transmitted 

vibration is incomplete. Some things are known and others 

are commonly assumed [1]. The term “hand arm vibration” 

is frequently used to mean vibration exposure from power 

tools, but the term “hand-transmitted vibration” is more 

precise to indicate that vibration enters the body at the hand 

[1]. The vibrational behavior and system modeling of the 

human hand-arm system have been studied since the 

beginning of the research on hand-arm vibration. The 

models vary from spring mass damper systems with one 

degree of freedom to nonlinear four mass models which 

consider also gripping force [1, 2]. The dynamic response of 

the finger-hand-arm system has usually been studied by 

measurements of the mechanical impedance of the hand. In 

most studies, the test subject holds a handle mounted on a 

laboratory vibrator. In the published studies, different 

methods and measures have been used and therefore a direct 

comparison between the results is not easy. The dynamic 

response of the fingers differs from the dynamic response of 

the hand but there are very few relevant studies on the topic 

[1].  

In order to study the time-dependent deformation 

behavior of the fingertip, numerical simulations were 

performed under ramps like loading with different ramping 

periods and sinusoidal vibration of the contacting plate at 

three different frequencies (1, 10 and 31.5 Hz). The 

simulations suggested that the soft tissues of the fingertip 

are subjected to high local stress and strain under dynamic 

loading and the fingertip may separate from the vibrating 

contact surface due to the viscous deformation behavior of 

the soft tissues. For a given deformation, the high-frequency 

loading produces higher stress in the tissues compared to 

that obtained at low-frequency loading [3]. According to 

laboratory tests, a great amount of vibration energy is 

absorbed by the human hand and arm within the frequency 

range of 20-5000 Hz. The transmission of vibration energy 

to different parts of the hand and arm decreases with the 

distance from the source and depends greatly on the 

vibration frequency. Higher frequencies are more 

concentrated to the contact surface between the hand and the 

handle. There are also differences in the energy transmission 

due to different types of exposure, random or sinusoidal 

vibration [4]. The transmission of vibration increases 
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exponentially as hand grip force increases [5]. Gender 

difference in power absorption has not been found [6]. 

The exposure of the hand-arm system to the 

vibration is very complex. Among the factors to be 

considered when reporting occupational hand-transmitted 

vibration, exposure is vibration characteristics, the source of 

the vibration, other environmental conditions, characteristics 

of the exposed persons, quantification of effects in 

individuals and quantification of effects in groups [1]. The 

first two factors can be seen as most important. Effects of 

vibration to the hands were first reported in 1911 in workers 

using pneumatic tools [7]. Since then, many studies on 

vibration injuries have been reported [8-11]. Exposure to 

hand-transmitted vibration is associated with an increased 

occurrence of several symptoms, the most significant being 

white fingers, neuropathy and muscle weakness. White 

finger disease has been a well-known symptom for a long 

time. The complex of peripheral vascular, neurological and 

musculoskeletal disorders associated with the exposure to 

hand-transmitted vibration is called the hand-arm vibration 

syndrome (HAVS). The vascular component of the HVAS is 

represented by a secondary form of Raynaud’s phenomenon 

known as a vibration-induced white finger (VWF). Tingling 

and numbness of the fingers are often mentioned as the first 

symptoms of VWF [12-15]. The relation between white 

finger exposure has been extensively investigated. However, 

the amount of vibration exposure required to cause different 

disorders is not known precisely. To study blood circulation 

in the finger, the middle finger of the subject’s right hand 

was exposed to 125 Hz at 44 m/s2 for different time periods. 

For the vibration stimuli investigated, the reduction of finger 

blood flow during exposure was the same during continuous 

and intermittent vibration. Although this study showed some 

evidence that was consistent with the notion that intermittent 

vibration has a less severe effect than continuous vibration, 

the evidence is not yet conclusive [16]. 

The signs and symptoms of VWF might be 

categorized according to their type (e.g. numbness, tingling, 

blanching or cyanosis), their extent (e.g. number of digits 

affected), their severity ( e.g. area of digits affected), their 

frequency of occurrence (e.g. number of attacks per year), 

the stimulus required to produce an attack (e.g. summer or 

winter temperatures), the time course of an attack (e.g. 

recovery time), the effects of an attack (e.g. tactile 

sensitivity during an attack), the neurological signs at other 

times (e.g. sensory loss), the self-enforced restrictions on 

activities (e.g. no swimming or fishing), and so on [1]. The 

mechanisms of vibration injury are uncertain. 

Comprehensive explanatory models of vascular disorders 

produced by hand-transmitted vibration have been created 

[1]. 

In the United Kingdom, an extensive assessment 

process is going to produce the largest worldwide database 

on vibration exposed workers. In this process, the medical 

assessment procedure has been shown to be a practical and 

time-saving tool for assessing a large number of claimants 

with suspected hand arm vibration syndrome [17]. The 

effects of impulse vibration exposure have been studied 

more widely in recent years [18-20]. The vibration impulses 

contain high-frequency components which have not been 

considered in the measurements according to ISO standard 

5349-1 [21]. Vibration which contains impacts has a 

significant influence on energy absorption compared to 

vibration without impacts. The risk of noise impulses on 

hearing damage increases if the impact lasts long and rise 

time is short. Vibration impacts should be evaluated in a 

similar way. It is assumed that vibration impacts with a short 

rise time increase the risk of vibration injuries. The hand 

arm vibration syndrome was common among Swedish car 

mechanics in spite of their short daily exposure times, 

mainly to nut runners [22]. The transients of vibration cause 

destruction of the cell membrane of blood cells and other 

biological tissues in the hand [23]. A higher risk of possible 

inner ear damage may be expected if there is exposure to 

shock type vibration in addition to simultaneous impulse 

noise [21]. In a questionnaire study of 8139 respondents, 

185 (2.2 %) reported severe hearing difficulty and 1151 (14 

%) reported finger blanching. Hearing difficulty was about 

twice as common in men and women who reported finger 

blanching. The data support an association between finger 

blanching and hearing loss, which is not explained by 

confounding occupational exposure to noise [24]. 

2) Evaluation 

The vibration may enter the body at both the fingers and the 

palm of the hand and the exposure is very complex. It is 

therefore difficult to propose a comprehensive method for 

the evaluation of vibration exposure [1, 15]. According to 

the EC Vibration Directive, the daily exposure limit value 

standardized to an eight hour reference period A(8) shall be 

5 m/s2 and the daily exposure action value standardized to 

an eight hour reference period shall be 2.5 m/s2 as defined in 

ISO standard 5349-1 [15]. International standard ISO 5349-

1 describes the evaluation of hand transmitted daily 

vibration exposure, A(8), specified in terms of frequency 

weighted vibration acceleration and daily exposure time and 

is based on the 8-h energy equivalent acceleration value. 

The primary quantity of vibration is the RMS frequency-

weighted acceleration. The frequency weighting curve is 

shown in Figure 1. 

 
Fig. 1: Frequency weighting curve for hand-transmitted 

vibration, band-limiting included 

The frequency range in ISO 5349-1 covers one-

third octave bands from 6.3 Hz to 1250 Hz. The frequency 

weighting reflects the assumed importance of different 

frequencies in causing injury to the hand, but this is not well 

supported by epidemiological or experimental studies of 

physiological or pathological changes. It is based on 

subjective sensations at low and medium frequencies and 

has been extrapolated to higher frequencies [15, 26]. There 

is evidence that vascular disorders of the fingers occur most 

often with tools with dominant frequencies of vibration in 
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the approximate range of 25-250 Hz. This finding may arise 

either because these are the most common frequencies of 

vibrating tools or because they are the most damaging 

frequencies [1, 27]. The currently used frequency weighting 

functions should be verified, especially at higher frequencies 

[4, 21]. In the USA, The National Institute for Occupational 

Safety and Health (NIOSH) proposes the use of the 

frequency un-weighted acceleration in the one-third octave 

bands 0f 5-5000 Hz [28]. 

It is assumed that the vibration in each of the three 

directions is equally detrimental. Measurements should, 

therefore, be made in all three directions. The frequency 

weighted RMS acceleration values for the x-, y- and z-axis a 

hex, a hey and a hee shall be reported separately. The evaluation 

of vibration exposure is based on a quantity that combines 

all three axes. This is the vibration total value, ah and is 

defined as the root sum of squares of the three components. 

If the magnitude of weighted vibration is equal in all three 

directions, the estimated vibration total value is the 

measured weighted value of one component multiplied by a 

factor of 1.7: 

av = (  ahwx
2 + ahwy

2 + ahwz
2)^(1/2)                          .(1) 

In order to facilitate comparisons between daily 

exposures of different durations, the daily vibration 

exposure shall be expressed in terms of the 8-h energy 

equivalent frequency weighted vibration total value A(8): 

A(8) = ah (T/T0)^(1/2)                              (2) 

Where; T is the total daily duration of exposure to the 

vibration av  

              T0 is the reference duration of 8h (28800s) 

This single value method has been standardized for 

convenience and not because it is the best method. The 

guidance given in this standard is derived from the limited 

quantitative data available on the exposure-response 

relationship [1,15]. Most of the measurements reported have 

been carried out applying this standard. The daily vibration 

exposure A(8) which is estimated to cause finger blanching 

in 10% of the exposed persons, is presented in Figure 2. The 

values are shown for group mean total exposures of from 

one to ten years. This relationship does not predict the risk 

of finger blanching (VWF) occurring in any particular 

individual within a group. The practical guidance for the 

measurement of hand-transmitted vibration at the workplace 

is given in the standard ISO 5349-2 [29]. 

 
Fig. 2: Vibration exposure for predicted 10% prevalence of 

vibration induced white finger in a group of exposed persons 

The exposure-response relationship used in ISO 

5349-1 contains many uncertainties and assumptions. The 

ISO 5349-1 model underestimates the risk of vibration 

induced white finger [22]. The subjective estimation of the 

exposure time is often overestimated and thus gives an 

overestimation of the risk [30]. The energy equivalent 

acceleration failed to predict the acute effects of vibration 

both during and after exposure to vibration. Both central and 

local vasoregulation mechanisms are likely to be involved in 

the response of finger blood circulation to acute exposure to 

125 Hz vibration [31]. 

The reproducibility of the ISO 5349 method in 

measuring hand arm vibration was poor when the vibration 

of a chainsaw and a hand mower was measured. An 

alternative method, in which at least four different 

measurement situations were used, had acceptable 

reproducibility [32]. 

3) Exposure and Symptoms of Dental Personnel 

High-speed drills and ultrasonic scalers expose to the hands 

of the users to high-frequency vibration [33]. The symptoms 

and the prognosis of vibration injuries were studied by 

means of a questionnaire in 374 Swedish women who had 

reported an injury due to hand-arm vibration. Questions 

were asked about neurological and vascular symptoms in 

fingers and hands, decreased hand strength, tremor and pain 

in the hands and neck. The accumulated vibration exposure 

was calculated for each woman on the basis of self-reported 

yearly and daily exposure to hand-arm vibration up to the 

recording of the injury. The vibration level of the tools used 

was received from the former studies. The most common 

symptoms were numbness and loss of strength. Pain in the 

hands and symptoms from the neck/shoulders were also 

frequent complaints. Neurological symptoms of the hands 

and fingers were more frequent than vascular symptoms. 

The period of hand-arm vibration exposure before the first 

appearance of symptoms was on average 6.8 years. The 

incidence of vibration injury related to the number of 

women in certain occupation in some occupational groups is 

presented in Table 1, where is also the relative risk of 

getting a vibration injury related to the group of 

administrative personnel.  

Group Tools 

Incidence 

(1000 / 

year) 

Relative 

Risk 

(95% 

CI) 

Administrative 

personnel 
Lever 0.003 1.0 

Agricultural 

workers 

Lawnmower, 

hedge clipper, 

grinder 

0.057 
21 (9-

50) 

Cleaners 
Scrubbing 

machine 
0.016 

6.2 (2.7-

14) 

Dental 

hygienists 

High-speed 

grinding 

machine, 

handpiece, 

ultrasonic scaler 

0.88 

330 

(150-

710) 

Dental nurses Sander, drill 0.05 
19 (7.2-

49) 

Dental 

technicians 
Drill, Vibrator 1.8 

680 

(320-

1400) 

Dentists 
High-speed 

handpieces, 
0.72 

270 

(130-
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ultrasound 

device 

570) 

Drivers 
Steering wheel, 

lever 
0.15 

56 (25-

130) 

Garment 

workers 

Sewing machine, 

nail punch, 

impact wrench 

0.5 
190 (77-

450) 

Laboratory 

personnel 
Test tube shaker 0.091 

34 (13-

88) 

Metal workers 

Grinder, screw 

drill, impact 

wrench, drill 

0.42 
160 (80-

310) 

Wood product 

assemblies 

Sander, grinder, 

nut runner, nail 

punch, orbital 

sander 

0.39 
140 (68-

310) 

Table 1: Relative risk of getting a vibration injury 

Table 1 shows occupational group, most common 

tools, estimation of the incidence of vibration injuries and 

estimation of the relative risk of getting a vibration injury 

related to the group administrative personnel. The relative 

risk of complemented by 95% confidence intervals [10]. The 

exposure time of 10 dental hygienists during the use of 

ultrasonic scalers was quantified by measuring the daily 

duration of vibration. The daily exposure time was 0-50 

min, the average time being 12 min. The self-assessed 

duration of exposure was clearly overestimated [33]. Work-

related musculoskeletal disorders are commonly reported by 

dental hygienists and the major factors are repetitive motion, 

pinch grasp, force vibration and prolonged awkward 

working positions [34]. 

The relationship between symptoms of 

musculoskeletal disorder and vibration of dental hygiene 

students was studied. A questionnaire was distributed to 

three intact students groups: those accepted for admission, 

those at the end of the first year and graduating students at 

the end of the second year. The survey was completed by 82 

students, 77 female, and 5 male. Students increased their use 

of ultrasonic instruments from 0.2 to 2.8 to 7.3 hours per 

week over the three years. Dental hygiene students with 

symptoms of numbness in the upper extremities used 

ultrasonic scalers a mean of 8.2 hours per week compared to 

2.8 hours of use by students with no upper extremity 

numbness. Results indicate that musculoskeletal disorder 

symptoms may increase with the use of ultrasonic and/or 

manual instruments. The study also indicates the possibility 

that nerve injury may result from the use of vibrating 

instruments, although it is difficult to separate the effects of 

other musculoskeletal disorder risk factors from manual 

instruments use [35]. 

Early neuropathy in dental personnel exposed to 

high-frequency vibrations was evaluated. The exposed 

group consisted of 30 dental hygienists and 30 dentists and 

the non-exposed group of 30 dental assistants and 30 

medical nurses. The two groups exposed to vibration had 

significant impairments of vibrotactile sensibility, strength 

and motor performance, as well as more frequent 

sensorineural symptoms. In the dentists, there were 

significant associations between vibrotactile sensibility and 

strength, motor performance, superficial sensibility and as 

well sensorineural symptoms. There was no increase of 

vascular symptoms of the hands in the groups exposed to 

vibration [36]. Ten female dentists with 10 years of work 

experience had a significantly higher sensation threshold of 

the fingers than the control group [37]. 

The difference between the dominant and non-

dominant hand in the perception of vibration, temperature 

and heat pain was compared between 26 dentists with long-

term exposure to high-frequency vibration and 18 with 

short-term exposure. Dentists exposed for many years had a 

high frequency of neurological symptoms, especially in the 

dominant hand. The symptoms were comparable to those 

described in the hand-arm vibration syndrome. The 

neurological symptoms of the dentists had some other 

pathogenic background than the corresponding symptoms in 

workers exposed to traditional vibrating tools [38]. In 

Minnesota (USA) 15 0f 61 dental hygienists reported 

symptoms of tingling, numbness and/or pain in the fingers 

[39]. 

With 120 dental technicians, 111 women and 9 

men, were examined, their most frequent subjective 

complaints were vertebral complaints, paraesthesis in the 

fingers and pain in the joints of the upper extremities. The 

mean exposure period was 25 years. The authors 

recommended ergonomic interventions and replacing the 

instruments with excessive vibrations by those with lower 

levels of vibrations [40]. 

The vibration of altogether 80 handpieces used in a 

dental laboratory was measured during normal work. 

Further frequency weightings were used: weighted vibration 

according to standard ISO 5349-1986 and total un-weighted 

vibrations up to 1250 Hz, 5000 Hz, and 10000 Hz. The 

highest vibration levels were measured in the frequency 

range of 100-10000 Hz. The weighted vibrations determined 

according to the ISO 5349 standard were 0.35-5.6 m/s2 and 

the median value was 0.5 m/s2. The total unweighted 

acceleration levels were about 10-30 times higher. The 

material being worked did not have any effect on the 

vibration level. The rated mean daily exposure time was 

about three hours [41]. The tactile perception of the users of 

these tools was not reduced. The prevalence of numbness 

was, however, higher in hands that were in contact with the 

vibrating handpiece [42]. Ten dental technicians exposed to 

high-frequency vibration had increased vibration thresholds 

and the limits for warming and cooling and an increased 

difference in the digital nerve response to tactile and electric 

stimuli at the fingertip [43]. 

4) Hand Held Tools 

The vibration of hand tools must be declared according to 

EC Machinery Directive [44]. The instruction handbook of 

the machine must contain the weighted RMS acceleration 

value to which the arms are subjected if it exceeds 2.5 m/s2. 

If the acceleration value does not exceed 2.5 m/s2, this must 

be mentioned. Several machines, e.g. those for medical use 

used in direct contact with patients are outside the scope of 

this directive. 

The weighted vibration for declaration purposes is 

measured according to appropriate test standards [45, 46]. 

Tools are tested under conditions as appropriate for the type 

of tool and specified in the relevant Part 2 of the test 

standard. The requirements are given in Part 2 either 

supplement or modify the requirements given in Part 1 to 

account for the particular hazards and characteristics of 

these specific tools. The measurements method of the 
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vibration described in these standards is based on the 

standard ISO 5349-1. The standard deviation of 

reproducibility was determined in a round-robin test for 

common hand tools such as rotary hammers, breakers, chisel 

hammers, impact drills and chainsaws. 18 laboratories were 

involved in the investigations. The tests were carried out 

according to the respective international test codes. The 

results showed that even certified laboratories had great 

deviations and measurement errors. The machines with 

powerful impacts were most problematic [47]. According to 

field measurements, the declared vibration values of 

grinding machines [48] and road brakes [49] were not 

adequate for assessing the vibration exposure. More 

attention should be paid to the risks from common vibrating 

tools [50]. 

The test standards do not refer to all working 

situations of the tool in question. It is not intended that the 

values measured according to a relevant test standard are 

used for assessing human exposure to vibration. The 

practical guidelines for measuring human exposure to hand-

transmitted vibration at work are given in ISO 5349-2 [29]. 

As an example of exposure level, the average vibration of 

grinders was 4.2 m/s2 and of hammers 8.7 m/s2 during 

normal work [51]. Vibration measurement systems generally 

use accelerometers to detect the motion of the vibrating 

surface. In the selection of the accelerometer, the size, 

frequency response, sensitivity, thermal response, the case 

of calibration and compatibility with other signal 

conditioning will be major influencing factors [1]. In 

addition, the expected magnitude of vibration, the physical 

characteristics of the surface being measured and the 

environment in which the accelerometer is to be used, are 

important factors. Various mounting methods have been 

developed to fix accelerometers to vibrating surfaces. In 

standard ISO 5349-2 [29] four examples are presented: stud 

mounting, mounting by glue or cement, clamp connections 

and handheld adaptors. The vibration signal from the 

accelerometer can be processed in a number of ways to 

achieve a measure of the frequency-weighted acceleration. 

A new method for the personal measurement of hand-arm 

vibration is to attach sensors to the hands [52]. When 

vibration transmitted to the operators of a sewing machine 

was measured, the accelerometers were glued directly to the 

worker's fingernails [53]. 

In practical measurements of vibration, the problem 

often arises from, e.g. fastening and the mass of the 

accelerometer, especially at high frequencies. Non-contact 

laser sensors are preferred for high-frequency vibration and 

shock applications. Laser Doppler Velocimeters (LDV) and 

Scanning Laser Vibrometers (SLV) are commercially 

available. They provide a voltage analog of target vibration 

velocity. In a basic LDV system, scattered light that has 

been Doppler shifted by the vibrating target is mixed with a 

coherent reference beam and heterodyned on a photo-

detector as shown in the figure. This results in an optical 

beat at the detector at the difference frequency between the 

target and the reference beam. Frequency demodulation then 

produces a time-resolved analog of the target vibration 

velocity [54]. 

The SLV consists primarily of a controller and a 

workstation (for data decoding and manipulation) and a 

scanning head, combining a laser and an integral video 

camera. A low power laser beam is split into a reference 

beam and an object beam within the scanner head. The 

reference beam is internally reflected and the object beam is 

focused onto the oscillating target and then reflected back 

into the scanner head. The frequency of the reflected light is 

Doppler shifted, the magnitude of shift being proportional to 

the instantaneous velocity of the object. The reference beam 

and the Doppler shift object beam interfere within the 

scanner head. A photodetector records the interfered light 

and provides a voltage proportional to the velocity of the 

vibration [55]. 

The Scanning Laser Vibrometer technique has been 

successfully applied to analyze vibration transmitted to the 

hands of an operator of an agricultural machine working in a 

fixed position [56]. Using Scanning Laser Vibrometry, the 

vibration pattern of a dental ultrasonic scaler tip can be 

accurately characterized [55, 57, 58]. A fiber optic 

vibrometer is an inexpensive alternative to commercial laser 

vibrometers for small amplitude vibration measurements 

[59]. A laser vibrometer and capacitive sensor matrix were 

used to measure the distribution of hand-transmitted 

vibration and grip force at the hand handle interface. The 

results showed a strong correlation between grip force, tool 

vibration, hand arm vibration and the onset of vascular 

disorders of the fingers [60]. 

A new instrument uses the laser Doppler principle 

to provide a voltage analogue of target vibration 

acceleration. An important advantage of this Laser Doppler 

Accelerometer (LDAc) is its ability to measure extremely 

high vibration accelerations and shocks. In LDAc, the 

reference beam and the target beam are both taken from the 

target itself and the issue of maintaining path imbalance to 

within coherence length of the laser now depends only on 

internal geometry. After being scattered from the target, the 

laser beam is amplitude divided and a path length imbalance 

is introduced between each half of the beam [54]. Compared 

to LDV, the optical design is more complex, but the user is 

unaware of this and the benefits are substantial. The LDAc 

principle is not only suitable for use with an inexpensive 

laser source and associated components, but its use is also 

simple for the vibration engineer who may be unfamiliar 

with laser technology. This is achieved by eliminating the 

requirement to match optical paths to maintain coherence, 

which can be restrictive in LDV, by using optical geometry 

in which the path lengths are inherently matched, regardless 

of the distance to the target. 
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